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EXECUTIVE
SUMMARY

Introducing Volume II: The Business of Longevity
“Aging is the ultimate evil. To invest in Anti-Aging technologies is the most
ethical business, and to donate to longevity research is the most effective
form of altruism” - Dmitry Kaminskiy, Managing Partner of Deep Knowledge Life
Sciences.
This report details the present state of precision, personalized, preventive medicine
(referred to hereafter as ‘P3’), how it works in conjunction with emerging preventative
medical technologies, and the prospects for the next five years. Volume 1: The Science
of Longevity, set the landscape of geroscience against the backdrop of the ‘silver
tsunami’ of global demographic aging. It summarised the history and current state of
development in geroscience, examined whether existing proposed solutions measure up
to the impending problems, and profiled 650 distinct entities related to geroscience.
This present volume, entitled “The Business of Longevity”, outlines the commercial side
of this emerging industry. It describes the novel financial system that will form the
necessary framework of the industry, and introduces AgeTech, and other novel
technologies that have the elderly as their prime beneficiaries. These technologies have
yet to reach fruition, but are expected to grow rapidly in the next several years as the
elderly remain more active than ever before.
This volume, like the last, contains infographics. Mindful of the large size and complexity
of the industry, we created specialized mind maps in order to do for longevity industry
what Mendeleev, with his Periodic Table of Elements, did for chemistry, so that
specialists and non-specialists alike could stand united before a unified vision of the
industry landscape.
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This volume II, similar to Volume I, includes lists of profiles of companies and investors which we believe play a
pivotal role at this juncture. Although these lists are based on dataset analysis and tangible metrics, they are
projections and as such, are not exhaustive.
.
The Science of Longevity Global Landscape

The Business of Longevity Global Landscape

Indeed our aim is not to create a definitive guide. Such an attempt at perfection would make an enemy of good.
Our aim is to get the ball rolling. The sooner we produce consistent approximations of the industry, the sooner a
consensus can emerge.
We are also developing an online platform - longevity.international - for aggregating and crowdsourcing data, so
that various stakeholders in the geroscience and the longevity industry can play a role in fashioning this
consensus. We are producing these reports with the expectation that they will themselves eventually will be
placed on the platform and will be updated frequently close to real time mode.
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The report begins with a summary of it’s main findings and conclusions, and a broad outline of the major subsectors
making up the Longevity industry, as well as the major trends dominating the growth of the industry today, in the form
of a concise executive summary.
Chapter I outlines the history of the industry, from its beginnings in geroscience to the identification of the root causes
(or biological hallmarks) of aging, to the recent emergence of actual, scientifically-validated therapies that target the
root causes of aging in order to extend healthspan and delay the onset of age-related disease.
Chapter II describes the current state of the Longevity industry today, and charts the major subsectors, trends and
industry players operating today, in order to deliver a comprehensive outline of the current Longevity industry
landscape.
Chapter III details the major roadblocks and systemic gaps facing the current BioTech, BioPharma and Healthcare
industries today, and why those fundamental gaps create an environment ripe for stagnation in the face of
demographic aging, showing how fundamental inconsistencies exist between how healthcare systems operate today,
and how they should operate given the oncoming Silver Tsunami.
Chapter IV outlines the near-future of the industry, analyzing the current trends and forecasting them forward over the
next 3-5 years in order to demonstrate where the Longevity sphere is headed and what the shape of the landscape
will be over the next several years.
Chapter V outlines the makeup of the ideal P3 medicine clinic, charting the constituent therapies and technologies
that comprise the optimal P3 medicine pipeline, and establishes a framework for evaluating the “readiness” of
technologies, providing tangible metrics to measure how close technologies are to practical application. The chapter
also formulates an optimal framework for cyclical personalised experimentation whereby geroprotective interventions
can be formulated, personalised, and tested so as to fit the specific health parameters of each patient.
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Chapter VI details the coming paradigm shift from treatment to prevention, and how this will impact industry,
government and society, showing what is wrong with the medical paradigm used by government healthcare systems,
and how they can be reformulated in order to avoid stagnation in the face of the oncoming Silver Tsunami.
Chapter VII of the report considers the creation of a Novel Financial System to simultaneously avoid economic
stagnation in the face of demographic aging, while creating an infrastructure whereby governments and financial
institutions can reap gains from maximizing not just population lifespan, but healthspan as well. Given the significant
impact that societal ageing and Longevity have upon economies, pension funds and insurance companies have the
potential to tie financial performance to quantitative measures of healthy longevity like HALY (health-adjusted life
years) and QALY (quality adjusted life years) in order to help economies thrive due to an increase in its citizens
healthy longevity.
The report’s appendices provide one-page profiles on the top 100 Longevity companies and 100 investors making up
the industry landscape today. We estimate that in the next editions of these reports, the industry will have grown to
include up to 200-300 Longevity companies and up to 1000 investors.
These appendices also introduce the reader to brief summaries of our previous reports, as well
Longevity.International, an online platform that will house these reports, and also serve as a virtual ecosystem for
uniting and incentivizing the many fragmented stakeholders of the longevity industry, including scientists,
entrepreneurs, investors, policy makers, regulators and government officials to unite in the common goal of
healthspan extension and aversion of the looping demographic aging and Silver Tsunami crisis. The platform will use
knowledge crowdsourcing of top tier experts to unite scientists with entrepreneurs, entrepreneurs with investors, and
investors with policy-makers and regulators, where all stakeholders can aggregate and integrate intelligence and
expertise from each other using modern IT technologies for these types of knowledge platforms, and all stakeholders
can be rewarded for their services.
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Volume I: The Science of Longevity
Volume I: The Science of Longevity, set the
landscape of geroscience against the backdrop of
the ‘silver tsunami’ of global demographic aging,
detailing the present state of precision, predictive
and preventive medicine (referred to hereafter as
‘P3’), how it works in conjunction with emerging
preventative medical technologies, and the
prospects for the next five years. It summarised
the history and current state of development in
geroscience,
examined
whether
existing
proposed solutions measure up to the impending
problems. The consortium’s first report tied
together the progress threads of the constituent
industries into a coherent narrative, mapping the
intersection
of
biomedical
gerontology,
regenerative medicine, precision medicine,
artificial intelligence, offering a brief history and
snapshot of each. It also categorized,
systematized and individually profiled 650
longevity-focused entities, including research
hubs, non-profit organizations, leading scientists,
conferences, databases, books and journals.
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Finally, this report places heavy emphasis on the topic of stagnation, and how the P3 model for medicine, illustrated
here in the form of a specification for so-called “ideal model of P3 medicine clinic”, should be used to break that
stagnation. Such a clinic would be focused on prevention rather than treatment and on maximizing the use of AI in
diagnostic monitoring. It would involve precise monitoring of patient health and the use of blockchain technology to
store data safely and securely.
In producing this specification we consulted industry experts who described the technologies that would likely feature
in such a clinic, as well as the challenges of combining them.
Bearing in mind that these challenges would largely revolve around the configuration of IT systems rather than bricks
and mortar, we turned to aerospace engineers and team leaders of software companies for insight into how they are
implementing and structuring the architecture of their complex software and hardware, IT and engineering solutions.
We also examined the TRL (‘technology readiness level’), the method common in the aerospace industry for
assessing technological maturity, for possible adoption by the longevity industry.

No ‘soft landing’ for the demographic aging crisis?
Later chapter will offer more detailed analysis of AgeTech and novel financial system, and how they will impact the
demographics of aging and repair the centuries-old economic system that are about to be submerged by the silver
tsunami.
For example, until recently pension funds are seen by most Westerners as a given, but they did not exist at all until
150 years ago, and their use only became widespread 50 years ago. Now they are acquiring significant deficits, while
healthcare systems and insurance companies suffer similar burdens imposed by aging populations. Their business
models were designed in an age when life expectancy was low and the financial markets were more stable.
Future chapters will also explore the possibility of a partial neutralization of the so-called “longevity risk” (the major
risk factor for pension funds financial model) through a combination of approaches on the intersection of preventive
medicine and financial derivatives based on novel business models and investment strategies more appropriate for
21st century.
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In most developed countries, however, this increase in life expectancy has already occurred, and in major cities
worldwide, life expectancy is already predicted to surpass 100 years. Then again, some bolder experts believe that
people currently aged between 30 and 40 (the most active contributors to GDP and primary beneficiaries of
existing pension funds) could have a life expectancy of 120 years. The economic burdens of an aging population
will therefore become much starker 5 to 10 years from now as the shadow of the silver tsunami grows.
Furthermore, there is no evidence of any country beginning to reverse the trend. In Japan or Italy, we even see
governments accruing further debt and delaying solutions just until next upcoming elections. As such, in this
document, we argue that it is only via massive investment in the Longevity industry and advanced biomedicine
research enhanced by the development of the novel financial system, this this problem could be solved.
Geroscience will therefore come to be regarded as the most important of sciences due to its central utility in this
regard, and longevity industry will become the world’s largest and most economically impactful industry, the
AgeTech market will become one of the biggest markets, and novel financial system will become the one and only
system affordable to developed countries.
We also plan to produce several case studies later this year, and additional case studies over the course of the
next few years. Volume 4 in particular will include an in-depth study of novel financial system, and in Volume 5 we
will provide regional studies on the UK, Europe and Japan.
The upcoming third volume will contain case studies regarding efforts to devise biomarkers of aging, proposed
methods for quantifying progress (by devising metrics for the success of therapeutic interventions), geroprotective
drugs including preventative, upstream interventions in metabolism, and gene therapies, AI and Blockchain
technologies for the processing and securing of medical patient and research data, further elaboration on the
concept of the P3 clinic, regenerative medicine (i.e. the repair and restoration of tissues and organs, in this case
aged tissues and organs), the importance of stem cells in achieving this repair, and prospective regulatory
methods, which would provide the oversight necessary to inspire confidence in this fledgling industry.
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Maintaining the “Health & Longevity” of the Longevity Industry
No realistic summary of the longevity industry and its future would be worthwhile without at some point identifying
the best possible road ahead.
We recommend a much greater level of involvement of the geroscience community in the evaluation of these
emerging biotechnologies and pharmaceuticals industry start-ups, in order to avoid the rapid growth of a Longevity
Industry bubble and a resultant stigma on future longevity-related ventures formed after its collapse.
Since investment in the biotechnology and life science sectors require a greater deal of technical expertise than
other sectors to successfully assess the viability and achievability of new ventures, the potential for big fails and an
ensuing bubble are greater.
In the case of traditional venture startup industries, such as the IT sector, it is common to see a 90% failure rate. In
the case of the BioTech industry, the failure rate for clinical trials is roughly 96%, and in the geroscience sector in
particular, clinical trial failure rates approach 99% due to the complexity of the field, which will continue unless
novel methods of assessment and due diligence are formulated and applied.
In a similar vein, there is greater potential for over-promising or over-hyped ventures to receive large investments
in place of ventures that are more realistic, don’t over-promise or over-hype their solutions. This trend also
contributes to an economic climate that is more susceptible to growth rates beyond achievability and financial
success, which, in turn, further exacerbates the potential for a bubble to form and burst.
A similar potential problem we foresee is the insufficient harmonization of funding throughout the sector. It would
be unfortunate if several biomedical gerontology ventures were to pursue and receive a disproportionate amount of
funding at the expense of other ventures with equally promising research. Furthermore, this scenario could be
detrimental to the industry as a whole. The safest way forward is to hedge our collective bets to harmonize as best
as we can the overall distribution of funding in order to minimise the risk of a few well-funded failed ventures
poisoning the industry.
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In particular, it is important to avoid allegations of cutting corners, which have dogged the industry on various past
occasions, ranging from the death of Jesse Gelsinger, which brought about an FDA clampdown on human trials for
a generation, to the false advertising scandals that blackened the name of the health technology company
Theranos.
The best way forward in the face of this issue is to maximize the amount of due diligence applied by the
geroscience community to emerging ventures, decrease the investment opportunities for over-hyped ventures and
ventures that are not sufficiently backed by proven and verified science (e.g. basic science, preclinical results, etc.)
and increase investment opportunities for ventures that are backed by solid science and solid preclinical results but
refuse to over-hype, over-promise, or exploit currently trendy areas of research independent of an evaluation of the
real scientific and clinical potential of their chosen research direction with respect to other existing and emerging
research directions in biomedical gerontology.
An additional potential problem is the pursuit of research directions that have not been sufficiently evaluated in
terms of safety in preclinical studies. This is another area of potential concern that would benefit from increased
input and pre-implementation vetting by the larger geroscience community in order to decrease investment
opportunities for clinical trials evaluating products and therapies that:
(a) have not been sufficiently evaluated in terms of safety in the preclinical setting,
(b) are aiming to proceed with overly-large scale Phase I clinical trials without verifying safety on a smaller human
cohort first, or
(c) that are based upon inherently risky therapeutic modalities.
In light of these concerns, it is imperative that we consolidate the geroscience community and explore options
relating to the formation of a suitable platform or framework developments in the industry. It is time for the
geroscience community themselves, not just investors and politicians, to foster a Longevity industry with a clear
view of the true opportunities and risks.
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Framework for Assessing and Forecasting Emerging Technologies and Scientific R&D
Due to the multifaceted nature of geroscience, it's necessary to establish definitions for terms in the geroscience and
longevity industries. It is also important to create a framework for establishing consensus in forecasting developments
in P3 medicine, and to that end we have made use of mind maps featuring TRLs. We plan to establish workshops with
members of the scientific and entrepreneurial communities to create case studies to develop TRLs to improve metrics
and predictions.
The Science of Progressive Medicine TRL
The Business of Progressive Medicine TRL

One major problem is the lack of a single consensus panel of biomarkers of aging. A consensus panel would encourage
an acceleration of advances in drug discovery and preventive medicine, and at the same time provide tangible metrics
for next generation P3 medicine clinics. We are confident that the exponential growth of technologies like wearables,
mobile apps, diagnostic and prognostic services, coupled with the exponential growth in AI, will help create effective
biomarkers of aging, promoting substantial growth of the Longevity industry in the next 3-5 years.
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Chapter V covers the optimal P3 medicine clinic, which would combine geroscience, integrative health, digital
medicine, precision medicine and ‘personalised clinical trials’ to address the root causes of ageing. The process of
pipeline of P3 medicine clinic starts with advanced diagnostics (assembling of digital avatar, mathematical combination
of all assembled parameters from different types of diagnostics - blood, tissue samples, genetics, urine) then analyzing
multiple parameters, and obtaining the results. A group of doctors empowered by AI algorithms will create the most
probable scenarios of detection of most pathologies and estimation of timeframes, and produce a list of recommended
interventions (when and how they could potentially be applied). After having the list of possible interventions, the
process of personalized experimentation can start, using a supersystem of high-frequency (close to real time)
personalized experimentation, using in silico modelling (AI-based calculation and prediction of the possible outcomes
of applyingan exact geroprotector cocktail) and compare in vitro results with in silico results. The most promising
results will be checked in vitro (organoids from a specific member of the clinic, and then installed in mice, like
“tumographs in mice for cancer”). So these would be tested in silico, then tested in transplanted organoids, then
validated in the third stage using the skin of the specific person (this constitutes the next stage of bio-environment
specificity that will be very close to the actual in vivo environment). Cells extracted from tissues should be placed in
bioreactor to keep them for multiple further experiments (extraction could be done once a month from different tissues,
e.g. 100 tissues once, and then have them expanded in vitro using bioreactors).
Precision
Diagnostics

Advanced
Prognostics

Personalised
Experimentation

Preventative
Treatment
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Establishing a Framework for the Longevity industry
At present, there is no consensus on which of the various technologies touched upon in these documents falls under
the umbrella of ‘gerontology’, and the more clearly defined terms such as ‘P3 medicine’ have not been traditionally
been associated with geroscience in general. We propose that they should be classified together, given their
increasing relevance to extending healthy longevity. The 4 subdivisions of the industry that we propose are
Geroscience, P3 medicine, AgeTech and Novel Financial System.
Geroscience (the science of aging) describes all areas of research and technology that directly recognize and
address the issues of the ageing process. This includes both basic research into the biology of aging, as well as
interventions designed to directly address the hallmarks of aging, and by virtue thereof the majority of chronic
diseases that stem from the root causes of aging. P3 medicine describes the shift in medicine towards precision,
personalisation and preventive rather than reactionary treatment. This report argues that it should be classified as
cornerstone of the Longevity industry due to its focus on preventive treatment and maintenance of health via early
diagnostics and the application of interventions as early as possible. AgeTech includes all non-biomedical
technologies which help to preserve the quality of life, wellbeing and functional capacities of elderly demographics.
While not traditionally considered as a part of the Longevity industry, this report argues that it is one of the industry’s
main four pillars because it can help preserve function and wellbeing up to the point where more advanced therapies
reach practical application in the clinic. Chapter 7 of the report considers the creation of a Novel Financial System to
simultaneously avoid economic stagnation in the face of demographic aging, while creating an infrastructure whereby
governments and financial institutions can reap gains from maximizing not just population lifespan, but healthspan as
well. Given the significant impact that societal ageing and Longevity have upon economies, pension funds and
insurance companies have the potential to tie financial performance to quantitative measures of healthy longevity like
HALY (health-adjusted life years) and QALY (quality-adjusted life years) in order to help economies thrive due to an
increase in its citizens healthy longevity.
This report, the first of its kind, outlines the vast and multifarious Longevity industry, and formulates a preliminary
foundation for classifying and systematizing the various strands of the industry into one coherent landscape, and
establishing a standardized framework to unite the fragmented stakeholders of the industry, and to provide better
tools and leverages for analyzing the vast and complex landscape of this emerging Longevity mega-industry.
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Chapter I
The Dawn of the
Longevity Industry (2000-2016)
2000-2013: The Early Era of Geroscience Development
2014: The Threshold, the Birth of the Longevity Industry
2015-2016: The Early Stage Development of the Longevity
Industry

“The majority of politicians and the general public are unaware of the
tremendous potential benefits of regenerative medicine. They fail to grasp the
profound implications that extended longevity could have on the global
economy, on their respective nation’s economic survival, and on their own
lifespan and health.”
- Alex Zhavoronkov, Chief Science Officer of the Biogerontology Research Foundation
When did geroscience become a science? When did longevity become an industry? When did
it become a ‘business’? For almost all of recorded history, it has been a fantasy. During the
first half of the 20th century, healthy life extension meant either devising specialised
techniques for treating specific diseases or nursing and elderly care. This remained the case
throughout both the scientific and industrial revolutions, until the 1940s, when the metabolic
processes of aging became an area of modest scientific interest.
Thus began what would eventually become modern geroscience. It retained something of a
‘fringe’ reputation even into the 21st century. Driven by academic curiosity and the vague
hope of modest biomedical intervention, the science plodded along, gaining occasional
insights for half a century under the title of ‘biomedical gerontology’. As biomedical
gerontology advanced, parallel technologies such as regenerative medicine and gene
therapy, which dealt with the constituent phenomena of aging but using the language of
engineering, had been been coming of age. In the mid-2000s technologists began to notice
that the science was ahead of the technology and that the identification of the problem was
nearly complete. The solution lay in the technology, which was then, as now, woefully
underdeveloped.
This was the period when the concept of ‘rejuvenation biotechnology’ emerged - not an
industry unto itself but an arm of regenerative medicine. Propped up by various non-profits,
rejuvenation biotechnology staggered forward into the second decade of the century. In 2013
Google launched the healthcare venture Calico (the ‘California Life Company’, whose stated
remit is healthy human life extension by technological means), an act which dramatically
raised the profile of healthy life extension as a legitimate, technological pursuit, thereby
bringing the notion of a longevity industry from the fringe to the cutting edge of biomedicine. If
2013 raised the science of longevity out of obscurity, 2017 did the same for the industry,
marking the end of a long winter of non-investment in longevity technologies. The following
chapter examines some recent developments leading to this dawn.
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1945 - 1990: The Foundations of Geroscience
The five decades of relative peacetime throughout the West were an age of
uninterrupted biomedical research, and provided unprecedented opportunity for
exploring the scientific backwater of aging. But the phenomenon of aging was still
opaque. The second half of the 20th century produced a series of periodic
insights, each of which in its turn briefly became a household term linked to aging.
Although they did not automatically point to solutions, this period of
reconnaissance provided modern geroscience with a body of knowledge on which
to act.
1944 - Oswald Avery identified DNA as the substance responsible for heredity.
1954 - The free radical theory of aging was conceived by Denham Harman.
Harman states that organisms age over time due to the accumulation of damage
from free radicals in the body.
1961 - The Hayflick limit advanced by American anatomist Leonard Hayflick.
American anatomist Leonard Hayflick demonstrates that a population of normal
human fetal cells in a cell culture will divide between 40 and 60 times before
entering a senescence phase. This process will be known later as the Hayflick
limit.

X-ray diffraction photograph of
DNA (credit: BBC)

1974 - The National Institute on Aging (NIA) is formed as a division of the U.S.
National Institutes of Health (NIH), with the purpose of conducting research on
aging process and age-related diseases and disseminating information on health
and research advances.
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1990 - 2000: The Birth of Geroscience
With the scientific foundations in place, the final decade of the twentieth century saw the rapid laying down of what
would later prove to be the technological foundations of the nascent longevity industry, from which its constituent
technological strands would later emerge. Some key moments from this era:
1990 - A four-year old girl became the first gene therapy patient on September 14 at the NIH Clinical Center. She
has adenosine deaminase (ADA) deficiency, a genetic disease which left her defenseless against infections. White
blood cells were taken from her, and the normal genes for making adenosine deaminase were inserted into them.
The corrected cells were re-injected into her.
1992 - The term "regenerative medicine" was first used in a 1992 article on hospital administration by Leland
Kaiser, who writes: "A new branch of medicine will develop that attempts to change the course of chronic disease
and in many instances will regenerate tired and failing organ systems."
1993 - Cynthia Kenyon discovers that a single-gene mutation (Daf-2) can double the lifespan of nematode
Caenorhabditis elegans and that this can be reversed by a second mutation in daf-16m.
1990 - The Gerontology Research Group (GRG) is founded and the organised global tracking of
supercentenarians
begins.
1999 - The Buck Institute for Research on Aging is founded, the first research center in the US to fulfill the
challenge of a 1991 National Academy of Science report calling for establishment of at least ten centers of
excellence focused exclusively on aging research. It would later prove a crucial and enduring ally and research
hub for profits and nonprofits alike, in multiple capacities for years to come.
2000 - The SENS (Strategies for Engineered Negligible Senescence) project is conceived by Aubrey de
Grey, a roadmap for applying regenerative medicine to aging. bringing together the above techniques into a
single toolkit for treating aging directly, thus beginning an age of rejuvenation biotechnology....
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2000 - 2013: The Early Era of Geroscience Development
The broader longevity industry has no official date of inception. The first documented case of a quest for an elixir
was in the Epic of Gilgamesh (circa 2500 BC), in which the fabled Mesopotamian king sought a divine herb
conferring immortality. 2013 however, aging was formally defined, quantified and recognised by biologists
worldwide, appearing in focus for the first time in the crosshairs of mainstream biomedicine A paper entitled
Hallmarks of Aging, which compiled and categorised in one place a cellular and molecular description of the aged
phenotype for biomedicine, and a multiplication of organisations which formally identify aging as a quantifiable
process amenable to medical and biotechnological intervention.
It is already known that it is possible to alter cells in a petri dish such that they never stop dividing. Given the right
conditions, human cells, like the notorious Henrietta Lacks “HeLa” cells, can life forever. These cells are
“immortalized.” Cancer cells are often naturally immortalized by mutations of the gene encoding telomerase. The
vast majority of cells in body are replaced by stem cells regularly, from every seven days for skin cells to every
seven years for bone. This rate of stem cell turnover declines with age. In light of these points, there is no apparent
reason why the body could not rejuvenate itself indefinitely given the right stimuli.
It has also been known since the 1930s that dietary restriction (DR) without malnutrition can dramatically slow the
rate of aging, and since has been demonstrated in virtually all model organisms studied. Drugs seeking to mimic
this effect are under development.
Somatic Cell Nuclear Transfer (therapeutic cloning) has been in vogue for over a decade. In 2008, cell therapy was
revolutionized by a new method for generating induced pluripotent stem cells (iPSCs) from a sample of a patient’s
skin. These cells could soon be sufficient to replace whole organs and potentially revitalize stem cell populations in
vivo.
The past 2 decades have witnessed the identification of genes governing aging and healthspan: insulin (daf-2,
IGF-1), regulators of gene expression (FOXOs, sirtuins), and guardians of genomic stability and senescence
(telomerase, HIF-1). Manipulating these genes can alter elements of the aging process and even reverse its
progression. In recent years, more strategies have arisen. Just a few of the more prominent are listed below.
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Heterochronic Parabiosis
The most bizarre recent advancement has been shown with heterochronic parabiosis. This is when the circulatory
systems of old and young animals are linked, sharing blood. The result: old blood ages the young mouse and
young blood rejuvenates the old mouse. Cognitive, cardiac, stem cell function, and other parameters are improved
in the old animal. The goal of this research is to isolate the rejuvenating factors (such as GDF-11) or remove
pro-aging factors (like CCL11) as novel biologic-based therapies.

Rapamycin
Discovered on the island Rapa Nui, this natural product inhibits the activity of
the nutrient sensing protein TOR (aptly named Target of Rapamycin). This
activity mimics some effects of dietary restriction. Most interestingly, longevity
in mice is augmented even when administered late in life. The drug has
drawbacks, including increased diabetes risk. Researchers will incorporate
slight modifications of the structure to preserve the good effects and cast out
the bad.

PEPCK-C overexpression
The enzyme phosphoenolpyruvate carboxykinase is not normally active in skeletal muscle. When overexpressed,
however, muscular endurance and longevity are augmented in mice. Compared to controls, these athletic mice are
smaller, eat twice as much, and are seven times more active. In addition to longevity, reproductive capability is
extended in female mice.

Senolytics: Targeting Cellular Senescence
Dr. Judith Campisi at the Buck Institute developed the paradigm of the SASP: the Senescence-Associated
Secretory Phenotype. Simply put, cells that have stopped dividing and have yet to self-destruct (apoptosis) secrete
inflammatory, pro-aging cytokines that alter the systemic milieu and reduce function throughout the organism.
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Dr. Bruce Ames’ blend of acetyl-carnitine and lipoic acid
Dr. Bruce Ames, professor of biochemistry and molecular biology at UC Berkeley, has
highlighted two useful rejuvenation molecules: acetyl-carnitine (ALC) and lipoic acid (LA).
At age 86, and still conducting research (he takes these two compounds, perhaps others),
Ames may be the most celebrated biochemist alive. He invented the famous Ames test of
mutagenicity and has won of the National Medal of Science and Thomas Hunt Morgan
Medal. A proponent of the salutary effects of natural products in foods, Ames has
demonstrated that ALC and LA, alone but especially in combination, dramatically reduce
mitochondrial dysfunction, cognitive decline and other measures of aging in model
organisms.

Sirtuin activating compounds (STACs)

Dr. Bruce Ames

Sirtuins are NAD+ dependent histone deacetylases. That is, they remove acetyl groups from the proteins around
which DNA is wrapped, regulating (typically silencing) the expression of certain genes. Sirtuins are implicated in
wide range of processes impacting aging including genomic stability, apoptosis, metabolism, ROS mitigation,
stress tolerance, inflammation, and chromatin organization.
Sirtuins mediate some of the benefits of dietary restriction.
When an organism is deprived of food, nicotinamide adenine dinucleotide (NAD+) levels rise relative to NADH.
Higher NAD+ activates sirtuins, which silence genes at the chromatin level and deacetylate proteins involved in
signaling. In many organisms, caloric restriction without malnutrition results in prolonged lifespan, healthspan and
other salutary metabolic effects (including autophagy, reduced inflammation and oxidative stress mitigation).
Sirtuin activating compounds (resveratrol, pterostilbene) may be a promising drug class. Glaxo spent over $700M
to acquire Sirtis in 2007, a company led by David Sinclair at Harvard. Though this deal remains controversial, and
GSK has wound down the Sirtris research, there is little doubt that STACs like pterostilbene (a more potent, lipid
soluble analogue of resveratrol) offer therapeutic value with low toxicity.
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Believed to have evolved as a check to early life cancer, cellular senescence
actually leads to changes that encourage cancer and other age-related diseases.
This is a possible example of antagonistic pleitropy, gene programs that improve
fitness or survival early in life (pre-reproduction) become counterproductive later in
old age. The strategy is relatively straightforward: clear out senescent cells and/or
suppress the SSP. Fortunately, they exhibit similar markers: staining with
senescence-associated beta-galactosidase and augmented p16 expression. It has
already been demonstrated that clearance of high p16-expressing cells actually
reverses aging.
This research has in more recent years led to a report showing 30% increase in
median lifespan with the selective elimination of senescent cells. The company
Unity Biotechnology has been spun out from the Buck to develop this line of
research.

Dr. Judith Campisi

Neuropeptides
Gonadotropin-releasing hormone (GnRH), a neuropeptide released from the hypothalamus, has been shown to
regulate inflammation-related aging. GnRH is classically understood as a regulator of reproduction. However,
Zhang et al. showed that GnRH is negatively controlled by two inflammatory proteins, NF-kB and IKK-B. Inhibiting
these proteins augmented GnRH expression, and the administration of GnRH attenuated aging-impaired
neurogenesis (particularly in the hippocampus and hypothalamus).
Oxytocin plays a key role in social cognition, pair bonding, reproductive physiology, inflammation and wound
healing. However, recent evidence suggests an additional role for oxytocin in muscle tissue maintenance and
regeneration. It is known that the plasma concentration of oxytocin declines with age, and it has been recently
shown that oxytocin knockout mice display premature sarcopenia and that systemic oxytocin administration
enhances aged muscle stem cell proliferation via the MAPK/ERK signaling pathway.
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Gene Therapy: The Elephant in the Room
Pharmacological interventions are the low-hanging fruit. Compounds that attenuate aging are accessible already.
More will be identified using relatively hypothesis-free high throughput screening methods.
Small molecule interventions, however, will pale in comparison to gene therapy (that is, once we can get cellular
delivery of fragile nucleic acids working at high efficiency).
Gene therapy has made major strides in the just last few years. The new CRISPR/Cas9 system, popularized by
SRF advisor and Harvard geneticist Dr. George Church, enables unprecedented ease for genome editing.
Something of a Holy Grail, somatic (i.e., adult cells, not embryonic) genome engineering may be just around the
corner. Inserting nucleic acids (DNA, RNA) into a sufficient number of adult cells has proven elusive due to the
inefficiency of delivery vectors.

It is already viable to engineer induced-pluripotent stem cells in vitro, then inject after some beneficial modification
(such as viral resistance in immune cells or neurotrophin secreting glial cells for neurological disorders).
Catalase, an antioxidant enzyme, when targeted to the mitochondria (which produce most cellular free radicals)
also prolongs median mouse lifespan by up to 20%, in addition to attenuating parameters of cardiac and skeletal
muscle aging.
One important application gene therapy is to supply telomerase to somatic tissues. Recent research has
demonstrated a 24% lifespan extension in mice by this method. Most importantly, the therapy augmented health
span and did not cause cancer as some believe telomerase over-expression would do in humans.
These singular interventions are just the tip of the iceberg, as combining modifications can yield synergistic effects.
For example, researchers at the Buck Institute mutated the C. elegans genes for TOR and the insulin receptor,
yielding a five-fold lifespan extension.
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Early Geroscience Companies: Geron, Elixir & Sirtis Pharmaceuticals
One of the first geroscience companies was Geron, established in 1992 by Dr.
Michael West. Geron was based on work that found that the enzyme
telomerase, which extends the ends of chromosomes (called telomeres), could
reverse the shortening of telomeres that occurs with aging. It was believed that
increasing the expression of telomerase might prevent telomere shortening
and delay the aging process. However, later work found that overactive
telomerase was often a hallmark of cancerous cells, which led Geron to be
concerned about the risk of telomerase-based therapies inducing cancer. As
such, Geron has shifted its research focus away from longevity research to
cancer by searching for compounds that reduce telomerase activity rather than
enhance it.
Gene therapy that delivers telomerase to adult mice does not increase cancer risk according to a 2012 study in the
laboratory of Dr. Maria Blasco entitled “Telomerase gene therapy in adult and old mice delays ageing and
increases longevity without increasing cancer.” Telomerase gene therapy did extend healthy lifespan of mice.
One-year-old mice that were treated by gene therapy lived on average 24% longer; the average lifespan of
two-year-old mice increased by 13%. Another new company, Telocyte, is picking up where Geron left off.

Two of the earliest companies in the first wave of geroscience pharmaceuticals were Elixir Pharmaceuticals,
co-founded in 1999 by Leonard Guarente and Cynthia Kenyon (now with Calico) and Sirtris Pharmaceuticals
founded in 2004 by David Sinclair. Both companies attempted to mimic the effects of caloric restriction (CR) that
have been found to dramatically increase lifespan in diverse organisms such as rodents, primates, roundworms
and yeasts. The strategy of both companies relied on finding compounds similar to resveratrol (a polyphenol
present in red wines and red grapes) that can upregulate the expression of the mammalian sirtuin gene SIRT1 that
is thought to mimic the effects of CR.
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However, there has been some controversy as to whether resveratrol is acting through the sirtuin genes as several
studies have been published that both support and contradict these findings. The acquisition of Sirtris in 2008 for
$720 million by GlaxoSmithKline and Elixir’s $500 million option deal in 2009 with Novartis was viewed at the time
as a vindication of approaches that mimic CR. However, studies from Amgen and Pfizer in 2010 found that
resveratrol did not activate SIRT1. Additionally, Elixir was shut down in 2010 after having burned through $82
million in venture capital funding while the Sirtris facility of GlaxoSmithKline was shuttered in 2013, with many of its
employees laid off. While development of the Sirtris resveratrol-like compound SIRT501 has been terminated, an
alternative lead compound, SRT2104, which is dissimilar to resveratrol, is still in development to treat ulcerative
colitis, diabetes and a host of inflammatory diseases.

https://www.sciencedirect.com/science/article/pii/S0009898114004793
https://biosignaling.biomedcentral.com/articles/10.1186/1478-811X9-11
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2014: The Threshold of a True Longevity Industry
By 2014 the science was snowballing into an industry…
This was the year in which the mission of human longevity was finally adopted on an industrial scale.
The birth of an industry has certain harbingers. Hoards of expertise switching fields, as synergies emerge and new
paths are revealed. Prizes are set up. Commercial corporations and government agencies are repurposed,
rebranded and reconfigured in order to pursue the new course.
This was the year the Palo Alto Longevity Prize was set up and there was a sharp rise in the number of scientists
switching from traditional areas of biomedicine to geroscience, attracted by its newfound credibility and
emboldened and reassured by the sight of its recent adoption by corporations such as Google and government
agencies such as DARPA. Even without any immediate breakthroughs these developments serve as a battle flag
and rallying cry for scientists, investors, entrepreneurs, top tier media, government officials, and enthusiasts from
among the general public, all of which provided rapid growth of resources available to the newly ignited industry.
Many of the companies which fell into this orbit are documented here.

Google’s California Life Company (“Calico”)
Capturing the most media attention was Google’s new venture,
California Life Company (“Calico”), which had been announced
in 2013. At the helm was none other than Dr. Arthur Levinson,
former Genentech chairman, current chairman of Apple, and
who had recently resigned from the board of Roche. Calico also
lured Dr. Cynthia Kenyon from UCSF in addition to several other
prominent scientists like Hal V. Barron.
Thus began the first ever open pursuit of Longevity on an industrial scale. In a TIME Tech Exclusive, Google vs.
Death, Larry Page announced Calico, introducing it as the Google firm focusing on the challenges of healthcare,
aging and associated diseases: " Illness and aging affect all our families. With some longer term, moonshot thinking
around healthcare and biotechnology, I believe we can improve millions of lives." said Larry.
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The prospect of bringing the capital of Google to bear on
aging created excitement among the geroscience
community, but raised questions with its vagueness as to
where this capital would be directed.
The announcement came as a complete surprise even to
experts in and around Silicon Valley, who were left feeling
the announcement was incomplete.
Calico set out to tackle age-related ill health, but was it
going to be a fund? Would they, for example, be involved
in damage repair? Or would they be involved in data
mining to uncover novel gene/lifestyle associations?
Commenting in the same issue of Time, Aubrey de Grey of
the SENS Research Foundation, said simply:
“ As little as 20 years ago, when I joined the pitifully small
band of academics who call themselves biogerontologists,
the prospects for defeating aging were so bleak that it was
widely considered unscientific even to discuss it. Now the
war on Aging has truly begun.”
In September 2014, Calico announced a partnership with
AbbVie to build a Bay Area R&D center. Each party put up
$250M thus far with the option of another $500M each.
Calico also announced a partnership with UT
Southwestern Medical Center and 2M Companies to
develop NAMPT activators for neurodegenerative disease.
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Human Longevity Inc. (“HLI”)
J. Craig Venter cannot keep away from the aging problem for
long, and it is exciting that his resources are being channeled
into the aging problem. Here is the HLI mission statement:
From their San Diego, CA headquarters, HLI will focus their
research on human genomics, the microbiome, and stem
cells. In July 2014, HLI hired Dr. Franz Och as their chief data
scientist. Och is a machine learning specialist who is leaving
his position as head of Google Translate.

HLI Mission Statement:
“Aging is the single biggest risk factor for virtually
every significant human disease… our goal is to
extend and enhance the healthy, high-performance
lifespan and change the face of aging. For the first
time, the power of human genomics, informatics, next
generation DNA sequencing technologies, and stem
cell advances are being harnessed in one company,
Human Longevity Inc., with the leading pioneers in
these fields. Our goal is to solve the diseases of aging
by changing the way medicine is practiced.”
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A plain, visible example of a shift in
mainstream focus toward advanced
biotechnology in the public sector is
the diversion of capital and political
will from technologies traditionally
held
as
indispensable
by
government agencies.
In 2012 DARPA (Defense Advanced
Research Projects Agency), an
agency of the United States
Department of Defense responsible
for the development of emerging
technologies for use by the military,
appointed ex-biotech executive Arati
Prabhakar -- formerly of the U.S.
Venture Partners (USVP), a Silicon
Valley
Source: Youtube, DARPAtv: Understanding DARDPA
venture capital investment firm focusing on investments in healthcare and IT-enabled healthcare services, as
their CEO.
The computer tech industry was catapulted from 1970s mainframe obscurity to 1980s mainstream technology in
the course of a decade or so, owing in part to its rapid development in the hands of large government and military
agencies in the 1980s.
We should expect longevity and precision medicine to receive a similar boost from this government-level shift in
focus of its expertise to advanced biotech, to the the extent that we should even be able to use the DARPA annual
budget reports as a predictive tool when assessing the rate of progress.
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The 2014 development which most plainly marked the
threshold between academia and industry was the
first annual Rejuvenation Biotechnology conference in
Santa Clara, California, hosted and financed by the
SENS Research Foundation. This was the first ever
industry conference focused exclusively on longevity
related biotechnology.
Until then the SENS Research Foundation had hosted
purely academic conferences every two years at
Queen’s College, Cambridge, England.
Source: Ian Inkster

In 2014, however, with the scientific ball already rolling,
the foundation abandoned academic conferences entirely,
seeing fit instead to redirect their resources toward of a
series of seminal industry conferences.
Over
350
leading
academics,
researchers,
pharmaceutical industry leaders, regulators and venture
capitalists gathered in Santa Clara California to build a
‘rejuvenation biotechnology’ industry and community.

Source: Anne Corwin, SENS Research Foundation

34

Our Previous Reports
The Global Longevity Consortium, consisting of the Biogerontology Research Foundation, Deep Knowledge Life
Sciences, Aging Analytics Agency and Longevity.International platform, have authored two major analytical
reports on the Longevity Industry previously: Longevity Industry Landscape Overview Volume I: The Science of
Longevity, and Volume II: The Business of Longevity, in addition to the previous reports produced by Aging
Analytics Agency, which focused on broader biomedical sectors, such as their 2015 report Big Data in Aging and
Age-Related Diseases Industry Overview, their 2014 report Investing in Regenerative Medicine: Technology
Analysis and Market Outlook, and their 2013 report Analytical Regenerative Medicine Industry Framework.
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2015 - 2016: The Early Stage Development
of the Longevity Industry
Challenging the “Inevitable”
The net benefit of all these developments has been that those initially highly-skeptical of the formation of a
veritable, scientifically-validated and profitable longevity industry began to sit up and take notice.
The 2015 investment boom was followed by another boom in 2017 in longevity biomedicine, which was predicted
in 2014 by BGRF managing Trustee Dmitry Kaminskiy at the Big Data Science and Medicine Conference at
Oxford University. Notably, it was not solely a result of increased investment in public securities but also due to a
rise in Series A funding for new biotech start-ups.
From its peak in July 2015, the NASDAQ Biotechnology
Sector Index fell by roughly 37% to a level equal to the
beginning of 2014, and was down by roughly 14% for the
year. But this didn’t necessarily foreshadow a continuing
decrease, because it still out-performed other market
sectors. We can see for instance that it beat the NASDAQ
Composite by 86.3% and the S&P 500 by 175.6%.
However, the sector roughly saw a 12% increase in the
third quarter of 2016, with the reversal of the trend coming
in the third quarter of 2016. WIth other markets taken into
account, the 2016 drop in the biotech sector is a welcome
and healthy correction to high valuations. To view the
investment landscape in the formal life sciences industry
alone however is not enough. It is merely one dimension of
a much bigger picture.
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Greater Stakes
With the aim of getting the ball rolling in the emerging longevity industry, Dmitry Kaminskiy announced a $1 million
prize for the first person to reach the age of 123 - just 6 months longer than the current record holder, Jeanne
Calment, who achieved 122 years and 6 months age.
This inspired a subsequent wager whereby Kaminskiy and Alex Zhavoronkov made a $1 million bet to see who
would live the longest, in which the longest-lived of the two would owe the other $1 million in Insilico Medicine
stock (a leading company working at the intersection of AI and longevity). This was more than just a bet; it was a
meant to inspire others and coax the fledgling longevity industry out of its nest. "I would really like to make similar
bets with Bill Gates, Elon Musk or Mark Zuckerberg so they could live longer lives and create great products, but I
don't think they are worthy competitors on longevity yet, but I would like to challenge Sergey Brin and Larry Page
to a similar competition due to their seemingly high interest in the sphere and the Calico project." said Kaminskiy in
his interview to Gizmodo.

Reach

Win
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Greater Acceptance
By 2016, Dr. Alex Zhavoronkov made the following statement
in his bestselling book The Ageless Generation: How
Advances in Biomedicine Will Transform the Global Economy:
“The majority of politicians and the general public are unaware
of the tremendous potential benefits of regenerative medicine.
They fail to grasp the profound implications that extended
longevity could have on the global economy, on their
respective nation’s economic survival, and on their own
lifespan and health.”
While the latter part of this statement remains as true as ever,
the former part does not, as politicians and the public are
increasingly aware of the social and economic benefits of
regenerative medicine.
What’s more, life extension has now become a palatable,
realistic possibility and a credible subject of discussion in the
eyes of the public. Mainstream media has begun to publish
serious articles on the topic, with a dearth of actual scientists
treating the topic seriously. Mere several years ago, it was the
exclusive domain of social activists (e.g. transhumanists).
Life extension by biotechnological means had been considered
unfruitful at best and career-poisoning at worst, whereas today
it is seen as the next big thing as a profusion of scientists
stake their careers on it.
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Greater consideration
A testament to this trend was the "What If You Are Still Alive in 2100?" panel session that took place at the World
Economic Forum Annual Meeting in Davos in January 2016. The discussion of Longevity science at the World
Economic Forum is evidence of a paradigm shift. From 2013 onward, both popular, credible policy-making
publications and conferences began to take the topic seriously. Indeed, The Economist’s Aging Societies 2016
panel discussion in London and “The Business of Longevity” conference in San Francisco can be considered as a
culmination of this trend becoming trendy and part of the mainstream flow of events. The Economist’s interest in
particular signaled that even the most conservative outlets are beginning to take this topic seriously.
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2016-17 was the period in which investors finally began to equate rejuvenation with repair. That is, with
regenerative medicine. According to a report from Goldman Sachs, venture capital that was invested in companies
pursuing regenerative medicine increased from $296 million in 2011 to $807 million in 2016, growing roughly 34%
year-over-year.
"We see regenerative medicine as one of the most compelling areas for venture investment," the report said.
Goldman Sachs defines regenerative medicine as approaches that grow cells or tissue from stem cells, treatments
that promote regeneration, or transplants using organs or tissue grown outside of the body. These types of
treatments — if they work — could revolutionize how we age, potentially helping humans live healthier, longer
lives. By the report's count, 80 regenerative-medicine companies received funding in the last three years, and the
deals related to regenerative medicine accounted for almost half of the top venture-capital deals in 2015 and 2016.
Goldman Sachs highlighted a few companies that received large sums in funding in the past few years, like
Samumed, a $12 billion private biotech startup that wants to regenerate hair, skin, bones, and joints, and Unity
Biotechnology, which is working on treatments that act on senescent cells. These are cells that have permanently
stopped dividing, a phenomenon that has been linked to medical conditions like heart or eye problems.
Unity Biotechnologies raised $116M in series B from VenRock, ARCH Venture Partners, Jeff Bezos of Amazon,
and others in October of 2016. Unity is developing drugs from the Mayo Clinic and Buck Institute for Research on
Aging to delete or selectively ablate damaged, old cells called senescent cells. Research based on this class of
drugs, called senolytics, has increased healthy lifespan in mice by 30%. The trend of longevity science and
longevity-oriented life-sciences startups becoming mainstream also signals a coming paradigm shift from treatment
of the symptoms of disease in a palliative and ineffective way toward the actual treatment of the underlying
biological root cause of such diseases at their very source - a shift away from treatment and toward prevention.

-Milken Institute, Silver to Gold
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Preventative medicine extends beyond longevity therapies, but longevity therapies are leading the front of this
paradigm shift because they seek to treat the root cause and largest risk factor for what is increasingly becoming
the most prevalent category of disease afflicting humanity today, namely age-related disease.
The treatment of age-related disease at its source, aging itself, is going to be the biggest thing to happen to
healthcare since sanitation, namely in terms of improved clinical outcomes for some of the most quantitatively
prevalent diseases afflicting humanity today.
Greater risks, greater rewards
Such opportunities are also counterbalanced by real risks and concerns, and in order to successfully avoid and
mitigate these risks, the geroscience community needs to have a more active presence in the emerging Longevity
Industry and to participate in doing due diligence on emerging longevity startups in order to avoid some of the same
mistakes that stalled progress in other life sciences and biomedical sectors, which were due to hype and goals and
outcomes that could not be realistically realized, taking overly-large risks and not having sufficient foresight
regarding the consequences of failure.
Ageing as an outcome
Since aging has previously not been
considered an actionable endpoint, pharma
companies have not been able to devise
clinical trials targeting aging.
This is changing with the metformin trial driven
by Nir Barzilai, a trial considered critical as a
proof of concept for pharma companies
targeting aging.
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In particular, a lack of sufficient assurance of safety in stem cell clinical trials set the regenerative medicine field
back for years, and the death of Jesse Gelsinger set the gene therapy field back at least a decade. These
incidents damaged the image of both industries and stalled potential progress. Those involved in the emerging
Longevity Industry should take care to learn from these mistakes to avoid repeating them.
Federal drug regulatory agencies like the FDA are a necessity and do good in keeping medical progress safe, but
at times their bureaucracy stalls medical progress. The geroscience community should seize the initiative in
evaluating possible projects ahead of the FDA, and voice their consolidated opinion on its safety and neutralize
dangerous or overly-risky projects before they reach the stage of FDA applications so as to protect the health of
the budding Longevity Industry and avoid mistakes made previously in other fields.
Longevity-oriented startups, if successful, could bolster continuing increases in the funding going into the
Longevity Industry and facilitate its ongoing growth. However, early failures due to over-funding and over-valuation
of over-hyped technologies and therapeutic approaches could leave the Longevity Industry little more than a
longevity bubble.
Similarly, taking unnecessary risks in an attempt to accelerate progress in the industry, such as proceeding with
clinical trials on longevity therapies without sufficient evaluation of safety and efficacy in preclinical trials, could
result in unintended human deaths and side effects, which could poison future growth in the industry. As the dawn
of the Longevity Industry is confidently visible on the horizon, it is these challenges and risks that should be
analyzed and mitigated while fostering and nurturing real opportunities, creating a landscape of real opportunity,
not false promise.

“A mere three years ago the rise of the Longevity Industry was yet unthinkable. Now, a mere few
years later, it has become unthinkable to consider biomedicine without healthy longevity. The time
has come to establish a framework for the rising Longevity Industry. ”
- Dmitry Kaminskiy, Managing Partner of Deep Knowledge Life Sciences.
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Conclusion
At the turn of the new millennium, various disparate of sciences relevant to human longevity were already
converging, making various gains along the way: from animal studies providing solid evidence that lifespan
can be engineered, to the first recipients of breakthrough gene therapies.
A new science, technology, and community was emerging which measured progress by a new standard:
longevity. It sought to meaningfully improve lives not only by tackling diseases at their point of
manifestation, but by intervening further upstream.
This paradigm emerged from among a cluster of research hubs and non profits, and by the mid 2000s
longevity had become the explicit aim of high-profile corporate entities, in particular Google’s Calico.
After a long period of causal dismissal, an increasing number of prominent scientists have come to work for
and publicly endorse efforts to enable and accelerate progress in this area, changing the face of medicine
and improving the prospects for human lifespan - and healthspan.
The industry, however, has not yet become a fully fledged commercial industry.
The next chapter describes what it has become.

43

Chapter II
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-
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“ The fourth industrial revolution is still in its nascent state. But with the
swift pace of change and disruption to business and society, the time
to join in is now. ”
~ Gary Coleman, Global Industry Advisor, Deloitte Consulting
The previous chapter provided a broad history of geroscience and its evolution into a fully
fledged longevity industry. Two disparate disciplines were introduced: biomedical
gerontology and regenerative medicine. These did not intersect until recently, when a
possible synergy in the form of rejuvenation biotechnology presented itself to technologists.
The following chapter describes the state of progress today and identifies additional fields of
possible future relevance currently reaching fruition, along with the longevity implications of
each, some of which may not be immediately obvious.
It provides an overview of the techniques that could slow or reverse age-related ill health and
the P3 approach to medicine. It summarises the diversification of uses for AI, from drug
discovery to wearable devices to hospital management, the refinement of gene therapy and
stem cell therapy, the decline and possible rescue of biopharma, advances in bionics,
prosthetics, geroprotective drugs and regenerative medicine. It is argued that, currently, the
most market-ready technologies are prognostics and diagnostics, and that the technologies
which will achieve some degree of true rejuvenation will emerge in the next 3 to 10 years (a
point that will be further justified in chapter 4, which deals with market-readiness in depth).
It begins with a rundown of companies and investors currently driving the fledgling industry
forward, offering overviews of the current state of progress in each of its many converging
strands, shining a spotlight on relevant technologies that are either already implemented, or
on the cusp of implementation later this year. For further details on any of the entities
referenced, please see Appendices I (Top 100 Longevity Industry Companies Profiles) and
II (Top 100 Longevity Industry Investor Profiles).
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Key Longevity Industry Influencers
LONGEVITY.INTERNATIONAL

Michael West

Eric Verdin

Joao Pedro
de Magalhães

David Sinclair

Cynthia Kenyon Aubrey de Grey

Dmitry Kaminskiy

Nir Barzilai

George Church

Bryan Johnson

Peter Thiel

Steve Horvath

Brian Kennedy

Jeff Bezos

J. Craig Venter

Larry Page

Alex Zhavoronkov Nathaniel David

Jim Mellon

Finian Tan

Sergey Brin

Larry Ellison

Ray Kurzweil

Martine Rothblatt

Sam Altman
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Key Longevity Influencers
LONGEVITY.INTERNATIONAL

Anthony Atala

Sally Greengross

John D. Furber

Joon Yun

Michael Kope

Bruce Ames

Adam Antebi

Stephen Johnson

David Gems

Elizabeth
Blackburn

Nursultan
Nazarbayev

Bill Faloon

Maria Blasco

Andy Conrad

David
Finkelstein

Denham Harman

Steven Austad

Robert Freitas

Peter Diamandis

David Botstein

Alex Freitas
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Key Longevity Influencers
LONGEVITY.INTERNATIONAL

Vitalik Buterin

Bill Maris

Jose Cordeiro

Alexey Moskalev

Michael Greve

Dmitry Itskov

Ilia Stambler

Maria Konovalenko

Zoltan Istvan

Edwina Rogers

Robin
Farmanfarmaian

Calvin Harley

Leonard Guarente

James Strole

Bernadeane

Christine Peterson

Linda Partridge

Thomas Langer

Nils-Göran Larsson

Robert Young

Kevin Perrott

49

Key Longevity Influencers
LONGEVITY.INTERNATIONAL

Arthur Bilger

William Dow

Jo Ann Jenkins

Laura Carstensen

Ken Dychtwald

Yves Joanette

Henry Cisneros

Pinchas Cohen

Catherine
Collinson

Joseph Coughlin

Fernando Torres-Gil

Marc Freedman

Linda Fried

Lynn Goldman

Christopher
Herbert

Michael Hodin

Becca Levy

Freda Lewis-Hall

Robin Mockenhaupt

Philip Pizzo

Andy Sieg
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Key Longevity Influencers
LONGEVITY.INTERNATIONAL

Youngsook Park

Keith Comito

Rodney Slater

Trent Stamp

Chip Conley

Richard Eisenberg

Alexey Turchin

David Wood

Arielle Burstein

Dana Ardi

Errol Barnett

Arthur Bilger

Sherry Lansing

Campbell Gerrish

Chris Farrell

Rita Beamish

Fred Jonske

Taimur Hyat

Paul Irving

Alexander Klabin

Robert Johnson
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David Amess

Laura Deming

John Bell

Helen R.
Griffiths

Martin Green

Paul Thornalley

Janet Thornton

Malcolm Jackson

Tom Kirkwood

Andrew Krentz

Ilora Gillian
Finlay

Joel Parker

Richard Barker

Richard Faragher

Joao Passos

Narendra Patel

Paul Keith Potter

Aisling Burnand

Anne McArdle

Julia Neuberger

John Speakman
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Aeonian Pharmaceuticals
AgeX
Alkahest
Antoxis
AstraZeneca
Athersys
AxoGen
Avalon AI
BGI
BIOAGE Labs
BioLife Solutions
BioMarin
BioMarker Pharmaceuticals
BioTime
BrainPatch
Bluebird Bio
Calico
Canada Cancer & Aging Research
Laboratories (CCA-RL)
Cell
CellAge
Celularity
Centagen
Centrillion Technologies
Chipscreen
Chronos Therapeutics
CohBar
Color Genomics
Cyfuse Biomedical
Cytori
DeepWave Technologies
Definigen
Editas Medicine
Elysium Health
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Emulate
Epitracker
Eterly
Everist Health
Everon Biosciences
Evox Therapeutics
Fronteo
Genedrive
Genescient Corp
Genos
GenSight Biologics
Genzyme Corporation
Geron
Harbour Biomed
Hua Medicine
Human Longevity Inc.
Ichor Therapeutics
Inception Sciences
Insilico Medicine
Juvenescence AI
Juventas Therapeutics
Kailos Genetics
Leadhexa Biotechnologies
LifeGen
Longevity Biotech
MacuCLEAR
Mesoblast
Metabomed
Mitobridge
Mitotech
Navitor
Nemaura
NovaDip Biosciences
NuSirt
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Oisin Biotechnologies
NOX Technologies
Orig3n
Osiris Therapeutics
Oxstem
PHIGENIX
Pluristem
Population Bio
Prana Biotechnology
Proteome Sciences
Proteostasis Therapeutics
PureTech Health
Retrotope
Quark Pharmaceuticals
Quincy Bioscience
Rapamycin Holdings
ReThink Pharmaceuticals
Revance Therapeutics
RondinX
Samumed
Semma Therapeutics
Signum
Silene Biotech
Sierra Sciences
SIWA Therapeutics
TauRx Therapeutics
Unity Biotechnology
Universal Cells
Vault
Vericel Corporation
Veritas Genetics
Visgeneer
Youth Laboratories
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ABN AMRO
Accuitive Medical Ventures
Advantech Capital
Alexandria Venture
Ally Bridge Group
ALS Finding a cure
AME Cloud Ventures
Amino Capital
Ann Arbor SPARK
ARCH Venture Partners
Arkin Holdings
Aspire Capital Partners LLC
ATEL Ventures
BRCC
Brainchild Holdings
Cardinal Partners
Casdin Capital
Celgene
CIRM
Cyberdyne
Deep Knowledge Life Sciences
Deerfield Partners
DeNovo Ventures
DFJ
Easton Capital
EcoR1 Capital
Eight Roads Ventures
Emerson Collective
Essex Woodlands Health Ventures
F-Prime Capital Partners
Ferghana Partners
Fidelity Investments
First Analysis
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Flagship Pioneering
Forbion Capital Partners
Formation 8
GE Capital
GE Ventures
General Catalyst
GV
Harvest Global Investments
Horizon Ventures
Illumina
Integrale Advisors
Inventages Capital Investment inc
Jennison Associates
Juno Therapeutics
Juvenescence Limited
Khosla Ventures
LabCorp
Legend Capital
LYZZ Capital
Magic Stone Alternative
Mayo Clinic Ventures
Merck Ventures
NanoDimension
Nazem and Company
New Science Ventures
Nivelinvest
Odey Asset Management
Odey Swan
Omega Funds
OrbiMed
OS Fund
Oxford Finance Corporation
Oxford Sciences Innovation
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Partners Innovation Fund
Piper Jaffray Private Capital Group
Polaris Partners
RA Capital Management
Ramius Advisors
Sanofi-Genzyme BioVentures
Shibuya Kogyo
Silicon Valley Bank
Sino-Alliance International LTD
S.R.I.W
Sphera Funds Management
Springboard Capital
StartUp Health
Sutter Hill Ventures
SWMF Life Science Fund
Syno Capital
Synthetic Genomics
T. Rowe Price
Tan Thay
Techammer
Techno Venture Management
Testudo Funds
The Thiel Foundation
Third Rock Ventures
Toray Engineering
TVM Capital
TYLT Ventures
Venrock
Versant Ventures
Vertex Ventures
Viking Global Investors
Vives Fund
Warburg Pincus
WuXi Healthcare Ventures
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Landmark Longevity Conferences
Basel Life Sciences
Aging Forum

World Economic
Forum

58

59

Landmark Longevity Conferences

The
Economist:
The Business
of Longevity
and Ageing
Societies

Master Investor
Conference 2017
Organized by Jim
Mellon & Mann
Bioinvest in
London

The Business of P3 Medicine Technology Overview
Whereas geroscience involves researching the biology of the human species and the developing technologies for intervening
therein, P3 medicine in involves assessing the biology of the human individual, with a view to applying geroscience knowledge
more bespoke manner, and to a more preventative effect.

-

Digital Health
- Wearables
- Health / Fitness apps
- Telemedicine
- Virtual / Augmented Reality
- Digital Health Records
- Blockchain / NextGen Databases
-Biomarkers
-Artificial Intelligence
-Geroprotectors
-Regenerative Medicine
-Gene therapy
-Cell therapies
-NeuroTech
-Prosthetics
-Nutraceuticals
-Microbiome
-AgeTech
-Scientifically-validated lifestyle recommendations
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Introduction to P3 medicine
P3 medicine is an emerging approach to medicine that moves away from traditional, simple, generalisable
symptom-and disease-focused angle to healthcare, and into the three Ps: precision, preventive and
personalised.
Precision medicine employs various technologies such as biomarker analysis to tailor treatments to individuals
based on detailed health data.
Preventive medicine focuses on maintaining a given state of good health, and implicitly decreasing the probability
of any disease developing as long as the state is monitored and kept within its healthy parameters e.g. blood
glucose levels or any sub-pathological levels of biomarkers.
Personalised medicine refers to acknowledging the individual differences between patients in terms of genetic
predispositions, genetic and metabolic regulation, cellular and tissue environment, drug response, etc. and
tailoring the predictive and preventive measures to them personally. For example, there are treatments and
lifestyle factors that affect certain individuals greatly in terms of losing or gaining weight, developing certain
types of cancer or responding to certain therapies against cancer, while the same measures may elicit little or
no response in other individuals.
As Google co-founder Larry Page pointed out, the P3 approach to medicine is empowering and requiring people
to become intimately involved in their own healthcare. People, therefore, may become the fourth P in the
acronym, making it P4 (Carlson, 2010).
Although there aren’t many personalized interventions available presently, there are many technologies for
preventive and personalized diagnostics and prognostics. Additionally, a framework for distinguishing the areas
where P3 operates in as opposed to the realm of geroscience specifically, as well as the longevity industry is
necessary in order to accurately track the progression and convergence of various subfields in each. As these are
very complex e.g. in geroscience, it is imperative to draw the boundaries for where one begins and another one
ends.
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23andMe and thriva offer services
that enable a P3 approach to
diagnostics
and
prognostics.
By finding out one’s individual
genomic profile relating to drug
response, heritable traits and
diseases, as well as current profile
for
multiple
blood
markers,
medicine can provide a tailored,
proactive and insightful take on
staving off disease and optimising
health and wellbeing.

References:
Carlson, B., 2010. P4 Medicine
Could Transform Healthcare, but
Payers and Physicians Are Not
Yet Convinced. Biotechnol.
Healthc. 7, 7–8.
https://www.ncbi.nlm.nih.gov/pmc
/articles/PMC2957728/
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Doc.ai is another approach that
uses harvested user data and
applies AI to enable precision
medicine. The platform collects
health data from users, structures
it in a meaningful way for scientists
to dig through using AI powered
predictive models.
In addition to enabling patient
centric diagnosis, the platform will
also lead to new ways of disease
qualifications and improvement in
drug efficacy.
When users submit data, servers
will monitor and determine whether
a target dataset is sufficient for
training a neural network model.
When the server determines that
there are enough peers for a
particular study, it will initiate a
proposal to research scientists and
institutions.
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THE BUSINESS OF
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Technology Readiness Levels (TRL) are a
common measure of how close a technology is
for practical use, used in many engineering
disciplines.
By applying it to progressive medicine, we can
forecast how long it will take a given
therapeutic or technology to witness practical
applications in the clinic or home. The
darkness of each hexagon represents its TRL,
with darker colors indicating a low TRL and
brighter colors indicating a high TRL.
All technologies and therapeutics shown here
have a TRL between 8-9.
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Technology Readiness Levels (TRL) are a
common measure of how close a technology is
for practical use, used in many engineering
disciplines.
By applying it to progressive medicine, we can
forecast how long it will take a given
therapeutic or technology to witness practical
applications in the clinic or home. The
darkness of each hexagon represents its TRL,
with darker colors indicating a low TRL and
brighter colors indicating a high TRL.
All technologies and therapeutics shown here
have a TRL between 4 – 7. Technologies
surpassing a TRL of 8 are transferred to the
practical applications of progressive medicine
landscape overview.

Digital Health
With the convergence of information technology in the digital revolution and the rapid increase in healthcare data in
the genomic revolution, digital health is the emerging middle ground which is fertile in new applications, in both the
hardware and software realms.
A diverse range of fields make up digital health, such as mobile health, wireless health, health 2.0, eHealth, health IT,
big data, health data, cloud computing, e-Patients, quantified self, wearable computing, gamification, telehealth,
telemedicine, precision and personalised medicine and connected health (Sonnier, 2013).
References:
Sonnier, P.,
2013.
Definition of
Digital Health
- Paul
Sonnier. Paul
Sonnier Story Digit.
Health.
https://storyof
digitalhealth.
com/definitio
n/
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Wearables
Wearables, as the name suggests, are items worn on the body that store, record or communicate with the
wearer or a professional information related to health. As such, they come in varied form factors and can perform
varied functions depending on context and wearer.
Socio-economic context plays a key role in the way wearables can affect health and longevity in different
demographics. For example, in developing areas such as Udaipur, Rajasthan, the immunisation records of infants
were stored in pendants worn around the neck. These were read by local clinicians in a pilot which took place in
100 villages via NFC (near field communication) technology. Taking account of the local culture, which involves
having small children wear pendants around their neck for spiritual protection, the wearable, dubbed Khushi Baby,
integrates seamlessly while enabling professionals to assess local epidemiology and protect children’s health in
developing regions (Kharara, 2015).
For sportspeople, wearables can provide activity data to physiotherapists and prevent injuries. Such products
come in vest or bra form. The wearables that have attained the greatest popularity to date fall into the technology
category (Apple Watch), fitness category (Fitbit) or condition-specific category e.g. blood pressure monitoring,
heart function monitoring, and so on.
Available measurements taken through wearables include sleep activity (Pebble Time smartwatch), different types
of physical activity (Gymwatch fitness tracker), brain activity (Muse headband), stress (PIP, a device which
measures skin conductivity) and weight (Fitbit Aria) (Mesko, 2016).
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Currently, the many different wearables and their respective platforms, apps,
software or accompanying professionals, such as physiotherapists or doctors,
are relegated to niche activities such as sport or monitoring specific health
conditions, while those that have come the closest to mainstream usage (such
as Apple Watch) are too limited in their sensory potential to become the
powerful, everyday, connected and actionable tool required to have a
considerable impact on health and longevity.
References:
Kharara, S., 2015. Medical record necklace Khushi Baby wins UNICEF’s Wearables for Good challenge
[WWW Document]. Wareable. URL
https://www.wareable.com/saves-the-day/necklace-khushi-baby-unicefs-wearables-for-good-challenge-1938
(accessed 1.31.18).
Mesko, B., 2016. Top 10 Healthcare Wearables For A Healthy Lifestyle. Med. Futur.
http://medicalfuturist.com/top-healthcare-wearables/
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Wearables hold an inherent advantage over conventional monitoring devices and methods. They are able to track
physiological parameters in real time and their shrinking size does not constrain use to a specific location.
Consequently, they can drastically shorten response time to critical health episodes and, more importantly, detect
any of a number of alarming vital signs that occur prior to a life threatening occurrence, think seizures or a heart
attack. The connectivity features mean that they act immediately, alerting the user, a family member, a doctor, a
caretaker, or a hospital, or, perhaps most importantly, summon an ambulance automatically.
Right now heart rate, blood pressure and the number of steps a person takes are the most common readings that
a wearable device can detect, but in the future, we are likely to see wearables that are more flexible in terms of
their tracking capabilities, incorporating different types of sensors that would enable them to do more diverse and
user specific readings.
Wearables can also be beneficial in less urgent health matters, helping users lead an active, healthy and life
prolonging lifestyle. Sensors that detect motion for instance can track a person’s behavior - whether they’ve been
sitting down too long or whether they haven’t been getting enough exercise - and nudge them towards healthier
habits.
The almost immediate detection time and the automation of tasks afforded by wearables are even more prominent
when the elderly demographic is in question. For instance, with the help of algorithms, accelerometers would be
able to tell if a person fell or collapsed and respond accordingly. Wearables can also act as personal assistants,
sending reminder alerts for scheduled medication.
The data collected can also be seamlessly integrated with a doctor’s records system, making a visit to a physician
much more efficient and accurate with historical data. Perhaps we will one day be able to trust wearables to alter
dosages based on the readings that they gather.
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Activity Monitors to account for
more than 13.0% of the Fitness
and Wellness market in 2016

Smart Watches are expected to drive
growth in the Infotainment segment
over the review period

Continuous Glucose Monitoring (CGM) to
remain the largest product category in the
Healthcare and Medical market in 2016
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Health/Fitness Mobile Apps
Health and fitness apps usage grew by
more 330% in the last three years
according to research by Flurry Analytics.
Advances in artificial intelligence currently
allows apps to understand individual
cases and respond to questions from
users with relevant follow up queries.
Fitness and nutrition apps follow caloric
intake and activity. Integration with
wearables expand their capabilities
dramatically.
Health and fitness apps show very high
retention rates. According to the research
by Flurry Analytics, over 75% of active
users open their health and fitness app at
least two times a week, and more than
25% of users access their fitness apps
more than 10 times a week. The high
frequency
of
usage
drives
up
engagement, which, for app developers,
presents an attractive opportunity to
increase monetization. What’s more,
health and fitness app users are loyal, with
96% of them sticking to only one app. But
that also means that new incumbents will
find it difficult to acquire users.
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The senior demographic is relatively active on fitness apps. According to the Verto Index, a demographic
comparison between the two top apps on its index, Fitbit and S Health, show that the age group 55 years and older,
ranked second among the different age groupings in terms of time spent using the app.
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Precision medicine necessitates that patients and healthy people participate in partnership with clinicians and
researchers.
Central to this process is the technology used to monitor and provide relevant health-related data about
individuals: Devices and instruments that capture physiological data. These technologies include a rapidly
expanding array of consumer products and wearables, as well as complex clinical care platforms in academic
medical centers.
For patients, this might mean collecting data with an FDA-approved mobile device or app, such as a continuous
glucose monitor or a mobile heart monitor app.
Such data can provide a practitioner immediate information about a patient, and when collected from large
numbers of people, can reveal patterns and trends that are clinically useful. Data collection by patients gives them
“ownership” of the process; they become more motivated to track and adjust their behavior to prevent disease, to
recognize changes and to follow care plans developed in consultation with their providers.
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mHealth market 2015: 500m people will be using healthcare
smartphone applications
Smartphone user base in 2015 (million)

Share of mHealth revenue sources of total
mHealth market opportunity in 2010-2015 (%)

Transaction
8%

Advertisement
1%

Paid
downloads
14%

1.400

30% of total
smartphone users will
have used mHealth
applications by 2015

Services
46%
Device sales
30%

500

Those mHealth users
will mainly pay for
services and devices
Total

mHealth

Smartphone applications will become the killer applications for mobile health solutions.

Source: https://research2guidance.com/500m-people-will-be-using-healthcare-mobile-applications-in-2015-2/
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Rank
Note: The size of the bubble depicts market size (USD million) in 2016

Source: https://www.marketsandmarkets.com/Market-Reports/telehealth-market-201868927.html
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The global telemedicine market is projected to be worth almost $30 billion in 2019, a doubling from just
5 years prior in 2014. The future expansion of this market is modelled to be taking off exponentially
through 2020 with global revenues approaching $40 billion.

Source: http://www.marketresearchstore.com/news/global-telemedicine-market-set-for-rapid-growth-to-118
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The purpose of HealthTech apps are to increase access to healthcare and health-related information (particularly
for hard-to-reach populations), improve users’ ability to diagnose and track diseases, and expand access to
ongoing medical education and training for health workers.
In 2016 the global number of mHealth apps has reached 259,000 apps. Today there are over 59,000 mHealth
apps on the main app stores worldwide, and the trend is only rising. In fact, the healthcare mobile app
development industry is one of the fastest growing today.
The global mHealth app market grows at a tremendous rate of 32.5% CAGR, and by the end of 2017 will reach
$26 billion in revenue. The global market for mobile medical apps is projected to reach $102.43 billion by 2022.
The mHealth app market size was valued at USD 4.19 billion in 2016 and is projected to grow at a CAGR of 44.2%
over the next 5 years.
● 66% of Americans use mobile platforms to manage their health issues. 79% use a wearable device (Pulse
of Online Health, 2015);
● Almost 100K health-related apps have been added by 13K new publishers to the market since 2015. At that
moment, there had already been 259,000 medical apps in major app stores (Research2Guidance Annual
mHealth Report, 2016);
●

The motivation behind the development of mHealth apps arises from two factors. The first factor concerns the
myriad constraints felt by the healthcare systems of developing nations. These constraints include high population
growth, a high burden of disease prevalence, small healthcare workforces, large numbers of rural inhabitants, and
limited financial resources to support healthcare infrastructure and health information systems.
The second factor is the recent rapid rise in mobile phone penetration in developing countries to large segments of
the healthcare workforce, as well as the population of each country as a whole. With greater access to mobile
phones to all segments of a country, including rural areas, the potential of lowering information and transaction
costs in order to deliver healthcare improves.
Sources: http://www.information-age.com/top-7-trends-healthcare-app-development-123468014/
https://medium.com/@Adoriasoft_Com/healthcare-mobile-app-development-and-mhealth-apps-in-2017-eb307d4cad36
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Accordingly to our analysis of the industry, all existing HealthTech mobile apps can be devided into two broad
categories: first generation apps which are focused on metrics/measurements, and second generation apps which
include the ability to personalise output accordingly to the analysis of personalized data of each user. Apps which
include personalized medicine and AI assistance are undoubtedly the key to a productive future in this arena. The
HealthTech mobile apps available today generally display a low-to-medium level of sophistication, with many
providing limited benefits for patients, doctors and consumers. However, there are examples of more sophisticated
apps in the market, and our analytical department have made this report in order to provide tangible metrics for
assessing the market and forecasting major trends and developments, both broadly and in specific subsectors, so
as to give industry players, including business analysts, investors, entrepreneurs and corporate decision makers an
optimized framework for quantified market forecasts, projections, assessments and valuations.
The years 2016-2017 saw basic apps lacking data analysis, insured data privacy, chatbots and AI interactions or
recommendation systems. The leading edge of the current state of HealthTech mobile apps offer all these features.
Previously, any HealthTech mobile app was inherently considered novel (First Generation which is now
outdated), but in 2017 it became clear that apps needed to integrate a sufficient level of personalisation and AI
analysis with a basic chatbot and other elements - i.e., which is considered at the current level as mHealth
state-of-the-art solutions. This now represents a Second Generation of HealthTech mobile apps.
The Third Generation is set to rise in 2018-2019, where the aforementioned features will become basic and
expected - certainly by the end of the year, and will be marked by the synergistic convergence of data analysis,
insured data privacy, chatbots and data science driven sophisticated solutions empowered by AI.
If there is no AI, an app can be categorized as first generation. If an app has integrated AI and/or blockchain
features, it can be classified as 2nd generation. If it uses advanced MarTech, gamification engagement
technologies, Data Science, AI and blockchain in a synergistic manner, it can be classified as 3rd generation. The
distinguishing features of these emerging apps through the next 6-12 months are: data science algorithms and big
data analysis embedded into the system, self-teaching and self-improvement capabilities, increasing amounts of
analysis of data patterns, and the ability to provide highly personalised feedback and analysis. These features will
be supported by AI, making an AI team on the HealthTech mobile app development group essential.
Source: https://www.grandviewresearch.com/press-release/global-mhealth-app-market
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What Distinguishes 1st Generation of HealthTech Apps
from 2nd and 3rd Generations of HealthTech Apps?
Those mobile apps which are today considered as next generation HealthTech mobile apps will become the de facto
standard by the end of 2018 and beginning of 2019; integration of AI, blockchain, data ownership, and
engagement/gamification are the main features of the nextgen apps. These apps will be distinguished by their high level
of user personalization, enhanced engagement and gamification and their use of advanced MarTech, which underpins
and allows for the collection and analysis of increasing amounts of user data to further improve the efficiency of predictive
AI and to tune user recommendations in a much deeper personalised and precise manner.
Technologies

2010 2017

1st Generation

2017 2018

2nd Generation

2018 2019

3d Generation

Wearables
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Chatbot
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Longevity

+

+

-

-

-

-

-

-

+

+

+

-

-

+

+

+

+

+

+

+

+

+

-
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The table above assesses and categorises current HealthTech mobile apps according to the presence of specific
features and elements that our analysts have concluded will become the major hallmarks for HeathTech mobile apps
over the course of the next 2 years. The table also shows which of these elements are most likely to become hallmarks
by the end of the current fiscal year, and which ones will become integrated into mobile apps first, as low-hanging-fruit
within the industry, as well as which ones will take longer to become standard features of HealthTech mobile apps. As
can be seen above, our market analysis predicts that all eight hallmarks will become the de facto standard for competitive
and state-of-the-art HealthTech mobile apps by the end of 2019.
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Data Science & AI: crucially, this growth will be enabled by the reinforcement loop of a growing user base providing
more data for the systems to use and improve their predictions for the user. The more data is provided, the better
recommendations will be; meanwhile, the better the AI-enabled guidance, the more it will incentive users to join and
submit their data. The more data users provide, the better services they get for themselves.
Chatbots: the AI chatbot will act as a personal coach and a guide for each user according to their personal
requirements. More and more types of mobile applications will direct themselves towards the chatbot model. In the
context of healthcare, this will most often take the form of a personal trainer adjusted to the user precisely, even in
terms of the emotional and psychological state of the user at a given time.
Ownership of the data: user data should belong to the user, especially considering the risks of data privacy
breaches (for example the large debacle surrounding Cambridge Analytica); it will become the norm that data will
belong to users, and that if the data is used by third parties the user will need to give consent, and will be
compensated or remunerated (if the third parties generate profit from this). Significant emphasis will be placed on
cloud storage and cybersecurity, in order to aid this goal.
Blockchain: blockchain technologies allow the immutable, secure and decentralized storage of information. When
applied to user health data, it allows storage of data in a fully anonymized yet transparent, and distributed yet secure
fashion. A blockchain back-end is the foundation upon which user control of data can be realized, and it represents
one of the major elements that will mark the industry standard of 3rd generation HealthTech apps.
Engagement: since mobile applications are a mass market product, they should have top tier design, but at the
same time maximum engagement and maximum gamification to incentivize users to use these mobile apps, not just
for monitoring their health, but also to improve it, neutralizing any detrimental behaviours and promoting positive
patterns of health and lifestyle.
Longevity: another rising trend already making waves in the mHealth sector is Longevity, which means that
applying on mobile apps current technologies, methods and scientifically backed recommendations soon will
become the norm in regards to preventive medicine and extension of healthy period of life . The convergence of AI,
Blockchain, MarTech for Longevity will be at the heart of the next generation of HealthTech mobile apps.
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Case Study: Longevity United and Eterly Mobile App
Modern Health care apps, which for example are created by Longevity United, are creating a marketplace with a
blockchain back-end that will host data acquired from medical institutions, research centres, and longevity experts.
That data combines with user data through the integration with Eterly’s front-end mobile app, allowing the app to
produce personalised health plans and make recommendations to users about how to live the healthiest lives
possible.
The system will also use the latest medical research on commercially available supplements, treatments and drugs
of benefit to the user. Longevity United will use novel CryptoEconomic strategies and tokenization technologies;
Longevity Tokens will be issued to users as a reward for completing health and fitness plans successfully, to
sponsor the work of scientists and researchers, and to bring investment into the platform from leading healthcare
and mobile app investors and strategic partners. Users will be able to “spend” their Longevity Tokens on premium
services offered within the Longevity United marketplace.
It is for these reasons that the joint venture between Eterly and Longevity United serves as an excellent case-study
of what can be considered as the third generation of HealthTech mobile apps. Separately, they are both clearcut
examples of second-generation HealthTech mobile apps -- ones which employ AI, big-data analysis, and which use
a blockchain backend to store and access user data in secure, transparent, immutable and anonymized manner. As
the fruits of their joint venture develop, in half a year they are excellently poised to unleash the third generation of
HealthTech mobile apps, which combine the above features with gamification and next generation MarTech to
enhance community engagement.
Eterly and Longevity United, separately, can be considered as 2nd generation mHealth apps. When they combined
their forces through their recently-announced joint venture, they could be considered as being halfway toward the
standard of 3rd generation solutions.
This joint venture serves as an excellent case-study of the right combination of technologies with the potential to
evolve into the 3rd generation of mHealth mobile app. All the necessary elements are there, and it is just the
optimal, synergistic assembly of those elements required to realise this 3rd generation of mHealth mobile app, and
one of the only apps in the longevity side of mHealth in particular.
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Cutting-edge mobile healthcare technologies are going to be based on following layers:
●
●
●
●

Open Marketplace - A marketplace that provides recommended products, services, clinics, and doctors for a
healthy life, life extension, and longevity, using an internal currency and tokenization.
Mobile Application - A seamless and innovative mobile applications with an easy to use interface.
Blockchain Back-end - All personal information is stored securely on the blockchain backend.
AI & Big Data Analysis - Continuous monitoring, assessment and analysis, including optimized
recommendations, diagnosis, and prognostics through forecasting using artificial intelligence.

Eterly: Mobile
platform
Eterly:
Personalized Big
Data & Predictive
Analytics
Longevity United:

Composite
marketplace and
community of
scientists

Eterly
User Interface
& Mobile App
Marketplace &
Community of Scientists
Blockchain Back-end

Longevity United:
Tokenization
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Telemedicine
The costs of healthcare increase, often dramatically, with old age. As such, Telemedicine is poised to be an
effective tool in geriatrics. The benefits of telemedicine for seniors include remote monitoring, which is particularly
important for chronic conditions. The technology also reduces the number of routine in-person visits, which can be
costly and difficult for seniors; it allows for better monitoring - telemedicine technologies can be utilized to keep
track of sugar levels and blood pressure, which lead to a lower chance of hospitalization; and it grants patients a
greater access to specialists.
These benefits, while particularly relevant to seniors, extend to every demographic.
Statistical reports that the global telemedicine market size will surpass 41 billion dollars in 2021. Some of the
factors that are stemming the growth are the increases in technological innovation related to remote patient
monitoring and treatments that require long follow-ups. It will be critical to educate doctors in the use of
telemedicine; the majority of those around the world are in their mid-forties or fifties and lack experience with new
technologies, having only used conventional means to treat patients. Another unfavorable factor for Telemedicine
is substandard infrastructure in emerging countries, an area where telemedicine is disproportionately needed.
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Some healthcare providers are integrating predictive analytics technology with telemedicine to collect data. The
data is collected through physician/patient video conferences, emails, and internet of things monitoring. Identifying
patients at elevated risk and spotting irregular vital signs has resulted in the reduction of rate of repeated
readmissions, particularly of the emergency kind, lowering costs for patient.
Telemedicine and predictive analytics can be especially effective in administering care in rural areas. A reduced
need for in person visits with medical providers and remote medical consultation with specialists are some of the
benefits of telemedicine. Combining the continuous and precise monitoring of patients' health with personal data
analysis means that illnesses can be diagnosed and treated early before they become life-threatening.
The process can be largely automated as well. For example, a diabetes patient can have his critical vital signs
actively monitored remotely and receive personalized information about treatment.
To truly enable the convergence of telemedicine and predictive medicine, we must seamlessly integrate various
digital health records systems between hospitals and clinics and make all medical devices interoperable.
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VR/AR
Virtual reality (VR) and augmented reality (AR) are emerging realms of communication that involve immersing a
participant into a digital experience via complete 3D audio-visual content that responds to the user’s movement
via sensors (VR) or superimposing digital 3D content onto the real world (AR) without isolating the participant
from it, as VR does.
As an infant type of technology, its applications to date are experimental and varied. In the field of medicine, the
main ranges of use include diagnosis e.g. analysing cancerous breast tissue in 3D to investigate the shape of
different microstructures present (Douglas et al., 2016); improving the accuracy of routine techniques such as
blood drawing e.g. visualising patient veins with AccuVein devices (Carson, 2015); and education e.g. by
streaming 3D surgery (Mesko, 2016) and using AR to label anatomy specimens (Carson, 2015).
Other experiments in healthcare are more mind-based: pain relief through VR (Sulea et al., 2014), which enables
doctors to understand their elderly patients' struggles and empathize with them (Mesko, 2016); and improving
recovery outcomes in physiotherapy for stroke patients by providing a visualised feedback on their movements
(Laver et al., 2015; McEwen et al., 2014).

Source:
http://www.vrtherapynews.com/goldman-sachs-pr
edicts-vr-healthcare-market-will-5-1-billion-2025/
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VR/AR Virtual Reality / Augmented Reality in Digital Health
Augmented and virtual reality have taken the gaming world by storm. There is also huge potential for AR and VR in
healthcare. The global market is expected to reach USD 5.6 billion by 2022 according to a report by Key Market
Insights.
Looking at augmented reality, some of the novel applications include being able to access much needed
information at a glance during operations using head mounted displays, such as Google Glass or Microsoft’s
Hololens. Head mounted displays could also drastically cut down any administrative chores, leaving the doctor to
focus on the patient rather than immersing himself in a computer to pull out health records. Automatic
documentation using NPL also mean that doctors would have more time on their hands to deal with more patients
daily. QR codes can be hung next to a patient’s bed, so that a simple glance by the doctor could immediately
reveal all the necessary information about that particular patient. Medical health records have come a long way to
being digitized, but so far are still static - we’ve simply moved them from papers to computers - but AR seems
poised to revolutionize that.
A recent study by the Mayo Clinic however has found a strong correlation between the digital parts of doctoring
and burnout, while other studies have shown that burnout leads to greater risk of doctors making major medical
errors. Furthermore, medical records have been reproached for dehumanizing patients: according to Dr. Suzanne
Koven, “a medical record that abandons narrative in favor of a list does more than dehumanize our patients. It also
hampers a clinician’s diagnostic abilities.” In light of this, we can clearly see the importance of automating
administrative tasks as well reshifting the focus on the human interaction with the patient, and this is where AR
comes into play.
Looking at a few examples of AR in healthcare: The AED4EU app allows any person with a cell phone to scan
their surrounding and look for a defibrillator. And in the not so distant future, surgeons might be able to gain X-ray
vision and view accurate reconstructions of tumors through the skin of their patients. This is a world envisioned
and currently being tested by a company called Medsights Tech.
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Early in 2017, a VR startup, Rendever, won the MIT Sloan Healthcare
Innovations Prize competition grand prize. Their system tracks
movement which helps in early diagnosis of dementia: VR simulations
immerse ask elderly individuals in a virtual world full of distractions and
asks them to perform tasks, which helps doctors make diagnoses.

Sources:
https://www.longevitynetwork.org/news/report-arvr-healthcare-market-projected-hit-5-6bn-2022/
http://www.mayoclinicproceedings.org/article/S0025-6196(16)30215-4/abstract
http://www.nextavenue.org/electronic-health-record-not-enough-information/
https://aed.rodekruis.nl/
http://www.medsightstech.com/index.html
http://rendever.com/
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Digital Health Records
Digital health records (also known as electronic health records or EHR) consist of the storage and management
of patient data digitally, away from the traditional paper form.
The push to transfer over and start using digital health records in national and private healthcare systems has
seen the support of governments in countries including the US under president Obama (Speed, 2013) and the
UK. The latter consisted of a high-profile failure to progress quickly enough, resulting in a cease of funding and
rethinking the strategy entirely (under the Conservative-Liberal Democrat coalition government) after burning
through billions of British pounds.
Despite the clear benefits of going digital, the process of moving over such vast amounts of data has proven
surprisingly challenging. The main issues revolve around cost, compatibility and security (Clarke, 2011).
In the UK, the guidelines and deadlines set for going digital are still in place, with GP practices slowly adopting
new systems such as TPP’s SystmOnline (https://www.systmonline.tpp-uk.com) where patients can view their
record, order medication, book appointments and more, depending on the settings chosen by each individual
practice. As such, the level at which each practice operates digitally can be extremely varied from place to
place.
While digital health records have already prevented countless errors such as prescription medication errors, the
difficulty of implementing them fully has caused errors in itself occasionally. For example, faulty drop-down menus
and staff learning to use the new systems have caused errors in the dosage of medication prescribed (Speed,
2013).
Another overarching challenge of implementing digital health record in practices is workflow redesign. Beyond
the quality of the digital solution itself, the training of staff, rescheduling of various work activities surrounding the
digital system, and integration with existing equipment or software mean the entire process of how work takes
place might require redesigning to provide optimal efficiency (Pickett, 2011).
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Despite some drawbacks (listed above), digital health record systems improve healthcare quality in several areas,
leading to a decreased rate of adverse medication events, and benefits for pre-operative assessment.
Computer-aided diagnosis also benefit from the data derived from DHR systems.
While most clinical research is still currently based on data collected by dedicated clinical trials, the troves of data
of DHR are a huge boon for medical research. So in addition to making personalized medicine more seamless,
analytics can reveal trends in specific demographic groupings, including age groups, such as the elderly.
Universality is of utmost importance to a successful digital health records platform. Its success will largely hinge
on its ability to integrate health records from the largest number of health institutions. Fragmentation in this
industry is hugely detrimental. The success also rests on a number of other critical factors. First, the system must
be safe and secure enough to inspire trust, a critical factor that will largely affect the appetite of both health
institutions and patients to jump on board. Secondly, the business model must be cracked. So far attempts at
granting access to health records has proven to be costly.

https://15543-presscdn-0-47-pagely.netdna-ssl.com/wp-content/uploads/2016/06/digital-health-advisor.jpg

93

Digital health records hold tremendous potential to unlocking P3 medicine. By definition, P3 medicine promises
personalized care. As such, having an accurate and comprehensive record for each patient is critical to the
application of P3 medicine. The more comprehensive the data, the more personalized, and consequently,
effective, care can be. Similarly, prediction and prevention rest on incorporating individual variabilities and history.
Doctors can only be enabled to deliver personalized medicine using ready-made tools, systems and software. If
successfully implemented, P3 medicine could be used for targeted treatment and side-effect minimization.
There are a number of challenges that plague this area however. For P3 to be truly effective and fulfill its full
potential, the access to patient data must be as universal as possible. And here lies the problem: various record
platforms don’t use the same formats or protocols. This puts a lot of strain on hospitals and medical institutions to
be able to integrate patient data in their systems.
Another problem is the type of data stored. Many health records are not granular enough. Some for instance do
not account for the exact start time of a disease of treatment. The discrepancy between each system’s variables
usually results in data loss. Global standardization is paramount.
When El Camino Hospital in San Francisco experienced a rise in patient falls, they used AI to mine data from EHR
and combined it with data from nurse call lights bed alarms. The AI system was able to predict patients at risk and
prescribe treatment. This was possible because El Camino performs and documents a fall risk assessment in its
electronic health record.
Few researchers advocate for the inclusion of the population perspective (an additional P). Recently, topological
analysis of a population of 11,200 individual electronic medical record and genotype patient data helped identify
subgroups of of type 2 diabetes. Machine learning techniques can be employed to for precision medicine related
predictions. There are problems here too, namely the data gathered can be incomplete, and finding a good sample
size of patients with similar kind of phenotype is difficult too.
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Blockchain / Next Generation Databases
Blockchain technology has the potential to add tremendous value within the healthcare industry. One of the
areas within healthcare where blockchain can have the biggest impact is in Electronic Health Records. First, it
builds trust by giving users the ability to control the contents of health records and verify if records have been
altered. Secondly, it is secure, allowing only authorized personnel to access information. Thirdly, it facilitates
interoperability, allowing multiple approved parties to append information to the record.
Three of Blockchain’s building blocks - security, immutability, and anonymity - gives it the potential to build a
global precision-medicine ecosystem. Providers can leverage two key attributes of blockchain technology safety and trust - to enable collaboration between participants, researchers and themselves to develop
individualized care.
Three potential applications of blockchain technology in healthcare are:
1. A chain-of-custody log for integrity in the drug supply chain
2. Enhanced efficiency in clinical trials by reducing incidents of fraud and error.
3. Immutable records of trials and results potentially decreasing outcome switching, data snooping and
selective reporting.
Blockchain improves security of medical data which will be increasingly important especially in light of the
Internet of Medical Things.
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Source: https://www.forbes.com/sites/reenitadas/2017/05/08/does-blockchain-have-a-place-in-healthcare/#604b49a61c31
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Lack of patient incentive, concerns over privacy, the siloing of data, and the lack of public awareness around the
merits of genome mapping are the main factors P3 hasn’t really taken of yet.
Looking at privacy concerns, secure tools already exist and are embedded everywhere in our lives. But the same
methodologies are not fully implemented when it comes to health data. Enter blockchain.
Here again we turn our attention to digital health records. P3’s success will largely depend on the successful
implementation of systems that inspire trust in patients when it comes to their data.
Aside from security, blockchain technology offers a plausible system to streamline the sharing of medical records.
For that, a technical infrastructure must be constructed, a health-care blockchain’ so to speak.

A potential scenario for synergy between EHR,
mobile health applications, blockchain technology,
and preventative care.
Source:
https://rywalk.wordpress.com/2014/11/10/healthcare-and-theblockchain/
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Biomarkers of Aging
Biomarker technology is one of the keys that enable the transformation of the current healthcare system into the
P3 Medicine system. Each biomarker is a trait of an organism such as blood pressure or presence of a specific
type of antibodies that can indicate emerging diseases and other adverse processes.
While genetic tests can show the risk of acquiring a specific disease, they are static and do not reflect the state of
the organism. However, the technique that allows continuous monitoring of the patient in real time is the
requirement for the P3 Medicine to work.
Classical biomarkers are inadequate for the healthcare paradigm shift and many companies and non-profit
institutions are now racing to develop new and efficient biomarkers to face the challenges presented by the
contemporary healthcare landscape changes.

Source: https://futurism.com/were-about-to-enter-a-new-era-in-parkinsons-disease-treatments/
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These new biomarkers will be essential for the
longevity industry given the importance of the
P3 Medicine in fighting aging. Today
mainstream healthcare lacks a accurate and
reliable means for monitoring the aging
process.
This problem is currently being solved by
various organizations, most notably SENS
Research Foundation, as well as for-profit
organizations.
Some strive to discover new markers by
carefully studying aging processes and
developing methods for direct measurement of
molecules.
Others use new technologies and reimplement
methods that are already used in healthcare to
indirectly measure aging processes, thus
making the shift to the P3 Medicine much
easier. The most prominent technology
implemented this way is artificial intelligence.
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It is becoming ever more important to develop preventative strategies to monitor and maintain health, as well as
therapies that directly address the various aging processes to delay or prevent the onset of age-related diseases.
One of the ways we can do this is by developing more effective ways to measure how someone is aging; this
means developing high quality aging biomarkers.
A biomarker is an indicator used to measure the state of a biological condition or process.
As aging is an especially multifarious degenerative condition, assessing progress and success therefore requires a
diverse range of scientifically validated biomarkers.
Biomarkers of aging serve as a better indicator of functional decline than chronological age.
Biomarkers of aging could therefore be thought of as scientifically validated detailed descriptions of “biological age”
rather than chronological age.
Validated biomarkers of aging would allow for testing interventions to extend lifespan, because changes in the
biomarkers would be observable throughout the lifespan of the organism.
Although maximum lifespan would be a means of validating biomarkers of aging, it would not be a practical means
for long-lived species such as humans because longitudinal studies would take far too much time. Ideally,
biomarkers of aging should assay the biological process of ageing and not a predisposition to disease, should
cause a minimal amount of trauma to assay in the organism, and should be reproducibly measurable during a
short interval compared to the lifespan of the organism.
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Biomarkers of Healthy Aging
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So for example, although graying of hair increases with age, hair graying cannot be called a biomarker of ageing.
Similarly, skin wrinkles and other common changes seen with aging are not better indicators of future functionality
than chronological age. Biogerontologists have continued efforts to find and validate biomarkers of aging, but
success thus far has been limited. Levels of CD4 and CD8 memory T cells and naive T cells have been used to
give good predictions of the expected lifespan of middle-aged mice.
Advances in big data analysis have allowed for three new types of "aging clocks" to be developed. The epigenetic
clock is a promising biomarker of aging and can accurately predict human chronological age. Basic blood
biochemistry and cell counts can also be used to accurately predict the chronological age. It is also possible to
predict the human chronological age using the transcriptomic aging clocks.
Chronological age is a poor indication of how someone might be aging and is not a good way to ascertain an
individual’s risk factor for various age-related diseases.
This is simply because everyone ages differently and
at different rates. Whilst everyone ages due to the
same processes, the speed at which these different
processes occur can vary between individuals. Whilst
individual biomarkers are good for measuring certain
aspects of aging in a very focused way, and indeed
they are useful in this capacity, they do not give an
overall picture of how someone is aging and where to
focus preventative efforts.
One popular biomarker of aging is the measurement of
telomeres. However this has some limitations,
depending on the particular method used. Indeed
some studies have investigated its validity as an aging
biomarker, and argue that whilst useful it is not really
an
aging
biomarker
in
the
strict
sense.Slide: Dr. Maria Blasco
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A system analysis approach to aging biomarkers
In order to get the bigger picture, we need to move beyond this simple approach to a systems analysis approach
that examines multiple biomarkers at once.
A number of approaches to this issue have been proposed and even tested. Arguably one of the most well-known
methods for ascertaining biological age is the DNA methylation clock developed by Horvath, it can in many ways
be considered the gold standard for aging biomarkers.
Approaches that consider multiple biomarkers have also been proposed; such systems evaluate a number of
biomarkers to give a ‘score’ as an overall indication of aging rate. More recently a package of 19 biomarkers has
been suggested as another approach to evaluating age.
There are numerous similar proposals in literature to evaluate aging using a wider set of biomarkers, and one
does not have to search far to find them.
There is an urgent need to not only develop more accurate biomarkers, but also to package them into a systems
analysis approach. This would allow researchers developing drugs and therapies that target the aging processes
to ascertain efficacy to a much greater degree. It could also allow better monitoring of an individual’s health state
and allow physicians to identify and address areas of concern to a far greater degree of accuracy.
The development of better biomarkers and systems capable of packaging them into compact solutions is very
important to aging research. The rising popularity of health wearables and other personal health monitoring
equipment also has the potential to allow the average person to take more control over their health too.
Such approaches could be combined with other functional aging tests such as the H-Scan or the updated version
being developed as part of a fundraising project at Lifespan.io.
The development of biomarkers and systems that deliver them efficiently and at an affordable cost should
therefore be a high priority.
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The American Federation for Aging Research (AFAR) proposed that for biomarkers of ageing to be valid:
●

They must predict the rate of aging. They should be able to tell exactly where a person is in their total
lifespan and it must be a better predictor of lifespan than chronological age.

●

They must monitor basic processes that underlie the aging process, not the effects of disease.

●

They must be able to be tested repeatedly without harming the person. For example, a blood test or an
imaging technique.

●

They must work in humans and in laboratory animals, such as mice, so that it can be tested on laboratory
animals before being validated in humans.

Biomarkers fulfilling all of the above AFAR criteria are unlikely to exist. Several candidate biomarkers of ageing
have emerged in the past few decades but none has proved universally suitable for, or robust in, measuring or
predicting the degree of ageing at either the population or individual levels.

105

AI in Healthcare
Artificial intelligence will revolutionize the healthcare industry. Indeed healthcare will be leading the Fourth
Industrial Revolution, and a major catalyst for change is going to be artificial intelligence (AI).
AI in health represents a collection of multiple technologies enabling machines to sense, comprehend, act and
learn so they can perform administrative and clinical healthcare functions. Unlike legacy technologies that are only
algorithms and tools that complement a human, health AI today can truly augment human activity.
AI has already found several areas in healthcare to revolutionize, starting from the design of treatment plans
through the assistance in repetitive jobs to medication management or drug creation. And it is only the beginning.

The number of startups entering the healthcare AI space has
increased in recent years, with over 50 companies raising their
first investment rounds since January 2015. Deals to
healthcare-focused AI startups went up from less than 20 in 2012
to nearly 70 in 2016.
The field of AI has been actively growing since 2015. But 2017
became year of the ‘cambrian explosion’ of AI in healthcare.
This market is primarily being driven by factors like the rise of
personalized medicine in tests for clinical decision-making, big
data in the healthcare industry, and the growing adoption of AI in
genetics. Also, AI created a real-time monitoring system, and
wearables are playing a crucial role in digital healthcare
monitoring.

AI in Healthcare:
●
●
●
●
●
●
●
●
●
●
●

Drug Discovery
Wearables
Medical Imaging and Diagnostics
Research
Mental Health
Lifestyle Management
Digital Health Monitoring
Patient Data and Risk Analytics
Virtual Assistants
Surgery
Hospital Management
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Artificial intelligence is becoming a of modern life. In recent years, machine learning scientists have made
astonishing progress implementing AI into various industries in a short span of time. From stock trading to project
management, AI is now a crucial part in the normal functioning of the world economy: a study conducted in Oxford
shows that 47% of all existing jobs can be automated with artificial intelligence technologies. It is natural that AI is
rapidly developing in a modern healthcare system. NPOs, government organizations, and enterprises alike include
algorithms to enhance their therapies.
The prospects of AI implementation in the longevity industry is closely tied to its implementation in the healthcare
industry. Machine learning is an important technology that enables personalized medicine and revolutionizes drug
discovery landscape, bringing us closer to the preventive, longevity-focused healthcare system. Healthcare is
considered to be the top area of investment in by AI by CB Insights analytical agency

Growing healthcare AI market compared to the overall AI market. Source:
https://www.slideshare.net/galengrowthasia/cb-insights-ai-in-healthcare
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Although AI implementation in the longevity industry
is in its infancy, the impact it will eventually make on
modern biogerontology will be greater than any
other
innovation
in
this
industry.
Judging from the number of new disruptive startups
emerging in the field, as well as AI-mediated
healthcare projects in larger companies, it's clear
that machine learning will become both a leading
trend in the field, and one of the most successful
markets.
One of the notable examples of AI integration into
the P3 Medicine comes from Insilico Medicine. The
company has launched the http://aging.ai/, an
AI-powered software that allows tracking aging
using only the data from the common blood test.
Having already released three versions of the Aging
AI, Insilico is bringing the viable and reliable aging
biomarkers closer to the industry. This is only one
example of how AI can greatly benefit the P3
Medicine, being one of the most important
technologies to influence the industry
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A leading example of the use of AI in drug discovery is
Atomwise, which recently raised $45M to continue their
work.
Instead of having to produce all drug candidates for
testing, their AI (AtomNet) enables circumvention of this costly step by determining the most promising candidates
digitally.
For example, their systems have been able to teach themselves chemistry and begin recognising key chemical
groups such as sulfonyls - central to many antibiotics. Indeed, their lead molecule against Ebola has shown
promise and is lined up for animal trials.
Some downstream challenges
still exist (namely drug delivery,
metabolism and side effects),
but the simplification of this first
stage of drug candidate
screening already promises to
slash the phenomenal price of
finding new drugs.
Their announcement of raising
$45M was attached to a claim
of becoming “The Preferred
Artificial Intelligence Partner for
the Global Pharmaceutical
Industry”.

http://www.atomwise.com/introducing-atomnet/

http://www.atomwise.com/atomwise-seriesa/
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AI in Healthcare is Supported by the UK Government
The UK government's healthcare tsar, Sir John Bell,
has told BBC News that AI could "save the NHS".
John Bell said that NHS patient records are uniquely suited for driving the
development of powerful algorithms that could transform healthcare and
seed an “entirely new industry” in AI-based diagnostics.
“What Google’s doing in other sectors, we’ve got an equivalent unique
position in the health space” he said. “Most of the value is the data. The
worst thing we could do is give it away for free.”

Researchers at an Oxford hospital have developed artificial intelligence (AI) that can diagnose scans for heart
disease and lung cancer. This heart disease technology will start to be available to NHS hospitals for free this
summer.
"There is about £2.2bn spent on pathology services in the NHS. You may be able to reduce that by 50%. AI may
be the thing that saves the NHS," he said.
The system will save billions of pounds by enabling the diseases to be picked up much earlier.
Taking this example and applying it more generally to a wider array of diseases, the NHS could create significant
cost savings by better diagnosing and treating patients with the assistance of machine vision of X-rays, MRIs, cell
culture results, epidemiological data crunching, and so forth.
A lot of work is currently done by expensive, error-prone humans that need not be.

Source: bbc.co.uk
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●
●
●
●

●

AI in Healthcare is growing very fast. There have been several deals worth tens to hundreds of millions of
dollars in the past few months alone
As this trend in AI continues it will mostly be used by existing IT giants, with the exception of areas such as
electronic health records and digital pathology where these do not have access to the data
Progress will outstrip even the most optimistic projections, outperforming even the AI development exhibited
by the big IT giants of today - Google, Facebook, NVIDIA, Baidu, etc.
A convergence of software development, the rise of the sharing economy, the distribution and processing
power of AI, along with the convergence of all these niches creates a propitious environment for healthcare
and BioPharma, prompting key players to switch focus from niche areas to a much more holistic and
inclusive approach
One of the most important emerging uses for AI is drug discovery, where it holds the most disruptive
potential. AI has already begun to penetrate into Big Pharma’s drug discovery departments.
https://www.navedas.com/real-world-examples-of-ai-and
-healthcare-in-action/
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AI for advanced R&D & The broken model of biopharma
The broad field of AI in Healthcare has already experienced a significant rise during 2016, especially in the
application of computer vision, text analysis and chatbot technologies. These techniques, first developed in the IT
sector, were repurposed for the healthcare sector.
However, the use of AI in advanced R&D is limited to companies and researchers with very high levels of
expertise. This creates a specific scarcity for AI specialists in this niche. 2018 is expected to become the year in
which AI will be recognized as the most powerful driver of progress in solving the crucial challenges of the most
advanced sectors of science and R&D in the healthcare and Biotech industries.
The use of AI in advanced R&D, biomarker development and for drug discovery will make the most disruptive
impact on the business model of the Pharma and entire Biotech industry. This is why the players in the AI for drug
discovery market can become new game changers and significantly influence the capitalization of pharma
companies.
The efficiency of research and development (R&D), defined
as the number of successfully approved drugs given the
budget allocated to new drug development, has declined for
decades. The cost of drug discovery and subsequent
development is a massive challenge in the pharmaceutical
industry.
A typical drug can cost upwards of $2.5 billion and can take
a decade or more to identify and test a new drug candidate.
Today, only about one in ten drugs that enter phase 1
clinical trials reaches patients. Drug makers need to find a
more efficient way of developing medicines. AI can speed
up drug discovery, cut R&D costs, decrease failure rates in
drug trials and eventually create better medicines.

Source:http://blog.global.fujitsu.com/wp-content/uploads/2017/09/bock
_humantech_blog.jpg
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Source: Biopharmaceutical Research & Development, PRMA http://phrma-docs.phrma.org/sites/default/files/pdf/rd_brochure_022307.pdf
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AI for Advanced R&D and Drug Discovery 2018 / Q1
This extended second edition considers the industry landscape in greater depth than our previous reports, and provides
updated profiles of the top companies, investors and influencers comprising the industry. Additionally, this report gives
an in-depth analysis of the significant role that tech giants and IT corporations have started to play in the
exponentially-advancing AI for drug discovery industry. IT giants already begun to venture into this sphere in order to
reap the significant gains that are to be had in the years to come
BioPharma giants will need to commit significant resources (and perhaps even more importantly, significant will and the
implementation of AI-focused strategies) to the acquisition of AI specialists and AI for drug discovery companies.
However, several BioPharma giants have already began to do just this, and might jump ahead of other BioPharma
companies in the AI race.
One prime example of the major changes that have occurred in just the past several months is the current state of what
we referred to in our previous reports as the Big Gap, i.e., the fact that throughout 2016 and 2017 IT giants recognized
and supported AI for healthcare startups, in terms of both investment and acquisitions, while BioPharma lagged behind,
still skeptical of the impact that AI could make upon drug discovery, biomarker development and other BioPharma
niches. Our most recent analysis seems to indicate that this Big Gap is now to a large extent neutralized, and the
BioPharma industry now has significant interest in AI, and belief in its ability to facilitate fundamental paradigm shifts in
their traditional modes of operation. Some BioPharma companies have now become actively involved in the AI for drug
discovery sector, while others still lag behind, skeptical of the sector’s potential for impact and disruption, or finding
themselves unable to acquire or implement these novel technologies in any relevant capacity.
All indications point to the conclusion that 2018 will mark the year that will test the strength, resolve and foresight of
BioPharma as a whole. Those BioPharma companies that commit significant will and resources to acquiring strong AI
specialists, technologies and acquisitions will flourish, and those that do not will stagnate, and by the time their profit
margins force them to realize the disruptive potential of AI for drug discovery and other biomedical niches, they will have
missed the boat, with the majority of talent, technology and companies having already been acquired by their
competitors.
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AI for Advanced R&D and Drug Discovery 2018 / Q1
Meanwhile, within that last financial quarter, Chinese IT and Tech giants, such as Alibaba, Baidu and TenCent, have
made significant investments and acquisitions in the AI for Drug Discovery sector, showing that the number of IT
giants committing to the sector is growing not just regionally but also globally.
At the same time, the lack of AI specialists that was alluded to in our previous reports is still present. The majority of
talented AI specialists in general have been acquired by traditional IT giants and have been applied for purposes other
than AI in healthcare, creating a lack of enough specialists to support the activities of AI for drug discovery companies.
And it is not just traditional BioPharma companies that are suffering from this lack of specialists; indeed, even
companies specializing specifically in AI for drug discovery are feeling the effects of this lack, as can be seen on
page 29 of this report, which shows that on average, AI specialists make up only 19.7% of such companies
staff. One of the central aims of this report is to summarize this gap, and chart the possible ways forward in order to
neutralize it.
Overall, the AI in healthcare and BioPharma subsector is growing at an exponential rate, both in terms of new
companies, investments and acquisitions, and in terms of the extent with which it is disrupting the traditional modes of
operation on BioPharma as a whole.
What is now a subsector and niche is poised to grow into perhaps the leading subsector in BioPharma in the next 2-3
years, one that will have the greatest transformational impact on the industry, and one that will distinguish the leaders
of the industry from the stagnators.
By the end of 2018, we can predict that there will be intensive competition between the largest BioPharma companies
and the largest IT and tech giants for the acquisition of new AI specialists, technologies and startups, in much the
same way that 2014 – 2016 saw intense competition between IT-giants and Tech corporations to acquire the best AI
assets and resources.
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The Application of AI for Advanced R&D

Generate Novel Drug Candidates
●
●
●

●
●
●

Analyze data sets, form hypotheses and generate novel
insights
Identify novel drug candidates
Analyze data from patient samples in both healthy and
diseased states to generate novel biomarkers and
therapeutic targets
Predict binding affinity and other pharmacological
properties of molecules
Allow filtering for drug-like properties of molecules
Reduce complexity in protein design

Design and Run Preclinical
Experiments
●
●
●
●
●

Reduce time, money, and uncertainty in planning
experiments
Decode open- and closed-access data on reagents and
get actionable insights
Automate selection, manipulation, and analysis of cells
Expedite development of cell lines and automate
manufacturing of cellular therapeutics
Automate sample analysis with a robotic cloud
laboratory

Repurpose Existing
Drugs

Aggregate and
Synthesize Information
●
●

●
●
●

Extract knowledge from
literature
Generate insights from
thousands of unrelated
data sources
Improve decision-making
Eliminate blind spots in
research
Identify competitive
whitespace

●
●
●

●

Rapidly identify new indications
for many known drugs
Match existing drugs with rare
diseases
Conduct experimental biology
at scale by testing 1000+ of
compounds on 100+ of cellular
disease models in parallel
Generate novel biomarkers and
therapeutic targets

Clinical Trials
●
●
●
●
●
●
●

Optimize clinical trial study design
Transform diverse streams of biomedical and healthcare data into
computer models representative of individual patients
Deliver personalized medicine at scale, by revealing optimal health
interventions for individual patients
Analyze medical records to find patients for clinical trials
Automate matching cancer patients to clinical trials through personal
medical history and genetic analysis
Improve pathology analysis
Identify patients that would benefit from novel therapies

120

Comparison of AI for Drug Discovery Companies
Funding*, $m

Source: Crunchbase or Company Website
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Comparison of AI for Drug Discovery Companies
Number of Publications (PubMed)

Number of Patents (Google Patents)

Source: patents.google.com // official websites

122

Total Number of Employees / AI experts

True AI companies
The ratio: AI experts vs
Total Number of Employees

Source: Deep Knowledge Analytics
Crounchbase.com
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Comparison of AI for Drug Discovery Companies
Company

Scientific publications
covering AI for drug
discovery

Number of AI experts in the
team / total number of
employees

Public talks on AI
for drug discovery

Validation

Use
GANs/RL

Atomwise

+

11/13

+

n/a

n/a

Cloud
Pharmaceuticals

+

n/a

+

n/a

n/a

Benevolent.AI

+

18/74

+

n/a

n/a

Globavir

-

1/4

-

n/a

n/a

Envisagenics

-

n/a

+

n/a

n/a

Numerate

-

4/15

+

+

n/a

NuMedii

+

4/9

+

n/a

n/a

TwoXar

+

1/15

+

n/a

n/a

Exscientia

+

2/12

+

+

n/a

BioAge Labs

+

1/5

+

n/a

n/a

Insilico Medicine

+

24/43

+

+

+
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Comparison of AI for Drug Discovery Companies
Company

Scientific publications
covering AI for drug
discovery

Number of AI experts in the
team / total number of
employees

Public talks on AI
for drug discovery

Cyclica

+

7/27

+

Deep Genomics

+

10/26

-

BioSymetrics

-

5/7

-

e-therapeutics

+

4/25

-

Healx

-

5/20

-

GNS Healthcare

+

21/98

-

AiCure

-

9/43

+

PathAI

-

13/37

-

Owkin

-

9/22

+

Mendel.ai

-

6/8

-

Insilico Medicine

+

24/43

+

Validation

Use
GANs/RL

+

+
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AI in Healthcare & Drug Discovery
The most disruptive impacts of AIs will be on the business model of advanced R&D, biomarker development and
drug discovery.
Specific attention should be paid to those projects capable of applying Next Generation Artificial Intelligence
techniques, Deep Learning and in particular GAN’s (generative adversarial networks) and reinforcement learning
for:
-

Drug Discovery and Drug Repurposing
Biomarker Development
Clinical Trials Predictors
Aging Research
AI Solutions in convergence with Blockchain

The leading players in this specific niche will become game changers for the entire market and significantly
influence the capitalization of pharma companies.
The global healthcare AI market is highly fragmented and characterized by the presence of large number of
industry players, while the AI for drug discovery segment has a comparatively lower level of competition because
this market segment only accepts companies with very high levels of expertise.
There are more than 100 AI in Healthcare companies, but only 10 of them are capable of entering the AI in Drug
Discovery sector.
The breakthroughs in AI for drug discovery will change the R&D process of Bio Pharma, and will have
tremendous impact on the whole biopharma industry. That is why the players from the AI for drug discovery
market can become game changers and significantly influence the capitalization of pharma companies.
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Source: https://blogs.nvidia.com/blog/2010/01/22/accelerating-the-pace-of-drug-discovery-using-gpus/
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AI in BioPharma R&D: The big gap
This will have a domino effect, as biopharma budgets are significantly related to spending on R&D and failures in
clinical trials, meanwhile the breakthroughs in the use of AI for drug discovery will have dramatic impact on not
just Biopharma companies but all biotech startups and biotech VC funds. All of them will be disrupted. The major
progress in these technologies is coming not from the biotech side but from the IT side.
Due to the lack of AI specialists and promising AI & Drug Discovery startups, only a select few BioPharma players
will emerge as the leaders of the AI trend. Meanwhile others, even with substantial budgets and the will to
succeed in this area, will fail if they are even one year late to the race, because all of the top AI specialists and AI
in healthcare startups will have been acquired by then. The number of experts in the field of AI for drug discovery
is insufficient to meet the demand of all big pharma companies, so only those few pharma companies and
investors who will partner with the best AI for drug discovery companies in time will benefit from these
collaborations and increase their capitalization accordingly.
Those Bio Pharma companies that create strong AI for R&D and drug discovery divisions and that will succeed to
acquire the best AI startups will become the leaders of the field in as few as 3 to 5 years from now. Consider the
acquisition of DeepMind by Google for $0.5B in 2014. Companies that invest heavily in AI for their drug discovery
department will see their market capitalization skyrocket in coming years.
Bio Pharma companies that do not utilise AI will repeat the mistakes of Kodak. Once the leader of its industry,
Kodak went bankrupt because it failed to embrace digital photography as the disruptive trend it was, despite the
fact that the digital camera was invented inside Kodak labs. If Bio Pharma found the courage to spend 10% of
their marketing budget on R&D in AI, they could blow IBM Watson out of the water, and by learning from their
mistakes, reinvent themselves and come one step closer to halting the looming threat of the Silver Tsunami.
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The Big Gap
Tech guru Hermann Hauser says drug giants are in denial.
The founder of ARM Holdings believes big pharma is poised for its own “Kodak moment” as healthcare moves
away from drugs and towards artificial intelligence.
Big pharma was hardly reacting at all, and keeping its best people in developing new drugs. “They know this is
coming, but their heart isn’t in it,” he said. “That’s why start-ups are so important, because many of these ideas
are crazy and will fail. But that’s why we need more venture capitalists.

Source: The Sunday Times
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BioPharma’s failure is strategy, not capital
The pharmaceutical industry has accumulated capital but remains conservative, bureaucratic and risk-averse in its
investment strategy. As government budgets become ever more constrained, it is increasingly urgent that the
roadblocks to medical advancement be eliminated.
This may reflect the inefficiency of the organizations themselves and capital-intensive barriers to entry, more than
the intrinsic intractability of complex biological systems - indeed, the most successful drugs historically have been
discovered serendipitously.
In any case, the sector shows signs of
sluggishness: twenty years ago, 20% of
Swiss
GDP
was
derived
from
pharmaceuticals — now it is down to
5.7% of GDP.
Banks and IT giants are snapping up the
best AI specialists and startups, and
pharma will inevitably require the same
scarce technology and talent.
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Geroprotectors
Some people call them "aging suppressants," "anti-aging drugs," "gerosuppressants," "longevity therapeutics,"
"senolytics," or "senotherapeutics." They include various foods, nutraceuticals supplements, and pharmaceutical
drugs that target the root processes of aging, thereby increasing the healthy lifespan of an individual, and therefore
belong to the traditional field of biomedical gerontology.
The maturity of the field means that this area of research has been wide open for many decades, during which
hundreds of candidate geroprotective drugs have been tested, with some notable successes :
Known geroprotectors and their systemic effects

“What we want to show is that if we
delay ageing, that’s the best way to
delay disease. ” ~ Dr. Nir Barzilia, Head of
TAME trial for testing whether the drug
metformin, a widely-used treatment for type 2
diabetes, can delay the onset of age-related
diseases.

Source:
http://renegadehealth.com/blog/2015/01/30/can-these-compounds-help-you-live-longer-new-longevity-drugs
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Geroprotectors are one of the most important technologies to be included in P3 Medicine and the longevity
industry framework.
Currently known geroprotectors, although having narrow effects, are effective in increasing health- and lifespan
both in animal models and in clinical trials
The personalized healthcare industry is able to put geroprotectors to their full potential. This happens due to the
opened possibility of continued monitoring of biomarkers
This monitoring allows choosing specific geroprotector for each patient while avoiding unnecessary and harmful
medications.

For example, if the patient has low enough levels of inflammation,
regular aspirin intakes will bring only damage to the tissues by inhibiting
healthy inflammation processes, therefore reducing lifespan instead of
increasing it.
By using machine learning, big data, and other relevant technologies, P3
doctors will be able to create as efficient geroprotector therapies as
possible.
In November 2017, researchers from the Biogerontology Research
Foundation, Insilico Medicine, Life Extension and other institutions
published a study showing that Metformin and Rapamycin had
anti-aging and anti-cancer effects.
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Researchers applied deep-learned neural networks to
profile the safety and gene- and pathway-level similarity of
more than 800 natural compounds to metformin and
rapamycin, in an effort to identify natural compounds that
can mimic the effects of these anti-cancer and anti-aging
drugs while remaining free of the adverse effects
associated with them.
Alex Zhavoronkov, PhD, co-author of the study and founder
of Insilico Medicine commented "Earlier this year we
launched Young.AI, a comprehensive system utilizing the
recent advances in deep learning for tracking a variety of
aging biomarkers. I hope that the consumers using the
Longevity A.I. will start using it. One of the goals of our
group is to identify the combinations of molecules that
achieve the desired effects".
Alexey Moskalev, PhD, a co-author of the study, added:
"Aging is not recognized as a disease, so we need strong
potential geroprotectors of natural origin on the market.
Supplements that slow down aging, affecting the key
mechanisms of aging at the molecular and cellular level"
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In March 2017 Life Extension, partnered with Insilico Medicine to identify specific nutrient combinations that
function as geroprotectors, or agents capable of extending a healthy lifespan. The objective is to develop
innovative ways to support healthy aging. To that end, Life Extension is introducing Ageless Cell, the first
supplement in its GeroProtect line. The product delivers unique ingredients that inhibit cellular senescence, a
natural part of the aging process where cells no longer function optimally.
“By rejuvenating near-senescent cells and encouraging the body’s healthy process for dealing with senescent
cells, Ageless Cell turns back the clock at the cellular level,” said Michael Smith, MD, senior health scientist for Life
Extension.
This scientific collaboration has resulted in the identification of a geroprotector formulation consisting of four
nutrients with various complementary and reinforcing properties. “Clinical aging studies are extremely difficult, if
not impossible, to perform at this time. Our collaboration with Insilico Medicine has allowed us to develop
geroprotective formulations by using artificial intelligence to study very large data sets,” said Andrew Swick, PhD,
senior
vice
president
of
product
development
and
scientific
affairs
for
Life
Extension.
Scientists from Life Extension and Insilico Medicine worked together to identify a subset of four
specific nutrients—myricetin, NAC, gamma tocotrienol, and EGCG—all of which modify
senescence-inducing pathways, inhibiting the development of senescent cells. The scientists found
that the four nutrients work together, but in very different ways, to beneficially influence key anti-aging
pathways. Together, they combat numerous aging factors throughout the body. These compounds all
modulate specific biological pathways responsible for keeping people young and healthy.
“Combined, these ingredients promote anti-aging mechanisms at the cellular level throughout the
body, acting by multiple pathways, some unique, and some overlapping,” said Alex Zhavoronkov,
PhD, CEO of Insilico Medicine. “Together, these four natural compounds represent the beginning of
the future—anti-aging cocktails identified using artificial intelligence under expert human supervision.”
https://www.eurekalert.org/pub_releases/2017-10/imi-aiu103017.php;https://www.eurekalert.org/pub_releases/2017-04/imi-gdu040417
.php; https://www.healthline.com/health-news/drugs-help-us-live-longer; https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4600621/
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Wednesday, Oct. 25, 2017, Life Extension, in collaboration
with Insilico Medicine, have employed artificial intelligence to
develop a novel dietary supplement of plant extracts that can
activate the body's own anti-aging pathways.
Insilico, a next-generation artificial intelligence company
specializing in the application of deep learning proprietary
technology for biomarker development and aging research,
used pioneering high-performance computer simulations to
probe of the effect of extracts on anti-aging pathways.

The resulting formulation, called Longevity A.I, is an innovative combination of three natural nutrients that mimic
known metabolic regulators of the same anti-aging pathways targeted by calorie restriction mimetics, which have
long been associated with increased life expectancy.
The active ingredients, Withaferin A, Ginsenoside Rg3 and Gamma linolenic acid, shown by recent scientific
studies to increase longevity, were identified from combinations of thousands of other candidates using
deep-learning technology which calculated the precise formula for maximum activation of the anti-aging pathways.
"GEROPROTECTTM Longevity A.I. is the only formulation to combine these three potential life-prolonging
ingredients into a single supplement," said Andrew G. Swick, Ph.D., senior vice president, product development
and scientific affairs at Fort Lauderdale, Fla.-based Life Extension. "This unique formulation based on proprietary
artificial intelligence technology contains these geroprotector ingredients in concentrations several magnitudes
higher than conventional dietary supplements.
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Regenerative Medicine
Regenerative medicine is a branch of translational research in tissue engineering and molecular biology which
deals with the "process of replacing, engineering or regenerating human cells, tissues or organs to restore or
establish normal function.” Growing organs ex vivo, stem cell transplantation, and the re-activation of
developmental repair programs are all within the scope of regenerative medicine.
Scientists
in
regenerative
medicine often take inspiration
from organisms like the Axolotl
salamander,
which
can
repeatedly regenerate a full limb
after amputation.
As of 2018, the regenerative
medicine industry is composed
of
8
market
segments,
including:
●
●
●
●
●
●
●
●

Stem cell therapies
Cellular immunotherapies
Gene Therapies
Tissue engineering and
biomaterials
Cellular scaffolds and
matrices
Exosome therapies
Direct cell reprogramming
3D bioprinting

Mason and Dunhill. “A Brief Definition of Regenerative Medicine.” Regenerative Medicine, 2008, 3(1), 1–5 [47]
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One of the most notable trends of the
recent years in the field of modern
medical research is regenerative
medicine.
It is a translational science that studies
how regenerative capabilities of the
human body can be transformed into
effective therapies. The regeneration is
defined as the natural restoration of
tissues and organs.
The regenerative medicine research
revolves around using biological means
to restore organs or tissues and to
reverse adverse aging processes.
Remaining one of the pillars of the
longevity
research,
regenerative
medicine will most likely bring us the
solution to a variety of different illnesses.
This is assured by a plethora of
academic groups that dedicate great
effort to pushing the research forward.

Source:
https://www.reflexportland.com/regenerative-medici
ne-the-new-med-school/
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Figure 1: World regenerative medicine market by product type, 2015–2022
The 5 years following 2017 see a quadrupling of revenue of the global regenerative medicine
market which is on course for exponential growth. This covers cell therapy, tissue engineering,
gene therapy and small molecules and biologics equally.
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The global market in regenerative medicine
The current global market for regenerative medicine is $36B
and forecasted to grow to reach $49.41B by 2021.
• The current global market for cell therapy is $6B2 and the
industry is expected to grow to over $8B by 2018 at an annual
growth rate of 21 per cent.
• Approximately 100,000 patients will be treated with CAR-T
immunotherapies by 2021.
• There are over 1,900 active cell therapy clinical trials,
targeting indications such as cancer, heart disease, diabetes,
chronic wounds, neurodegenerative disease, stroke, spinal
cord injury, vision impairment and severe burns, amongst
others.
• There are 574 active industry-sponsored cell therapy clinical
studies, including 50 in Phase 3 development.

Source:
https://www.bioinformant.com/product/regenerative-medicine
-companies/
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Rejuvenation biotechnology: regenerative medicine for aging
The form of regenerative medicine of specific relevance to the longevity industry is rejuvenation biotechnology, the
application of regenerative medicine to aging.
Age, being an assortment of damages, is amenable to a diverse range of tools from the regenerative medical
repair kit.
The term ‘rejuvenation biotechnology’ was coined in the late 00s during the period when a handful of regenerative
medicine technologists, such as Tony Atala and Aubrey de Grey, grew aware that geroscience’s current
knowledge of aging, though vastly incomplete, nonetheless contains within it a logically largely exhaustive damage
report for the purposes the ‘repair approach’.
It was perhaps first used among colleagues and affiliates of the SENS Research Foundation, founded in 2009, of
which Aubrey de Grey is chief science officer. “Rejuvenation biotechnology” has since been used as the title of a
seminal industry conference series.
The rejuvenation biotechnology industry currently consists of a nexus of nonprofits acting as a catalyst for the
fledgling industry.
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Recent progress in rejuvenation biotechnology
This discipline aims to prevent and repair the fundamental damage that characterises aged tissues and organs, and
necessarily includes the translational, clinical, and applied aspects of geroscience.. This damage can manifest as
somatic DNA damage, telomere attrition, transposon-related genomic instability, reduced autophagy and protein
turnover, epigenetic drift, stem cell exhaustion, advanced glycation endproducts, and more.
Over the past decade rejuvenation biotechnology
has gone from a nascent to a fledgling industry.
Although some necessary components of the
technology, such as the use of stem cell therapy to
replenish depleting cells, were advancing steadily
even before the point of inauguration of
rejuvenation biotechnology, this point has been
followed by accelerated progress in this and other
components. Thymus regeneration for instance, a
previously neglected area of cell replenishment,
has received serious attention and since taken off.
And the overall rate of progress has received a
huge boost from the newfound ability to synthesise
glucosepane in the lab cheaply on demand for the
purposes of researching methods for breaking
glucosepane crosslinks.
This is of crucial importance as crosslinking increases mechanical stiffness of blood vessels, impairs functioning of
kidney, heart, retina, and other tissues and organs, provokes tissue damage and cancers, and tightens up the
extracellular matrix (ECM), hampering its natural self-replenishment.
The regenerative medicine industry rapidly expanded in 2017, making it a high-value, fast-growth market. With two
approvals CAR-T cell therapies, which are crucial for restoring cancer immunity, as well as the first gene therapy
and digital pill approvals in the United States, 2017 saw a lot of FDA "firsts."
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The regenerative medicine market first gathered momentum when the Swiss pharmaceutical giant Novartis made
history as the first company to win FDA approval for a CAR-T cell therapy in the U.S. in August 2017 (Kymriah). In
October 2017, Kite Pharma became the second company to get FDA approval of a CAR-T cell therapy (Yescarta),
further "snowballing" the effect.
With swelling momentum to support the CAR-T technology, there are now close to 40 companies developing
redirected T cells or NK cells for therapeutic use.
On November 13, 2017, the FDA also approved Abilify MyCite as the world’s first “digital pill.” With 7 out of 10
Americans taking at least one prescription drug, approval of the antipsychotic medication represents a
breakthrough in digital medicine. Made by Japan-based Otsuka Pharmaceutical, the tablet works by containing a
sensor to track when and if patients take their medication. On December 19th, 2017, the FDA approved Spark
Therapeutics’ Luxturna, a novel gene therapy to treat patients with an inherited form of vision loss. The treatment
is now priced at $425,000 per eye or $850,000 for both.
In addition to product approvals, there are now accelerated pathways for advanced therapy medicinal products
(ATMPs) in several countries worldwide, including the U.S., Japan and South Korea. Legislation took effect in
Japan in late 2014, in South Korea in 2016, and in the United States in 2017. Additionally, the EU has a program
for product acceleration – the Adaptive Pathways. Although it is not explicitly for cell and gene therapies, it has
been given a lot of attention by the group.
In the U.S., the 21st Century Cures Act (signed into law on December 13, 2016) is designed to accelerate
regenerative medicine developments and bring new innovations to market. In late 2014, Japan passed two new
laws that revolutionized the commercialization of cell therapies within the country, the Act on the Safety of
Regenerative Medicine (Law No. 85/2013) and the Pharmaceuticals and Medical Device (PMD) Act (Law No.
84/2013).
These historic events demonstrate to investors, the public, and funding providers alike that regenerative medicine
is a sector that has already emerged, and is no longer on the horizon.
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Rejuvenation biotech startups and spinouts
Rejuvenation biotechnology is emerging from a long period of reliance on philanthropic and government funding.
The decade since the inception of rejuvenation biotechnology has seen the creation of a number of startups and
spinouts whose missions statements include the regeneration of age-damaged tissues and organs.
2013 was the year this began in earnest. Calico Labs, mentioned earlier, founded that year by Google and Arthur D.
Levinson with the goal of combating aging and associated diseases, has already partnered with MIT, Buck Institute,
Harvard and others. Among their regenerative projects is a new class of drug based on Targeted Protein
Degradation (TPD) to address a broad range of life-threatening and life-impairing age-damage. Bob Hariri, M.D.,
Ph.D., the former CEO of Celgene Cellular Therapeutics, and pioneer of the global cell-therapy industry, co-founded
Human Longevity Inc, a genomics and cell-therapy diagnostics company focused on extending ‘high-performance
human lifespan’. The pharmaceutical platform company Samumed, also founded that year, has a regenerative
medicine focus. And in 2017 Aubrey de Grey of the SENS Research Foundation also became Vice-President of
Technological Discovery of the newly constituted AgeX Therapeutics, a subsidiary of BioTime Inc., its mission to
apply the technology responsible to cell immortality and pluripotency to human aging and age-related disease.
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Gene therapies
Gene therapy is one of the most discussed contemporary technologies with newest discoveries, such as
CRISPR/Cas9 system, allowing for safer and more precise therapeutic procedures. Although the genetic therapeutic
intervention was considered unattainable until recent times, more and more scientists and policy-makers are
considering the possibility of this technology entering our everyday lives. This technology is gathering increasing
interest in the longevity community.
Gene therapy is a rapidly developing area of life sciences. Between 1989 to 2017, over 24000 gene therapy clinical
trials were conducted. While most of them are early-stage trials, the number of Phase II/III trials is increasing as the
technology is maturing and becomes a viable prospective market option.

Source: http://www.abedia.com/wiley/phases.php

Gene therapy can be divided into the two broad areas
depending on the type of cells that are used as a target
for therapeutics. Somatic cell gene therapy (SCGT) is
the mainstream of the modern gene therapy studies. All
the therapies that target non-reproductive cells (i.e.
gametes, germ, and stem cells) are considered SCGT.
On the other side, there is an emerging field of germline
gene therapies (GGT) that can bring new technologies
to the market. There are two main differences are:
•
GGT interventions are heritable, while
SCGT can’t be passed to the descendants of the target
organism
•
In contrast to the SCGT, GGT technologies
cause each cell of the target organism to possess
injected genetic information.
•
GGT can’t be applied to the fully formed
organism
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Gene therapy can be considered the embodiment of the
‘preventive’ part of P3 medicine: while conventional
therapy acts on the protein level, leaving little hope for
treating hereditary disorders, gene therapy aims to treat
the source of such conditions by modifying the genome
of the patient.
Such approach allows for the efficient preventive
treatments that can, in some cases, fully treat the illness
before it has managed to express itself.
Besides treating hereditary conditions, gene therapy can
be applied to combat infections. For many contagious
diseases, including HIV, there are rare mutations that
give full or partial immunity to the disease. By
successfully implementing gene therapies we can graft
this immunity to the overall population, achieving the
effect that is similar to the vaccination
Overall, gene therapy is one of the most important
technologies in the P3 landscape that already delivers
incredible results with promises of even greater miracles
in the future.

Source:
https://www.healio.com/pediatrics/journals/pedann/1993-5-22-5/%7Bedcc5
26b-71f4-46fb-9666-0969cc0af9b1%7D/gene-therapy-a-primer
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Despite some setbacks in the field, the gene therapy industry is flourishing. With an increasing amount of papers
being published and discoveries being made that fueled investments and interest in the area, such as
CRISPR/Cas9, gene therapy is making a name for itself. In July 2016, an ex vivo T-cell trial targeting lung
cancer at Sichuan University's West China Hospital in Chengdu, received ethics approval, and is expected to be
the first study to use CRISPR in humans.
Most clinical work using gene therapy has pursued disorders that are driven by rare mutations to a single known
gene, such as diseases of the eye, the blood and the central nervous system. Spark Therapeutics demonstrated
improved vision in a phase 3 trial of 31 patients in 2015 that had a form of inherited blindness driven by
mutations in the RPE65 gene. Spark Therapeutics expects to file for FDA approval by the end of 2016.
“This might be the first gene therapy approved in the United States, which would be very exciting, and would
make a path for other people to develop treatments for other blinding diseases.”
-

Jean Bennett, ophthalmologist at the University of Pennsylvania and head of the RPE65 study

Many other clinical studies are under way for genetic disorders of the central nervous system. AveXis, a biotech
company based in Chicago, Illinois, for example, reported encouraging early results in May 2016 from a trial with
15 people with spinal muscular atrophy — a neuromuscular disease that is the leading genetic cause of infant
death.
Current obstacles have still to be overcome, such as the difficulty of delivery to the cell of interest and the often
high costs for gene therapy, but it is certain that gene therapy has great potential.
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The cell & gene therapy market is poised for rapid growth with
projections reaching ~ $10B in 5 years

Source: Seed Planning; METI; Kuick Research; Medmarket Diligence; Transparency market research
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Immunotherapy for Cancer as a Propeller of Gene Therapies
Immunotherapy to fight cancer primarily refers to activating the patient immune system against cancer cells by
enabling the proper recognition of T cells against the specific antigens presented by cancer cells, while not
targeting any other healthy cells.
Cancer cells develop methods of escaping the normal immune function that would otherwise eliminate them.
Therefore, gene therapies can be implemented to reroute T cells towards the cancerous cells. By genetically
engineering T cells, their immune function can successfully target cancerous cells and destroy them, thus
implementing both immunotherapy and gene therapies in one treatment.

This has already been shown in blood cancers (acute myeloid
leukaemia and myelodysplastic syndrome) and researched in
glioblastoma, an aggressive form of brain cancer. In 2017 Cell
Medica acquired Catapult Therapy TCR which developed
WT1-TCR therapy against the aforementioned forms of blood
cancer.
Immunotherapy is opening up a huge opportunity for the
development of gene therapies alongside that can make a
tremendous difference in terms of both cancer survival and
longevity.
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Anti-Ageing Gene Therapies
Gene therapies specifically targeting ageing have a broad range of actions and include lengthening the telomeres
of chromosomes which experience attrition with each cell division, and muscle preserving gene therapy to target
the muscle atrophy that occur with advancing age.
Tests revealed that her white blood cell telomeres had shortened considerably at her then-age of 45, and the gene
therapy had successfully reverted their length by around 1,000 extra DNA base pairs, equivalent to rejuvenation
by 20 years. Cross-sectional scans of her thighs also revealed a maintenance of the muscle mass mass well as a
decrease in the surrounding fat tissue. In animal models, single gene manipulation has so far been found to
increase mouse lifespan by 150% and nematode life span by 1,000%.

http://onlinelibrary.wiley.com/doi/10.1002/emmm.201200246/abstract
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Genetically
engineered
nematodes
(Caenorhabditis elegans) experience vastly
extended longevity compared to wild type.
Some of the main loci, DAF-2 and DAF-16 are
involved in metabolism and development.

Genetically engineered Ames and Snell
mouse models do not produce growth
hormones and experience an extended
lifespan compared to wild type.
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Cell Therapy
In 1981, the first successful derivation of embryonic stem cells
(ESCs) was achieved by Nobel prize winners Martin Evans and
Matthew Kaufman. In 1998, a technique was developed that
enabled the isolation and growth of human ESCs in culture.
Following these two landmark achievements, stem cell
research took off.
What makes stem cells so interesting for science and
rejuvenation biotechnology? To begin with, these cells have the
unique potential of self-renewal, or the theoretical characteristic
of unlimited proliferation in-vitro. Second, stem cells are
pluripotent, or have the ability to generate almost every adult
cell type. This property of stem cells can enable cell
replacement therapy, in which dead or damaged cells are
replaced by injecting stem cells into the area of interest.
About a decade ago, another major breakthrough in stem cell
research was achieved by Takahashi and Yamanaka.
Takahashi and Yamanaka discovered and developed a
technique that enabled adult cell conversion to generate
induced Pluripotent Stem Cells (iPSCs), for which Yamanaka
was awarded the Nobel Prize in 2012. In their research,
Takahashi and Yamanaka were able to generate pluripotent
stem cells from regular adult somatic cells, such as skin cells.
This research overcame a number of major obstacles in ESC
research, including immunorejection by patients, as well as the
ethical issues being raised around the use of embryos for stem
cell research.
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Cell therapies are the group of methods
that are based on the injection of the
cellular material into the patient’s organism.
Although there are many types of cell
therapies, the main ones revolve around
stem cells, thus being the main way of
administering
regenerative
medicine
therapeutics.
There are a few ways that stem cells can
be obtained for medical usage, each
comes with certain advantages and
disadvantages, both practical and ethical.
Stem cells can be obtained as fetal, adult
or induced pluripotent stem cells (iPSC),
with the latter being the most advanced
and developed technique.
Being the part of the regenerative
medicine, cell therapies are naturally
important for the P3 Medicine. The
important distinction lies in the fact that
some cell therapies can also treat
contagious diseases, therefore being
having broader field of application. Cell
therapy as a term is also more often used
when the goal of the therapy is to achieve
systemic effect that isn’t uniquely tied to the
single organ.
Source: http://oerpub.github.io/epubjs-demo-book/content/m46036.xhtml

153

This major advance in the field revealed the true potential of stem cells and also indicated the great importance of
iPSCs for regenerative medicine, disease modelling, and drug discovery. Although challenges remain, the future of
iPSCs is bright. Its $853 million global market in 2012 grew to $1.2 billion in 2013 and is expected to reach $2.9
billion in 2018, with an average annual growth rate of 19.7% from 2013 to 2018.
Although cell replacement therapy is still a relatively new field of research, other major advances have already
been made since Takahashi and Yamanaka developed their revolutionary technique about a decade ago. One
such advancement was made by researchers at Utrecht University, who created a pancreas organoid, or a
miniature version of the pancreas, from a patient’s pancreatic cancer. This experiment provided valuable insight
into the development of pancreatic tumors, which can now yield a number of new discoveries in pancreatic illness
treatment.
Bulterijs, S., Hull, R. S., Björk, V. C., & Roy, A. G. (2015). It is time to classify biological aging as a disease. Frontiers in genetics, 6, 205.
Zhavoronkov, A., & Bhullar, B. (2015). Classifying aging as a disease in the context of ICD-11. Frontiers in genetics, 6, 326.
Smith, A. G., Heath, J. K., Donaldson, D. D., Wong, G. G., Moreau, J., Stahl, M., & Rogers, D. (1988). Inhibition of pluripotential embryonic stem cell
differentiation by purified polypeptides. Nature, 336(6200), 688-690.
Thomson, J. A., Itskovitz-Eldor, J., Shapiro, S. S., Waknitz, M. A., Swiergiel, J. J., Marshall, V. S., & Jones, J. M. (1998). Embryonic stem cell lines derived from
human blastocysts. science, 282(5391), 1145-1147.
Takahashi, K., & Yamanaka, S. (2006). Induction of pluripotent stem cells from mouse embryonic and adult fibroblast cultures by defined factors. cell, 126(4),
663-676.
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Number of Companies Offering iPSC Research Products, by Year
When iPSCs were discovered in 2006, there were only two companies selling iPSC research products. This
number increased to seven by 2007 and then began increasing more substantially. A year-by-year breakdown is
shown above to identify the rate of new market entrants and the current level of market competition for
iPSC-specific research products.
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Clinical Trials Investigating iPSCs

Market Penetration Among
Stem Cell Researchers

30

# of Trials

20

10

0
Year
# of Clinical Trials Investigating iPSCs

22% of all stem cell researchers now self
–report having used iPSCs within a
research project.

Currently, there are 26 clinical studies involving the creation and
evaluation of iPSC lines for clinical purposes. None of these studies
involve transplant of iPSCs into humans (cellular therapy).
[Visit ClinicalTrials.gov a list of current trials.]

156

Major Advances in Commercialization of iPSCs
AUGUST 2013:
1st time in which clinical research involving transplant of iPSCs into humans was initiated. Masayo Takahashi at
RIKEN Center in Japan investigates safety of iPSC-derived cell sheets in patients with macular degeneration.
JULY 2013:
Cellular Dynamics International (CDI) went public with a offering that raised $43 million dollars, securing the
company’s position as the global leader in producing human iPSCs in industrial quantities.
MARCH 2013:
Cellular Dynamics International and Coriell Institute for Medical Research receive multi-million dollars grants from
the California Institute for Regenerative Medicine (CIRM) for creation of iPSC lines from 3,000 healthy and
diseased donors. It will create the world’s largest human iPSC bank.
2013 was a major year for advances in iPSC clinical research applications, production and differentiation
technologies, biobanking and more.
MARCH 2015:
Fujifilm Holdings Corporation acquires CDI for $307 million.
JUNE 2016:
RIKEN announces that it will resume its study in partnership with Kyoto University on retinal iPSCs.
JANUARY 2017:
Fujifilm Holdings Corporation acquires $4 million equity stake (10%) in Cynata Therapeutics who develop
mesenchymal stem cells for human use by using CDI iPSCs.
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NeuroTechnology
Arguably, the most profound and debilitating changes that occur with ageing are associated with defects in the
nervous system. These include chronic pain, Parkinson’s disease, Alzheimer’s disease, age-related macular
degeneration, hearing loss, etc. One of the strategies to combat nervous system disorders is by stimulating or
suppressing nerve cell activity. In this section of the report we overview the major technologies used or in
development for interacting with the nervous system and describe the most prominent examples of their use in
details.
The classical proven and clinically available approach to stimulation of nerve cells is direct stimulation with
electrodes (see Deep Brain Stimulation or DBS below), but this method involves complex brain surgery and bears
the risk of damage by a foreign rigid body inside a soft organ like the brain. The clinical standard in non-invasive
brain stimulation is transcranial magnetic current stimulation (TMS) which pulsates magnetic fields at high
frequency into the brain, but its precision and depth of stimulation are severely limited, thus limiting its
applications.
One technique called optogenetics involves genetically manipulating nerve cells to become excitable when
exposed to light pulses; optic cables are less invasive than electrodes and it can potentially provide a high degree
of specificity, but the experiments successfully done in rodents and monkeys have yet to be proven effective in
humans. Finally, application of direct current through electrode pads through the skin/skull creates an electric field
which can increase the excitability of, or silence neurons close to the electrode. This technique is non-invasive,
and while it was shown to be safe and modestly effective for pain, its effectiveness for claimed cognitive
enhancement remains a matter of debate.

Source: Famm, Litt, Tracey, Boyden &amp; Slaoui, Nature, 2013
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Major trends in neurostimulation
Arguably, the most profound and
debilitating changes that occur with
ageing are associated with defects in
the nervous system. These include
chronic pain, Parkinson’s disease,
Alzheimer’s
disease,
age-related
macular degeneration, hearing loss,
etc. One of the strategies to combat
nervous system disorders is by
stimulating or suppressing nerve cell
activity. In this section of the report we
overview the major technologies used
or in development for interacting with
the nervous system and describe the
most prominent examples of their use
in details.

ide a high degree of specificity, but the
experiments successfully done in
rodents and monkeys have yet to be
proven effective in humans. for claimed
cognitive enhancement remains a
matter of debate.
Transcranial Magnetic Stimulation (TMS)

Source: opentextbc.ca
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Major trends in neurostimulation
The risk for developing chronic pain increases with ageing, particularly when associated with osteoarthritis,
chemotherapy or other age-related diseases. Transcutaneous electrical nerve stimulation (or TENS) has been
widely available over-the-counter for relief of chronic and acute pain. Systematic reviews, however, reveal a
discrepancy in the studies raising the possibility that this treatment may not be equally effective for every case.
A special case of TENS - (external trigeminal nerve stimulator), where the device is applied to the frontal lobe,
has been approved by FDA for the treatment of migraine and these devices are available over-the- counter,
which is a testament to their safety. A similar concept of applying current through the brain (called transcranial
direct current stimulation) claims that when applied to particular areas and in certain doses, it can improve
cognition, concentration and enhance athletic performance, but, again, the reported effects vary and studies
require adequate blinding and placebo-control.
Parkinson’s disease is more prevalent with ageing, it is characterised by the loss of dopaminergic neurons in a
part of the midbrain (called substantia nigra) and the disease exhibits itself as uncontrollable tremor in
patients, but other symptoms like depression and anxiety are common. The first line of treatment comes in the
form of levodopa (L-DOPA) which works by increasing the availability of dopamine in the system. When this is
unsuccessful, Deep Brain Stimulation (DBS) is currently the most effective treatment. Invasive brain surgery
allows insertion of the stimulating electrode deep inside to bypass the dead area (substantia nigra).
The effect of the stimulation is instant and reversible, but the surgery and electrode insertion has the potential
to irreversibly damage other areas of the brain. A recent development of non- invasive stimulation of deeper
areas of the brain using temporal interference of electric fields (TI) brings the possibility of this becoming the
first line treatment with no side effects of L-DOPA, nor DBS.
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Major trends in neurostimulation
Age-related macular degeneration
is characterised by a loss of
light-sensitive cells in the centre
of the visual field. The disease
tends to occur more frequently in
the ageing population and gets
progressively worse over the
years.
However, neurons, which convey
the information between the retina
and the brain remain intact. There
is
currently
no
approved
treatment, but several avenues
are being explored and are in
their preclinical phases. One
strategy
delivers
optogenetic
genes (see above) into the
remaining
non-light
sensitive
neurons in order to turn them into
light-sensitive ones and allow
them to be stimulated by light.

Gensight Biologics

This optogenetic therapy is the first of its kind and if it becomes clinically successful, it would open the bottleneck
in the development of optogenetic therapies for other neurological diseases.
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The field of neurotechnology has been around for a long time but is nearing maturity in the last two decades. The
advent of brain imaging revolutionized the field, allowing researchers to directly monitor the brain's activities during
experiments. Neurotechnology has made a significant impact on society, although its presence is so commonplace
that many do not realize its ubiquity. From pharmaceutical drugs to brain scanning, neurotechnology affects nearly
all industrialized people either directly or indirectly, be it from drugs for depression, sleep, ADD, or anti-neurotics to
cancer scanning, stroke rehabilitation, and much more. As the field's depth increases it will potentially allow society
to control and harness more of what the brain does and how it influences lifestyles and personalities.
There are some technologies that are not considered as longevity subsectors per se, but their convergence and
integration with proper longevity companies will enhance longevity. Some of these include gaming products, like
BrainAge, and Fast ForWard, that aim to improve brain function. The technology relies on imaging of the brain,
possible using Magnetoencephalography (MEG), Magnetic resonance imaging (MRI), functional MRI (fMRI),
Computed tomography (CT), and Positron emission tomography (PET) scanning machines.
Transcranial magnetic stimulation (TMS) is essentially direct magnetic stimulation to the brain, transcranial direct
current stimulation (tDCS) is a form of neurostimulation which uses constant, low current delivered via electrodes
placed on the scalp. Cranial surface measurements using Electroencephalography (EEG) and
Magnetoencephalography (MEG) are different methods to understand the electrical signaling in the brain during
activation, including highly localized possibilities to better understand reactions and over-reactions (seizures) to
stimulation.
Implant technologies provide neurodevices used to monitor or regulate brain activity. The most common
neurodevices are deep brain stimulators (DBS) that are used to give electrical stimulation to areas stricken by
inactivity. Neuromodulation is a relatively new field that combines the use of neurodevices and neurochemistry.
The basis of this field is that the brain can be regulated using a number of different factors and that all these can
be modulated by devices implanted in the neural network.
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The number of patents filed in the field has grown by over 500% in the last decade, doubling the number of
subclasses for patents, and it estimated at over $2 billion USD currently for IP alone. The devices market itself is
projected to reach $12 billion USD by 2020. The overall financial impact of such neurotechnologies is tremendous.
Overall, if you include the medical uses of NeuroTech, other devices, and all the businesses that can benefit from
brain-related technologies, this is a field that’s generating well over $150 billion in revenues annually.
As the costs of computing power, cloud accessibility and hardware sensors dwindle, brain health systems can
leverage measurements taken from a far broader swath of the population than ever before possible.
Companies
like
CNS
Response and Advanced
Brain Monitoring are already
deploying
systems
that
harness the power of big
data, allowing for better
diagnoses and treatments.
Companies like Emotiv and
NeuroSky are advancing the
state of Brain-Computer
Interfaces for better device
control. Phillips has patents
describing how ALS patients
can control home appliances
via BCIs.

●

$2B USD
the value of NeuroTech Patents in
2015 based on new and comprehensive
SharpBrains analysis.

●
●

In 2000: 422 Classifications
In 2014: 899 Classifications
the number of unique USPTO Patent
Subclasses reveals NeuroTech is
extending into more industries than
ever before.

●
●

8,000+ Active Patents and
5,000+ Pending
Applications
The product of 500% growth
in 10 years, driven mostly by
activity in the US and in the EU.

●
●
●

51% - large companies
21% - small companies
15% - universities or
government organizations
distribution of NeuroTech IP
ownership and licensing by entity
type.
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Companies like Medtronic, Neuropace and St. Jude Medical, are developing systems to actively monitor brain
activity and respond in real-time with appropriate treatments. Some monitoring systems are coupled with other
assistive devices, such as robotic aids to enable patients suffering from neurological disorders (such as ALS) to
regain lost motor control.
Systems employing neural detection devices to monitor vehicle operator alertness and take preventative measures
with driver stimulation or vehicle autopilot/ shutdown systems are described by multiple patents. The US Army,
automotive companies like Toyota, start-ups like Freer Logic, medical device makers and insurers are all patenting
inventions addressing this concern. In 2017 a car was driven by thoughts alone, for the first time.
Medical tech companies such as Medtronic and Brainlab, and consumer research firms such as Nielsen are
interested in using Virtual Reality, combined with EEG and transcranial direct current stimulation (tDCS), to treat
mental illnesses such as PTSD, and to assist surgeons in the operating rooms.
Thync, an early-stage company, and St. Jude Medical, Brainlab and Neuronetics/NeuroStar are all pushing the
boundaries of brain stimulation technology via magnetic fields or electrical impulses.
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The Rise of Neurotechnology Science
Neurotechnology is used to understand and influence the brain and nervous system for the purposes of improving
health, education, and cognition. It is a multidisciplinary field that is rapidly growing, and has more impact upon
our lives with each passing day. It incorporates advancements in biology, neuroscience, medical imaging and
computer science, providing many business opportunities for both established companies and startups.
Neurotechnology encompasses technologies such as diagnostic imaging and monitoring of the brain using fMRI
or electroencephalography (EEG); neuropharmacology (drugs as antidepressants or painkillers); enhancements
or replacements for sensory systems like cochlear implants or artificial eyes; brain-actuated limb prosthetics and
neurostimulation (both invasive and non-invasive) to deliver stimulation to the nervous system like electrodes
implanted deep in the brain of Parkinson’s disease sufferers to help control some of their symptoms, and more.
The NeuroTech industry is growing rapidly, accounting for more than $172 billion in revenues in 2015, with 9%
growth [1]. Venture capitalists invested more than $8.6 billion in new businesses in the sector, and more than 200
different investor groups participated in these financing deals.

Source: https://www.neurotechindustry.org/access-to-capital
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The Rise of the Neurotechnology Industry
The growth of financing in neurotechnology is 31% while the average growth for life science investment in general
is 12%. Private capital funds invested more than $19 billion in NeuroTech companies since the year 2000.
The investment in NeuroTech is relatively small in comparison with other areas of medicine and biotech but it can
have a profound impact in our lives. Neurotechnology has existed for almost a century (EEG was discovered in
the early 1930s) but has evolved rapidly in the last two decades. Brain imaging techniques like fMRI have brought
a revolution by allowing monitoring the brain activity in almost real time during many experimental conditions.
Modern neurotechnology can image almost all aspects of brain activity and control to some extent certain
functions: it can alleviate symptoms of depression, an increase or decrease of activation as experienced in ADHD,
help with sleep deprivation and enhance sleep depth or ameliorate insomnia, reduce epileptic seizures or tremors
in Parkinson’s disease, assist with rehabilitation after a stroke and create a sensory-motor loop with brain
controlled limb prosthetics.
The future of this industry will see advanced control of neurological disorders and conditions, modulation of brain
states (from mood to attention to learning itself), and other applications that only time itself will reveal.
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Global brain computer interface market, by application, 2012 - 2022 (USD Million)

723.64

Source: https://www.grandviewresearch.com/industry-analysis/brain-computer-interfaces-market
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Crowdfunding for BCI & EEG Products.
Source: https://medium.com/neurotechx/eeg-bci-crowdfunding-landscape-cfdb0da08937
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Number of scientific papers on
brain-computer interface on PubMed
169

Number of scientific papers containing the word
“neurotechnology” on PubMed
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SleepTech: a Growing Sector of NeuroTech

●

One
particularly
NeuroTech subsector
today is SleepTech.

powerful
emerging

●

Sleep is the gateway to health,
affecting myriad bodily processes,
in particular memory, cognition,
mood, and cardiometabolic health.

●

While this subsector is still young,
with relatively few key players and
companies, it is a sector poised to
experience massive growth over
the next few years.

Major Benefits of Improved
Sleep:
● Memory
● Learning
● Mood
● Alertness
● Focus
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Comparison of NeuroTech Companies
Scientific
publications covering
their core science

Clinical trials
validating their
product

Aspirations for
medical devices
market

Neuroscientist
s on
management
team

Total
disclosed
funding

Sleep
Tech

Kernel

-

-

+

+

100M

-

G
Therapeutics

+

+

+

+

40.8M

-

Rythm

+

+

-

+

22.5M

+

Thync

+

+

-

+

13M

+

Halo
Neuroscience

-

-

-

+

10.7M

-

Synchron

+

+

+

+

10M

-

BrainCo

-

-

-

+

5.55M

-

Neurable

-

-

-

+

2.33M

-

Neuralink

-

-

-

+

27M

-

DeepWave
Technologies

+

+

+

+

Seed

+

Company
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NeuroTech - What to Expect in the Next Few Years
●

The global neurotechnology industry has witnessed the substantial expansion during the
past five years, while in 2016-2017 there was a boom in powerful new techniques for
imaging, analyzing and modulating neural activity.

●

There are 2 major areas within the NeuroTech industry: brain-computer interfaces, which
can be considered to be related to the IT & AI industries, and advanced NeuroTech
approaches to HealthTech.

●

In 2018-2020 we will observe the convergence of NeuroTech, AI, and SleepTech for
personalized precision medicine.

●

SleepTech is one of the most promising sectors of the NeuroTech industry and will have
major impact on heart health, cardiometabolic health and diabetes.

●

Many projects that had high level of consumer orientation 1-2 years ago now seem to be
overestimated and failed to meet expectations.

●

In 2018 we will see new NeuroTech industry players with strong scientific foundation,
strong core IP, and achievable MVPs. The key players will be developing wearable devices
enhancing sleep, cognition, and cardiometabolic health.

●

Now is the best time for investors to enter the NeuroTech for advanced HealthTech
industry.
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Prosthetics
Replacement body parts are as old as ancient Egypt. But the exponential growth of technology in recent years
has been driving progress in prosthetic tech at an ever increasing pace. No longer are scientists simply focused
on mechanically replicating human body parts; recent advances promise prostheses that can be controlled by
the brain. That, along with improved mechanics, sensory feedback, battery life, and AI, is closing the gap
between prostheses and real body parts.
It is crucial to understand that the hindrances created by a missing limb are not limited to the loss of the
functional aspects of the limb, but in fact grossly affect a person’s health and well being. For example, the use
of a prosthetic leg usually results in an unbalanced gait, which imposes stress on the skeleton, necessitating a
surgery to replace a hip.
Designing the mechanical limb itself is still a challenge. But advances in of electric motors, particularly
miniaturisation, along with advances in computing power are driving progress rapidly. Current day prostheses
are adept at grabbing, twisting, and lifting objects, but there’s still a lot of work to be done to make those tasks
feel and look natural. A major issue facing scientists and engineers is proprioception, in other words, the ability
to intuitively know where our extremities are without having to look.
When it comes to control, some of the prostheses available today have some degree of mental control through
a phenomenon called myoelectricity: Sensors installed in the socket of a prosthesis can detect the electrical
signals generated when the user tries to move a missing limb. The sensors that detect the signal must be
placed on the correct area of the skin on the stump. It must be noted that the movement of the prosthesis may
not reflect to the intended movement, but users can learn how to make the prosthetic behave in the desired
fashion.
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Using the same concept, researchers are figuring out how to transmit signals of pain, pressure, and heat to the
brain. Simple sensors that detect temperature, pressure, and shear - a force lateral to the surface rather than
perpendicular are placed onto the prosthesis. Their output, small electrical currents, is then applied to the skin of
the stump.
Similarly here, each person might feel the sensations differently, for some it might feel like tickling, to others as
scratching, but the brain can learn to interpret the sensation more accurately.
Meanwhile, scientists are exploring novel ways to give users more control over their artificial limb. A research
team at Newcastle University has fitted a camera onto a prosthetic arm. The camera snaps photos of the
objects present in its view and uses AI to execute actions, such grasping a glass of water and raising it to your
face. In this case, the AI will help position the hand and the finger in optimal positions for the task. Some hand
prosthetics now have air filled bubbles for fingertips, which enables them to handle delicate things. Those
air-bubbled tips also render the user much more adept at typing on keyboards, a critical boon for a vast majority
for people in the workplace nowadays.
The Linx, one of the most advanced artificial lower limbs available, uses 7 sensors and employs progressive
machine learning tech to understands what the user is doing - sitting, walking, climbing, etc - and adjusts the
stiffness of the prosthetic joint automatically based on the user’s posture.
According to a new report by Grand View Research, Inc., the global robotic prosthetics market is expected to
reach $1.76 billion by 2025, growing at a CAGR of 9.2% from 2017.
According to a new report by Grand View Research, Inc., the global robotic prosthetics market is expected to
reach $1.76 billion by 2025, growing at a CAGR of 9.2% from 2017; Microprocessor controlled prosthetics held
majority of the revenue share in 2016 and is estimated to generate revenue over $983 million by 2025.
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Prosthetic limbs have existed for hundreds of years, but with recent advancements in converging technologies,
they are providing advanced quality of life. 3D printing, AI, and brain-machine-interface technology have now made
it possible to use robotic limbs with microprocessors and sensors that provide feedback.
The shame and stigma around prostheses is changing. As military-backed technology trickles down into the civilian
healthcare system, and as more and more amputees see top-end limb replacements fitted to soldiers and elite
athletes, the line between ‘able’ and ‘disabled’ begins to blur - for the user and the able-bodied public. There’s still
no true replacement for a lost limb - but their prosthetic replacements are now functional and futuristic enough not
to be hidden, but worn with pride.
In 2017 we’ve seen 21-year old Easton LaChappelle changing the lives of thousands of amputees around the
world with a new robotic arm prosthetic that costs around $4,000. Carnegie Mellon University’s “assistive
technologies” project designed a custom prosthetic designed specifically to play the cello. The cello-playing arm
had a couple of benefits over a traditional prosthesis.
In the field of Brain-Machine-Interface there has been big progress as well. Facebook revealed they are working on
a noninvasive “brain–computer speech-to-text interface”, and if it works, we’ll be able to “type” 100 words a minute
just by thinking. Elon Musk declared he wants to connect our brains to computers with a mysterious device called
“neural lace.” Scientists have made impressive progress uncovering, and even manipulating, the neural circuitry
behind several brain functions.
During nearly 20 years of research, a biomedical engineer named Theodore Berger and his collaborators at USC
and Wake Forest University developed a neuroprosthesis to improve memory in rats. The chip holds an algorithm
that translates the firing patterns of neurons into a kind of Morse code that corresponded with actual memories.

177

The brain exchanges information through neural circuits, which have receptors to sense a stimulus, report this
back to the nervous system and produce an appropriate response via motor neurons which lead to movement.
Using a "biological amplifier" the muscle signals get amplified thousandfold by shifting the major nerves that
normally go down the arm and letting them grow into the chest instead. When you think of closing your hand, a
chest section will contract and electrodes will pick up those signals to tell the prosthetic arm to move.
A touch on the chest would actually lead to the sensation of a touch on the patient's phantom arm, even their
missing fingers. Sensations of hot, cold, as well as sharpness and dullness are all felt and provide a way to restore
sensation using a prosthetic hand that “feels".
Financial analysts are forecasting a $27 billion market for neural devices within six
years, and countries around the world are committing billions to the escalating
race to decode the brain. The robotic prosthetic market is topping out at an
estimated $2 billion within the same timeframe. By giving neuroscientists a vast
new trove of data they can use to decode the workings of the brain, the level of
sophistication needed to jump-start human evolution with a mind-enhancing
neuroprosthesis is around the corner.
Nick Ackland
(UK) lost his
forearm in an
accident and
has been testing
an advanced
bionic arm and
hand that is so
precise he can
use a keyboard
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Quadruple
amputee Kaitlyn
Dobrow uses
prosthetics to
improve her
mobility.
She underwent
amputation of her
limbs following
bacterial
meningitis
complications
which led her
blood to clot and
not reach her skin,
causing damage
equivalent to 3rd
degree burns.

Source: https://www.everythinginspirational.com/quadruple-amputee-kaitlyn-dobrow/
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Fantastic things are happening in neuroscience, like prosthetic legs controlled by thought and microchips
connected to the visual cortex as scientists were learning to help the lame walk and the blind see.
All of these neural implants and smarter prosthetic designs have lead to the overcoming of limb loss and paralysis
and have taken us one step closer to our human-machine hybrid fantasy.
Now that humanity is learning how to reengineer its own capabilities, we really can choose how we evolve.

Prosthetics and aging
In 2017 scientists at Scuola Sant’Anna in Italy and EPFL (Ecole polytechnique fédérale de Lausanne) in
Switzerland built a prototype of a smart, light-weight and easy-to-personalize exoskeleton that counteracts the loss
of balance and promotes balance recovery after an accidental slip. This is a first in wearable machines, which are
normally used to assist or enhance regular movement, instead of preventing an unexpected event like falling. The
results are published on May 11th in Scientific Reports.
The exoskeleton was designed to help the elderly by preventing fall-related
injuries, since seniors are involved in 40% of fatal injuries related to falling in
Europe. But the exoskeleton could also be used as an aid for the physically
impaired, amputees and those suffering from neurological disorders. It is
technology that will actually help people with their daily activities.
The exoskeleton is wearable from the waist down, and is vastly different from the
armored
stuff
you
see
in
today’s
science
fiction
movies.

https://i.ytimg.com/vi/oke01g1-H0s/maxre
sdefault.jpg

“Our smart exoskeleton is lightweight and extremely easy to personalize,” says
Silvestro Micera, professor at EPFL and Scuola Sant’Anna and Bertarelli
Foundation Chair in Translational Neuroengineering. For this first prototype, the
exoskeleton requires only a few minutes to adapt to a given patient, which
involves adjusting the size for a particular user and learning the user's gait.
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Open Bionics started as a prototype project developed by 25-year-old robotics
graduate Joel Gibbard, can be 3D-printed in 40 hours and costs less than other
prosthetics.

De Oliveira Barata is a sculptor by trade who started the Alternative Limb Project in
2011 after working for medical prosthetic providers for nearly a decade.
Touch Bionics is a provider of world-leading prosthetic technologies and supporting
services designed to ensure the best possible outcomes for people with upper limb
deficiencies.
Freedom Innovations is solely focused on developing world-class lower limb
prosthetic solutions in close collaboration with prosthetists and amputees.
Ottobock is a German prosthetics company situated in Duderstadt. It has been
responsible for several innovations in prosthetics, like a computerized knee that
adaptively varies its passive resistance to suit the patients' different walking gaits, and a
fully articulated robotic hand prosthesis.
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Nutraceuticals
According to a new report by Grand View Research, Inc., the global nutraceuticals market is projected to reach
USD 578.23 billion by 2025, with rising health concerns as the main driver. Dietary supplements particular, a
subsegment of nutraceuticals, is expected to grow at a CAGR of over 9.7%, mainly due to rise in demand from
Brazil, China, India, South Korea, Poland and Mexico.
Nutraceutical, a concatenation of “nutrition” and “pharmaceutical,” is a broad term that describes a range of
products derived from food sources with extra health benefits. It covers products such as dietary supplements,
functional foods, botanicals and herbals, vitamins and minerals, amino acids, proteins, and peptides.
The philosophy behind nutraceuticals is to focus on prevention. To be classified as a nutraceutical, a product must
have physiological benefits or provide protection against chronic disease. They may be used to improve health,
delay the aging process, and increase life expectancy.
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Recent studies have shown promising results for nutraceuticals in various complications including allergies,
Alzheimer’s, cardiovascular diseases, cancer, diabetes, eye disorders, immune system status, inflammations,
Parkinson's disease as well as obesity.
The antidiabetic drug metformin and the immunosuppressant rapamycin are both FDA-approved mTOR, or
mechanistic target of rapamycin, inhibitors that multiple animal studies have shown may have anticancer and
antiaging properties beyond their licensed clinical applications. However, the potential to use these drugs for
off-label, prophylactic use to prolong a healthy lifespan is hampered by their side effects.
An international research team (Insilico Medicine) has now applied deep-learning neural networks to identify
natural, and potentially far less toxic, mimetics of rapamycin and metformin, which could springboard the
development of antiaging nutraceuticals that aren’t subject to FDA regulation.
Currently there are already 2 anti-aging nutraceuticals identified by AI available on the market.
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Microbiome
The microbiome is a collection of microbial life in the gut,
known as the microbiota, and could be considered an
accessory organ of the gastrointestinal tract. It is a
self-contained, multi-cellular, biochemically active mass
with specialized functions. Some functions are important
for life such as vitamin K synthesis, an essential molecule
in blood clotting. Others are responsible for training and
maintaining a healthy immune system or digesting
indigestible food products such as insoluble fiber. Like
other organs, the microbiota has physiologic reserve (i.e.,
the capacity to regenerate). It may be harvested from one
host for transplant into another. It is thus no surprise that
as our other organs age, such as our heart, brain, and
kidneys, our gut microbiota ages, too.
Aging-associated alterations in composition, diversity and
functional
features
of
intestinal
microbiota
are
well-described in the modern literature. They are
suggested to be caused by an age-related decline in
immune system functioning (immunosenescence) and a
low-grade chronic inflammation (inflammaging), which
accompany many aging-associated pathologies.
Microbiota-targeted dietary and probiotic interventions have been shown to favorably affect the host health and
aging by an enhancement of antioxidant activity, improving immune homeostasis, suppression of chronic
inflammation, regulation of fat deposition and metabolism and prevention of insulin resistance. In 2017 researchers
at the Max Planck Institute for Biology of Ageing in Cologne, Germany, showed for the first time that older fish live
longer after they consumed microbes from the faeces of younger fish.
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https://content.iospress.com/media/nha-prepress/nha--1--1-nha170030/nha--1-nha170030-g003.jpg?width=755
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Artificial intelligence and
the microbiome
Microbiome or microbiota is defined as ‘an
ecological community of commensal, symbiotic
and pathogenic microorganisms’. This term is
used to describe the vast majority of
microorganisms that dwell in other hosts. Human
microbiome was an area of interest for medicine
since its advent. From supporting the beneficial
bacteria via probiotics to treating infectious
diseases, each microbiome-associated discovery
leads to great improvement in the quality of life.
Antibiotics can serve as a prime example: even
simplest, mundane medical procedures are
potentially deadly without them.
The main problem of human microbiota research is the sheer complexity of it. There are over 1000 species that live
in and on the regular human with a total number of their cells reaching trillions. It is estimated that microbe cells
outnumber human ones in 3 to 10 times. It is extremely hard to collect and process this amount of data in a
conventional way.
However, with the development big data and artificial intelligence in the recent years, this task becomes more and
more manageable. Current big data technologies allow collecting and categorizing large chunks of data received
by researchers. Neural networks can effectively find connections between microorganisms living in the human
body in order to find optimal solutions to various problems. As healthcare becomes the dominant trend in AI, many
aspiring entrepreneurs present innovative technologies in various life sciences domains, including microbiology.
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Another major technological breakthrough that allowed
implementation of AI technologies in microbial research is whole
genome sequencing (WGS). While the first major WGS, The
Human Genome Project, is estimated to cost from $500 billion to $1
trillion, now there are multiple companies that provide WGS at a
price of $1000.
The interest for microbiome is on the spike. CB Insights analytical
agency has made a publication concerning prospects of microbiota
industry. Their research has shown that there are multiple new
generation companies that aim to use microbiome as a target for
their research. The area of their operations ranges from oral and
intestinal health to drug delivery and genomics.

Besides companies that work to treat specific diseases, there are also microbiome companies that seek to complete
much more large-scale projects. Healthcare is currently on the verge of unprecedented crisis. While less and fewer
antibiotics are discovered each year (and most of them are extremely toxic, which makes them viable only in
extreme cases), antibiotic resistant bacteria are seen more often. Those bacteria can effectively throw humanity
back to the pre-antibiotic era and make multiple deadly diseases return.
This trend has spiked interest in novel antimicrobial therapies. The most prominent technology so far is the use of
phage lysin enzymes, also known as enzybiotics. While phage research is currently mostly academic topic, several
companies are working in this area. The most prominent of them is Eligo Bioscience, a French startup that strives to
produce new generation antimicrobials that are able to overcome antibiotic resistance.
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One of the main problems of phage-derived therapeutics lies in a fact that therapeutic needs to match the specific
strain of bacteria. Using AI-mediated technologies, whole genome sequencing and synthetic biology itis possible to
overcome this hindrance and enable continued functioning of modern healthcare.
One of the most promising researches on the topic comes from J. Craig Venter Institute (JCVI). His institute is
working on a project to apply machine learning to microbial studies. JCVI scientists (then Celera Genomics) were
the ones to finish The Human Genome Project and have recently created first fully synthetic organism,
Mycoplasma laboratorium. In collaboration with UCSD, JCVI has recently published a paper concerning the
implementation of machine learning in human gut microbiome research. This paper shows the effect that AI
technologies can bring to microbiota
We need 10,000 genomes, not 100, to start to understand the link between genetics, disease
and wellness”. ~Craig Venter
Microbiome studies are extremely complex and are in need of multiple enabler technologies to
reach their full potential. Artificial intelligence is one of them, along with whole genome
sequencing, big data, and synthetic biology. However, when realized correctly, it has the
potential to forever revolutionize the healthcare system and create innovative multi-billion
industry.
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AgeTech
AgeTech refers to technology developed specifically to support the elderly in their
daily lives around their specific healthcare needs as well as productivity, work and
ability to accomplish what they want without the effects of ageing interrupting them.
AgeTech will be covered in depth in a future case study. Here, however, we will
highlight the use of AgeTech to enhance mobility
Mobility is a key aspect of daily life that may be impeded in OAPs, both in terms of
increasing disability in carrying out tasks they were previously able to do, as well
as diseases and injuries that may suddenly prevent them from carrying out the
lifestyle they had before (Association, 2015).
With the ageing population increasing worldwide, Japan is at the front of this rapid
change. Therefore, it is unsurprising that some of the tech advances targeting the
elderly were trialled here.
One of these focuses on mobility and is termed Hybrid Assistive Limb (HAL). It
facilitates limb movement by sensing current changes on the skin when a user
initiates movement, and robotically supporting that movement (Murgia, 2015).
Information technology is also a main focus for adapting to the needs of the ageing
population. Apple has developed an iPad tailored specifically to older people, with
easier to read interfaces, simpler apps and a greater focus on healthcare-related
services (Spencer, 2015).
This also falls under the NextGen mobile apps for elderly section of AgeTech,
and ties in with FinTech for the elderly as new ways of managing their wealth
emerge, including ahead of retirement through novel retirement plans.
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Other areas of focus for AgeTech include Continuing Education and Cognitive Enhancement. Both areas
highlight the extended potential for an active mind and work in older age as well as circumventing any age-related
damage to cognitive function such as working memory, focus, etc.
Increasing age is associated with physical decline related to the function and structure of the brain, as well as the
much earlier decline in cognitive exercise associated with being part of formal education in the younger years.
Cognitive function is also tightly connected
to an elderly person's ability to manage
their wealth and financial activities.
Cognitive decline results in issues such as
forgetting to pay bills, making irrational
purchases
including
inappropriate
investments or being susceptible to scams,
overpayments and being vulnerable to
abusive family members.
Technologies such as NextGen Apps and
cognitive enhancers can solve these
issues, as well as open the door to
increased productivity and pleasure for the
elderly. The latter covers the final element
of AgeTech - Entertainment for Elderly.
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EdTech
There is a general consensus that sending people to retirement leads to a sharp decrease in the demand for some
of their key functions - intellectual, physical, and communicative.
Aging is an objective process built into our body, and the question is the causes of this process, which can be
divided into several categories:
Factors we can call genetic - either a predisposition to drug resistance or the presence of certain diseases - and
ways of life and thinking - external factors that can produce unfavorable effect on the body's functions - which we
call social aging.
It should be taken into account that there are two opposing processes that happen simultaneously in the body:
maintenance and degradation - both at the functional and at the cellular level. In turn, any function of the body is
an adaptive response, i.e. functions are developed and honed for achieving a certain goal or maintaining a process
inside the body.
If a level of a function does not match the query, it can be classified as maladaptation. The body then begins to
build up the function in response. For example, if we increase load on a muscle, its volume begins to grow to a
level where this load is perceived as regular for the muscle. The opposite is also true. If a function is not in
demand, then its entire infrastructure in the body begins to degrade to the level of demand or dysfunction.
To sum up, the state of the body and its functions depend both on the factors of time (objective aging) and on the
level of demand for functions, incl. Cognitive.
To combat the social aging, AgeTech can be utilized to continually re-educate elderly citizens.
Unfortunately, there isn’t much research dedicated specifically to the effects of immersive technology on the
elderly. Focus has so far been on younger subjects and informal learning in general. What we do know is that
generally, Immersive technologies allow for physical or cognitive envelopment of one's attention.

192

-Milken Institute, Silver to Gold

One of the major facets of aging is psychological aging, and one of the major factors in that is loneliness.

http://blog.ilcuk.org.uk/2017/08/02/social-crises-housing-isolation-and-an-ageing-population/

193

http://www.bbc.co.uk/guides/ztjj2p3
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Scientifically validated lifestyle recommendations
Throughout history the longevity industry has consisted not only of the development of technologies but the
development of advices and devices for improving personal lifestyle for maximal health.
As geroscience has grown more advanced, this advice has grown more effective.
Much of this body of technique, traditionally communicated verbally and in popular literature, has now become
technology in its own right, and can even be found in the form of various automated wearable devices.
The wearable fitness device market is estimated to be worth around $13.2B, with healthcare amongst its fastest
growing segments.
Today’s health and fitness device makers fall into 4 categories:
•
•
•
•

Lifestyle - the most advanced segment includes fitness, activity and sports trackers is increasingly
beginning to merge with the health sector, offering a wider range of measurements.
Diagnostics - non invasive devices that provide health information; monitoring includes glucose,
cardiovascular, event, pregnancy, obstetrics, fetal, sleep and neurological.
Therapeutics - wearables are capable of monitoring disease states, and health activity, but also storing data
and providing feedback e.g. respiratory information, insulin and pain management.
Injury prevention - this can include measuring body movements, wearable sensing garments, fall detection.
Can also include rehabilitation.

Thanks to the progress and commercialisation of modern tech products, consumers are increasingly comfortable
relying on wearable devices to help recover from illnesses, maintain a healthy lifestyle and record daily activities.
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It would be easy to assume that because these technologies are backed by science which already looks very
comprehensive, such as the science of health and nutrition, that there would be little room left for improvement.
However, many monitoring devices such as Fitbit, Mapmyrun etc. tend to be simplistic or have a single focus
such as step counters or heart rate monitors - compromising their value to the modern consumer. They are
designed to carry out a single function and often lack the capability to provide more sophisticated health
monitoring and recommendations about diet, fitness regimes, and particularly longevity.
But as the science behind these devices is based on medical data, it follows that there should be a second body
of data to draw from - the user’s unique personal data.
Moreover, in today’s world, nearly every company is looking to compile as much data on their “customers” as
possible, from health institutions, to the food and drink industry. But all too often the companies are unable to
make the data work for them, lacking the ability to use AI and machine learning algorithms to generate useful,
accurate information. Device makers of the future could add data into their platform, storing it effectively and
efficiently using blockchain technology, and combining it with user data and personal information in an
anonymised, secure way to create recommendations, diagnoses, health and fitness plans, product
recommendations and more.

https://sa1s3.patientpop.com/assets/images/provider/photos/1608397.png
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Such science-backed lifestyle technology is opening up the following doors:
●

Device makers can market themselves to a wider, more sophisticated audience, becoming an indispensable
part of their health and fitness regimes. They could interpret and process user data alongside the latest
medical research and make personalised adjustments to users’ daily activities.

●

Companies wish to know about their employees and create a more holistic health program. Examples of
companies already offering digitised, wearable driven corporate wellness programs include YouEarnedIt,
Fitbit and Peerfit - however these are early stage companies that offer no rigorous medical backing.

●

Typical example: A retirement home may wish to plan a year’s worth of nutritional, healthy meals in
advance and order the most appropriate goods in advance. This home could provide invaluable guidance,
assessing the entire communities’ needs in one go and calculating precisely the amounts and combinations
required, wasting nothing; or devise personalised health plans and diets for a corporate member of staff
recovering from a serious illness to hasten their recovery.

●

Remote patient monitoring is the latest innovation in the healthcare industry, as it allows patients to keep a
check on their own conditions, eliminating the need for repeated visits to the physician’s office. The precision
of such devices have the potential to improve diagnosis, and provide a more customized treatment or
post-treatment recuperative plan. The most significant growth driver for the markets is the increasing role
these devices play in diagnosis and treatment plans of chronic diseases such as diabetes, arthritis, and
osteoporosis.
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Conclusion
P3 medicine is in a relatively advanced state, with many technologies already on the market.
The problem is that medical clinics are around 5 - 10 years behind the latest practical innovations.
The source of these problems is in many ways the business model of clinics, which are not directly
incentivised via profit to provide the most modern and efficient services and products.
The main issue therefore is ready availability of the technology, and the work that takes place in clinics
to bring it to fruition.
Even in the most advanced clinics, managers are not assembling the best services into an integrated
pipeline that can deliver the most competent and cutting-edge healthcare that P3 medicine could
feasibly provide to patients today.
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Chapter III
Stagnation of
Biotech / Healthcare Industry
-

Outdated business model of Biopharma
Silver Tsunami
Government programs deficit
Pensions funds bankruptcy
IT-giants and tech venture funds entering
BioTech/Healthcare
- Progressive Policy Proposals for the Healthcare Industry

The big question for the current crop of outperformers is whether they can scale
up the model that made them successful in the first place.
- Markus Thunecke, Founding Senior Partner at Catenion

The traditional industries for halting, slowing and reversing human terminal decline are
themselves experiencing a different type of decline.
This chapter examines the forms of this decline in the biotech and healthcare industries,
such as the outdated business model dragging down biopharma, policy proposals and
programs governments used or considered for boosting the rate of innovation and
reverse demographics, and efforts which have in effect limited use in the face on an
impending ‘silver tsunami’.
There are, however, routes out of this precarious state.
It is argued that for biopharma to be brought up to date, it must focus more on
prevention rather than reaction to individual diseases. Scientist visas are mooted as a
means of circumventing the world’s tightening borders. Some side-benefits of the US
JOBS Act (for taking advantage of equity-based crowdfunding) are identified.
Public-private partnerships for improving productivity, various methods for improving
reproducibility and reliability are discussed.
The matters then turn to the impending crisis of a global aging population, and how the
challenge is ultimately insurmountable under existing government programs.
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Outdated Business Model of BioPharma
The traditional medical model has worked very well for particular acute conditions such as infection and
traumatic injury. We are no longer dying from infection, the leading cause of death a century ago.
Chronic lifestyle and age-related diseases such as cardiovascular disease, cancer, diabetes, stroke,
and dementia have become the leading killers in the West.
Modern medicine has struggled to address these multifactorial diseases.
Given that biological age is the primary risk factor, it makes sense to target the damage that causes
aging rather than downstream symptoms.
In the future, patients will be evaluated and diagnosed on the basis of precise and personalized
biomarkers.
Instead of the HDL/LDL ratio, patients will learn about their telomere length, metabolic activity in
different brain regions, somatic DNA damage load, microbiome components, and genetic
polymorphisms that inform actionable medical choices.
Instead of giving addictive opiate painkillers for collapsing spinal discs or arthritis, patients will see their
cartilage rejuvenated with stem cell-based therapies, or stem-cell activating drugs.
Instead of taking statin drugs to reduce cholesterol production, and experiencing serious side effects,
patients will be administered a gene therapy that reverses the atherosclerosis and vascular
inflammation that causes heart attacks and stroke.
The coming era of medicine will target root molecular causes of disease, not symptoms.
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A Call to Action for Pharma
The pharmaceutical industry has accumulated capital but remains conservative, bureaucratic and risk-averse in its
investment strategy. As the global population ages and government budgets become ever more constrained, there
is an increasingly urgent need to eliminate roadblocks to medical advancement.
While demographic aging is a positive development for the global healthcare industry, the declining efficiency of
drug development remains frustrating. The cost to bring a new drug to market has been increasing steadily,
supposedly $1B per drug -- including all the failed attempts.
This may reflect the inefficiency of the organizations themselves; capital intensive barriers to entry; or the
cartelized landscape of the sector more than the intrinsic intractability of complex biological systems - indeed, the
most successful drugs historically have been discovered serendipitously. In any case, the sector shows signs of
sluggishness: twenty years ago, 20% of Swiss GDP was derived from pharmaceuticals -- now it is down to 5.7% of
GDP.
Currently the area of high profile competitive acquisitions is in the field of immuno-oncology and cell therapy. Next
it will be deep learning. Banks and IT giants are snapping up these startups and it is inevitable that pharma will
require the same scarce technology and talent. Biopharma must recruit advanced deep learning teams (as Google
did with Deep Mind) and form a consortium similar to the recent AI cartel composed of Google, Microsoft,
Facebook, Amazon, and IBM based on rapidly evolving supercomputers. If pharma executives would find the
courage to spend 10% of their marketing budget on R&D in AI, they could blow IBM Watson out of the water by
learning from their mistakes and help stem the tide of the Silver Tsunami of demographic aging.
The best way that a bureaucratic, frothy organization like pharma can become innovative again is to disrupt itself.
AI innovation should not take place within the stodgy hierarchy of the established company, but rather should be
given freedom to operate as a “firm within a firm,” or Lockheed Martin-style Skunk Works and their SR-71
Blackbird -- to emulate the innovative properties of the agile startup environment without being bound by
cubicle-inspired thinking.
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Source: https://www.the-scientist.com/images/March2017/LoikeGraphsPrintforWebOutlines-01.svg
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Outdated Biopharma
The biopharma industry is entering a vicious cycle of negative growth and terminal decline as its
fundamental business model has run out of steam by the Law of Diminishing Returns: Diminishing R&D
productivity and return on investment leads to diminishing growth in sales. Eventually, growth turns
negative and sales begin to contract. A reduction in sales then reduces the amount of money available to
invest back into R&D, which causes sales growth to decline even further. And so on, until the industry is
gone altogether.

https://www.bloomberg.com/gadfly/articles/2017-12-19/pfizer-buyback-dividend-hike-tax-cut-fruits
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Biopharma Big Exits and IPOs Slow Down
We predicted IPOs would decline to
about 7-8 per quarter, and 2016
ended with 28. We saw a steep
decline in Q4.
We were surprised to see M&A
activity decline, with a 2016 total of
17 deals. Still, that's coming off an
exceptionally strong 2015 (22 deals),
and 2016 activity marked the second
highest level since 2012.
Orphan/rare disease exits increased
to match oncology, with 7 exits each
(M&A and IPOs). Exit activity also
increased for aesthetics/
dermatology, rare (non-genetic) and
metabolic indications.
Neuro, cardiovascular and antiinfective saw the largest declines in
exits in 2016.

https://www.slideshare.net/SVBFinancial/trends-in-healthcare-investments-and-exits-2017
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Silver Tsunami
Thus far this report has sought to demonstrate the
profitability of the business of longevity, but what does the
technology profit its global consumer population? And what
does it profit governments?
To answer this we need to examine the present cost of aging
to the global population.
All but 18 of the world’s countries have an ageing population
and rising life expectancy, according to the UN. As the
world’s population increases, a greater percentage of it is
being claimed by the elderly, and it is predicted that by 2050
over 16% of it will be over 65, compared to under 6% only
100 years earlier in 1950.

-Milken Institute, Silver to Gold
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Economic
Growth

- Accelerate Aging Research & Mass
Adoption of Preventive and
Regenerative Strategies
- Proactive Increase of Retirement
Age
- Lifelong Learning & Career
Planning

- Longevity gains from prior
research
- Retroactive adjustments in
retirement age
- Massive austerity measures

Possible Global Economic
Collapse
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POPULATION BY AGE GROUP
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The effect of Japan
With a very low level of inflation, and even deflation, Japan's GDP has not been growing for more than 20 years.
The economy is stagnating. And the main reason is the aging of the country's population. Economists call this
effect demographic aging, and it has fundamental consequences for the economy and GDP growth rates.
Japan was in 1991 at the
peak of the ratio of the
working population to those
who
needed
support,
according to UBS. Then the
proportion began to increase
in favor of dependents, and
the drop in the number of the
able-bodied
population
continues to this day. Faced
with
structural
problems
rooted in the demographic
crisis of the early seventies,
the country went into a
protracted financial peak.
Currently, a similar peak in
the ratio of workers and
dependents has a number of
countries.
Among
them,
China, Singapore and others.
And for all of them, UBS
predicts a similar scenario
from the Japanese.
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In 2014, sales of adult diapers surpassed sales of
diapers for babies in Japan. In the same year, the
number of Japanese people aged 65 years or older
accounted for more than a quarter of the population.
Exhibiting some of the world’s lowest fertility and
highest life expectancy rates - 85 years as of 2016,
Japan’s population has been in steady decline since
2011. In fact, the number of elderly people had
surpassed the number of children all the way back in
1997. And the trend doesn’t seem to be abating: the
above mentioned demographic - people aged 65 years
or older - is estimated to reach a third by the year 2050.

Historic population of Japan (1920-2010) with projected population (2011-2060)

Following the population decline, Japan’s GDP shrunk
sharply, from $6.2 billion in 2012 to $4.3 billion in 2015.

This happened despite the fact that Japan is the world's third largest automobile manufacturing country, the
largest electronics goods manufacturer, and is among the world's most innovative countries based on the number
of global patent filings.
Japan’s shrinking labor force has pushed it to consider removing barriers to immigration to introduce foreign
workers into the economy; the country however has been reluctant to do so, as immigration is unpopular among
citizens. Had Japan spent time and money on longevity research instead, the country would be in a better
financial situation right now.
As Alibaba co-founder Jack Ma reminded us as the 2017 World Economic Forum Annual Meeting:
“In the past 30 years, America has had 13 wars at a cost of $14.2 trillion...What if they had spent part of that
money on building up their infrastructure, helping white-collar and blue-collar workers?”
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What does this mean for the global economy?
It is no coincidence that the Japanese word ‘tsunami’
is used to describe the approach wave of
demographic devastation. Japan is our canary down
the mine. Japan has both high longevity and low
fertility. The life expectancy is 81.7 years for men and
88.5 years for women, owing to adept medical care
and technologies, as well as the healthy diet and
nutrition that is available to the Japanese people. But
declining fertility is the main cause of this population
ageing, with the total fertility rate being 1.41 children
per woman in 2016, and even reaching an all time
low of 1.26 in 2005.

This ageing of Japan is changing the country in numerous ways, such as increasing the cost of care for the
elderly. More nursing centres and adult day-cares are being constructed, forcing 400 primary and secondary
schools per year to close due to the dwindling number of children and the need for some to be converted into
adult care centres. More nursing homes have increased the demand for care workers, with 6,000 centres caring
for 420,000 elderly people. This has caused the national budget to increase. In the early 1970s, only 6% of the
country’s budget went towards social welfare aspects; in 1992 it jumped to 18% and is projected to be 28% by
2028, diverting funds from other important areas such as education.

-Milken Institute, Silver to Gold
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Fewer young people means fewer able-bodied people in the workforce. In Japan many industries are burdened
with irreplaceable ageing workers. This caused a number of companies to raise the mandatory retirement age from
55 to 60 or 65 in the 1980s and 1990s, with retired workers recently receiving permission to continue working after
official retirement; so as to avoid strain on the national pension system. This has incentivised many retirement age
workers to continue working, in order to stay out of poverty brought forward by the 1986 raise in the ages of
entitlement to various state benefits. This number will continue to increase if Japan cannot replenish its workforce,
forecast in 2002 to drop by 18% by 2030, which unless countered leads inevitably to a shrinking economy.
Aging populations pose a challenge to the fiscal and macroeconomic stability of many societies through increased
government spending on pension, healthcare and social benefits programs for the elderly. This may hurt economic
growth and overall quality of life if governments need to divert public spending from education and infrastructure
investment to finance programs for the elderly. In addition, the recent economic crisis not only increased the
demand for social protection but it also drew attention to population aging issues as many countries faced
unsustainable public debts. In many nations, the already-high public spending limits the fiscal possibilities for
increased aging-related spending in the long run. Therefore, pertinent and prompt policy solutions are necessary to
ensure fiscal and macroeconomic sustainability as well as the health and well-being of citizens of all ages.
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Government programs deficit
Typically in a state with an aging population:
●
●
●

●
●

People are encouraged to save for their
retirement in pensions and investments.
The retirement age is increased.
More facilities such as nursing homes
and care workers are needed, perhaps in
preference to schools and nurseries, as
the population gets older.
Economically active skilled and unskilled
migrants could be encouraged.
Natalist government programs are
implemented

Image source: The Economist

Natalist government programs, as well as encouragement of certain younger migrants to move to a country, are
attempts to redress the imbalance as more people grow older with fewer younger people working and people
being born. Financially, older people are directed to prepare to sustain themselves for longer by saving up as
much as possible, as early as possible, and continuing work well into their old age. Delayed retirement is an
increasingly prevalent occurrence, either from the people themselves choosing to continue work, or through
government specifications such as the retirement age.
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Natalism in France: plugging the holes....for now
Many areas of Europe have a low fertility rate because of the following
reasons:
●

●
●
●

education - people are more aware of the availability of
contraception and consequences an unplanned pregnancy can
have on their career
women in careers - Women may choose to follow their career
choice rather than start a family while young
later marriages
state benefits - couples no longer need children to help care for
them when older

The policies that were put in place to encourage three-children families were:
●
●
●
●
●

a cash incentive of £675 monthly (nearly the minimum wage) for a mother to stay off work for one year
following the birth of her third child
the 'carte famille nombreuse' (large family card), giving large reductions on train fares
income tax based on the more children the less tax to pay
three years paid parental leave, which can be used by mothers or fathers
government subsidised daycare for children under the age of three, and full time school places for over
threes paid for by the government

This has resulted in mothers considering having children and remaining in work. The result has been that France
has a higher fertility rate than most other European countries.
However, France still has the capacity for further population growth, and therefore still has enough leeway to reap
the economic benefits of natalist programs.
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Natalism in Japan: already sinking
But Japan, unlike France, has little capacity for greater overall numbers. There the
overall population density itself engenders low fertility for which government
programs have proven no redress:
●

Due to being so densely populated many residences are very small in order
to accommodate the population; with an average of 1.91 persons per
household (2015).

●

The busy working life of a vast number of Tokyo citizens means there is not
much space or time to focus on starting a family, and many men find
themselves uninterested in getting married. Surveys on single Japanese
men conducted in 2010 found that 61% of men in their 20s and 70% in their
30s deemed themselves “herbivores”, a term used to describe men with no
interest in intimate relationships with women.

Japan, unlike France, is one of the most extreme examples of an aging population and has therefore taken some
of the most extreme measures have attempted to incentivise childbirth and keep more of its population in the
workforce with natalist government programs such as:
●

Benefits for people with children and more time and opportunities for childcare allowing for a more lenient
work schedule for those with children by enabling new parents to take up to one year’s leave after the birth of
a child, and allowing an extra six months off if the child isn’t accepted into nursery.

●

Allowances and benefits to employees with preschool-aged children, such as up to five days leave if a child
is sick or injured.

Many such policies have been in place for decades, and yet Japan’s fertility rate is still low as illustrated in the
previous section. The benefits of a nation’s pro-natalist programs run out when that nation’s carrying capacity runs
out. And with the removal of infectious disease as a cause of death, that capacity is running out.
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Pension Funds Bankruptcy
With a decreasing support ratio i.e. number of working people per pensioner, increased life expectancy and
lower fertility, the ability of private and state pension funds to pay OAPs their pensions, and at the same higher
rates as in the past, are both diminishing.
The global financial crisis exposed and further worsened the situation of pension funds, as confidence suffered and
people missed out on money they expected would become available to them for retirement. Furthermore, those
affected by poverty the most are choosing simply not to continue paying into their pension fund to meet current
living needs, effectively “sleepwalking” into old age and having to rely on whatever minimal state funding there is to
cover their basic expenses.
Those who are able to afford saving for their old age have a choice, as is the case in the UK, to try to support
themselves through their savings, or default to State help. Some of them approaching retirement that are on the
borderline of qualifying for extra benefits provided by the State worry that having money saved up that isn’t
sufficient to support them for the duration of their retirement will actually disqualify them from many concessions
such as Council Tax, and therefore make them worse off in the end.
Some analysts consider the pension crisis an exaggeration, and point out that many people should be able to
unlock their property wealth by selling their home, or accrue sufficient funds over their lifetime through
investments and other income. While that might be true for a particular fraction of the population, it does not apply
to the many older people approaching retirement in relative poverty or the active population that are barely making
ends meet, or don’t start saving early enough to secure their retirements, or aren’t able to afford the down-payment
to buy a property due to unaffordable properties coupled with restrictive lending criteria.
Countries are attempting to prevent the worst of the inevitable crisis by addressing saving options for people,
encouraging them to keep working to an older retirement age and incentivising having children or accepting
young immigrants e.g. Australia has implemented this (a $5,000 “baby bonus” for each child born).
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Relative to the “Baby Boom” that
followed the Second World War, all
recent decades have experienced a
decrease in the support ratio of workers
to pensioners.
Here, the support ratio for Singapore
between 1970 - 2030 is highlighted. By
2030, the support ratio is forecast to
have crumbled 6.4-fold.
Between 1970 and 2000 the support
ratio almost halved. The forecast
through years 2015 - 2030 follows the
pattern of decrease in the support ratio,
although the rate at which this happens
will slow down.
This is a result of the composition of the
whole population: for the support ratio
to go even lower (1 or less), there
would have to be an absolute majority
of people who are not in work - a hardly
imaginable scenario, and one certainly
to be avoided.

singaporemind.blogspot.sg
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The amount of money due to be given in
pensions that is missing is the gap in
pensions, which has been increasing in
many countries such as the United States.
Currently this amount sits somewhere in the
region of $5.4 trillion which is equivalent to
the contributions shortfall for the upcoming
75 years.
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The problem in a nutshell
At the beginning of the 20th century there were approximately 23 working persons to one retiree. In 2030 there
will be no more than two working persons to one retiree. The reason for this lies in prolongation of lifespan and
children's survival rate, which increased planet population tenfold, and number of retirees one hundred-fold.
Furthermore, according to government statistics, an average person in a developed country spends up to 95%
of all medical expenses in the last 5 years of their life, but the majority of these expenses go not to covering
medical services, but to the costs of caring for the sick elderly.
As a rule such expenses are counted as an additional budget, which, for example, in the USA, is currently up
to USD 500 billion, in addition to over USD 1,5 trillion of the pension budget proper.* Here is a chart showing
increase of pension costs in the GDP of the US since the beginning of the last century:
Situations in other countries are similar, if not worse.
However, the root of the problem is not aging as such, but age dementia, a complex neuro-degenerative
disorder that has many forms, this or that way leading to mental deficiency and invalidity.
Even at a very venerable age, a person can take care of oneself, work, and not be a liability. But if a person
became an idiot, one can't take care of oneself, and this care alongside with costs is taken up by relatives and
tax payers. The number of people in the world who suffer various onset of age dementia increases swiftly,
including Alzheimer's, Parkinson's disease, and a lot of others. On the whole, almost 25% of the planet's
population suffers from neurodegenerative disorders.
Thus, increasing lifespan directly leads to increase of pension and medical expenses, as well as compensation
expenses for age dementia (currently around USD 0.7 trillion).

The modern pension system was originally based on the calculations of an average lifespan of approximately 50
years. The system works in such a way that pension deductions which we pay now on account of accumulating
our pension in the future, in reality go to pension funds and are paid to current pensioners now as well. It is implied
that when we retire, our pensions will be paid by offspring, i.e. we all borrow from our children and grandchildren.
For example, in 2009 deficiency of pension liabilities in the USA was around USD 1 trillion.
With such increase in number of pensioners, decrease of share of working people as compared to pensioners,
inflation growth and medicine and service costs, the modern pension system becomes a overwhelming burden for
future generations.
By 2030 pension and care-related costs for old people might reach 13-15% of the world GDP, i.e. USD 10-13
trillion. This is slightly less than a GDP of a country like the USA, and approximately 10 times bigger than Russia's
GDP. Naturally, this money remains in the economy, but would it be possible to spend this money in a more
effective way?
Here we face a complex scientific, social, ethical, and logistics problem which can only be addressed in a
comprehensive
way.
●

How does prolongation of a lifespan affect active longevity?

●

Will prolongation of a lifespan lead to decrease of age dementia? For example, Pfizer has recently
announced the cessation of financing researches for drugs against Alzheimer's disease.

●

If prolongation of lifespan doesn't solve the problem of age dementia, this deteriorates the situation.

●

Will means of active longevity be accessible within standard insurance and pension plans? If yes, this also
only deteriorates the situation.

●

Problems of prolonging longevity can't be viewed separately from increase of pension age. How does prolongation
of a lifespan correspond to the policy of agism covertly conducted by corporations?

●

A spreading practice of transferring employees from permanent staff to contractual workers, when an employee
doesn't get any additional options or benefits. This hits the pensioners. How will this practice be affected by
prolongation of a lifespan?

●

A growing problem of implementation of artificial intelligence and replacement of working places with algorithms.
The first ones under fire are pre-retirement people.

●

Growing war of generations – mature employees hold on to their working places and youth can't compete with
them in qualification.

●

Innovative sectors which are traditionally considered to give preference to youth – only employ around 50 mln.
persons with a degree, out of which the majority are mature professionals. At the same time there are over 3.5
billion working people in the world. Young people are needed in places where neither qualification nor experience
are required, and where you can pay less. This is not a very good prospect for productive relationship between
young people who want to grow professionally, and elder employees who don't want to retire.

So, what will we get if we continue increasing lifespan and ignoring consequences related to it without taking into
consideration the complex nature of the problem?
●
●
●
●

Growing deficiency of pension liabilities, which means increase in tax burden. And if corporations do, as usual, hide
from taxes, the main burden will fall on common people.
A possible decrease in pension costs, leading to a drastic decrease of standards of living and competition for
pension and social programmes.
Growing conflict between generations, fierce competition for working places between young and old.
Growing competition for working places between people and algorithms, especially for pensioners.

Possible Approaches to a Solution
In order to talk about decisions, it is necessary to first analyze two distinct areas of causation:
●
●

Common reasons for aging and decrease of labour activity
Organization of the existing pension system

Common reasons for aging and decrease of labour activity
Currently there is a common opinion that aging is an ineluctable inbuilt process which is:
●

Genetic – susceptibility to resistance or existence of certain diseases.

●

Ecology, lifestyle and way of thinking – external factors which can to a bigger or lesser extent produce
unfavourable influence on the functions of the organism.

The specific character of external factors is that to a certain degree we are able to manage them, i.e. influence the
environment, lead a more or less healthy lifestyle, and maintain positive thinking.
One must take into consideration, that there are always two opposite processes going on in the organism –
maintenance and degradation – both on a functional and cellular level. In its turn, every function of an organism is
an adaptive response, i.e. the function is needed to achieve a certain aim or support a process inside the organism.
If at a certain moment functionality level doesn't correspond to the demand – this can be classified as deadaptation,
and correspondingly the organism starts increasing the function, bringing it back to the level where it corresponds
to demand. For example, if we give an increased load to a muscle, its volume starts growing to the level where
such load is perceived as regular for the muscle parameters.

The opposite is true as well. If a function is not required, its entire infrastructure in the organism begins to degrade to the
level of dysfunction.
Thus, the condition of the organism and its functions depends on both the time factor (objective aging) and level of
function demand, including cognitive functions.
From a practical point of view, it would appear that sending people into retirement leads to a drastic decrease in demand
for key functions – intellectual, physical, communicative. And there is a lot of research that proves a drastic deterioration
of the functional state of the organism after retirement, i.e. it is the active longevity that decreases.
However, there are other statistics as well, which pertain to the long active longevity among entrepreneurs, people of
creative professions, who work not for corporations, but themselves and the market.
People who can reach the retirement age but don't actually retire because they work for themselves, do not have
bosses, and form their own meaning of life and motivation for active work. People who are engaged in creative or
entrepreneur activities that includes ambiguity and challenge.
Therefore the problem of decrease of active longevity is especially acute for hired people who are sent into retirement,
depriving them of motivation, decreasing the number of social contacts, creating stability that lacks unpredictability and
challenge.
Such an attitude is understandable, because historically when the institution of retirement first emerged in the Ancient
Rome, and more systematically in the 18th century, a pension implied a reward for hard or outstanding labour, as the
person couldn't do any more physical work. An average lifespan in that era ranged from 26 to 40 years, and only an
insignificant portion of people reached the age of incapacity to work.

The traditional understanding of a pension system is as a remuneration for a small period of finishing your life, when a
person simply can't work anymore, and the society/relatives take up provision for them for a short period until he or she
soon dies.
And since the increase of urban population traditional care for old people by their relatives decreased, this social
function was gradually taken by the state. Initially only the military were eligible for pension.
By the beginning of the 21st century the situation had changed radically:
●
●
●
●

The majority of people are sent into retirement during their intellectual and professional flourishing, with big
experience, which leads to depression, decrease of functional state, and increase of care costs.
Average lifespan has increased almost twice
Longevity of pensionable age has increased almost 5-6 times
Number of pensioners increased vastly.

Thus, the modern pension institution creates a situation for the retirees, in which if a function is not in demand, their
entire structure begins to degrade
Three hypotheses and one question can therefore be raised:
●
●
●
●

The modern institution of retirement is the main reason for social aging, i.e. aging is caused not by genetic but by
social factors.
Social aging has dominated the general aging process since the second half of the 20th century.
Increasing lifespan with the help of pharmacological and medical approaches cannot remove social aging, and
moreover, aggravates economic and social problems, caused by the existing pension system.
Does the use of pharmacological and medical approaches increase the period of active longevity and postpone
age dementia?

From the point of view of pharmacological and medical approaches, everything is clear – they make sense only with the
condition that they increase active longevity and postpone age dementia. But it is absolutely clear that these approaches
don't influence social aging, and here radical reforms and other approaches are necessary.

Non-pharmacological approaches to active longevity
All these approaches are based on several simple theses revealing what “personal development” truly is:
Development is going beyond your experience, it is constant existence in a certain share of stress, i.e.
development is the consequence of the adaptation process, during which organism changes its functional
systems in order to compensate unfavourable factors of the environment. For animals, as a rule these are
external environmental factors, while for humans the key factor is striving to avoid deterioration of conditions or
find improvement, and at least in 99% of cases we can talk about a psychological component.
If there is no incentive or motivation, personal development doesn't take place, as there is no external prompt for
it.
If we invest in education and engagement of the elderly in active labour and creative activities, this pays off many
fold with decreasing costs for support, as it prolongs the active longevity.
Investments into education and promoting participation of the elderly in active work decreases social aging.
Presently there are essentially no reasons why people who have reached a formal retirement age should be sent
into retirement, except for the formed prejudice and myth that all development happens only thanks to the young
ones.
Facts say the exact opposite, especially in entrepreneurship.

Summary Conclusion
If in 20-30 years we don't want to have a huge deficiency in pension liabilities, social tension, and a war of
generations, it is necessary to research and implement the suggested initiatives as soon as possible.
It is necessary to take into account that all medical achievements that considerably prolong life concern those who
are now young, but do not solve problems of the aging population now, i.e. can't solve problems stated above.
Key problem is not aging but age dementia.
It is necessary to develop systems stimulating elderly people to remain actively working as long as possible. E.g.
●
●
●
●
●
●
●
●

Increase of retirement age limits or introduction of differentiated conditions for various categories.
Zero all business taxes and any taxes on labour income for people having reached a certain age.
Give similar benefits to corporations, making it beneficial for them to keep the elderly in staff.
Correlate pension with educational, teaching and entrepreneurship activities, i.e. give bonuses and benefits if
the elderly actively study and engage in certain activities.
Engage as many people as possible in mentoring activities.
Grants for creating technological businesses by the elderly.
Create programmes for active engagement of the elderly into scientific and engineering activities, which
implies intensive education.
Create conditions to increase share of entrepreneurs from approximately 5% of the world population to
30-40% in 20-30 years. It is more beneficial for people to actively work and receive more money than lead a
dull life in poverty and spend the rest of their life on miserable pittances.

IT-giants and tech venture funds entering BioTech/Healthcare
VC is crucial for virtually all innovation commercialization in the economy. VC is a cloistered, exclusive, boutique
business presently, but it need not be forever. The skills required for VC are actually abundant, and so is capital
seeking higher return in the current ultra-low interest rate environment. VC is too concentrated in Silicon Valley
and Boston, largely focusing on trivial, superficial and quick money-makers that share the same business model:
selling advertisements. Ad revenues are decreasing because there is a finite amount of attention and purchasing
power on the internet. Ad revenue is a zero sum game. Most internet companies are based on flawed revenue
projections assuming high prices for ads forever.
Returns in VC follow an extreme power law distribution. Of the 200 startups funded by the most active Silicon
Valley VCs per year, only 10 account for 99% of the entire industry’s returns. Only a few unicorns gallop among
many failures. VCs are overpaid because the industry is so dependent upon reputation of the firm rather than
substantive value-addition to entrepreneurs or investors. Major VCs are essentially engaged in rent-seeking,
middleman type of behaviour.
The efficiency of scientific translation is currently bottlenecked by the VC financing process. There is a finite
number of firms and dollars. In 2015, the US venture capital industry invested $58.8B in all the companies which
drive the economy forward - with less than half of it going to biotech. The same year, Americans spent $59.9B on
beer, $63B on hairdressers, and $88.4B on gambling, according to the US Bureau of Economic Analysis.
Venture capital needs to do more. Academics also need to do their part to develop practical applications of their
knowledge -- to truly prove their understanding of the subject in the real world, rather than merely satisfying
theoretical standards of the academic publishing consensus. The NIH has a budget of $32B per year to fund
nearly all biomedical research in the US (for scale, the Pentagon budget is over $600B, not including debt service
costs from past wars). Inefficiency in VC and academia is considerable. Fraud also damages the investment
climate. Theranos is a biotech company that offered a revolutionary platform to perform blood tests on a single
droplet of blood. Theranos even has such figures as Henry Kissinger on the board of advisors. The science was
not properly evaluated, the hype was deafening, and the company reached over $1B valuation. Then it all came
crashing down.
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We need a win-win situation where scientists and business people collaborate to identify the most promising
regenerative medicine companies. We are establishing a vanguard of experts who will protect against repeats of
Theranos by publically assessing business plans and scientific publications.
In the stock market, activist investors like Bill Ackman, Jim Chanos, and Carl Icahn publicize fraudulent companies
and short their stock. No such quality control mechanism applies to private equity and VC. If VCs realize their
investment isn't valuable they still try to sell it to a greater fool -- either as a private placement or IPO. Repeats will
harm the entire industry by eroding the trust that has historically been the bedrock of finance and trade.
The current VC climate is poised to be disrupted by a win-win situation where scientists and business people
collaborate to identify the most promising regenerative medicine companies. In biopharma VC, the most important
predictor of success is the quality of the science. Software companies can pivot depending on the whims of
end-users -- but the science is the foundational, objective core of the enterprise. The science must be correct in
order to be successful. Evaluating the science requires a highly technical background as compared to software or
apps which many more people can evaluate.
VC need not be such a cloistered, specialized vanguard. VC is an industry ripe for disruption, because it is
ultimately an information business -- the kind well suited to decentralized coordination over the internet. VC
markets are currently inefficient, locked behind barriers to entry such as reputational barriers and insufficient
access to capital. There are tens of thousands of PhDs who are underpaid, overworked, and expertly qualified in a
highly specific biomedical area. They already spend their time, for free, reviewing scientific publications. They can
be leveraged by venture firms to evaluate science all over the world. Pharma doesn't see the disruptive potential of
rejuvenation biotechnology yet because they operate within an outdated regulatory framework that targets specific
diseases -- merely epiphenomena of biological aging.
Previously big pharma was a driver of innovation and flourished on the wave of advancement prior to the 80s when
financial engineers and MBAs took over and emphasized short-term returns over science. Today, big pharma firms
are essentially private equity funds, shopping for biotechs to add to their portfolio. For decades, pharma was
among the most profitable sectors along with oil and gas and financial services. Now, they’ve plateaued. Pharma
needs to disrupt itself.
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Pharma has so much capital at the moment that the industry won't be entirely disrupted, but will need to pay high
premiums in M&A to acquire disruptive regenerative medicine companies and retain their market share and profits.
Take as an example the bloated, badly regulated, bureaucratic and outdated banks currently poised for disruption
by the disruptive fintech industry operating through the blockchain. Banks were the most frozen, conservative
industry around. In the last two years, it became impossible to avoid the fact that fintech is a threat to their
business model.
Blythe Masters, the creator of the credit default swap and CFO and senior executive at JP Morgan, resigned to
form a fintech company called Digital Asset. Big paper media corporations were disrupted by digital media. Not
many of them were able to adapt. First media was disrupted, now banks, and next the longevity industry will
disrupt pharma. In 5 years, this old life science industry will be restructured to target the fundamental damage that
occurs with aging rather than just attenuating the symptoms. For example, Aspirin reduces the inflammation in
blood vessels and thereby risk of heart attack and stroke. But we should ask why the vessels are being clogged in
the first place? It's not just diet and lifestyle, but age and the loss of the immune system's ability to clear out these
vessels, for example. Various gene therapies have already been shown to rejuvenate the mammalian vasculature.
It doesn't make sense to invest in traditional growth sectors like real estate or consumer goods that depend largely
upon the population and demographic dynamics that are unwinding in the West. Investing in overvalued traditional
sectors and derivatives does not compare to investing in regenerative medicine which will be much bigger than the
two internet expansion phases in 2001 and today. Biomedicine is becoming an information science like computer
science thanks to automation of experiments and declining costs.
Many people like the internet and software, but far more people need healthy longevity. Healthcare is a strongly
inelastic good -- it is required in Maslow's Hierarchy of Needs.
We have a lot of interest from older, wealthy investors, not only looking for returns, but also technologies that will
benefit them and their family.
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With the coming Silver Tsunami, governments will realize that the older population needs to be cared for more
efficiently. These countries, like Japan, will soon be in the catastrophic situation of rising dependency ratios.
Compounding the problem in Japan is their intolerance to both immigration and risk-taking. In the 80s, investors
thought the Japanese GDP would overtake the US. Now, they're in a state of decline largely due to demographics
and unsustainable government debt. This same dynamic will put pressure on the UK and Germany in 10 years.
It is an undisputed fact that biological aging is the primary risk factor for the most serious non-communicable
diseases like heart disease, stroke, cancer, diabetes, et cetera. Instead of targeting these diseases individually, we
can slow down or even reverse the motor or root cause of these diseases: aging itself. Indeed, healthy lifespan has
been extended in mice by 30% -- and that’s only one of several distinct lines of research than could synergize
going forward.
Biopharma business-as-usual is flawed, and focusing on individual manifestations of aging is unwise now that
scientists can rejuvenate animals and reduce disease risk for multiple age-related diseases. In that era, major
progress was made treating particular acute conditions such as heart disease and cancer. However, prevention
was largely neglected. Although the science has leapfrogged forward, the business model of big players is frozen
in the previous century.
Progress in the biotech industry is mostly driven by venture capital, biotech and pharma R&D. But big pharma
exists in an environment where, on a global scale, there is little incentive to develop preventative therapies. They
simply do not currently have a reasonable business model for developing preventative therapies, and are more
comfortable moving forward into the future using the framework and business model of reactive treatment that
dominated the previous century. If the shift from reactionary toward preventative treatment is left solely in the
hands of conservative, traditional VC, biotech and pharma players, it could take decades to foster the
much-needed paradigm shift from reactionary to preventative medicine.

224

Progressive Policy Proposals for the Healthcare Industry
Accelerating Progress in Clinical Trials
Changes in the way clinical trials are carried out could significantly accelerate the progress of the healthcare
industry. By attempting to minimise costs and maximise efficiency, more drugs and therapies can make it to
patients quicker, without compromising safety.
Multiple strategies can be employed to achieve this. One of them is in silico modelling to quickly and accurately
identify the drug candidates that are unlikely to work when translated into model organism trials. In traditional
trials, huge amounts of money, time and energy can be wasted on drug candidates that appear promising in vitro
and even in animal models, before eventually failing to raise any significant desired effects in humans.
Another strategy is the implementation of blockchain in clinical trials in order to manage the data produced
securely and transparently, thus enabling the prevention of fraud. When it comes to patient safety as well as
representation of trial data e.g. concealing negative data or skewing data, blockchain can support the permanent,
transparent and integral handling of trial results.
The Chinese FDA (CFDA) is making inroads into adding more and more policies that embrace risk and give
companies more freedom to push forward with their new therapies in clinical trials. For example, it was announced
that trial data obtained from outside China would become eligible for submission to CFDA, more hospitals could
run trials, manufacturing would not be required to be done in-house, and drug makers could go ahead with safety
studies if they have not heard back from CFDA within 60 days of application submission.
These policies are bound to accelerate progress in clinical trials, and bring China up to par with the US in terms of
FDA levels of comfort with taking more risks. According to James Xue, CEO of Beijing-based CANbridge Life
Sciences, these recent developments in the CFDA are more groundbreaking than all others in the past 14 years
put together.
https://www.statnews.com/2018/02/22/james-xue-biotech-ceo-china-fda/?%3Futm_source=facebook
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The JOBS Act and Crowdfunding - USA
The JOBS Act—or Jumpstart Our Business Startups—opened the door for
U.S. companies to take advantage of equity-based crowdfunding. In the fall of
2013, the Securities and Exchange Commission (SEC) rolled out proposed
regulations on how these opportunities could take shape through online
portals.
The public comment period on these regulations ended earlier this month and if finalized the regulations would
allow, for the first time, private companies to reach out to the crowd for investments and tap into a potentially
massive pool of wealth just waiting for the right pitch to come along—a possibility that’s particularly appealing to
small, cash-strapped biotech startups.
However, not only does the JOBS Act open a new window to public crowdfunding, it also creates an “IPO on-ramp”
that removes a few barriers to going public for new companies with less than $1 billion in annual revenue. The
JOBS Act eases companies through the process by removing or reducing accounting and disclosure requirements
and by permitting firms to start talking with investors about their plans before filing any information with the
government for extra protection from competitors. Not only does this generate increased chances to attract
investors before IPO but also enables companies to discontinue their program without releasing confidential
information to the public.
In Europe, multiple equity crowdfunding investment platforms such as CrowdCube, SyndicateRoom and Seedmatc
already fund biotechs. Capital Cell, an investment crowdfunding platform that describes itself as the first European
crowdfunding platform for biotech projects, has received regulatory approval from the Comisión Nacional del
Mercado de Valores (CNMV) in Spain as of 2016. In the United States, Propel(x) has enabled over $6M in
crowdfunding of deep tech, including biotech. In summary, biotechnology crowdfunding is beginning to take off.
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Tax Credits for R&D-Driven Firms
Tax credits for small biotech companies and companies that are focusing on their R&D department would boost
the rate of innovation. Shifting towards more R&D driven firms would mean less spending on other trivial aspects
of running a firm and lead to increased productivity within the biotech sector. To stimulate this shift, R&D driven
firms can often apply for special tax credits. It is estimated that 10% reduction in the user cost of R&D through
subsidy leads the average firm to increase its research intensity—the ratio of R&D spending to sales—by 19.8% in
the short-run and long-run estimates imply that the average firm faces adjustment costs and increases spending
over time. This indication implies that not only tax R&D driven firms get awarded but stimulates them even further
to invest in R&D, resulting in an acceleration of the market.
Therefore, it is essential that these tax credits for R&D are provided and perhaps can be even further increased to
stimulate research within the field.
Scientist Visas
After the recent imposed travel ban by the Trump administration, multiple biotech executives wrote a joint letter to
Nature in which they expressed their dismay with that decision. The 166 biotech execs blasted Trump’s travel ban,
saying that it strikes at the heart of the industry’s ability to recruit the best and brightest staff from all over the world
while raising deep seated fears among all their staffers from outside the US.
Biotech executives fear that while the ban applies to only a few countries, that the message globally will be
received as “America is no longer welcoming of any immigrants, whatsoever.” and will repel promising scientist
from coming to the U.S.
“America is at risk of losing its leadership position in one of its most important sectors, one that will
shape the world in the twenty-first century.” - George Scangos, the former Biogen CEO who’s now leading a
startup with MIT’s Bob Langer, a serial biotech entrepreneur.

227

In the letter, academia and biotech executives stated that the immense U.S. biomedical sector was built up together
with immigrants and indeed, a study found that in 2014, 52% of the 69,000 biomedical researchers in the United
States were foreign-born. The travel ban is therefore limiting the potential of the biotech industry while the issue
with scientist visas still remains a barrier to progress.
Public-Private Partnerships
Public–private partnerships are collaborations between publicly funded organizations such as academic institutions
and for-profit organizations such as pharmaceutical companies. They are often set up to benefit from
complementary assets of each party, such as expertise in disease biology in academic institutions and expertise
and financial resources for clinical development in companies.
Sean Ekins, a British pharmacologist and expert in the fields of ADME/Tox, computational toxicology and
cheminformatics, recently published an article in Nature discussing the possibility to industrialize the rare disease
market. In the article, Sean proposes the creation of a national center that would centralize expertise and resources
for rare diseases, galvanize the production of new therapies, and synergize with current commercial efforts focused
on creating treatments for a single rare disease.
The article states that it is indeed possible in rare disease medication development to conduct faster and cheaper
research that could lead to discovery of new drugs. One of those examples is the development of a potential drug
for giant axonal neuropathy. Hannah’s Hope Fund, a foundation led by the parents of children with rare disease,
managed to raise over $6 million to fund the development of a gene therapy at the University of North Carolina at
Chapel Hill.
The gene therapy treatment for GAN started in the clinic in 2015 and the fifth patient has recently been treated
(NCT02362438). This example shows that a gene therapy for an ultra-rare disease can be developed expeditiously
and brought to patients without a large clinical trial.
Indeed, productivity of workforce could be highly improved through extensive collaborations between governmental
institutions, universities and pharmaceutical companies. This allows for specialization of all authorities, each
providing the necessary knowledge, subsidies and monetary funds required for an efficient drug-to-market program.
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National Institutes of Health Budget and Global Scientific Funding
The National Institutes of Health received a well earned boost in budget as the senate approved to boost NIH
budget by $2 billion for 2017, a 6.2% increase to $34.1 billion. This is the second year in a row that the Senate has
slated the agency for a large increase after 12 years of flat budgets.
However, the budget of the NIH and science globally is still relatively small to the GDP in % terms. Take the U.S.
for example, where the NIH budget is approximately is $34.1 billion in 2017 compared to $596 billion military
spending of the U.S. in 2016.
As nearly two-thirds of funding for science and engineering research is provided by the federal government and
NIH budget is still lower than the $28.6 billion of 2006, it heavily impacts the biomedical industry. As the NIH
budget stagnated, the number of NIH-funded clinical trials for new drugs declined 24% from 2006 to 2014.
Reduced government funding also slows basic research, limiting advances in basic science that may one day lead
to clinical applications. As basic research is often the basis for newly developed drugs, increasing the NIH budget
or science budget globally would not only profit academia and the scientific community, it would also benefit the
biomedical industry and society.
Two studies found that at least 80% of 35 major drugs that they studied were based on scientific discoveries made
by public-sector research, and found a quantifiable correlation between investment in publicly funded basic
research and corporate funded applied research: an increase of 1% in the funding of public basic research led to
an increase of 1.8% in the number of successful applications for new molecular entities after a lag of about 17
years. Both these studies confirm the utter importance of governmental investments in fundamental biomedical
research.
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Over the last few years, bioentrepreneurship Master’s programs have been developed at multiple universities. As it
is yet too early to confirm the efficacy of the new bioentrepreneurship Master’s in generating new biotechs, it could
potentially lead to a significant increase in new promising companies. One of the major Master programs that
educate students on how to become successful entrepreneurs in the biotech field is available at the John Hopkins
University in Baltimore, Maryland.
The Biotechnology Enterprise and Entrepreneurship (MBEE) master teaches students proper management and
leadership skills, financial and funding strategies, knowledge on the various steps in the development of
pharmaceuticals, marketing strategies and how to deal with regulatory and organisational issues. Furthermore, the
MBEE program teaches students not only to start up new companies but also to successfully sustain them through
their growth cycle. These type of interdisciplinary Masters for students with background in cell biology and
biochemistry can lead to an enormous increase in new startups in the biotech industry. This would cause an
increase in innovation in drug development and market potential for investors. As for now, the impact of these new
degrees have yet to be evaluated but can have a lasting impact on the biotech industry.
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Improving Research Reliability
A manifesto for reproductive science was recently published in Nature addressing the many problems that
continue to impede reliable scientific research. Many problems such as publication bias (the bias that research with
positive and novel research gets more easily published) and analytical flexibility (the switching of outcome
dependent of the results) are very common in the scientific community and negatively influence the quality and
reliability of the research.
Other problems also influence good scientific practice such as P-hacking (data dredging), low sample size, small
power and the solitary work efforts of researchers who do not share knowledge, data and ideas with fellow scientist
in the field. Data from many fields suggests reproducibility is lower than is desirable; one analysis estimates that
85% of biomedical research efforts are wasted, while 90% of respondents to a recent survey in Nature agreed that
there is a ‘reproducibility crisis’.
HARKing, generating a hypothesis after the results are known, and not publishing negative findings, are
unfortunately also common practices in biomedical science. In the recently published manifesto, multiple possible
solutions for the mentioned problems are addressed. For proper conducting of research, studies should be
protected against cognitive bias, methodological training should be improved, an independent methodological
support platform should be created and there should be an incentive towards teamwork and collaboration between
study groups to enhance productivity of the research.
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To improve the quality of reporting of research, studies should be pre-registered and reports of the results should be
transparent. To improve reproducibility and verification methods of research, open science and transparency is a must,
as science is a public good that should be open to anyone. Diversifying evaluation through an open peer-reviewer
system would also increase reliability of the peer-reviewed articles.
“The first principle is that you must not fool yourself – and you are the easiest person to fool.”
Richard Feynman, Nobel prize laureate and well-renowned physicist
As all these measures would be implemented, this would cause a rapid increase in reliability of the research and would
cause an acceleration in both research and innovation, since improved research practice will naturally result in more
reliable research outcomes. Therefore, increasing the reliability of science is a must and the mentioned solutions for
better research practice should be implemented as soon as possible.
Price gouging
The term price gouging refers to the spiking of prices for certain treatments or drugs beyond reasonable limits and can
be commonly found in the pharmaceutical industry and in hospitals. Perhaps one of the best known examples is the
case of the drug Daraprim. The company Turing Pharmaceuticals, founded by Martin Shkreli, took acquisition of the
drug then raised the price per pill from $13.50 to $750, indicating a price increase of over 5000%. This outrageous price
increase of an old generic drug used to treat toxoplasmosis for people with weakened immune systems led to lots of
media attention, in which several of the media outlets named him “the most hated man in America”.
But this does not only occur in the pharmaceutical industry. Hospitals on average charged more than 20 times their own
costs in 2013 in their CT scan and anesthesiology departments, according to new research from Johns Hopkins
University, suggesting that hospitals strategically use markups to maximize revenue. Researchers recommended two
solutions to high markups: improving transparency of markups by requiring hospitals to provide a benchmark rate, and to
improve consistency of the charge-to-costs ratio across all departments within hospitals.
Price gouging is a serious issue within the biomedical world as it affects both patients and taxpayers. Fines can be
increased to prevent these practices from happening and an independent global authority that closely monitors whether
companies and hospitals comply with international and national legislation could potentially minimize the detrimental
effects that are caused by price gouging.
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Conclusion
The broken model of biopharma has damaged the future of biomedicine. Lower R&D productivity
leads to fewer drugs being released, hurting profits. Since R&D investment is a proportion of profit,
this too suffers, causing a vicious cycle that leads ultimately to collapse.
In the context of the coming Silver Tsunami, with a rapidly growing portion of the global population
getting older than ever, this constitutes a crisis. The global economy is under threat, as pension funds
are faced with bankruptcy combined with future pensioners expected to have lower retirement
incomes reducing the quality of their lives.
Governments have attempted to implement various strategies to preempt this, such as financially
incentivising younger people to have as many children as possible, encouraging young and healthy
migrants, and delaying the retirement age.
However, none of these proposals would be enough to significantly save the current state of
biopharma stagnation coupled with the incoming wave of elderly people requiring healthcare and
financial support.
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Chapter IV
2018-2022
The Rise of the Longevity Industry
-

Digital Health
Artificial Intelligence
Blockchain
P3 medicine
AgeTech
Exponential acceleration of further progress
Objective forecasting for 2018 - 2022 (applying
TRL’s)

“ We have the means right now to live long enough to live
forever. ”
~Ray Kurzweil
The following chapter describes the manner in which these
technologies combine to form an industry.
But any industry worthy of the Industrial Revolution title must have
some form of automation or technological optimisation, and a
system of finance behind it.
This chapters examines how AI and blockchain technology form
the engine of the future industry, and touches upon some novel
financial systems.

“I see a bright future for the biotechnology industry when it follows
the path of the computer industry, the path that von Neumann
failed to foresee, becoming small and domesticated rather than
big and centralized. “ ~Freeman Dyson
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Convergence of Technological MegaTrends
5 Mega Trends to Disrupt the BioTech & Venture Capital Industry in 5 Years

Major Disruption on the Horizon
The BioPharma and BioMedicine industry is now on the edge of a major shift which will happen in 2018-2019.
There is clear evidence of this today, but due to the significant inertia pervading the BioPharma industry relating to
the traditional business model of pharmaceutical companies and heavy government regulations, the capacity for
the industry to translate novel trends into actual practice is significantly lacking.
We have major evidence for these emerging trends all around us, but for several specific reasons they are only
recognized by a few top executives in the industry. Those executives that don’t begin to recognize these trends
and act accordingly will be responsible for colossal industry failures in the next 5 years.
The window of opportunity to board this departing train is 1, maximum 2 years from now and in the next 5 years
the first pharma company to openly embrace AI at the C suite and board level focusing on their own development
instead of relying on the "old-school" technology companies, will see its stock skyrocket.

Major
I.
II.
III.
IV.
V.

Disruptive

Trends:

AI in BioPharma and Healthcare
Blockchain and Next Generation IT in Healthcare
Longevity & Gero Science
Broken VC and BioPharma Business Model and Novel Financial Systems
AgeTech
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I. Artificial Intelligence
●

AI in Healthcare is rising very fast. There have been several deals worth tens to hundreds of millions of
dollars in just the past few months alone

●

As this trend continues it will mostly be applied by existing IT giants, with the exception of areas such as
electronic health records and digital pathology where these do not have access to the data

●

These advances will occur much faster than even the most optimistic scenarios, outperforming even the
speed of AI development demonstrated by the big IT giants of today - Google, Facebook, NVIDIA, Baidu, etc.

●

The continuous development of software, the rise of the sharing economy, the distribution and processing
power and AI, along with the convergence of all these niches causes transformation at a global scale making
the right forecasting for healthcare and BioPharma in particular, needed, and where key players should
switch from thinking of niche areas to a much more holistic and inclusive approach

●

One of the most important patterns in this emerging area is AI in drug discovery, and it holds the greatest
disruptive potential. It has begun to penetrate into Big Pharma’s drug discovery departments at a rapid pace

II. Blockchain in Healthcare
●

This will take the form of blockchain integration into healthcare governance systems, into telemedicine
mobile apps for securing and transmitting personal medical information, and into systems for analyzing and
optimizing healthcare business processes, among others

●

The overarching trend will be blockchain as healthcare’s backend

●

Its speed of penetration is enormous and on the rise, and its speed of penetration into new fields that could
benefit significantly from enhanced protection of data and enhanced logistical optimization, like the
healthcare industry, is huge
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III. Longevity & Healthcare
●

Longevity is another major trend, but is much more complicated that the above 2 trends

●

With AI, this window of opportunity is very short. For longevity it is much longer - around 5 years

●

The window of opportunity is longer for longevity, but its potential to disrupt the field is also much larger

●

Because the window of opportunity is larger, there is much more time and opportunity for Pharma to begin
activities within this emerging trend

IV. A Broken VC and BioPharma Business Model
●

During recent years we have seen significant stagnation in the VC industry, not only in biotech but many other
industries

●

The industries most affected are those with big requirements for DeepTech, advanced R&D

●

This stagnation is due to the outdated model of typical VC funds, which made sense 5-10 years ago, but not
so much nowadays

●

There is an emerging phenomenon already disrupting the typical VC industry, known as Initial Coin Offerings
and Crypto Liquid Venture Funds, applying advances in blockchain and cryptocurrencies to create radically
progressive and dynamic investment models

●

VC funds, in the US in particular, are also beginning to recognize the disruptive potential of this new
investment model

●

These new investment models and instruments are in a sense like the merger of VC funds and Hedge Funds,
with all their advantages and fewer of their disadvantages
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●

VC funds sometimes have very high profits but very low liquidity. Hedge funds typically have lower profits but
very high liquidity

●

These new investment models have both - high profits and very high liquidity

●

I predict that 2018 will be the threshold when many promising biotech startups will begin receiving substantial
investments in the form of angel financing and crypto fundraising

V. AgeTech
●

A fifth major trend will be what can be called AgeTech - the integration of FinTech and HealthTech

●

Financial services designed for the aging demographic that integrates cutting-edge FinTech services with
emerging geoscience and P3 (personalized, precision and preventive) medicine therapies to deliver
optimized financial and healthcare services for elderly citizens

●

The aging demographic is rising rapidly and will witness enormous growth over the next 20 years.

●

AgeTech services will serve to extend the healthy, productive and functional years of elderly citizens’ lives
and will promote them to remain in or re-enter the workforce, enhancing their lives and the economy
simultaneously

-Milken Institute, Silver to Gold
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VI. Conclusion
●

Keep an eye on these 5 rapidly emerging trends - AI in Healthcare and Drug Discovery, Blockchain in
Healthcare, Geroscience and Longevity, AgeTech and Crypto Liquid Venture Funds

●

In 5 years these 5 areas will disrupt the BioMedicine and BioPharma industry nearly beyond recognition to
what it is today as well as many other industries

●

It is well known that professionals are unable to see these trends on a grand scale, the real transformation
will happen because of convergence between all these 5 trends in combination. This convergence will further
influence the acceleration at an unforeseen rate that requires deep forecasting

●

The era of venture capital and unadaptable BioMedicine and BioPharma companies in this industry is coming
to a close with ample opportunity for them to adapt or die making way for up and coming R&D groups and
startups that take advantage of these new technologies and financing mechanisms.

●

Development of the BioMedicine and BioPharma industries will be faster than anyone can imagine including
the pessimists and optimists because of the convergence of these trends, the more the number of
dimensions, the greater the acceleration as the industry leapfrogs into a new era.

●

These megatrends will become much clearer in the next two years and we will make adjustments to these
megatrends in 2018 when the picture becomes clearer and we can forecast the synergy between the rate of
acceleration of these trends and of their convergence
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5 Mega Trends to Disrupt
the BioTech & BioMedicine
Industries in the next 5 Years
AI in
Health
Care

Convergence
of
5 Mega
Trends

Blockchain in
Healthcare

Longevity
& Gero
Science
Novel
Financial
Systems

AgeTech

I

AI in Healthcare

II

Blockchain in Healthcare

III

Longevity & Geroscience

IV

AgeTech

V

AgeTech
Novel Financial Systems

A

Consequence:
The Major Shift in the BioMedicine Industry

The emergence to the AI and
Blockchain technologies in
Biopharma and Biomedicine
industry will start the rapid
development
of
these
technologies,
the
mass
emergence of new startups
and the fundamental changes
in the world politics and
economy

The window of opportunity to launch
such technology startup will remain
open for maximum 2 years from
now. After that, the market will be
full and these new nowadays
technologies will be adapted by the
large corporations and governments
in the next 5 years

In this period, approximately
to 2022, the pharma
companies will openly
embrace the AI and
Blockchain technologies and
will focus on their
development instead of
relying the ‘old-school”
technologies, which are in use
nowadays.

2022
2021
2020
2019
2018
2017

Convergence of 5 Mega Trends

AI in
Healthcare

CONVERGENCE
Blockchain
in
Healthcare
Longevity
&
Geroscience

2017

2018

Novel
Financial
Systems

AgeTech

2019

2020

2021

2022

Digital Health
Digital health covers a broad range of applications and areas. This includes mobile health, health
information technology, wearable devices, telehealth and telemedicine, and personalized medicine.
The digital and genomic revolutions in particular hold great potential for digital health: while it took 10
months to sequence a genome in 2007, today it takes as little as just one hour.
Digital health concerns itself with the following goals:
●
●
●
●

Reducing inefficiencies and costs
Increasing quality of care
Improving access
Making medicine more personalized

Over $16 billion have been invested in 800+ digital health companies since 2014; $3.5 billion in the first
half of 2017 alone, but no unicorns so far. Healthcare is an old industry with traditional institutions that
struggle to innovate; hence the high interest in investing in up and coming, innovative startups.
This means that digital health startups need early funding for a relatively extended period of time compared to the average apps and platforms - before they can start reaping the benefits of their work in
contrast to apps and platforms.
Data also represents another challenge for these companies. The metrics of success for healthcare
companies are harder to come by and usually take a long time to come by.
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1. Digital Health Interventions:
Interventions delivered through digital technologies, such as smartphones, website, text messaging hold
great potential to healthcare delivery making it more efficient, effective, accessible, and personalized. This
is an area of interest particularly to insurance companies, since it can improve success rates for
treatments and reduce patient readmissions.
2. Doctor-Patient Interaction:
Documentation requirements have taken over the patient encounter in many specialities. Digital solutions
that streamline the documentation workload and allow doctors to give their full attention to the patient are
currently being developed. Some of solutions being tested include head mounted displays that stream the
doctor-patient interaction to a remote transcription center.
3. Big Data:
Companies have so much data that they can model the risk factors associated with a given patient or
procedure, i.e. assume the likelihood of someone being readmitted or the recovery time. In another
instance, looking at thousands of cases, and taking the patient’s own history in context, companies can
draw conclusions on whether a certain procedure might be riskier for a given patient.
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https://www.cbinsights.com/research/iot-healthcare-market-map-company-list/?utm_source=CB+Insights+Newsl
etter&utm_campaign=433b8139d8-ThursNL_03_31_2016&utm_medium=email&utm_term=0_9dc0513989-433b
8139d8-86828673
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Artificial Intelligence
Much of the current commercial applications of AI concern what is known as weak artificial intelligence, aka narrow
AI; think Google, Apple, or Amazon’s personal assistants that use natural language processing to understand a
query then do a relatively simple search, taking into consideration a few factors from your history and behavior. A
truly artificially intelligent system is one that learns on its own, is capable of processing very large amounts of data
and digging up associations, and imitates human behavior. We are just beginning to scratch the surface of AI in
healthcare.
When talking about Artificial Intelligence in healthcare, more often than not, Big Data is the first topic that comes
into discussion. Digital data is growing at an exponential rate - by 2020, the data created annually will reach 44
trillion gigabytes. Tech titans such as Google or IBM, are trying to tap the potential of patient data mining using
their AI tech. It is worth noting that IDC predicts that the worldwide spend on AI and cognitive computing will reach
$46 billion by 2020.
Alphabet, the parent company of Google, recently
launched the Google Deepmind Health project. Deepmind
Health is able to process hundreds of thousands of
medical information entries within minutes. This will
enable providers to provide better and faster health
services. Google also aims to employ the same
algorithms that power its search engine to genetic data in
the hopes of understanding what makes people healthy.
IBM on its part, is using Watson technology to power
WatsonPaths. The aim is to help physicians make
informed and accurate decisions, faster, and to glean
insights from electronic medical records.
AI in healthcare dominates all other industrial applications of AI in terms of
equity deals, raising $1.8B across 270 deals since 2012.

250

INSILICO MEDICINE / DRUG DISCOVERY ENGINE

251

Real artificial intelligence is already being used to detect diseases. According to the American Cancer Society, a
large number of mammograms yield false results - as much as half of healthy women are wrongly diagnosed with
cancer. AI, on the other hand, is able to review and translate mammograms 30 times faster, and with a 99%
accuracy rate.
This is possible because we are able to train algorithms to tell the difference between groups of pixels that
represent cancer versus groups that don’t. The algorithms constantly learn. Software is able to process millions of
those images, or others, in a day.
Gartner predicts that by 2025, half of the population will rely on “virtual personal health assistants” powered by AI.
These personal assistants would be cognizant of a user’s unique medical conditions, history, and genetic makeup
and able to incorporate them in its decision making. Automating primary care needs is also a great boon to the
elderly demographic in particular, who typically lacks mobility. These assistants will help seniors remain
independent for longer, and reduce the need for hospitalization or staying in nursing homes. Overall the progress of
AI implementation in healthcare will carry great reduction in costs and time.

AI for instance will be able to accelerate drug development and make it more cost effective; by contrast, the costs of
developing pharmaceuticals through clinical trials can reach billions of dollars and can take more than a decade.
Banks have embraced machine learning quickly, looking more like IT firms with each passing day, but the
executives of pharma have been less agile. Top managers are avoiding risk rather than showing results. They don’t
want to be the executive who reduced earnings by engaging in advances IT capex. However, in neglecting
disruptive technological risk, they are failing to hedge properly. The same is true of countries, including the United
Kingdom.

252

Global Healthcare AI Market Growth Through 2024

The U.S. healthcare AI market exceeded
$320 million in 2016, and is estimated to
grow by more than a 38% CAGR through
2024 (Global Market Insights, “Healthcare AI
Market Size, Competitive Market Share &
Forecast, 2024”).
The Global Healthcare AI market, among the
AI industry’s fastest growing sub-sectors, is
expected to grow at a 39.4% CAGR to over
$10 billion in worldwide revenue by 2024.
Source: TM Capital “The Next Generation of Medicine: Artificial Intelligence and
Machine Learning” Report

Source: Accenture analysis
”Value” is the estimated potential annual benefits for each application by
2026.
** Orthopedic surgery specific
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Blockchain
We have already discussed the power and importance of Blockchain technology in creating trust in the
ecosystem. Trust to share health data, which is paramount to harnessing the power of biological science
and research.
We also went over the value that blockchain can offer when it comes to logistical matters, such as
maintaining and unifying health records, establishing a log of accountability and transparency, as well as
fighting counterfeit drugs.
All of those advances are a great boon to the longevity industry. But to delve deeper into the effects of
blockchain on longevity, there has been accumulating evidence that suggests that aging is linked to
genetic and epigenetic alterations.
Epigenetic, by definition, describes the study of changes in gene expression that do not involve changes to
the underlying DNA sequence, instead arising from nongenetic influences on gene expression.
Given the reversible nature of epigenetic mechanisms, they provide promising avenues for therapeutics
against age-related decline and disease.
Looking at epigenetic data, deep learning algorithms can predict the risk of a disease in time to prevent it.
However, ensuring security and privacy in transmitting and storing personal epigenetic profiles will require
building a new and open data ecosystem. Blockchain has the potential to do just that.
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Source: https://innovatemedtec.com/digital-health/blockchain

56

Blockchain will enable
secure and verifiable
sensitive data storage
and sharing, while
allowing patients to
choose to share their
individual data with
relevant parties such
as doctors and
researchers, as well as
for clinics to access
non-identifiable patient
data through queries
via APIs.
Each patient is
assigned their private
key to enable sharing
of their data which
remains unidentifiable
to anyone from the
outside without the key.

Source:
https://innovatemedtec.com/dig
ital-health/blockchain
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Source: https://www.rockstart.com/blog/blockchain-driver-transformation-healthcare-waiting/
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P3 medicine
Precision, preventive, and personalized medicine, also known as P3 medicine, represents the next
evolutionary step from reactive disease care. In contrast to the latter, P3 covers three functions: the early
detection of factors responsible for diseases (predictive), reducing the likelihood of diseases (preventive),
and therapy that focuses uniquely on each patient (personalized).
P3 medicine is made possible thanks to the convergence of three trends. One is the advances in systems
medicine - a field of study that looks at the systems of the human body as part of an integrated whole that
are affected by biochemical, physiological, and environment factors - particularly its increased ability to
understand the complexity of diseases. Two is our increased ability to collect, store, and analyze data.
And three, an ever easier access to information afforded to consumers about their own health data,
leading to a rise in their active interest in managing their health.
The human genome is made up of about 25,000 genes, but some genes may not be fully expressed,
some genes share multiple responsibilities, and each gene encodes multiple proteins, all of which
produces very complex interactions. This is where supercomputers come in. They are able to model
biological networks and simulate the functioning of these networks to identify any perturbation, or disease,
and the therapies most likely to ‘fix’ the network.
P3 medicine is much more effective than the medicine we know today. While the current status is marked
by increasing healthcare costs, the promise of P3 is that it could lead to better health for consumers and
an industry that is more efficient financially.
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Personalized medicine is an interdisciplinary field that is entering
the market with a promise to revolutionize the industry.
Personalized medicine can be defined as an approach in
healthcare that creates therapies based on individual
characteristics of the patients.
Personalized medicine is used in conjunction with the precision
and preventive medicine to form the P3 Medicine. The core ideas
of the P3 approach are:
●
●
●

Take personal traits of the patient into the consideration
Predict diseases before they do any substantial damage
Prevent diseases when possible, rather than to treat them

P3 Medicine stands as a key enabler in the longevity technology
framework that ties multiple innovations in a single industry,
P3 Medicine mirrors another notable trend in modern healthcare, gene therapy. While the latter is using
advancements in genetics and related fields in order to treat diseases by altering patient’s genome, P3 looks to
learn from one’s genetics instead of altering it. This approach can be seen as a safer and less invasive one.
The strongest point of P3 medicine from the longevity perspective is the fact that it is already being partially
implemented while having enormous potential for further development.
P3 market is expected to develop significantly over the course of the next ten years. This is because P3 Medicine
is a complex structural change for the healthcare industry that heavily relies on other emerging technologies that
are also expected to be fully developed in ten years.
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It is expected that personalized and
preventive approach in treatment of
chronic diseases will become the
prevalent one by 2026.
The changes in healthcare systems
together with emerging technologies
will double the P3 medicine market
by 2022, compared to 2012.
Global personalized medicine market, by product, 2012 - 2025 (USD Billion)

Source: https://www.grandviewresearch.com/industry-analysis/personalized-medicine-market

261

AgeTech
“We need a seismic shift from collective responsibility for retirement to individual responsibility.” ~ Laurence D.
Fink
AgeTech is the amalgamation of Fintech and Healthtech. Age-friendly banks use technology to attract and protect
vulnerable older customers.
A person’s financial decision-making ability peaks roughly in their mid-50s, and begins to deteriorate afterwards.
Elderly people in general struggle with day-to-day banking activities, are more susceptible to poor investment
choices and financial fraud; the average age of victims of mass-marketing scams is 75.
Barclays for instance uses voice recognition to help customers who have trouble with passwords. Other fintech
solutions for the elderly focus on mobile technology: the devices currently found on the market aren’t friendly to
the elderly populations. A revolution in AgeTech then is very much dependant on the spread of mobile devices
that are easy to use for old people. Only then will banks be able to unlock mobile banking for that demographic.
More significantly, algorithms are helping banks spot any alarming changes in behavior - such as spending
patterns - which could signal trouble.
Managing people’s money can shed light on their health
A much more intriguing pattern is emerging: banks are well placed to spot elderly individuals who are at risk. A
decline in financial management skills can be an early sign of health problems, dementia for example. Banks will
be able to refer a person to a doctor. In addition to spotting financial abuse, some banks are currently training their
staff to spot dementia.
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Source: https://www.alliedmarketresearch.com/disabled-and -elderly-assistive-technologies-market
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Commenting on the changing retirement landscape in
a 2013 speech to NYU Stern MBA students entitled
Longevity in the Age of Twitter, Laurence D. Fink,
CEO of BlackRock and an NYU Trustee raised the
spectre of the Silver Tsunami:
“When I was growing up, the U.S. was launching the
Great Society, which sought to summon the
resources of government to wipe out poverty. Today,
the generation that came of age with the Great
Society is headed for retirement and giving you a
Grey Society – where we will need to summon up
even greater resources just to meet their needs.”
Turning to the role of technology in managing senior
finances:
“ We need a seismic shift from collective responsibility for retirement to individual responsibility. ”
By adapting to the changing biological reality of each individual’s as they age, the growth of AgeTech
hands back to old people their former individual decision making capacity, putting the wisdom of individual
life experience back behind the grey pound.
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Objective forecasting for 2018 - 2022 (applying TRLs)
Technology readiness levels (TRLs) enable the gauging of the maturity of Critical Technology Elements
(CTEs) determined during a Technology Readiness Assessment (TRA) that examines program concepts,
technology requirements, and demonstrated technology capabilities.
TRL use a ranking 1 - 9, with 9 being the most mature technology, with specific TRL levels being assigned
to specific technologies by a group of scientific experts familiar with each specific technology. The use of
TRLs enables consistent, uniform discussions of technical maturity across different types of technology.
In the coming years, TRLs can underpin efforts to shed light on the most important technologies, but also
those that are at present furthest away from their practical application; therefore enabling the right timing
and focus to ensure the accomplishment of specific endpoints with regard to each emerging technology,
and the interactions that are possible between technologies that are currently at different points on the TRL
scale, but can be expected to merge in level over the coming few years.
Using TRLs can expedite
progress in the coming 5 years
by employing TRLs to provide an
objective lens through which
various technologies are viewed.
In the same way that using this
scale has benefited the
aerospace industry, it can bolster
the efforts of the life sciences
industry in the coming years.
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Exponential acceleration of further progress
We have barely scratched the surface when it comes to the applications of technology in healthcare.
Technology grows exponentially: according to Moore’s Law, computer processing speed doubles every 18
months. Although the healthcare industry is typically slow to progress, the growth driven by innovative tech should
accelerate the progress exponentially.
Another factor enabling this acceleration is the growth of outside players: big and small companies looking to
capitalize on gaps in the market will drive advances in diagnostics and treatments faster than traditional medical
institutions. According Mary Meeker's latest report, venture capitalists in Silicon Valley are increasingly hiring bio
experts to help guide their investments.
Artificial Intelligence, for instance, is expected to reach $6.6 billion in 2021, at a compound annual growth rate of
42%. By 2020, it is expected that conditions such as cancer and diabetes will be diagnosed in minutes using
cognitive systems. By 2025, AI systems are expected to be implemented in 90% of the U.S., and 60% of the
global hospitals and insurance companies will have implemented AI systems, which will be able to deliver quality
care to 70% of patients at a reduced cost.
Innovation in immunotherapy, such as checkpoint inhibitors - a type of drug that boosts the immune response
against cancer cells - is growing at 139% CAGR. Scientists are still trying to nail down an algorithm for its effective
use. Once realized, the market for checkpoint inhibitors could reach $21.1 billion by 2020.
Now that the media hype dust has settled, 3D Printing for organ or tissue repair carries huge potential in
healthcare. The 3D printing business for healthcare is expected to reach approximately $6 billion in 2025.
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Conclusion
The whole will become bigger than the sum of its parts when the following 5 technology megatrends
converge:
-

AI in biomedicine
The adoption of blockchain
Progress in longevity and geroscience
New financial systems and AgeTech.

These megatrends are going to converge very fast in the coming 5 years. Therefore the window for
startups to enter this new market will be closing swiftly over the course of the next few years.
By 2022, the big companies will openly begin to embrace these new trends, and leave behind the old
technologies still in use at present, whereupon governments and financial institutions will adapt to
work with the transformed industries.
“Given the increasing cost of drug discovery, development and clinical evaluation, it is clear
that the clinical translation of geroprotective interventions will be increasingly led by the
private sector, and by parties who have the resources to sustain the increasing financial
burden of bringing truly effective longevity therapeutics to market.”
- Dmitry Kaminskiy, Managing Partner of Deep Knowledge Life Sciences
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Chapter V
The Progressive Model
for a P3 Medicine Clinic
●
●
●
●
●

Overview of Progressive P3
Medicine Platform
Pipeline of Progressive P3
Medicine Platform
Precision Diagnostics
Digital Avatar
Advances Prognostics

●
●
●

●

Personalized Experimentation
Preventive Treatment
The Business of P3 Medicine
Management. Assembling Strategy
for P3 Medicine Clinics
Optimization of the Business of P3
Medicine Clinics Using Technology
Readiness Levels

“The doctor of the future will give no medication, but will interest
patients in the care of the human frame, diet and in the cause
and prevention of disease.”
~ Thomas A. Edison
Medicine is only as effective as it is precise and data driven.
Even the most promising animal models trials have proven not to work as expected
when progressed to human trials. For this reason, effective medicine from humans
should be derived from the science of the human species.
Medicine derived the science of human patients is moreso, as individual
differences and predispositions have become more and more highlighted through
individual responses to drugs, genetic predispositions, etc.
Greater precision, therefore, can accelerate progress, as well as set the focus
clearly on personalised medicine which employs the greater precision to the
specific case of each patient.
The following chapter examines the current state of the constituent technologies of
P3 medicine and the extent to which P3 technologies are ready to go.
It does this by examining P3 at the industry forefront and by considering the
necessary configuration of the optimal conceivable P3 medicine clinic: which
technologies will it use, and how?
Conclusions concerning the technological maturity of P3 are then made using
terminology already familiar to the aerospace industry: the ‘Technology Readiness
Level’ or TRL.
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Overview of the Progressive Model of
P3 Medicine Platform
Personalisation and precision of
diagnostics, prognostics and
treatment for individual patients

01

Exclusive access to advanced
restorative medicine technologies
Exclusive safe testing of novel therapies
on individual`s stem cells, skin and other
organs

02

Personalized longevity programs

Personalised diagnostics, prognostics and
therapeutics
Virtual human body for health monitoring

03
Healthy lifespan extension and ageing
processes reversal to a young state

Health management by world
leading experts
Continuous health monitoring by the world
leading experts
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Pipeline for the Progressive Model of
P3 Medicine Platform

Precision
Diagnostics

Advanced
Prognostics

Personalised
Experimentation

Preventative
Treatment

Multi-Omic
Sequencing

Virtual Human
Prognostics

Intelligent in silico
Experimentation

Gene therapies

Non-invasive
continuous
monitoring

Personalised in
vitro Prognostics

Personalised in vivo
experimentation
on human skin

Cell therapies
Tissue engineering

Total-body imaging

AI & Deep
Learning-based
prognostics

AI & Deep learningbased biomarker
development

Small molecules &
biologics
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Precision, Preventive and Personalized Medicine
P3 Medicine:
Precision
Preventive
Personalized
Medicine that focuses
on the integrated
diagnosis, treatment
and prevention of
disease in individual
patients.

http://www.5280.com/2015/12/take-it-personally/
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Precision, Preventive and Personalized Medicine
Healthcare systems primarily focus on
patients after they present with
disease, not before. The emerging
field of precision health encourages
disease
prevention
and
earlier
detection by monitoring health and
disease based on an individual’s risk.
Active participation in health care can
be encouraged with continuous healthmonitoring devices, providing a
higher-resolution picture of human
health and disease. However, the
development
of
monitoring
technologies must prioritize the
collection of actionable data and
long-term user engagement.

275

Precision Healthcare Overview

DOI: 10.1126/scitranslmed.aao3612
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Portable HealthTech
Monitoring, Analysis, Recommendations, Marketplace,
and Scientist/Doctor Community

Monitoring
wherever you are

View results
anywhere

Your community
anywhere

Recommendations
Anywhere
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Individualized therapy
with drugs

Individualized diagnostics,
prediction and prevention

Personalized Medicine

Individualized “holistic”
medicine

individualized healthcare

Individualized patient
records and patient models

Individualized assistance
with IT based systems
(Home Care)

Individualized therapy with
autologous cells

Individualized therapy with
medical/technical systems

Individualized therapy with
IT assisted systems (OR)

https://file.scirp.org/pdf/IJCM_2014072514280488.pdf

P3 Medicine actively employs the latest scientific achievements which help prevent disease, thereby avoiding a
failure of performance, quality of life and life expectancy. Within this framework, a key role is given to the
prediction and prevention of disease. Therefore, the search for new methods of diagnosis which would allow
identifying the disease at an early stage, before the formation of the pathological process and the development of
effective means of drug-based prevention, have become the main objectives of the medical science of the 21st
century.
Thus, the main tasks P3 Medicine include:
• Determination of signs of the disease at the stage of preclinical pathology in conjunction with the identification
of targets for adequate prevention;
• Targeted correction of the violations with the goal of pharmacological prevention, which belongs to the
category of preventive measures that contribute to the suppression of the pathological process in the preclinical
stage.
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Fundamentals of P3 Medicine
The ability of P3 Medicine to forecast, to predict and to
prevent is rooted in the achievements of genomics,
proteomics, metabolomics and bioinformatics which are
being implemented into daily practice to visualise lesion
foci that were previously unknown to clinicians.
These changes are rooted in new science covering
systems biology and biomedicine, and utilizing a new
generation of translational tools to implement the new
concepts and technologies into clinical practice. Therefore
it is necessary to create a new strategy that takes into
account the individual features of the organism.
Complete diagnostics of the organism, the creation of
individual genetic passports, development and correction
of treatment strategies based on the individual features of
genetics, metabolism and microbiota of a particular
organism—all these tasks belong to P3 Medicine.
However, holding such a colossal amount of expensive
and complicated research would be impossible without
translation of the latest scientific achievements into
practical medicine.

https://file.scirp.org/pdf/IJCM_2014072514280488.pdf
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Specific think tanks, laboratories, workshops and conferences should be launched and applied. We can consider
this a Manhattan project, but once this pipeline is created the next steps will proceed much faster because we can
predict that multiple clinics will adopt this framework, and will improve themselves through competition and
collaboration.
A very optimized pipeline could be created in 5 years, and with less advanced capabilities and less optimized, it
could be done even now.
When positive predictions regarding some specific interventions are confirmed, they should be tested already in
vitro in micro doses, and then immediately follow up with diagnostics (to measure the outcomes in reality) and to
assess whether the dosage should be increased or the compounds in the cocktail changed, based on monitoring
of the patient fully in vivo.
Therefore, after the experiment phase comes the stage of precision treatment or prevention. There should be no
significant difference between treatment and prevention (heavy doses would be applied to pathologies that have
already developed, while lesser doses would be applied to early stage pathologies and zero stage pathologies i.e.
processes that have started but are not yet recognized as pathology).
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Radioresistance
One of the greatest hurdles of space exploration from a biological standpoint is the large amount of ionising
radiation present in outer space. The phenomenal doses, compared to Earth under its protective dense
atmosphere, are enough to severely impact humans. One of the most prevalent and clear associations between
exposure to radiation and disease is the development of cancer as a result of DNA mutation.
Unsurprisingly, focus is building on ways to
protect astronauts from this radiation. A
roadmap to enhance radioresistance for
space colonisation has been produced to
help
accelerate
this
research.
But first, what is the relationship of space
travel to longevity? The truth is that
SpaceTech is very well funded. Progress
in this sphere could easily galvanise
progress in biomedical gerontology as a
result, and yield synergistic benefits to all
of
humanity.
Space exploration technologies have
already hugely impacted the everyday lives
of people around the globe, in often
indirect and lesser known ways. Their
potential for extending into healthcare
through enhancing radioresistance is
therefore considerable.

http://www.oncotarget.com/index.php?journal=oncotarget&page=article&op=view&path%5B%5D=
24461&path%5B%5D=76813
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The roadmap to radioresistance
highlights promising
approaches to conferring
radioresistance to those in
space. One of these is medical
selection of radioresistant
individuals. It is possible that,
just with any other condition,
there are genotypes that are
more resistant than others to
the nocive effects of radiation.
Isolating these variants and
perhaps introducing them in
gene therapies to enable those
that don’t have them to also
become radioresistant is an
appealing option.

http://www.oncotarget.com/index.php?journal=oncotarget&page=article&op=view&path%5B%5D=2446
1&path%5B%5D=76813

Other approaches include
biobanking and hibernation
which could attempt to bypass
exposure to radiation
altogether, or rectify damage
with the use of the astronaut’s
own tissues to replace or
replenish affected parts of the
body.
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The Paradigm Shift from Treatment to Prevention
The 21st century marked the beginning of a global
transformation in medicine, which was characterized by a
changing in the fundamental principles of treatment and
prevention of disease. Translation of the advanced discoveries
of fundamental sciences directly into clinical practice not only
provides new methods and campaigns which are designed for
“protection of individual health”, but also allows focusing on
diagnostics of diseases that have not yet arisen, and
consequently gives an opportunity to prevent them.
P3 Medicine is a new healthcare model that notifies people of
the health conditions they’re predisposed to and it reveals the
biomarkers and thus the agents to improve and to secure health
and individual “biosafety”. Meanwhile, implementation of P3
Medicine requires the adjustment of technology for proper
interpretation of diagnostics and predictive data before the
current “physician-patient” model can be gradually displaced by
a “medical advisor-healthy person-at-risk” model.
This approach should be based on postulates which will change culture and social mentality: The first one is the
impact of human responsibility for our own health and for the health of our children, and active involvement in the
preventive measures for strengthening public health and a country’s biosafety.
The second one is the creation of legal bases to satisfy all societal needs for protection of individual
health—regulations of the state insurance in the P3 Medicine. And, for sure, it’s necessary to radically change the
system of medical training, and designing novel approaches to build the academic schools of new generations.
https://file.scirp.org/pdf/IJCM_2014072514280488.pdf
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The optimal P3 medicine clinic would presumably combine geroscience, integrative health,
digital medicine, precision medicine and ‘personalised clinical trials’ to address the root causes
of ageing.

Ageing
Therapy

Clinical
Results

The first clinic to
precisely measure and
treat biological ageing.

World-leading clinical

Clients track and lower their
biological age across
multiple organs

research discovers
medicines that disrupt the
healthcare industry.

Novel therapies validated
Incubate and accelerate
diagnostics and
prognostics

Experiment
Fast
Continuously integrate novel
diagnostics, prognostics and
therapeutics into personal
packages of 30+ therapies
for clients.

Rapid iteration and
optimisation of client’s
health
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Precision Diagnostics
Imaging

Transcript
omics

Genomics

Pathology
biomarker

Cell
biology

Proteomics
Molecular
biology

Metabolomics

Digital avatar visualizes a combination of biomarkers and other diagnostic results
Collect your data today:
● Blood samples
● Biomarker analysis
● Database of personal biomedical data stored on
blockchain

Future benefits:
● Data driven analysis of biomarkers dynamics
over time
● Analyse the changes in your digital avatar
● Personalized interventions
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Precision Diagnostics
Multi-Omics
Sequencing

Non-invasive
continuous monitoring of
biomarkers

Multi-modal total-body
imaging

Qualitative functional tests

Whole-body and organ specific biological
age calculation based on biomarkers

3D integration of
cross-sectional tissue and
organ imaging

Young.AI
Beta 1.0
Blood marker
panel for
estimating
biological age.
The digital
avatar
ancompasses
multiple types of
data including
photos of the
face and hand,
transcriptome
data and basic
information
such as
chronological
age, weight and
height.
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Digital Avatar - Virtual You
A virtual profile of all health data will be generated through collection of multiple types of data, some of
which will be visualised in 3D. Biomarkers, for example, are extremely useful in P3 medicine. They serve
not only to diagnose issues, but also to predict the ageing rate of each individual. Gathering more of this
type of data e.g. periodic blood tests, will enable a complex, highly personal picture of each person.
Not only would this be extremely beneficial on an individual basis, but the added accuracy and size of the
data sets means it will inevitably provide an invaluable source for AI to pick out key trends for each kind of
patient cohort, or indeed work out the cohorts itself.
Despite being a trove of knowledge for health practitioners and researchers, individuals will still be the sole
proprietors of their own health data, allowing them to control who sees what, and how this data is used
for various monetisation purposes. This is enabled by blockchain storage of patient data.
In addition to biomarkers, all other types of data relevant to healthcare will be integrated into the digital
avatar. Health records, medication, lifestyle, etc. will be fed into the profile. The ability to process patient
data on a bigger scale compared to traditional medicine enables truly personalised healthcare, and
removes the difficulties of identifying individual patient backgrounds and needs, that doctors may fail to
obtain in time.
With the technologies of healthcare advancing, the digital avatar will evolve from a data collection and
disease focused tool to a truly longevity focused tool. Instead of looking at unidimensional, disease-linked
biomarkers, it will be able to look at the whole organism in an overarching health point of view, and focus
mainly on prevention and extending patient healthspan.
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Young.AI is one such digital avatar, powered by AI to take biological data and assess patient health and age. The
power of taking patient information and plugging into an AI-driven, digital environment is that not only does it
enable insights impossible to obtain otherwise, but it allows for a powerful analysis of all these layers of data over
time.
A truly 3D visualisation of patient health includes time, and follows not only deteriorations but also improvements
over custom timeframes that allow interpretation based on personal circumstances including changing lifestyle,
trialling treatments, etc. As such, a patient may be able to see how their body has been changing over 5 years in
terms of health, function, biological age, etc.
A patient may see that
their biological age is 36
in 2021 - younger than a
couple of years before,
and younger than their
chronological age of 37.
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Diagnostics Panel for Digital Avatar

Micro
biome
Functional
Tests

Imaging

Sequencing

Biomarkers
Biological
Age

Marker 1

Marker 4

Marker 8

Marker 13

Marker 10

Marker 14

Marker 17

Marker 11

Marker 15

Marker 18

Marker 4

Marker 7

Marker 8

Marker 12

Marker 16

Marker 10

Marker 14

Marker 17

Marker 19

Marker 6

Marker 5

Marker 9

Marker 13

Marker 3

Marker 2

Marker 1

Marker 6

Marker 5

Marker 9

Marker 3

Marker 2

Marker 11

Marker 15

Marker 18

Marker 7

Marker 12

Marker 16

Marker 19

Biomarker panel

Time
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Premium Services On-Location

Examination
At our clinic every 6
months (4 - 8 hour
session).
Ongoing support and
tracking via
telemedicine.

2 or 4 hour* clinical
session
●
●
●
●

Next-Gen physical exam
Fitness testing
Wearables and app
training
Health counseling

Samples
taken
Blood
Fat & skin
Microbiome
Urine
Breath

ANALYSIS

>16 hours of Specialist
Physician research time.
100GB data analysed through
20+ software programs.

2 or 4 hour* imaging session
Total body P3 MRI
Total body
Ultrasound

Eye imaging
Total Skin imaging

3D reconstruction of medical
imaging.
Proprietary P3 BioAge, Health
and Fitness Scores.

Personalized Health Reports

Personal Reports

Virtual You

Personal EHR

Developed by a team of
doctors and scientists, to
help users complete a
personalised
Medical
Examination

Interact with every aspect
of your health and share
with your physician.

Rapid
access
to
supplements,
clinic
referrals, doctors and
fitness coaches

●
●

●

●

Full health and fitness
“audit”
Recommendations
on
measures that can be
taken, using Eterly, for
better longer term health
Eterly longevity “score”
and tips on how to
improve score
Programs
incentivised
through tokenization

●
●

●

●

Get to know your mind
and body intimately
Access daily updates
and see improvements
in real time
Experiment
with
predictive analysis; “how
might my health improve
by following different
programmes”
Identify goals and earn
tokens

●

●
●
●

●

Curated
products
from
“Open
Marketplace”
Peer reviews
Discussion forums
Access new products
from
curated,
recommended
pharmaceuticals
Access to top level
medical centres and
research / staff

Biomarkers
User inputs personal
“biomarkers” to
assist with achieving
personal anti-aging
goals
●

●

●

Monitor biomarkers
to track progress of
fitness regimes
Use biomarkers to
monitor specific
issues e.g. skincare
Explore new
technologies and
treatments related
to specific
biomarkers
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P3 Mobile Apps and AI assistants
A cohort of AI-driven apps and assistants are being developed to fulfil the promise of P3 medicine. They range
from health and fitness mobile apps, to data analysts for health and beauty.
Eterly for example is a mobile app developed to incentivise users to share their health and fitness data on
blockchain and provide insights and prompts through an AI-driven chatbot. By regularly collecting user data on
diet, exercise, sleep and more, it allows a large database to be built where users own their data and can share it
with researchers and clinicians.

Multiple streams of data are
analysed for each user individually to
provide an overarching
Longevity Score which tracks their health and
wellbeing. Incentivising tokens are issued to
users based on how much they engage with
Eterly.
Tokens can be exchanged for cutting edge
medical and fitness rewards. The Longevity
Assistant prompts users to provide various bits
of information over time, via an intuitive and
stimulating interface. Data can be manually
added, or automatically sent to the app from
other trackers such as Fitbit or Apple Watch.
As feedback, the AI chatbot provides blurbs of
pertinent and personalised information at key
times of the day to educate and encourage
users in their health and longevity journey.
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Other AI apps are also being developed, such as doc.ai and Youth Laboratories. Doc.ai aims to employ AI to
enable patients and researchers to share their data safely and benefit from pooling together relevant data from
specific patient cohorts or for certain conditions.
Insurers incentivise the collection of data and discovery of new insights and treatments, and patients and scientists
get rewarded for participating. Users get paid in doc.ai currency named Neurons every time they share complete
data, while researchers get paid large sums once they’ve developed a successful new treatment based on the
data submitted and handled by AI.
Doc.ai also runs research such as the Inclusive AI Project that aims to correctly develop AI that accounts for
diversity of people. By curating a large number of selfies and their attached data e.g. gender, age, height and
Weight, AI can eventually hold a powerful
predictive ability for any individual.
Youth Laboratories is a company focusing
specifically on the skin and attempting to
develop big data analytics capable of detecting
early signs of disease, as well as to handle the
issues surrounding beauty that are associated
with biological age and that are so prevalent at
the skin level.
Youth Laboratories runs Beauty.AI (the first
beauty pageant judged by AI) and RYNKL (the
mobile app that determines the extent of face
wrinkles from a photo and generates a score 0 100).
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Advanced Prognostics

Biomarker panel
Time

Digital avatar does not only visualize the biomarkers and state of health over time but is also predictive. Using AI
this data will be used to predict health of patient, show where the most critical issues will be in specific organs and
tissues.
This is the tool that will first serve as a platform for data science tech applied to prediction of pathologies. Also, it
will be a tool and platform for brainstorming consultation from group of doctors. For example, doctors can use a
visualization of a body of a patient, and predict that in 5 years specific tissues will have problems. This data will be
analysed and doctors will be able to discuss what can be done now to prevent those problems.
Digital avatar will be a map of health battlefront, and doctors can strategize on how to minimize future pathologies
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Advanced Prognostics

Virtual Human
Prognostics

Personalised prognostic
transcriptomic analysis using
patient-specific cells

Personalised in
vitro prognostics

Personalised prognostic
microbiomic analysis using
patient-specific cells

Deep learning-based
biomarker analysis for
disease and disease
outcome prognostics

Personalised prognostic
epigenetic analysis using
patient-specific cells

Personalized Prognostics Companies

Health Nucleus, a clinical research and discovery center, is a health
intelligence platform integrating genomics, advanced clinical imaging
and robust machine learning in a spa-like setting. Using their
proprietary technology to identify actionable opportunities today, they
empower you and your physician to proactively plan for a longer,
healthy life.
The Health Nucleus evaluation provides an unprecedented,
data-driven quantitative health assessment designed to screen for risk
factors and early signals of the most critical diseases to know more
about your health than ever before.The services include detection of
cancer, neurodegenerative/ neurovascular, metabolic, and cardiac
diseases.
Health Nucleus integrates whole genome sequencing data with
phenotypic data paving the way for truly personalized precision
medicine.

Emulating human biology to understand how diseases, medicines,
chemicals, and foods affect human health.
Emulate Inc.’s Organs-on-Chips technology places living human cells
in micro-engineered environments – to recreate human biology.
Emulate’s integrated system provides a window into the inner-workings
of the human body, and is designed to predict human response with
greater precision and detail than today’s cell culture or animal-based
testing experimental methods.
Emulate is developing a wide range of Organ-Chips and disease
models through collaborations with industry partners and internal R&D
programs. It is also working with clinical partners to produce
Organ-Chips personalized with an individual patient’s stem cells, for
applications in precision medicine and personalized health. The
founding team pioneered the Organs-on-Chips technology at the Wyss
Institute for Biologically Inspired Engineering at Harvard University.

Results and Personalised Medicines Program

Samples sent to specialist labs for:

● Whole Genome and Microbiome sequencing;
● Epigenome Biological Age ‘EpiAge’ & telomere
length;

● Fat tissue Mesenchymal Stem Cell Biobanking;
● 1,000 other blood/functional biomarker analysis;
● Precise biological ages and disease risks
calculated and tracked in Virtual You;

● Personalised lifestyle, nutraceutical, drug,
cosmetic and device intervention plan to
reduce biological age, disease risk & increase
performance;

● On-going ‘Portable Medicine’ with doctors, nurses and leading-specialists.
●
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30 Year Health Forecast

Organ Specific Biological Age (OSBA) calculations would allow P3 medicine clinics
to predict the rate of decline in health of each organ and the progression of 500+
ageing diseases, such as dementia.
All 100+ organs
in body
analysed

Referenced vs
500+ ageing
diseases in P3
Database

Your 30 year disease risk
forecast calculated

Results guide clinical
prioritisation and
preventive medicine
prescribing
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Personalized Experimentation

Intelligent in silico
experimentation

Real time tracking of changes in
health and aging biomarkers in
response ongoing treatments

Personalised in vivo
experimentation
on human cells

Personalised ex vivo experimentation
on 3D bioprinted tissues and organs
using patient-specific cells

Organ-on-a-chip
systems

AI based personalized biomarker
development and drug response
profiling via Deep Learning and
Generative Adversarial Networks
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Personalized Experimentation Full Cycle Pipeline

in vitro

mouse model with
xenografts

user’s body

real twin or
twin body simulator

Cycle speed:
slow
(6 months - 3 years)

Cycle speed:
slow
(1-6 months)

chip

close relative

Cycle speed:
real time

ADVANCES IN AI
2018

2025

2030-2033
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Personalised Experimentation
The process of pipeline of P3 medicine clinic starts with advanced diagnostics (assembling of digital avatar,
mathematical combination of all assembled parameters from different types of diagnostics - blood, tissue samples,
genetics, urine) then analyzing multiple parameters, and obtaining the results.
A group of doctors empowered by AI algorithms will create the most probable scenarios of detection of most pathologies
and estimation of timeframes, and produce a list of recommended interventions (when and how they could potentially be
applied). After having the list of possible interventions, the process of personalized experimentation can start. This
chapter will describe specifically the concept of how personalized experimentation should be done.
An important example of this are drug cocktails. For example, consider the case of geroprotector cocktails. The current
recommended list of geroprotectors consists of 100 drugs or bioactive compounds. All of them are either natural or FDA
approved. We have a cocktail of 100 compounds; we should create a supersystem of high-frequency (close to real time)
personalized experimentation. We will use in silico modelling (AI will calculate and predict the possible outcomes of
applying the exact geroprotector cocktail) as applied to the digital avatar of a specific member of the clinic. The second
stage is to compare in vitro results with in silico results.
The most promising results will be checked in vitro (organoids from a specific member of the clinic, and then installed in
mice, like “tumographs in mice for cancer”). So these would be tested in silico, then tested in transplanted organoids, then
validated in the third stage using the skin of the specific person (this constitutes the next stage of bio-environment
specificity that will be very close to the actual in vivo environment).
For example, with the skin samples from the patient microfluidics can be used to experiment with the different drug
cocktails. Cells extracted from tissues should be placed in bioreactor to keep them for multiple further experiments
(extraction could be done once a month from different tissues, e.g. 100 tissues once, and then have them expanded in
vitro using bioreactors).
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The next stage is to have at least 1 (the more the better) very similar digital avatar compared with the given
person’s avatar in terms of genetics and age, in order to be able to match the results against each other and be
able to better predict outcomes. For example, an identical twin could be used, or at least a sibling.
Studies such as the one comparing twins where one is on Earth and the other in space will also elucidate the
environmental effects on individuals, and the limitations of the genetic factors in various diseases and ageing
outcomes. This should be standardized and systematized, and serve as a conveyor for a very robust and
structured whole. The entire process should take a maximum of 1 week. At the same time, as much as possible
should be carried out in parallel to shorten the time between start and finish of 1 multi-tiered experiment.
With further development of these technologies and approaches, and training of AI algorithms, we can estimate
that this timeframe should be eventually shortened to one day, and in the long term shortened to 1 second (the
end goal is to create almost real-time hypotheses and experimentation with guaranteed positive results).
There are some obstacles that can only be solved by developing new approaches e.g. the whole process being
done in a second vs the time it takes to transplant an organoid into a mouse (some of these slower factors will be
solved by further development of AI systems where we train AI algorithms to speed up what can be sped up, and
to do it in parallel with the physical, necessary slow parts).
Having enhanced elements of the AI leapfrog the time it takes to do this experimentation, such as doing it more in
silico than we do in vivo and in vitro, will enable this. AI will give better predictions, and at that point we will need
less practical experimentation because the state of the art of in silico prediction will be powerful enough by then.

303

Accelerating & Shortening The Personalized Experimentation Cycle
As an analogy, trading stocks used to be carried out manually by brokers, showing hands to each other and
making calls to investors to buy and sell. Then the internet made stock trading automatic and fast, with reaction
time shortened to minutes, and then came the age of high frequency trading when simple robots could automate
this process, shortening it to seconds, and now there are AI-driven hedge funds making real-time assessment,
predictions and execution, maintaining their trading strategies using neural networks to process huge amounts of
data in microseconds. This process spanned 40 years. For P3 medicine, it should be closer to 25 years. AI
combining technical and fundamental analysis with high frequency trading strategies, creates an even more
robust process. This will be described in detail as a special case in Volume 3. Another example is airplane design.
50 years ago engineers were drawing schemes on paper and calculating design elements by hand, but with the
age of computers and automated math programs, design was powered by AutoCAD, while mathematical
programs fast-tracked calculations of aerodynamics, etc. But today we have AI-empowered systems capable,
without human oversight, to calculate necessary designs and then to 3D print them and test in practice.

1 hour

10 minutes

1 microsecond

Real Time
AI Predictive Analysis
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Advanced
diagnostics

Natural or
FDA approved

Most probable
scenarios
Personalised
Experimentation

Geroprotector

Personalized
experimentation

Drug
cocktails

Preventive Treatment

Gene therapies

Natural mimetics of validated
geroprotectors (e.g. metformin, rapamycin)

Cell therapies

Genetically engineered cell therapies

Tissue engineering

3D bioprinting

Small molecules &
biologics

Microbiome engineering
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Preventive Treatment
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Small doses of medications

Personalized dose
optimization

Measurement of biomarkers

Digital avatar visualization
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Personalized Medicine Program
Extensive analysis of your tests and your personal preferences and needs helps us create
a 6 month Personalised Medicines Program for you.
At the end of each 6 month period, we repeat all our tests and analysis to see how the Program has helped you.
Following each of these 6-monthly results, we adapt your Program to make your results even better.
Your Program is formed of 5 Therapy Types:
a.
b.
c.
d.
e.

Personalised Diet + Lifestyle
Nutraceutical
Drug
Cosmetic
Devices *

The goals of your Program are 4-fold:
1. Reduce your biological age
2. Reduce your risk of specific diseases you are most at risk of
3. Optimally treat your established medical conditions
4. Increase your performance
*Devices includes: Wearables, Session based devices, and Surgical
Referral
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P3 Personalized Lifestyle Therapies

1

Personal Genomics
● Diet and exercise programs informed by
your genome sequencing results

2

Blood Glucose optimisation
● Wearable patch to track your blood
glucose levels in real time, 24/7
● Identify foods and behaviours that
decrease your blood glucose

3

Sleep optimisation
● World’s most advanced sleep tracking
equipment, personalised to your needs

4

Diet and ‘Nutrigerontology’ (Nutrition and its
role in ageing)
● World-leading nutrition selected to slow
the ageing process and target your
priority conditions

Personalised medicine fact
Tomatoes can spike blood sugar
in some individuals, promoting
diabetes.
309

P3 Nutraceuticals

Optimal Vitamin D
blood level

●

Vitamins
Accurate vitamin tracking through intracellular and enzyme-based vitamin analysis
Optimise vitamins far beyond the basic A, C, D, E, K, B complex
High quality nutraceuticals designed for
○
High absorption
○
Compound purity
○
Personalised to you based on
your genetics, gut & liver health and lifestyle
High dose intravenous (IV) vitamin therapy options

●
●
●

Minerals
Most accurate healthy and toxic mineral tracking through hair mineral analysis
Optimise your healthy mineral levels (Iron, Magnesium, Chromium, Selenium)
Lower your toxic mineral levels (Iron, Mercury, Lead, Cyanide) through chelation

●
●
●

●
●
●

Natural Products
Targeted at ageing pathologies and ageing processes (e.g. senescent cells, collagen
crosslinking, DNA repair, immune depletion) via proprietary formulations
Personalised to your genetic disease risks (cancer, dementia, cardiovascular
disease)
E.g. Nicotinamide riboside (NR), green tea catechins, curcumin (turmeric), apigenin,
pterostilbene, resveratrol, omega 3s, uridine, neurotransmitter amino acid precursors

The Dale Bresden Protocol
A 36 component
personalised diet,
nutraceutical and exercise
program shown to slow
dementia in the first 11
patients (Aging, 2014).
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P3 Cosmetics

1

Personalised stem cell creams made from your own skin and fat biopsies
● Genuine human stem cell cream (not ‘plant stem cells’)

2

Cosmetic nutraceuticals targeted at the Hallmarks of Ageing
● Senescent cells, collagen cross-linking, glycation and inflammageing

3

Rejuvenated stem cell facelifts
● Harvest and rejuvenate your own fat stem cells and transfer them to boost
skin health

4

Cosmetic medicines and surgeries
● Full selection of current best in class cosmetic interventions including
hyaluronic acid treatments, fat transfer, fillers, botox and reconstructive
surgery
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P3 Device Therapies

1

Heart Rate Variability (HRV) optimization
Device
● Improve and track your HRV with P3

2

Non-Surgical Heart Therapy Device
● Stimulate new blood vessels in your heart
to prevent heart attacks without surgery

3

Ultrasound Therapy
● Targeted to remove aged collagen and
accumulated proteins

4

Infrared therapy
● Get the benefits of exercise without
exercising
● Heal muscle injuries faster
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The Business of P3 Medicine Management
Assembling Strategy for P3 Medicine Clinics
In this section the focus is shifted to some of the leading clinics that are implementing progressive methods of
diagnosis and prognosis. They will act as the springboard for exploring the new type of clinic and clinic
managers, and how the previous healthcare clinic approach will transition more to resemble an engineering
approach.
One of these is Health Nucleus by Human Longevity Inc., which offers its customers full genomic sequencing and
full body MRI scans to detect early signs of some types of cancer, cardiovascular disease, lipid abnormalities,
neurodegeneration and more. Their basic plan is $2,500 and the duration of all of the tests on offer is 1 day.
Another example of a progressive clinical practice is the Comite Center for Precision Medicine in New York
started by Dr. Florence Comite. Its aim is to predict individual health dispositions through a series of tests
communicated over the phone or internet through telemedicine followed by an in-person visit to run extra tests
and go over the results. It claims to be able to predict a multitude of conditions “years, or even decades” before
any symptoms appear.
Moving further into the future, managers of these types of advanced medical clinics will be required to start
working as engineers of rockets, and investors in spacetech, in the sense that they would use the TRL
(Technology Readiness Level) approach. For example, the P3 clinic will require the assembly of many different
software and hardware components to create a cohesive whole that works to accomplish its mission - like a rocket.
These components include diagnostic tools, different types of treatment and others.
Clinic managers are the assemblers of these parts, and as the TRL of each part becomes clear, they will be able
to not just incorporate the ready parts into the clinic, but to also prepare the clinic for the upcoming parts that are
ready in 3-5 years. The advanced Longevity Reports that will be published in 2018 will establish a framework for
P3 Medicine Clinic Advancement Scoring.

313

THE BUSINESS OF
PROGRESSIVE
MEDICINE 2017

Microbio.
Diagnos-t
ics

Microbiome
Technology

PRACTICAL
APPLICATIONS

Microbio.
Therepeutics

Microbio.
in vivo
Sensors

Photolithography
Mini
tissue
bioprint.

Top 120+
Technologies &
Therapeutics
TRL 8-9

CRISPR
/Cas9
Injection
of naked
DNA
Hydrodynamic
delivery

Telemed.

Inorgan.
nanoparticles

Polony

RNASeq

Bridge
PCR

Shotgun

SOliD

INSeq

TnSeq

miRNA

TraDis

HITS

Mobile Health
Apps

Brain
Training
Apps

EEG
Wearables

Omics
for drug
discov.
Proteome

454 pyro

Protein
engineering
Prot-gen
struct/
activity

Focused
library
appr.

HTS

FBLD

Antibody
-drug
conjug.

DL
geroprotectors

Pharma
ceutical
microniz

Struct.based
hypoth.

QSAR

Lead
optimization

Combinatorial
chemist.

HCS

Chemo
informatics

Adiposederived
SCs

Bioreactors
Sleep
Tech

Transcri
ptomics

Signalome

STING

Pharma
cogenomics

Epigenome

Mitointer
actome

Remote
Health
Monit.
Fitness
Tracking
Apps

Remote
Diagnost.
Apps

Cognitive
Technologies

EEG
Wearables

Structur.
bioinformatics

Auto
image
analysis

Glycome

Brain
Training
Apps

Sequence
analysis

BLAST

HT
image
data an.

MMDB

SС
metabol
omics

Ligand-b
ased
hypoth.

HPAPIs

Pharm.
micropartic.

FACS

Microfluidics

Person.
genomic
testing

Pharma
cogenome

Autologous SC
cultur.

SC
signalomics

MACS

Genomics

Biologics
& Small
Molecules

Bioavail
ability
enhanc.
Sleep
Tech

Bioinformatics

SCNT

SC
marker
validat.

SC
transcrip
tomics

Intracellular
sensors

Stem Cell
Therapy

Sequencing

iPSCs

SС
karyotyping

BACS

Gene
Therapy

Ion Tor.
semicon
ductor

DNA
nanoball

SC
proteomics

3D
Bioprinting

MPSS

Illumina

Biobanking

Trans
differen-t
iation

Helisc.
single
molec.

SMRT

Cytoscription

Gene
gun

Dendrimers

MedRec

StereoBioactiv.
lithoscaffold
graphy

Regenerative
scaffol.

Mobile
Health
Trackers
Nanopore
DNA

LONGEVITY.INTERNATIONAL

CAD
bioprinti
ng

Oligonucleotides

Lipoplexes

Skin for
transplantation

LONGEVITY.INTERNATIONAL

Blockchain

BC-bas.
patient
compl.

Skin for
prosthesis

Biomimicry

Direct
cell
extrus.

Biocompatible
scaffol.

BlockChain
EHR

Wholetissue

Auto self
assemb.

Magnet.
3D
bioprint.

Replicat.
compet.
vectors

Sonoporation

Polymer
somes

Cell-pen
etrating
peptides

Wear.
health
sensors

Cis and
trans-act
elemen.

Magneto
fection

Polyplexes

AgeTech

Herpes
simplex
virus

Biodegradable
scaff.

Hydrogel
scaffol.

Retroviruses

Adenoviruses

Organoids for
drug dev

Organ
on a
chip

Digital Health

Technology Readiness Level (TRL)

9
8
7
6
5
4

Commercialized
Pre-Production
Field Test
Prototype
Bench/Lab Testing
Detailed Design

Technology Readiness Levels (TRL) are a
common measure of how close a technology is
for practical use, used in many engineering
disciplines.
By applying it to progressive medicine, we can
forecast how long it will take a given
therapeutic or technology to witness practical
applications in the clinic or home. The
darkness of each hexagon represents its TRL,
with darker colors indicating a low TRL and
brighter colors indicating a high TRL.
All technologies and therapeutics shown here
have a TRL between 8-9.

The Comite Center for Precision Medicine in New York developed the Precision Health Engine model for
curating all data pertaining to each patient into a personalised report that can be used to ameliorate any
illness or underlying state of disease, in order to enable the treatment necessary to restore the body to a
healthy state. Lifestyle, family history, genomics, metabolomics, wearables and other are included.

315

DOC.AI: Decentralizing precision medicine with AI
Doc.ai is an online, blockchain based
platform seeking to aggregate health
data and prepare it to be mined.
Data is collected, unified into structured
data sets about specific diseases, and
shared with scientists who cluster data
based on health profiles and build AI
powered predictive models on top of it.
These models are then trained and
refined further by the network.
Ultimately, the best predictive model is
selected, and the creator earns a
reward.
This process is able to unlock
actionable healthcare insights that take
individual variation into account,
leading to patient centric diagnosis and
better drug efficacy.
Both scientists and data contributing
users are rewarded with Neuron (NRN)
tokens.
Users receive tokens in return for sharing data, which they can use to broadcast a competition for a predictive
model, creating a bounty for data scientists. Scientists that succeed in building the best prediction model win the
prize.
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Overview of the group of technologies and their current
state forming P3 Medicine
(personalized, precision, preventive) / Longevity medicine
The factors involved in human longevity are so multifarious, and the range of prospective interventions so broad,
that until very recently anything describable as a ‘longevity industry’ must necessarily have been an abstraction
defined only by its end product. In that respect the longevity industry is no more defined by a single science or
technology than the construction industry. Applied geroscience may indeed yield greater longevity, or it may
simply yield compressed morbidity. Some methods of achieving longevity involve the direct application of
geroscientific research; some specifically seek to sidestep the need for further research in favour of applying
regenerative medicine to repair damage already uncovered by such research. Some even involve cryonics,
another kettle of fish entirely. And so on. When any science studies or produces longevity it is ‘longevity science’.
When the same sciences pertain only to health they are named as disparate fields.
Sometimes, however, an industry defined by a single end goal can eventually take shape around a particular
necessary core technology. This may be about to happen with the longevity industry.
The longevity industry may be about to be gain fresh definition in the eyes of investors, etc. from its increasing
reliance on P3 medicine (i.e. personalized, preventive and precision medicine). P3, being an increasingly familiar
concept in healthcare over the past few years, promises to be of increasingly central importance to the longevity
industry, drawing on knowledge gained from geroscience, precision gained from machine learning, and
implementing biomedical gerontological and regenerative medical solutions.
This, at least, is how progress must be communicated to the types of investor necessary to carry these
technologies to fruition.
As the longevity industry becomes increasingly an engineering field, it will be necessary to use the methods of
estimating technological maturity already familiar to, for example investors in aerospace.
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Optimization of the Business of P3 Medicine Clinics
Using Technology Readiness Levels
Clarifying progress in the longevity industry for the benefit of investors will require
establishing a separate Technology Readiness Level (TRL) for three prongs of the
industry.
Technology readiness levels (TRLs) are a standardised method of estimating the
maturity of Critical Technology Elements (CTEs). They are determined during a
Technology Readiness Assessment (TRA) that examines program concepts,
technology requirements, and demonstrated technology capabilities.
TRL are based on a scale from 1 to 9 with 9 being the most mature technology, with
specific TRL levels being assigned to specific technologies by a group of scientific
experts familiar with each specific technology. The use of TRLs enables consistent,
uniform discussions of technical maturity across different types of technology.
By applying it to progressive medicine, we can forecast how long it will take a given
therapeutic or technology to witness practical applications in the clinic. The darkness
of each hexagon represents its TRL, with darker colors indicating a low TRL and
brighter colors indicating a high TRL.
As the number of prongs to longevity industry increases, we are rapidly approaching
a point where TRLs become the most consistent and useful metric for progress.
Wikimedia commons

P3 Medicine Clinic’s managers will use TRLs to optimize their clinic’s strategy and
development plan.
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The key skills of these professionals will become the assembly of these different components, as well as the
ability to forecast which ones will be ready, and when. This will allow them to become leading practitioners at the
forefront of biomedicine, while investors will be able to correctly analyse trends. They will not need to simply rely
on the promises of scientists, but be able to themselves measure, in a tangible manner, what is possible in the
next 3-5 years.
Rather than judging a clinic by the amount
of money invested in it, analysts will be able
to judge it on the actual state of its
technologies. How modern a clinic is will
become quantifiable in terms of their
diagnostic, prognostic, experimentation and
treatment capabilities. This equation will be
entirely scientific and technological, and will
be worked out in a straightforward fashion
without the need for speculation. This will
significantly de-risk investment and allow the
best clinics to thrive.

Rocket evolution relied on the intelligent
assembly of many different parts to
accomplish different overall functions.
We are going to produce a special case study by the end of 2018, where we will give a more comprehensive
overview showing existing P3 medicine clinics around the world, and propose a framework whereby we can rank
these clinics quantitatively according to the sophistication of their pipeline (diagnostic, prognostic, experimentation
and treatment).
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We applied the concept of TRLs to 120+ emerging topics in geroscience R&D today as well as 50+ practical
applications of geroscience today, to serve as the basis for a more precise and comprehensive framework to
analyzing, mindmapping and landscaping the field of geroscience and the longevity industry.

Technology Readiness Level (TRL)
9

Commercialized

8

Pre-Production

7

Field Test

6

Prototype

5

Bench/Lab Testing

4

Detailed Design

The TRLs for the current state of progress can arguably be
broken down as follows:
-

P3 medicine, in and of itself, being practically applicable
today, comes out in front with a TRL level of 8 or higher.

-

Geroscience research and development, which
occasionally and sporadically produces applications for
geroscientific research falls between TRL levels 5 and 7.

-

Pure geroscience, being in effect a form of general
reconnaissance, likely falls between 4 and 1.

The application of TRL to the geroscience, longevity and disruptive bioscience industries will serve as an important
step toward:
●

Developing the methodology for tangible and measurable forecasting, strategizing, synergysing and
optimization of further development of progressive biomedicine, and

●

Developing novel investment strategies for financial and investment entities which will specialize in the
progressive medicine and longevity industries, based on TRLs and precise forecasting with a focus on the
convergence of technologies
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Timeline for Completion of Technologies
for P3 Medicine Clinic
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Conclusion
The clinic of the future will be a pinnacle of the implementation of P3 medicine. With technologies
boosting portability, digitisation and cross fertilisation with innovations from other areas such as space
travel, they will be placed to prevent rather than treat.
A clear focus on precision diagnostics and prognostics will underpin the use of individual digital
avatars that store and manage patient data securely and intelligently. Thus, location services for
these clinics will have to be much more centred on advanced and premium offerings such as full body
scans and other actions powered by the most exclusive technology available.
With data and technology taking over traditional clinician roles, the managers of these new clinics will
have to start acting like engineers more than anything. Their task will involve assembling these
clinics and services in the best way possible to maximise patient benefit and fully implement all the
emerging new technologies.
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Chapter VI
Paradigm Shift - From Treatment to
Prevention
-

Industry
Government
Society
Forecasting

“We must develop a comprehensive and globally shared view of how technology is affecting our
lives and reshaping our economic, social, cultural, and human environments. There has never been
a time of greater promise, or greater peril.”
- Klaus Schwab, Founder and Executive Chairman, World Economic Forum

Here the history of the longevity industry is described as consisting of increasingly frequent paradigm shifts, each
as disruptive as the last.
The overall direction of travel for longevity industry has been from techniques for treatment toward technologies for
prevention.
A set of contingencies is described: cards that must fall in order for the next shift toward greater prevention to take
place.
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It is argued that all in all the longevity industry suffers from a general ‘conceivability deficit’ which makes
democratic demand for global solutions impossible.These are: governments, which are stuck in a cycle of
long-termism and have not yet for example classified aging as a disease, and society, which is upstream from
government and which has yet to correctly conceive of the problem of aging to begin with.
In previous chapters we gave examples of extant and emergent technologies, and of how their intersection can
accelerate both. But in fact a great many relevant technologies are already ripe for implementation within 5 years.
This would of course be contingent on certain ideal environmental conditions: a technocratic environment, the
neutralisation of certain barriers to labour movement, and a tendency on the part of governments to select the
most talented and productive scientists and engineers, not to mention a degree of sustained political will for
orchestrating the arrival of these technologies.
But traditionally these prerequisites have been in short supply. Whereas little over half a century stands between
the Wright brothers’ plane and the first moon landing, between the first microchip and deep learning, thanks to the
management of these industries along obvious lines and popular support for these industries, several minutes at
any of the world’s most advanced clinics and conferences, reveals no similarly productive relationship between
the science of longevity and the industry of longevity. Indeed we seem perversely determined to grind forward in
second gear. For a civilisation that prioritises health as much as it does, we have demonstrated remarkably little
enthusiasm for harnessing our knowledge effectively and optimising our progress. In the following chapter we
examine the exponential developments of the industry to thus far, and some of the sticking points that follow.

The way we prioritize projects at Insilico Medicine is by looking at the number of
quality-adjusted life years (QALY) each project can generate. It is the most altruistic cause
and the most effective investment. If you add just one year of life to everyone on the planet,
you generate over 7 billion QALY.
-

Alex Zhavoronkov, Insilico Medicine
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Paradigm Shift - From Treatment to Prevention: Industry
Over the past century, humanity’s approach to aging has evolved from a branch of nursing into a branch of
engineering. A form of “sick-care” (or palliative care) has given way to a form of healthcare (geriatric medicine),
which has given way to a form of preventative healthcare (biomedical gerontology), allowing for the eventual
prospect of engineered reversal (rejuvenation biotechnology). Moreover these paradigm shifts, each of equivalent
magnitude to the next, have occurred at an exponential rate. The first took thousands of years; next took fifty, and
nascent revolution described in this document spans only a further decade.

The age of geriatrics (1500BC)
The earliest recorded formal subdivision of medicine dedicated exclusively to age-related ill health was in 1500 BC
under the Ayurveda system on the Indian subcontinent. But today’s geriatric medicine is essentially an outgrowth
of the ordinary adult medicine of the 19th and 20th centuries, ordinary medicine modified to allow for the
complexities of old age. Geriatric medicine has had some success in mitigating age-related disease, but it has
done little if anything to increase maximum recorded lifespan since reliable records began.

The age of biomedical gerontology (1950s)
The full light of science was not thrown on the biology of aging until the the middle of the 20th century. The
discovery of DNA in the 1950s opened up new lines of enquiry into the genetic basis of aging. Scientific articles
written since the 1960s on the pathogenic role of free radicals and the role of telomere shortening in chronic
diseases made these into household terms, and decades of research into human and animal metabolism opened
up new fields of speculation and theorising on the causes of aging. Aging was revealed as an outcome of the
metabolic processes upstream from disease formation, and so metabolism seemed like the natural point of
intervention for biomedical gerontology. Over the decades the field remained a backwater as it occasionally threw
up suggestions for how science might intervene further upstream from geriatrics by intervening in metabolism so
as to slow the rate of aging and consequently the onset of disease. This however is an uphill struggle as human
metabolism is both integral to the day-to-day functioning of the human body and therefore unreconstructable. And
moreover, as evolution didn’t leave notes, human metabolism will not be fully mapped for decades to come.
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The age of rejuvenation biotechnology (2000)
A more recent paradigm shift has been toward intervening a little further back downstream: not treatment of
individual diseases, nor intervention in metabolic processes, but the repair of the damage inflicted by metabolic
processes, which gives rise to individual diseases. We could describe this as treating age rather than aging. This
approach gained support in the early 2000s when geroscientists and regenerative medicine specialists began to
consider the application of regenerative medicine -- the repair of damaged tissues and organs -- to the damage of
age, an approach for which the recently established term is ‘rejuvenation biotechnology’. The advantage of this
approach over previous approaches is that the basic science, which is needed only initially in order to enumerate
the differences between old and young tissue, is ahead of the technology, and the remainder of the challenge is to
devise a repair strategy for repairing this damage. Thus rejuvenation biotechnology marks the completion of
anti-aging technology into a fully-fledged engineering industry.
One of the main sticking points in the proliferation of rejuvenation
biotechnology has been a lack of popular demand.
The general public tend to glean their ideas of biomedical progress
from those in possession of the latest medical knowledge, namely
their medical doctors, and tend to assume the knowledge of medical
professionals represents the latest biomedical progress, whereas in
truth most of it was validated at least fifteen years ago and serves as
an outdated snapshot of biomedical progress, setting public
awareness of biomedical progress least fifteen years behind the
reality.

(image source: Aubrey de Grey)

This leads to a lack of overall popular awareness of the current state
of progress and the immediate and short term prospects of improved
HALE and QALY, which in turn makes coherent and enthusiastic
widespread demand for immediate further progress unlikely.
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The more traditional medical models worked well for particular acute conditions such as age-related infection and
traumatic injury. But as we are no longer dying from infection, the leading cause of death a century ago, chronic
lifestyle and age-related diseases such as cardiovascular disease, cancer, diabetes, stroke, and dementia have
become the leading killers in the West, and traditional models have struggled to address these multifactorial
diseases. Given that biological age is the primary risk factor, it is necessary to target the aging processes
themselves
and
resulting
damage
which
produces
disease
further
downstream.
http://www.businessinsider.com/leading-causes-of-death-from-1900-2010-2012-6
?IR=T

Furthermore, the patients of the future will be
evaluated and diagnosed on the basis of precise and
personalized biomarkers.
Instead of the HDL/LDL ratio, patients will learn about
their telomere length, metabolic activity in different
brain regions, somatic DNA damage load,
microbiome components, and genetic polymorphisms
that
inform
actionable
medical
choices.
As a consequence, the coming era of medicine will
neither target symptoms nor disease, but root
molecular causes and damage.
Instead of giving addictive opiate painkillers for
collapsing spinal discs or arthritis, patients will see
their cartilage rejuvenated with stem cell-based
therapies, or stem-cell activating drugs. Instead of
taking statin drugs to reduce cholesterol production,
and experiencing serious side effects, patients will be
administered a gene therapy that reverses the
atherosclerosis and vascular inflammation that
causes heart attacks and stroke.
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Paradigm Shift - From Treatment to Prevention: Government
The paradigm shift in the industry toward treating aging
has done little to alter the approach of governments to
aging, which could be encapsulated in the position
articulated by former British Medical Research Council
chief Colin Blakemore in the 2012 Oxford University
Scientific Society’s Debate of the Ages, a public event
almost perfectly calculated to unmask the default
attitudes of medical authorities to the ill-defined
phenomenon of aging. Every disease of aging, and
ever constituent damage touched on in the discussion,
was considered fair game for biomedical intervention.
One reason why the new possibilities for industry have
not greatly affected government priority is that there
has been no political equivalent of industry attempts to
rectify aging.
For example, at the time the hallmarks of aging paper
came out, it was still the case that The World Health
Organization (WHO) which sets the standards by which
medical conditions are classified as specific diseases,
subject to regulatory approval from specific nations,
has never declared aging itself either a disease or any
kind of target for biomedical intervention..
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Paradigm Shift from Treatment to Prevention
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Any prospective therapy must aim to gain approval as a treatment for a particular recognised age-related disease
or condition and this therefore leaves us with a difficulty. It is hard to argue to regulatory authorities that any
age-related disease or infirmity already recognised is likely to be prevented by a given proposed therapeutic
intervention in aging, even if aging were ostensibly retarded or reversed as a consequence. So much of the
argument depends on incomplete knowledge of the links between aging and disease.
Unless an argument can be made based on shorter ramifications, geroscientific therapies cannot gain approval.
The result has been a series of proxy wars on this or that disease, while the empire of aging remains unmolested.
However, there is emerging consensus in the geroscience community that aging can and should be classified as a
distinct disease via the WHO’s International Disease Classification (ICD) system. In a November 2015 a paper
publish in Frontiers in Genetics made a carefully layered recommendation for the classification of aging as a
disease in the 11th World Health Organization's (WHO) International Statistical Classification of Diseases and
Related Health Problems (ICD-11) in 2018.
"Aging is a complex multifactorial process leading to loss of function
and a very broad spectrum of diseases. While the notion of whether
aging itself is a disease is usually disputed, classifying it as such will
help shift the focus of biomedicine from treatment to prevention.
Classifying aging as a disease with multiple 'non-garbage' ICD codes
may help create business cases for large pharmaceutical companies to
focus more R&D resources on this important field. Considering the
unprecedented increases in life expectancy and the heavy burden of
medical costs in the developed countries, maintaining the human body
in the disease-free youthful state for as long as possible is not just an
altruistic cause, but a pressing economic necessity", said Alex
Zhavoronkov,
PhD,
CEO
of
Insilico
Medicine,
Inc.
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Slowly but surely however a paradigm shift is underway as governments edge closer to a declaration of war on
aging.
In 2017 the World Health Organisation’s Thirteenth General Programme of Work 2019–2023 published on the
WHO site on November 5th includes several provisions related to aging. Life extension advocates managed to
persuade these global policymakers to implement all activities listed in their global strategy to help society
prepare for the ‘Decade of Healthy Aging’ (2020-2030). Among the provisions was:
“15. The foundation of WHO’s work is SDG 3: ensuring healthy lives and promoting well-being for all at all ages.
WHO is an organization focused principally on promoting health rather than merely fighting disease, and
especially on improving health among vulnerable populations and reducing inequities. Leaving no-one behind, the
Organization aims to give women and men, girls and boys, in all social groups, the opportunity to live not just long
but also healthy lives. WHO will explore measuring this foundation of its work using healthy life expectancy, which
could serve as one overarching measure…..”

-Milken Institute, Silver to Gold
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New Frameworks for Economic Stability
The silver tsunami will impact the global economy negatively, and as explained in Chapter III, there are no lasting
solutions to be found in existing or proposed government programs.
Meanwhile the convergence of AI with blockchain will continue to accelerate the rate of progress in P3 medicine,
digital health and IT-related medical technologies.
The problems created by the first of these megatrends are well addressed in this document, and so are the
eventual solutions contained within the second.

https://www.adb.org/news/features/social-insurance-asia-and-pacific-12-things-know
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But skyrocketing progress in biomedicine brings its own new set of pressures.
The global economy and global governments in general are simply unequipped to absorb such an extreme rate of
innovation and integrate these technologies as they arrive.
Therefore we predict that this integration of innovation of data-accelerated biomedicine will be concentrated in
global hot spots, which are the exception to the aforementioned rule. Those governments, regions and ‘smart
cities’ are more adept at:
●

Harnessing this technology early, and developing strategies for stemming the tide of the tsunami and
managing the threats, e.g. by hedging the risk of bankruptcy of government, healthcare deficits, pension
programs, and so on.

●

Developing frameworks for integrating these advancing technologies for the long term.

https://www.adb.org/features/asia-s-growing-elderly-population-adb-s-take
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https://www.adb.org/features/asia-s-growing-elderly-population-adb-s-take
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Paradigm Shift - From Treatment to Prevention: Society
Politics is downstream not from industry but from culture.
And aging has never been viewed by the culture as a fair target for biomedical intervention. For just as biomedical
science had not, until recently, produced a coherent working definition of aging, and just as medical authorities still
have not classified aging as a target, neither too has the problem of aging been coherently visualised by the
general public as a concrete factor in our lives one way or another.
In industry, politics and society alike there has been a conceivability crisis around the subject of aging.
Democratic demand for a war on cancer continues even decades after its declaration because, despite it
remaining unwon, a cure is still popularly conceived of as the removal or prevention of a tumour, and that very
notion of the concrete and attainable objective continues to galvanise public demand for further research.
Whereas aging, despite being equally physical in nature to cancer, is still thought of as something mystically
outside the realm of amenability, a habit of mind which makes itself immediately apparent in popular turns of
phrase.
A cancer patient may complain that his cancer is ‘eating him alive’, but a person left infirm by aging merely laments
that ‘time has taken its toll’ on him. He does not complain that his cells are filled with junk or strewn with collagen
crosslinks, which would be the equivalent verbal portrait of advanced biological age.
In terms of the centralisation of the healthcare system, one could consider centralized health care countries as
great places to test interventions because there is rigorous push to develop preventive strategies for disease. The
driver for these changes are not as strong in countries driven by consumer paid treatments where for-profit
organisations rely on a steady stream of sick patients.
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A useful way to talk about the quality
and quantity of life experienced by
individuals and populations around the
globe is to quantify and systematise
their meaning.
The terms QALY (quality-adjusted life
years) and HALE (health-adjusted life
years) enable this. QALY specifically
refers to the balance between the length
of time someone lives and the quality of
life in terms of absence of disease.
HALE refers specifically to the healthy
number of years someone is expected
to live at birth, that is their life
expectancy minus the number of years
expected to be lived in a state of illness
or disability.
Therefore, HALE is a more useful and
revealing metric compared with average
life expectancy.

QALY illustrated: Quality-adjusted life years (QALYs) for two
individuals. Individual A (who did not receive an intervention) has
fewer QALYs than individual B (who received an intervention).
http://www.popflock.com/learn?s=Quality-adjusted_life_year
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Social Implications of Life Extension Technologies
Even nowadays, when the real, practical applications of significant life extension are not even on the
horizon, society is making up rumors about how the super wealthy billionaires from Silicon Valley will
significantly extend their lives. At the very extreme, this scenario was shown in the popular series Altered
Carbon, where wealthy tycoons can indefinitely extend their lives; few tycoons could do this, while regular
people were sentenced to live shortened lives. In reality, the actual foreseeable future will be simpler and
more predictable, and not so controversial. Reality will be better than what was shown in dystopian
movies.
Let’s assume the average life span, without specific treatments and technologies, will be 100 years in
developed countries. Let’s assume that during the next 10 years there will be an assembly of technologies
able, for a very high price, to provide treatment for specific people to extend their lives up to 120. Let’s
assume that for super wealthy people, this will cost $200M ($10 million per year). The cost of access to
such a program will cost $200M; it is affordable to billionaires but not to anyone else.
Now, given exponential progress everywhere, including biomedicine (considering the cost of smartphones
has declined exponentially, as well as that of genome sequencing which was $1B 10 years ago, and is
now less than $1k), this means that in 10 years the cost of healthspan extension for the subsequent 10
years will decrease to something more affordable to the general public, and these technologies will be
affordable (at least for elderly people); meanwhile for people in developing countries, medicine currently
only affordable for developed countries today will become affordable to them.
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Meanwhile, in the 10 years after that, the dynamic of progress will be much higher that the extent of
decline in cost. The increasing sophistication and precision of technologies will enable a cost that will be
closer to a fraction of what it is today, and will be close to the cost of smartphones today.
This means that the assumption that this will only be affordable for the wealthy elite is realistic only if we
don’t take into account Moore's law, and other even more extreme measures of accelerated technological
progress due to convergence of different industries and trends, in particular AI, and maybe in the next
stage even more futuristic things such as nanotechnology.
The current life
expectancy gap
worldwide is quite large.
Accelerating
biotechnologies will
actually decrease this
gap, as those in
developing countries will
catch up. It isn’t that this
gap would change itself,
as much as the norm for
both super rich and poor
will be shifted upwards in
terms of longevity.
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While the top countries in terms of longevity enjoy life expectancies upwards of 80-90 years, those at the
bottom still are only aiming for 40-50 years. This is a tremendous gap of 4 decades. The present as it is
represents huge inequality. Emerging healthcare technologies will serve to start closing this gap due to
their superior efficiency and accessibility, intrinsic to the technology. This is similar to information
technology, where people in developing countries eventually started gaining easier access to smartphones
or the internet, even before basic things such as transport infrastructure.
Our prediction is that in 10 years the global situation will be better than it is now, and in this sense, super
wealthy people and their egoistic intentions to extend their lives will serve the betterment of humanity
because it will enable the development of technologies which, 10 years later, will be available for the
general public. The real problem is not about tycoons who can acquire these technologies early - the real
issues could be that some corporations could, using some artificial methods of regulations and lobbying
government for their interests, artificially restrict distribution of these technologies. Thus, the biggest
efforts should be focused on neutralization of restricting distribution of these technologies globally, and
efforts should be proactively applied to ensure that international laws permitting restriction for distribution
are avoided and prevented.
We should state that this is quite a controversial situation, but if there are no barriers and artificial
slowdown factors, the future of humanity is very positive, and the smallest threat will be that it's only
available to the wealthy elite, while the real threat is that there will be several billion people which will be
artificially restricted from these technologies. That is why it is very important to support the development
of decentralized institutions, and distributed databases for the distribution of knowledge, technologies,
frameworks, etc. to prevent these possibilities.
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Longevity Progressive
Countries
We are at the dawn of the Fourth Industrial
Revolution, which will bring together digital,
biological and physical technologies in new and
powerful
combinations.
The World Economic Forum’s Networked
Readiness Index is a key indicator of how
countries are doing in the digital world. It
measures how well an economy is using
information and communications technologies to
boost competitiveness and well-being.
In a few years we will see ratings based on the
integration of AI into economic, financial, and
healthcare systems. These in turn will form the
basis for a rating system that will help identify
countries that are leaders in longevity.

Information and Communication Technology (ICT)
Ranking 2017
Source: https://www.statista.com/statistics/267083/top-20-countries-in-ict-development-index/
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As shown earlier, Singapore and
Switzerland are clear examples of
technocratic countries that provide
propitious environments for the future of
the longevity industry, owing in large
part to their pragmatic tendencies that
make them more inclined to implement
advanced technology into government
level frameworks.
In 2-3 years, the contenders for the
most longevity-friendly nation will
become clear. They will be those that
rose to the challenge of creating the
best
environments
for
the
crypto-economy
and
blockchain.
Creating
the
most
deregulated
environment possible to attract all the
necessary companies is one way to
approach this challenge, but the political
systems of of many nations do not
favour this move. Some of the more
technocratic countries on the other
hand, Singapore and Switzerland for
instance, are creating specialised
‘sandboxes’ - i.e. specific environments for attracting fintech companies.
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Source: https://www.weforum.org/agenda/2014/04/top-10-countries-embracing-information-technology
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Less flexible, and more political countries, such the US and China, will be pioneering the technology itself. But it
will be left to more technocratic countries with smaller populations, such as Singapore, Hong Kong and
Switzerland, to develop the necessary frameworks. In so doing they will develop a reputation for being
technologically superprogressive. The same choices that make them leaders in fintech will also make them leaders
in longevity.
The UK, Japan, and South Korea will be partially exceptions to this rule. Their large populations and highly
developed political systems make them appear inflexible, which obscures their potential to emerge as longevity
leaders in 5 to 10 years’ time.
The increase in the life expectancy and
survival rate of children will result in more
than a ten fold increase in the world
population, and, more relevant to our
discussion, more than a 100 fold increase
in the number of retirees. This increase,
coupled with a reduction in the proportion
of those working relative to retirees,
directly lead to an increase in pension and
medical expenses.
Here is a graph showing the increase in
the share of pension expenditures from
US GDP since the beginning of the last
century
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The bankruptcy of pension funds will lead to social tensions, which governments will want to avoid. During the
late-2000s mortgage crisis, the US government was able to prevent the bankruptcy of financial systems;
governments will take similar measures to prevent the failure of pension funds. In 5 years, there will not be any ‘big
fails’ per se, but there will be significant transformations in government healthcare structures where offices and
ministries responsible for solving these problems will have grown significantly in importance.
Most countries already have ministers responsible for the elderly and pensions. In 2 to 3 years, there will be in
effect ministers tasked with withstanding the silver tsunami. The worry is that some governments may opt for near
sighted, ‘easy’ solutions, such as a reduction in pension costs by way of using various strategies which ultimately
result in lower income in pension for current or future pensioners, which we already see occurring in various
countries. But that would lead to a severe drop in the standard of living and and will negatively affect competition
for retirement and social programs. This would also inevitably lead to a conflict of generations: a fierce competition
for jobs between young and mature people.
What governments ought to do is the following: fix pension fund systems and implement a clinical translation of
preventive therapies. Countries unable to do so will sink, impeded by broken healthcare models.
At the same time, governments have a responsibility to lay foundations that delay ‘social aging’.
Most people go into retirement in their intellectual and professional heyday, carrying lots of experience. The
resulting depression and decrease in functional status comprise what we define as social aging. And while the
increase in life expectancy - using pharmacological and medical approaches - can extend healthy longevity
physiologically, it is unable to eliminate social aging, which, in turn, exacerbates the economic and social problems
for the pension system. Cardinal reforms and approaches are greatly needed.
These approaches should focus on intense creative activity and training for mature individuals, as well as their
involvement in active labor. A mandatory inclusion of pensioners in certain types of activities - education, creative,
or entrepreneurship to name a few - will prolong active longevity and provide additional income and thereby reduce
costs.
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Seeking to reducing costs per se is not necessarily detrimental if applied properly. Here’s how:
Reducing costs, through the introduction of differentiated pension schemes associated with different conditions, for
instance, granting pensions only to those who have no other source of income.
Another way would be through innovation solutions: "care" would be taken over by robots and algorithms, which
would reduce the demand and costs for nurses and social workers.
It is assumed that replacing the "care" of personnel with robots, in conjunction with the development of a special
infrastructure aimed at care, will be more profitable than the army of nurses and social workers.
Other solutions include:
❏

Raising the retirement age.

❏

Eliminating business taxes and taxes on labor income for people who have reached a certain age.

❏

Creating special stimuli related to hiring elderly individuals: if the share of the elderly workers in a certain
institution is higher than a certain value, the business gets tax breaks.

❏

Tying in pension benefits to the educational, teaching and entrepreneurial activity, giving bonuses and benefits
if older people are active and getting involved in certain activities.

❏

Offering grants for businesses creating technology solutions for the elderly.

❏

Considering innovative pension funds that provide varying benefits (perhaps with a core element to guarantee
a minimum standard of living) depending on the fund’s performance, with the fund investing in sophisticated
diversified growth products including longevity risk, rather than current funds investing in bonds during or
nearing retirement offering low returns.
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Paradigm Shift - From Treatment to Prevention: Global Forecasting
In the past few slides, we looked at measures and indexes that quantify a country’s readiness and potential for
technological innovation. Those indexes are also a good indicator of the potential for advancement in a number of
specific industries, including healthcare. But here we want to dive deeper into assessing the potential for progress
in healthcare on a national scale.
In previous chapters, we outlined how metrics, scores, frameworks and forecasting tools could be applied
regarding a specific technology and for specific assemblers, such as P3 medicine clinics. The same approach
could be applied for entire countries.
Such metrics and frameworks could be applied for countries. The exact ranking of how progressive their
healthcare system is, and how adequately modern their infrastructure is for personalized and preventive
healthcare, could be measured in a tangible and quantitative way.
Unfavorable factors should be measured too; those include eurocratic barriers, inefficiencies in operating
healthcare systems, and the stagnation of the medical and associated investment community. The answer to our
equation would be the sum of the positive and negative factors.
This comprehensive formula should yield more accurate answers. To give an example, there could be cases
where science and tech in a country are highly advanced, but the level of bureaucracy would be so high that the
overall score, which indicates the real quality of a P3 medicine infrastructure, is very low. Meanwhile, in
developing countries, low bureaucratic barriers could mean that advanced medicine could evolve faster.
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Japan, Hong Kong, and South Korea, nations once ravaged by wars, have found their way to becoming some of
the most progressive countries on the globe. About 50 years ago, each of these nations applied advanced
management techniques on a government level aimed to develop the robotics and semiconductor industries.
However, the leaps achieved in robotics and chips did not trickle into medicine. Here’s why: For a national
strategy to effectively aid the healthy longevity industry, it should take into account both the positive and negative
factors. And it is our belief that negative factors - namely, inefficient government factors - carry more weight than
any support for technological progress.
There is no shortage of biomedical progress around the world. If crafted correctly, a national initiative aimed at
promoting healthy longevity will attract progressive companies, scientists, entrepreneurs and investors. Analytical
agencies could work with governments to set up frameworks that weigh positives and negatives for an entire
country, as well as larger regions such as the EU, Asia, North America, and so on.
Methods used for analyzing technological progress should be applied in governments’ decision making
processes, which would help neutralize and prevent negative factors on the level of government and policy. It is
not the purpose of this volume to give an in depth analysis of these slowdown factors, but they will be described in
Volume 4: Novel Financial Systems. Meanwhile, here, on the matter of forecasting, it is possible today to identify
countries that have sound technological and scientific progress but a history of government inefficiency and
inflexible regulations and policies, and we can predict that these countries are unlikely to be the ones to usher in a
paradigm shift from treatment to prevention. We can forecast that small countries with flexible, technocratic
governments - Singapore, Hong Kong, followed Japan, the UK, and South Korea - are the most likely ones to
make this paradigm shift in next 5 years. Meanwhile, it remains unclear how bigger countries, think China and the
US, will be able to manage their inflexibility - due to their size, such countries, while quick at absorbing
technological innovation, lack severely on the level of regulation, policy, and management.
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In summary:
●

The global silver tsunami is unstoppable without the timely implementation of multifarious HALE- and QALYextending technologies globally, in effect a global longevity industry.

●

This in turn requires the rapid establishment of novel financial systems such as those described herein.

●

Likewise, this necessitates the accelerated launch of government-level frameworks.

●

This could be rapidly achieved in smaller, more technocratic countries or countries with very
technologically-driven administrations.

Health-Adjusted Life Years (HALEs)
●

HALE are the population health summary measures
typically used in estimates of the burden of disease.

●

They measure the combined effects of mortality and
morbidity in populations, allowing for comparisons across
illnesses or interventions as well as between
populations.

●

Two common approaches to measuring HALEs are:
●
Disability-Adjusted Life Years (DALYs) and
●
Quality-Adjusted Life Years (QALYs).
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Conclusion
All this amounts to a paradigm shift that will precipitate the collapse of multiple healthcare systems as
corporations are either bankrupted by creditors or bailed out by governments.
But all industrial revolutions, including those that engender rapid demographic change, bring opportunities as well
as crises. The coming shift will create new opportunities for governments healthcare ministries and financial
companies in the world’s most longevity-progressive countries.
Seizing this opportunity will require the establishment of specific working groups and think tanks within both
government and industry in order to take charge of the situation, anticipate both positive and negative trends and
remain proactive, giving progressive countries the opportunity [ride the tsunami and..?] to become new epicenters
of healthy longevity and precision health.
It will also involve sidestepping the bureaucratic trainwreck caused by the hippocratic oath, originally conceived in
a pre-bureaucratic age. The principle of ‘first do no harm’, originally intended to protect patients from hasty
experimental treatments, has by the 21st century left us with bureaucratic regulatory systems and increased
research and development costs, stifling any potential exponential growth factor.
This would require a set of novel financial systems, some of which are explored in the following chapter. The risks,
opportunities, technological and societal implications of each will be explored in greater detail in later volumes.
There we will identify the major financial structures that will emerge, as well as the ones that will need to be
updated as longevity biotechnologies advance exponentially.
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Chapter VII
Novel Financial System
2020-2025 Perspective
-

Introduction
Venture Funds
Progressive BioPharma
Hedge Funds
AgeTech Banks
Pension Funds / Insurance Companies
Longevity Trust
Longevity Stock Exchange
Derivatives
Longevity Index Fund

“To finance longer life spans, we must convince individuals to start
investing now for the long term. But longevity should be an asset that can
be leveraged, not a curse.”
- Laurence D. Fink, BlackRock Capital, Chairman of the World’s Biggest
Investment Fund, with $6.28 Trillion under management.
The current financial system was designed 50-100 years ago, at a time when no one
could imagine that life expectancy could increase at all, nevermind to the extend with
which it has actually increased in the past 50 years. To adjust to the current reality
nations will have to endure multiple financial paradigm shifts, gand experience of
several significant financial crisis cycles. And they will have to enable these shifts fast if
they hope to avoid systemic stagnation, within the next 10-15 years.
The backbone of today’s global financial system do not possess the resources or
infrastructures needed to enable such rapid adaptation and adjustment. This is why this
report concludes that the necessary changes required to weather this storm will be
deep and fundamental shifts, almost equal to the creation of wholly novel financial
system from scratch.
This chapter considers how a preliminary blueprint of the novel financial Longevity
economy should be designed, and outlines major topics which will be covered in
greater detail in a forthcoming special report later this year titled “Novel Financial
System”.

“The future of the longevity industry not only has the logical potential to
become the wealthiest industry in all of history, but also represents the
most ethical way of doing business.”
- Dmitry Kaminskiy, Managing Partner, Deep Knowledge Life Sciences.
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INTRODUCTION
In this chapter we will outline the collision of two global megatrends, about to collide like matter and antimatter,
resulting in a global shockwave that will inevitably result in the creation of Novel Financial System.
●
●

The silver tsunami (global aging population) described previously, and the concomitant global stagnation
of the biopharma, national economies and healthcare systems.
The acceleration of biomedicine as a result of its convergence with data science.
The Collision of Two Opposed MegaTrends

Accelerating
Biomedicine

Silver Tsunami

2012

2025

2030

The acceleration of biomedicine has
been mainly spurred by advances in
the collection, gathering, and analysis
of data. The industry is poised to
witness a quantum leap in the near
future, particularly in light of the
upcoming
paradigm
shift
from
treatment to prevention.
Meanwhile, the inevitable Silver
Tsunami will further burden the
working population and relevant
financial systems. It will Increase the
costs associated with old age.

Year

We consider the implications, opportunities and threats involved in this shift, and examine the range of tools at
our disposal for making step-by-step predictions and forecasting for various possible futures. We analyze who
will be left standing, who will thrive, and who will be swept away by the Silver Tsunami. The following chapter
offers an overview of the factors involved with this analysis.
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The Big GAP.
The current Biophrama and Healthcare industries were able to extend Life Expectancy but not
QALY/DALY. This created the BIG GAP.
One of the issues exacerbating the decline of today’s global financial
system is the Big Gap between life expectancy and QALY
(Quality-Adjusted Life Years) and DALY (Disability Adjusted Life
Years). Due to advancements made by healthcare systems and
BioPharma, people are now living longer, but not healthier, and
without a corresponding increase in their QALY and DALY.
This chapter outlines how and why novel financial system will be
necessary to mobilise global defences against the silver tsunami. It
is argued that this can only be implemented on time by small,
versatile technocratic governments, and with this in mind several
global hot spots of longevity finance are identified and justified.
One of the most illustrative case-studies of this gap is Japan, which
experienced an economic boom 50 years ago that nearly allowed
them to exceed the USA in terms GDP; , concomitantly, Japan’s life
expectancy also nearly outgrew life expectancy in the US, although
without an equal increase in its citizens’ healthspan.
This gap created a significant negative impact on Japan’s national economy, which has been suffering
for the past 20 years as a result. Japan’s government has spent massive efforts in financial engineering to account
for this gap, but have only succeeded in delaying the collapse of their economy, not fixing the fundamental cause
behind it. Japan and its major financial institutions should be motivated more than any other nation today in
adopting a combination of advancements in biomedicine and advancements in financial science to synergistically
avoid stagnation and collapse in the face of this Big Gap.
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Data Science for the Novel Longevity Financial System
Novel financial system will require implementation of the most advanced data-science technologies empowered by
AI. Previously, the synergetic development of advancements in data science and financial science allowed for the
creation of massively more powerful financial engineering methods.
Similarly, synergetic advancements in health data science and financial science, empowered by AI, can enable the
creation of novel financial entities that harness the enhancement of QALY and HALY in order to generate profit,
thus incentivizing both nations and the main institutions in their financial ecosystems to boost national economies
and GDP via enhancement of QALY and HALY.
The remainder of the chapter catalogs the main successors of existing financial institutions, hybrid entities that
absorb the existing financial institutions of today, and spawn novel institutions to take the place of those destined
to die out, some of which will evolve naturally from existing entities, and some of which will thrive on the extinction
of the ones they will replace.
This chapter considers specific entities and institutions related to this novel financial longevity industry, and charts
possible pathways toward the optimal development of this nascent industry, with a particular focus on Venture
Funds, Index Funds, Hedge Funds, Progressive Healthcare Corporations, Longevity Trusts, AgeTech Banks,
Longevity Stock Exchanges, Longevity Derivatives, Longevity Composite Index.
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Formulating a New Class of Assets Relevant to the Novel Financial Industry
In addition to the development of tangible metrics and parameters to predict the success of financial institutions in
adapting to the longevity industry, it is also crucial to define novel assets derived from the novel financial industry.
Those values should take into account the following considerations:
1.

Regarding health as an asset

2.

Understanding the nuance between precision medicine and precision health. If financial instruments are tied to
the halting of biological ageing, they can be secured as special financial instruments and transformed into
derivatives. This can serve as a definition of precision health as well as health as an asset. This makes it a
separate concept to precision medicine.

3.

Measuring the number of active retirees: elderly people who are active investors rather than passive
deposit-holders for instance

4.

Measuring the number of people who were converted from active members of society to active elderly
entrepreneurs

5.

Monitoring the improvement of the ratio of workers contributing to social services, like medicare, against the
number of elderly dependents.
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Tangible Metrics for the Novel Financial Longevity Industry
We must be extremely thorough when establishing novel financial instruments for the longevity industry; a crucial
part of that process will rest upon devising appropriate and fitting metrics and parameters. A new framework must
be established that takes into account all tangible, measurable parameters, which would be aggregated into a
weighted average. Such a framework would enable us to better assess the performance of the financial entities
employing those novel instruments.
The parameters will be observed in applied P3 medicine and the performance of a healthcare system focused on
prevention more broadly. Precision diagnostics, advanced prognostics, personalised experimentation and
preventative treatment can form part of the P3 medicine scoring of clinics, and provide metrics for the linking of
their longevity-enabling technologies to financial instruments.
The performance of entities in the novel financial longevity industry should be exposed in some mathematical
formula that quantifies their performance in relation to biomedicine parameters.
The parameters are:
1.
2.
3.
4.
5.
6.
7.

HALE (Health adjusted life expectancy)
QALY (Quality adjusted life years)
Biological age with respect to chronological age
The level of innovation in P3 medicine clinics
Research and development, with respect to technology
readiness level (R&D TRL)
Practical applications technology readiness level
(practical applications TRL)
The average number of productive years, i.e. the years
when people are actively adding to a nation’s GDP
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Tying Wealth to Health via Tangible Metrics

HALE

Biological Age
vs
Chronological
Age

QALY

P3 Clinic
Innovation
Score

R&D TRLs

Number of
Years in
Workforce

Practical
Applications
TRLs

Precision Health & Health as an Asset: Tying Health to the Performance of Financial Instruments
The Integration of Health Data Science with Financial Data Science
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Health adjusted life years can be
measured relative to HALE
(Health adjusted life expectancy)
and DALY (Disability adjusted
life years)
By age 65, half of the
population represented by the
graph are still healthy, with
around 15% being ill. The rest
have already died. By 80,
merely 20% are still in good
health while almost 20% have
died.

B = time lived in poor health

The rest are ill. Very few reach
age 100, and even fewer reach
100 in good health. This
highlights the proportion of
longevity that is at present
associated with ill health, and
the importance of extending
health itself alongside number
of years lived.

Source: http://www.slideshare.net/hanzeuniversity?utm_campaign=profiletracking&utm_medium=sssite&utm_source=ssslideview
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➢
➢
➢

Biological Age vs Chronological Age
HALEs: Health-Adjusted Life Years
QALYs: Quality-Adjusted Life Years
A patients may see that
their biological age is
38 in 2019 - older than a
couple of years before,
and older than their
chronological age of 36.

Then, after use of P3
medicine they may see that
their biological age is 36
in 2021 - younger than a
couple of years before, and
younger than their
chronological age of 39.

Biological Age over Time
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Chronological versus Biological Age

https://www.pinterest.com/pin/497999671268388652/?autologin=tr
ue
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While lifespan refers purely to the number of years a person is expected to live, healthspan looks specifically at
the number of healthy years someone can be expected to live: years that are free from the diseases and
disabilities brought on by ageing.

P3 medicine is an incoming approach to medicine that is governed by three Ps: precision, prediction, and
prevention.
This approach will be key to delivering on the promises of geroscience and will have a big impact on worldwide
lifespan and healthspan. With enough progress, more people will live disease-free lives regardless of age; lifespan
and healthspan will converge to one metric. Specifically, precision medicine refers to the practice of measuring
and accounting for individual differences at the genetic, environmental and lifestyle level for each person. As such,
it ties in with the personalisation of medicine.
The extent to which new clinics implement technologies falling under the P3 umbrella can be quantified through
scores. Predictive health, on the other hands concerns itself with using the precision data to forecast health events
in the life of a given individual. Health, as an asset in its own right, will be monitored alongside biological age.
Health preservation will be enabled using the framework of precision health as the next stage of precision
medicine.
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Tying Healthcare Data to the Financial Industry: Longenesis as a Case Study
Longenesis was born out of a partnership between Insilico Medicine, a biotechnology company focused on deep
learning for drug discovery and biomarker development, and the Bitfury Group, one of the largest private
infrastructure providers in the Blockchain ecosystem. The pair aim to foster a decentralized ecosystem for
exchange and utilization of human life data. They plan on achieving this by building a revolutionary platform that
marries nextgen artificial intelligence and blockchain technologies. Their ultimate mission is to improve human
performance, extend life, and prevent disease.
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“Longevity is a blessing. And as an investor, it provides you
opportunities to benefit from compounding and to have a
longer investment horizon. But if you don’t prepare for it, you
are left with two options: Work longer in life, perhaps much
longer than you’d like, or hope you’ve been good to your
children and that they’ll be willing to care for you in your old
age. And, second, I hope you’ll speak out. Longevity is an
issue of social justice that will have a more profound impact on
your generation than on any generation before. If we don't
start to address it – not just in this country but globally – we're
going to see fewer job prospects for young people, higher
unemployment, lower growth and many older people – maybe
your parents – left without the means to support themselves.”
- Larry Fink, Chairman of Blackrock Capital

“There will come an age when our
average life expectancy will reach 200
years.”
-Masayoshi Son, CEO of SoftBank and Vision Fund.
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Key Financial Industry Influencers on the Subject
of Longevity and Long Term Planning
Leading figures in financial industry are beginning to steer CEOs to new ways of thinking about the success and
impact of their businesses, and the ways in which shareholders are able to assess the trajectory a company is
taking in terms of profits from the perspective of a longer term, holistic impact that includes social,
environmental and governmental matters.
Chair of Vanguard ($4.5T assets) Bill McNabb and chief executive of BlackRock ($6.3T) Larry Fink both issued
letters to CEOs covering these exact points. Nine other asset managers joining McNabb in sending his message
bring the group’s total asset value to $15T.
Mr. McNabb suggested a shift from the current quarterly earnings schedule to at least a 5-year or longer outlook
on the profits as well as “interactions with society”, as a measure of a company’s global impact.
According to Fink, these impacts should stretch to all stakeholders: “Companies must benefit all their
stakeholders, including shareholders, employees, customers and the communities in which they operate.”
Bill McNabb

https://www.ft.com/content/a28203d8-067d-11e8-9650-9c0ad2d7c5b5

Larry Fink

http://fortune.com/businessperson-of-the-year/2016/larry-fink-19/
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“The entire system is now wired toward the short term. Banks and securities firms
grow revenue from the velocity of money. So they have a short-term incentive. Media,
especially in the online age of the 24/7 news cycle, draw traffic from hyper-focusing on
the latest developments… But they should do just the opposite, taking advantage of
their longer investment horizon to keep their money working for them. Because let’s
face it – if you have 25, 30 or 40 years to save for retirement and 20 or 30 years to
fund in retirement, you should not be worrying about what’s happening this second,
today, this week – even this quarter.”
- Larry Fink, Chairman of Blackrock Capital

“People are living longer than ever before, dramatically altering the financial challenges
of retirement. Increased longevity is a blessing, but it’s an expensive one because that
translates into the need for a bigger retirement nest egg and access to secure,
retirement-long income. As our survey suggests, many Americans simply won’t have the
money they need to enjoy their longer lives if they don’t start investing differently.”
- Rob Kapito, President of Blackrock Capital

“I’m actually pretty optimistic about the U.S. economy. But Europe’s got real
challenges. A lot of that is due to the demographics in Europe. China has been the
engine of growth for the world for the last 20 years, or the last 10 years in particular,
but that’s not sustainable. So you’re looking at a world where growth is going to be
more challenged than it’s been, unless you see some really big jumps in
productivity.”
- Bill McNabb, Chair of Vanguard
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Key Players in the Tech Industry on the Subject of Longevity and Long Term Planning

“Every country needs a Minister for the Future”
- Mark. R. Benioff, Chairman and CEO of Salesforce

“The opportunity to raise the quality of life is the biggest
business opportunity going”
- Anand Mahindra, Chairman and Managing Director
of Mahindra & Mahindra

“With some longer term, moonshot thinking around
healthcare and biotechnology, I believe we can
improve millions of lives”
- Larry Page, CEO of Google

Death never made any sense to me.
- Larry Ellison, Founder of Oracle
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“The biggest change in the world today is that the young don’t learn from the old, they teach the old about the
world today.
We do not want to just define issues; we want to help to create solutions.
Change can be frightening, and the temptation is often to resist it. But change almost always provides
opportunities - to learn new things, to rethink tired processes, and to improve the way we work.
The more we think about how to harness the technology revolution, the more we will examine ourselves and the
underlying social models that these technologies embody and enable, and the more we will have an opportunity to
shape the revolution in a manner that improves the state of the world.
As all these trends happen, the winners will be those who are able to participate fully in innovation-driven
ecosystems by providing new ideas, business models, products and services, rather than those who can offer
only low-skilled labour or ordinary capital.
Interaction across the physical, digital and biological domains that make the fourth industrial revolution
fundamentally different from previous revolutions.”
- Klaus Schwab, Founder and Executive Chairman of the World Economic Forum
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The Evolution of Financial System
As seen over a timeline, the evolution of technology finance according to CME Group emphasises the
engineering approach to finance, and the need for systems using adequate metrics. Having systems that take
note of business, finance and tech as a whole unit with complementary parts is essential to the success of future
finance.
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Longevity Forces Long-Term Thinking
The most important initial factor in determining how the financial future of the longevity industry will pan out is the
unwieldiness of current global political systems and their electoral cycles. The future financial landscape will be
shaped by the following factors:
●

In global democracies, the national governments are forced to reconsider their position every 4-5 years

●

Corporate presidents are working towards quarterly reports, with deadlines based on their quarterly survival
as a top priority

Yet the potential technological solutions outlined in this volume - HALE and QALY increasing technologies which
solve the healthcare economic crisis, rebalance GDP and stem the tide of the silver tsunami - pertain to a time
horizon of about a decade.
There is therefore no sustained impetus for governments or corporate executives to knuckle down and implement
any such strategy. The only long-term players in this picture are investors, and as such the strategic burden falls
upon them.
But even unleashing the power of investors requires a long-term national strategy or a framework for
absorbing, integrating and implementing novel converging technologies as they arrive. Furthermore this would
need to be developed in the next coming years.
Novel investment strategies for different types of investors, from small venture funds up to national sovereign
funds, should be developed based on the novel paradigm of tangible metrics and pragmatic forecasting.
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Financial Futurism
Dictionary.Com defines ‘futurism’ as: “The study or forecasting of trends or developments in science,
technology, political or social structure, etc.“
So intertwined are the fates of technology and finance at this juncture in history that predicting them calls for a form
of ‘financial futurism’.
In this chapter we apply forecasting methods to identify possible scenarios and create a roadmap for how financial
entities could evolve from scratch in the novel financial realm.

The Pathway toward Financial Futurism
Looming changes to the global financial system resulting from the
convergence of two collapsing megatrends, the Silver Tsunami and
advancing Longevity industry, will shake the global financial system.

Financial institutions that don’t adapt will not survive
in their present form
After the tsunami has passed, such economies will have reformed
themselves beyond recognition, absorbed by novel financial institutions and
systems, or transformed by government initiatives of progressive
technocratic countries.
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“There have been many well documented efforts to predict the future of biomedical progress, but is there
any good reason why the same logic could not be applied for the financial sphere? Many thought leaders
have made reasoned predictions on how some fragments of collapsing financial systems will evolve,
adapt and adjust to increasing life expectancy. We should work to assemble the framework of scenarios
regarding the evolution of financial system in the next 10 years, and create the pathways that will be able
to neutralize collapses and accelerate the dynamic of progress of the longevity industry, with a focus on
extension of healthy period of life for the betterment of all of humanity.”

- Dmitry Kaminskiy, Managing Partner, Deep Knowledge Ventures

The following pages give an
initial overview on how several
potential types of financial
institutions could and should
operate in the next 5 - 10 years
in the face of these changes.
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Venture Funds
As our first step in financial futurism we ask: What will be the future of venture funds in the wake of this paradigm shift?
The identification of biomarkers of aging, and further progress in the use of AI for clinical trials will open up the
following doors for longevity-focused venture funds:
●
●

●
●

●
●

Venture funds will end their focus on Big Pharma as main acquisitors of their portfolio companies .
The new main acquisitors may became IT-giants, government-backed funds (such as Vision Fund), or those
BioPharma corporations which will prove capable of reinventing themselves into progressive healthcare
corporations of 21st century.
Many will become technology progress-driven, rather than Big Pharma-driven.
The market will be able to assess whether the portfolios of funds are structured in a manner that brings about
maximum QALY and HALY for a population. These assessments will utilise technology for predictive analysis
e.g. the use of AI to rate the likely positive impact of venture funds based on their portfolio structures. They might
factor in TRLs and similar methods of quantifying technological maturity.
VC firms will move toward the use of tangible, quantifiable and concrete metrics ties to biomarkers of aging and
TRL levels for the valuation of their portfolio companies, and for measuring the performance of the fund itself.
With the introduction of such concrete metrics, investment in biotech will not to be the gambling as it is now. The
longevity-focused VC funds of the future will rise or fall based on their ability to deliver HALE and QALY. Thus,
this novel type of venture funds would transform longevity into a data science. As biomarkers are refined and this
novel financial system prospers, investment in longevity will become a form of data science.

At present, VC funds categorize companies according to seed, series A, series B, etc.; the stage of a company's
development moving forward will become less important while TRL levels and the level of the technology accordingly
to other tangible metrics will become much more important, because they will provide data driven analysis that
allows for something close to mathematical calculations of how valuable a portfolio company is.
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Micro Index Funds
Micro Index Funds (a more sophisticated version of a venture fund) will bet not on the potential exit of one portfolio
company (akin to “finding a needle in a haystack”) similar to betting in a casino but will instead bet on the rise of
specific niches within the Longevity industry, which could be assessed and forecast in a very logical and quantified
manner using multiple instruments for predictive analysis. Such types of venture funds could be thought of as macro
venture funds or micro-index funds.
Thus, instead of relying on any single company or technology, VC funds will act as aggregators of longevity-relevant
technologies. Companies within the portfolio will be able to share knowledge, technologies and expertise among
themselves.
By operating as previously described, the longevity-focused venture funds of the future will act as assemblers for
companies that are driving biotechnology to the point of practical application the soonest. Companies whose pipelines
are optimally configured to bring about QALY and HALY as measured by biomarkers of aging, increasing the rating of
P3 medicine clinics, and determined by the logic of AI, will be routinely drawn into the orbit of such funds.
We will see the rise of longevity micro index funds, each of which will invest in packages of 20-40 companies leading
progress in each biomedical niche e.g. AI for Drug Discovery, Blockchain in Healthcare, P3 Medicine, Gene
Therapies, Senolytics, Regenerative Medicine, etc.
These funds will use the 7 metrics described in the beginning of the chapter to select the companies in their portfolio,
and when their portfolios reach a certain benchmark, the funds will be able to be acquired by larger players such as
insurance companies, pension funds, novel healthcare corporations or government funds.
This approach will enable significant de-risking of the current business model of VC funds. Thus, investment into
venture funds employing a micro index strategy will become more interesting and appropriate for large, conservative
investors such as mutual funds and sovereign funds.
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2018

30%

2022

2020

50%

100%

Small Molecules
and Biologics

Stem Cell Therapy

Gene Therapy
(CRISPR)

Next Generation
Sequencing

Bioinformatics

3D Bioprinting

Let's examine a hypothetical case
where a venture fund creates a
portfolio related to P3 medicine
clinics. Metrics in this instance will
be based on the TRL of the clinic.
The fund would initially invest in a
number of companies with high
TRL levels and MVPs ready for
practical application. The strategy
of such funds will be tied to the
aim of creating a full assembly of
the hypothetical ideal of a P3
medicine clinic, structuring and
aggregating those P3 therapies
and technologies required to
create an ideal P3 medicine clinic,

sourced from multiple portfolio companies. Such companies should have tangible MVPs ready or reasonably close to
practical application. Thus the fund will be considering not just the TRL levels associated with the assets and IP of the
portfolio companies, but above all else the TRL level of the ideal P3 clinic itself. When the portfolio is closer to
deliver 70-80% of hypothetical ideal P3 clinic pipeline completeness the fund should seek to make an exit. The exit
should not be made by selling the portfolio companies, but by selling equity in the fund itself, assuming that
capitalization of the fund would have increased by a factor of 30 to 50 within 5 years. The idea is simple: the
performance of fund managers should be tied to their capacity to structure portfolios that will perform well. Naturally,
some companies will fail, but some portion of the portfolio companies will eventually deliver practical technologies to P3
clinics. The fund will act as an aggregator, assembler and supplier of knowledge and services for P3 clinics.
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Case Study: Micro Index Fund “AI for Drug Discovery”
For example, there are 40 or so companies in this particular subsector, the capitalisation of which is set to multiply
10-30x in the next 2-3 years. Supposing that under the circumstances described in the previous slide, a micro index
fund linked to this subsector begins small, at $40M let’s say, with $1M being invested in each company in the
subsector.
After 3 years, we might still expect half of these companies to fail, or be acquired by their competitors. Some micro
index funds will be capable of investing throughout the entire subsector, others only a portion. But with the subsector
on the rise overall, the companies that have not yet sunk would fill the role of those that have, and the subsector would
continue to rise, acquiring funds from more conservative investors who would otherwise avoid investing in start-ups
due to their high-risk nature.
It is obvious that AI for drug discovery, as a sector, cannot fail, and will inevitably grow significantly. However, as a
subsector it is still young, and as such it is difficult to tangibly judge which companies will come out on top, and which
will fail or become acquired. For these reasons it is an ideal subsector for this kind of novel investment approach,
which bets not on companies but on entire industry niches. Betting on subsectors can only be a losing strategy when
an entire subsector fails. In the large scheme of things, failure of even 80% of the companies in this niche will not
detrimentally impact the performance of the fund as a whole. The fund would ride on the success of the few unicorns in
the subsector that do succeed at the expense of the others, which can be safely forecasted due to the increasing
market capitalization of the sector as a whole. Those companies that succeed will acquire the best IP, assets and AI
specialists of those startups that failed or stagnated, through mergers and acquisitions. We can estimate that 20% of
existing companies will become the successors of the growing niche, with others falling by the wayside.
The strategy at the heart of a Micro Index Fund is to bet on entire subsectors (AI for Drug Discovery in this case), not
specific companies within them. Some funds will be capable of investing in the majority of companies within a
subsector, and others just a few, but those that can maximize the number of companies within a given subsector can
provide the most stable, hedged and de-risked opportunities for limited partners (investors into the Venture Micro Index
Fund). Ultimately, a Micro Index Fund can only fail if the entire subsector it is betting on fails. It is a perfect investment
vehicle for companies that could previously only acquire funding from angel investors due to the riskiness of its value
proposition.
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Longevity Accelerators
Age1 is a longevity focused accelerator with $500K seed funding that runs over 4 months in San Francisco. It
was established by Laura Deming, one of the youngest fund managers in the world, who started her college
education at the young age of 14 and surpassed all academic and professional expectations of her peers by
working in the labs of Cynthia Kenyon and Leonard Guarente.

age1.com

Deming founded the accelerator with Elad Gil as an advisor, who is also cofounder of Color Genomics and Mixer
Labs, having completed a PhD in the genetics of ageing at MIT.
UNITY Biotechnology is a portfolio company (as well as Color Genomics) of Age1, working on therapeutics
against ageing. UNITY Biotechnology has backing from multiple sources including Peter Thiel and Jeff Bezos.
In terms of areas of focus for future Age1 companies, Deming stated that late-onset conditions including heart
disease, Alzheimer’s disease and diabetes would be of prime interest. Additionally, the science behind circadian
rhythm or other types of biological rhythms might be an interesting avenue for further research and development
through companies nurtured by Age1.
https://techcrunch.com/2018/03/21/one-of-the-youngest-fund-managers-in-the-u-s-just-launched-her-own-accelerator-too/
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Longevity Accelerators

More recently, in January of 2018, Y Combinator (one of the most
reputable and well-known Silicon Valley-based disruptive technology
accelerators and incubators) announced a new accelerator specifically
for companies aiming to increase human longevity and healthspan.
Longevity start-ups would be given between $500k and $1M for a 20%
stake in the company, as well as lab-space and mentoring services.

age1.com

Those companies chosen will travel to San Francisco for a
three-month accelerator program in June of 2018.

Y Combinator only began incubating life-sciences
companies in 2014, and it only took them four years to
see that Longevity companies backed by strong science
will be the unicorn of th entire biomedical industry.

My sense is that economic incentives of drugs
companies are screwed up. I don’t think we
have enough people saying, How can we make
a lot of people a lot healthier?" - Sam Altman,
president, Y Combinator
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Novel Progressive BioPharma Corporation of the Future
The biopharma and healthcare corporations of the future will be unlike those that emerged 50 years ago, and will be
chiefly operated as IT corporations focused on healthcare, data science and AI driven innovation. There will be no
room for old bureaucratic giants lacking real time reaction. There will be no space for those unwilling to sit on the
bleeding edge of biomedicine, no room for outdated management nor a lack of willingness to absorb new innovation.
These new companies will resemble hedge funds totally reliant on AI and analytical quantitative methods, and
measuring performance in real time.
Whereas the biopharma corporate valuations of yesterday were based on the number of patients and drug sales, in
the future their capitalisation will depend on the overall health of the consumer population. The healthcare
corporations of the future will not be entirely dedicated to the treatment of one specific disease or trying to produce
another blockbuster drug. Instead they there capitalization will be related to the QALY and HALE that they deliver.
IT giants are data-analysis driven corporations. The case will be the same for healthcare companies 10 years from
now. Taking into consideration the significant recent developments in understanding biomarkers of aging and the
prospect of extremely advanced AI, the HALE and QALY that companies can add to their users will become a
reliable basis for valuation. The biopharma companies of the future will become mathematical corporations driven
by data science, AI and quantitative health parameters including HALE, QALY and others illustrated above, in the
same way that progressive hedge funds and FinTech banks can be considered as mathematical corporations today.
And given the increasing interest of IT giants such as Google, Amazon, Apple, Tencent and Alibaba in healthcare, we
can expect that in 10 years they themselves will become global healthcare corporations and their capitalization will
eventually depend on the precisely measurable QALY and HALE they can provide to their users. Just as Facebook’s
capitalization is linked to the profit that one user can provide to the company along with the total number of users.
The development of scientifically valid biomarkers of aging will make it possible to link the capitalization of a longevity
corporation to QALY and HALE along with the number of users (against the cost of producing these QALY and
HALE). In addition to all of that, the projected progress of AI over the next 10 years leads us to believe that these
parameters will be very precisely calculable.
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But this chapter does not seek to make long-term projections, rather it seeks to give an idea of where the industry
will be in 5 years’ time. In 5 years, we can expect the industry to recover from a legacy of inertia, as biopharma
companies are presently three years behind IT corporations in seizing the potential of AI. So there will still be
significant delays, and few global longevity giants initially. But we will be able to see multiple candidates for such a
role in the period between 2023 and 2027 that might potentially reach a capitalization of 10 trillion or more.
As technological megatrends converge, progress will accelerate. While currently it takes 5 to 10 years for
progressing-to-nextgen startups, technologies and trends to disrupt a given industry, by 2022 we can expect that
the rate of progress will accelerate, such that the sectors and industries will be disrupted by these specific
megatrends within 2 to 3 years instead. We can now see that IT corporations in today’s world need to run more
akin to DeepTech R&D focused science corporations, but with a start-up like corporate culture, systematically
modernizing themselves.

For biotech, this will become the norm as well. It is already unsustainable to just be big and stable - think of how it
became impossible for big taxi companies to be big and stable with the arrival of Uber similar apps. All biotech and
healthcare companies will need to mimic Google and NVIDIA’s model. IBM for instance, which develops AI tech
aggressively, was not capable to keep itself at the forefront of the AI industry because it failed yet to transform
itself into a dynamic corporation.
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BioPharma in the Age of Preventive Treatment / Rise of mHealth
In the United States alone, nearly 900,000 deaths occur annually from
preventable causes, most notably lack of physical activity, cigarette smoking
and poor eating habits. This represents nearly 40% of all deaths in the US, and
as such there is little wonder that nearly three-quarters of all healthcare
spending goes to the treatment and management of chronic conditions. On the
other side of the Atlantic, in the United Kingdom, 80% of the National Health
Service’s budget for diabetes treatment is spent on managing complications,
which oftentimes are entirely avoidable.
This presents an interesting challenge for the biopharma industry in the
ever-changing healthcare landscape, particularly when one takes into account
the size of the potential market: an estimated $300 billion can be saved by the
United States alone by 2023 should it reduce the prevalence of preventable
non-communicable diseases. On the flipside, for some diseases, measures
such as early screening can actually increase the costs rather than decrease,
raising the question of how the relevant healthcare and biotechnology players
can capitalize on this issue.
The answer is to harness the advancements in technology resulting in
cheaper, miniaturized and more advanced devices available to all. With current
technology, such as Apple Watch and Fitbits, as well as those on the horizon,
such as Google Contact Lens with in-built glucose sensors, it will soon be
possible to gather large amounts of real-time data on the health status of
nearly everyone. With high-performance computing and AI, this technology will
be able to detect and analyse discrepancies early, reducing the burden of
preventable disease and transforming the healthcare outlook in the nearby
future.
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Biopharma Disruption & Increasing Complexity
Biopharma is in a transitional state. Just as the BioPharma industry evolved from the chemicals industry, the
BioPharma industry as a whole will evolve into something quite different than its current state today, most likely
continuing the historic trend of increasing complexity towards more complex biological solutions to pressing
healthcare problems, such as cell & gene therapy, tissue engineering and regenerative medicine, and from
reactional treatment to personalized, multi-disease preventive treatment.

http://www.goethes-farbenlehre.com/How-Pharma-can-evolve-from.html
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IT-Giants & Tech corporations in Healthcare
Overall, the AI in healthcare and BioPharma subsector is growing at an exponential rate, both in terms of new
companies, investments and acquisitions, and in terms of the extent with which it is disrupting the traditional
modes of operation on BioPharma as a while.
What is now a subsector and niche is poised to grow into perhaps the leading subsector in BioPharma in the next
1-2 years, one that will have the greatest transformational impact on the industry, and one that will distinguish the
leaders of the industry from the stagnators.
By the end of 2018, we can predict that there will be intensive competition between the largest BioPharma
companies and the largest IT and tech giants for the acquisition of new AI specialists, IP and startups, in much
the same way that 2014 – 2016 saw intense competition between traditional IT and tech giants to acquire the
best AI assets and resources.
Additionally, the next 1-2 years will show that traditional tech giants and IT corporations have to major play in the
exponentially-advancing AI for healthcare in general and for drug discovery in particular.
Meanwhile, within that last financial quarter (2018 Q1), Chinese IT and Tech giants, such as Alibaba, Baidu and
TenCent, have made significant investments and acquisitions in the AI for Drug Discovery sector, showing that
the number of IT giants committing to the sector is growing not just regionally but also globally.
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IT-Giants & Tech corporations in Healthcare
One prime example of the major changes that have occurred in just the past several months is the current state of
what we have referred to previously as the Big Gap, i.e., the fact that throughout 2016 and 2017 IT giants
recognized and supported AI for healthcare startups, in terms of both investment and acquisitions, while
BioPharma lagged behind, still skeptical of the impact that AI could make upon drug discovery, biomarker
development and other BioPharma niches.
Developments over the past several months (2018 Q1) seem to indicate that this Big Gap is now to a large extend
neutralized, and the BioPharma industry now has significant interest in AI, and belief in its ability to facilitate
fundamental paradigm shifts in their traditional modes of operation.
Some BioPharma companies have now become actively involved in the AI for drug discovery sector, while others
still lag behind, skeptical of the sector’s potential for impact and disruption.
All indications point to the conclusion that 2018 will mark the year that will test the strength, resolve and foresight
of BioPharma as a whole.
Those BioPharma and IT & Tech companies that commit significant will and resources to acquiring strong AI
specialists, IP and acquisitions will flourish, and those that do not will stagnate, and by the time their profit margins
force them to realize the disruptive potential of AI for drug discovery and other biomedical niches, they will have
missed the boat, with the majority of talent, IP and companies having already been acquired by their competitors.
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Hedge Funds
We are likely to see the rise of many hedge funds that will capitalize on the gaps in biotech and healthcare
companies, structuring long and short positions to bet on financial instruments related to progressive medicine,
while at the same time creating short positions based on mathematical models of assessing and quantifying these
gaps.

Hedge funds will short outdated biopharma
During the late-2000s mortgage crisis in the US, several hedge funds such as Hayman Capital capable in strategic
forecasting were able to successfully predict and effectively bet against the U.S. subprime mortgage crisis by
purchasing credit default swaps on subprime securities which, in turn, increased in value when the real estate bubble
burst.
The hedge funds capitalizing on these opportunities will initially make their fortunes shorting outdated biopharma
companies that fail to compete with progressive companies at the forefront of biomedicine, AI and next generation
technologies with the focus on preventive medicine.
Moreover, in addition to technologies for assessing the probable success of VC funds in this area, we will also see
the development of related technologies that can effectively assess the “negative ratio”, that is the degree of
outdatedness. So for example, if a pharma company is not using AI in its core R&D, this would add to its negative
ratio. Analysis of negative ratio will play a key role in the analytical systems for investment techniques, and will be
used by data and science-driven hedge funds to short those biotech and healthcare companies that are not aboard
the longevity train.
The multi-trillion dollar BioTech industry is one of the most inefficient and heavily bureaucratized industries today.
Therefore, we can predict that a significant portion of the industry will shrink, being replaced by the BioTech Industry
2.0 (the rising Longevity industry). Meanwhile, hedge funds will have an outstanding opportunity to thrive on this
transition, shorting the stagnating partart of the industry.
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Hedge Funds
2015 saw a very notable example of this approach, in which hedge fund manager Kyle Bass, founder of Hayman
Capital Management, L.P., began to routinely challenge pharmaceutical patents through a process called inter partes
review (IPR).
This is an interesting example of a hedge fund which is profiting from a combination of challenging pharmaceutical
patents while simultaneously shorting the stock of the pharma company owning those patents, the logic being that, if
a pharmaceutical patent is effectively and successfully invalidated, then the pharma company who owns that patent
will see their stock price drop.
His efforts have succeeded in having the US patent and trademark office (USPTO) invalidate the claims of two
Anacor patents, which pertain to Kerydin®; his efforts to invalidate patents held by Horizon, pertaining to Vimovo®,
patents held by The University of Pennsylvania, pertaining to Juxtapid®, patents held by Acorda Therapeutics,
pertaining to Amprya®, and patents held by Biogen, pertaining to Tecfidera®, were collectively thrown out by the
USPTO. Nonetheless, funds profit from such strategies, even when they fail to get the majority of the patents they
target overturned by the USPTO.
However, despite the remarkable efficiency of this approach, the fund was eventually closed, likely due to
controversy surrounding its tacticas from a legal and ethical standpoint.
While tangible metrics for sophisticated investment strategies should and will no doubt be developed for the next
generation novel VC funds, it is currently in a preliminary stage, and will only develop in a practical and actionable
manner over the next few years.
Conversely, the existing metrics for quantitatively assessing the "negative value" of companies with weak IP,
overhyped valuations, weak management, dead-end science and regulatory roadblocks are already strong and
effective enough to be applied today, in order to short weak biomedical and BioPharma companies.
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Pension Funds / Insurance Companies
I believe the recognition of our precarious
retirement position is one of the most
underappreciated future crises in this
country. I think this crisis is going to be much
bigger than health care. Health care is
immediate. If you don’t have proper health
care, it is today’s problem. But as you
know—investing, the whole concept of
compounding—if you’re not building your nest
egg year after year after year, you’re not going
to have enough savings to retire with dignity.
- Larry Fink, BlackRock CEO

UK Pension Fund Assets Minus Liabilities 2007 - 2017

It is obvious to many experts today that certain
pension funds and insurance companies are
going to end up bankrupt and go the way of
those in Southern Europe, which needed
bailouts from governments eventually.
By 2030, pension and old-age expenses could
reach up to 13-15% of world GDP - or 10-13
trillion dollars. This is slightly less than the
GDP of a country like the United States and
about 10 times the GDP of Russia.
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The challenge will be even more pronounced in developed countries, where politicians, presently turning a blind
eye, could be setting the stage for the situation to turn into a crisis within 5 years. Only then will national
governments and parliaments openly acknowledge the problem.
Left standing will be only those pension funds and insurance companies that are better adapted, with business
models that account for the longevity factor.
Pension funds are fundamentally either Defined Benefit (DB) or Defined Contribution (DC) in nature (with some
hybrid models). DB funds are those that provide a pre-defined benefit at retirement based on various factors like
salary at retirement, total employment period and/or contribution into the fund - and can be funded (where money is
set aside in advance) or unfunded in nature. DC funds provide a benefit based on contributions into the fund by the
individual combined with the investment returns achieved over the period to retirement. Differences also exist
between Corporate and Government schemes.
To consider any country’s pension fund system, one needs to consider the Government and Corporate Pension
Systems together.
In the UK for example, the Government pension fund is low, pre-defined and unfunded so current tax payers
pay the bill. As a result, the Government provides tax-breaks to Companies to encourage Corporate pension funds,
which are backed by the Company that created it (often in Trust form to achieve the tax benefits) - this means even
if the fund is currently in deficit, the Company will need to fund this deficit as long as the Company survives.
This means Companies will ultimately go under when they can't meet the bill to fund their fund’s pension deficits.
Some countries provide additional protection to members of such pension funds with failed Companies (e.g.
Pension Protection Fund or PPF in the UK) - even then, this will often mean reduced benefits for these pension
fund members.
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The pension deficits can be attributed to various factors (the economy underperforming, as well as a lack of
sophisticated or relevant financial products) including:
●

Longevity - the longer a pension fund member lives, the longer they need to be paid their pension, and this
money needs to come from somewhere.

●

Underperformance of assets applying to funded schemes; this can be due to conservative investment
strategies, partly driven by regulatory requirements and/or due to the overall economy underperforming and/or
lack of sophisticated / relevant financial products for the pension fund to invest in.

The past century has seen a continued growth in both male and female life expectancies. As seen in the UK, US
and the Netherlands, life expectancy has been rising from around 12 more years after age 65, to around 20+ years
by the turn of the 21st century. Current steps to address pension deficits include closure of DB funds or change of
promises i.e. reduction in pension benefits where possible, the rise of DC funds, increase in taxes/contributions on
current active population to meet the increasing bill where current active members meet the bill of the current
pensioners or increase in retirement age.

●

Ageing population - applies to underfunded, government schemes where the contributions by the current active
population are not sufficient to meet the pension costs of the current non-active or pensioner population due to
more pensioners compared to the active population.

●

Lack of sophistication, and not being data driven - while there have been some advancements in techniques to
better understand longevity risks, pension funds still do not have sufficient access to accessible techniques and
appropriate technology to better model their pension cash-flow requirements, the associated investment
strategy of assets and more accurately determine longevity risk.

●

Regulatory requirements - how pension funds measure their liabilities is based on legislative requirements. As
above, this restricts the use of more sophisticated techniques driven by data, AI and technology to better
analyse current risks and develop better future strategies.
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However, apart from the increase in retirement age, none of these approaches are permanent solutions, due to
their focus on reduction in pension costs by reduction in benefits. Even DC funds aren’t a true solution as the
member takes all the risks and most people retiring from DC funds aren’t able to secure a decent lifestyle in
retirement, and the ones that do need to be able to pay pay extra during their service years and start well in
advance.
So, for countries with a focus on funded pension funds (like the UK and many other developed countries), the
Companies and/or Government can invest into longevity based solutions discussed in this report e.g. investing into
Companies that can increase QALY and HALE,
or for the large pension funds, create their
own venture / hedge funds that either invests
into such Companies directly or invests into
other longevity venture funds (becoming a
fund of funds) to diversify across different
longevity sectors.

1-in-100 lss ($ billion)

For smaller pension funds, the Government
or a pension industry consortium can create
such funds. This is when longevity will start
becoming an asset for pension funds rather
than the a key strain on them.

The price of old age
In terms of costs, longevity risk in some developed economies far outsprips natural catastrophes.
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Window of Opportunity

SILVER TSUNAMI

The parts of the industry left standing will be those in which the only
measure of success is QALY (quality-adjusted life years) and
HALE (health-adjusted life years).

As of 2011
more than 36% of STATE level
employees and more than 35%
of LOCAL level employees
were over the age of 50

There will be a period of crisis following the tsunami landfall, and
preceding the completion of first “flood defences” in the form of
healthy life-extending biomedicine.
But for many, these intervening years will be a window of
opportunity to become captains of an entirely new industry and chart
a new course for humanity.

As of 2011
more than 22% of its members
report accelerating their
retirement plans

75% of the workforce
in 2025 will be young
adults compared to the
25% who will be
middle aged. This will
put an anchor on
leadership positions.

Turnover Rate

OLDER

employees racked
up to 90% of a job turnover rate
45% of companies experience
a turnover rate among their
YOUNGER employees.
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The current business models of pension funds and insurance companies were established more than 50 years ago,
in a world that had no idea about significantly increasing rising lifespans, never mind rising healthspans. Most of them
are enormous, overfed, bureaucratic and outdated corporations, and the majority of them will prove incapable of
adjusting to the Silver Tsunami and the accelerated rate of biomedical advancement which we are witnessing today.
Most of them will experience their Kodak moment, and stagnate accordingly.
A select few of them will be capable of reinventing themselves in order to transform into flexible, progressive
corporations capable of evolving in the face of change, but it will require them to become data science driven,
mathematical corporations with much more advanced and flexible methods of management and strategy
development and execution. We described this as it applies to current BioPharma giants in previous chapters, and
there are many analogies to be had here. In order for pension companies and insurance companies to become
interested in extension of healthy longevity, they will need to transform themselves from the ground up. This will be
difficult for many, but doing so will pave the path required to enable them to become the backers of the developing P3
medicine and AgeTech industries, and the Longevity industry in general.
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AgeTech Banks
“ I think the industry has lost sight of what our responsibilities are. And I think through digitization and technology,
it’s going to be reshaped. We need to help elevate this whole concept of financial literacy. It’s shocking to me how
many people focus on their health, but so little on their money, on affording -longevity and dignity. So we need to
help families—especially in this country, as we navigate away from defined benefits and contributions. We have to
be leading that effort. ”
- Larry Fink, BlackRock CEO
The AgeTech bank will be a novel form of financial institution focused on consumers 60 years or older. It would, in
most respects, resemble a traditional fintech bank, but with a focus on consumers over the age of 60.
But to attract these consumers, these banks will need to make intensive use of AgeTech technologies. Just as
FinTech banks successfully appeal to young people using internet and smartphones, an AgeTech bank would
involve the use of smartphones specifically configured for elderly people and AR/VR devices through which
elderly people will be able to communicate.
FinTech and so-called digital banks target young populations who are steeped in the use of mobile devices, such
as smartphones, while the elderly population, being less active on such devices, is rarely even considered a
potential consumer market.
But it is the elderly population rather than the young who hold most of the wealth, and as such, they should be the
major target demographics for such banks.
And in view of recent trends in the overall health of the elderly, the traditional approach is already outdated and
will become increasingly obsolete over the next century. Even independent of any longevity-related technologies,
the number of elderly people staying active for longer is increasing.
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Fintech banks were made possible due to the interaction between bank and client that was made possible using
smartphones and other portable devices on a massive scale.
The only current obstacle to the creation of a specialized FinTech bank for the elderly is the lack of a specific
device tailored to their needs. But we should expect one to emerge in the next several years, given the continuing
rate of progress in the IT sector.
But an AgeTech bank….
●

Will be a novel type of fintech bank that will use novel
communication devices to communicate with mentally and
financially active, if not so physically active, elderly clients, using
very
intuitive,
user-friendly
front-end
interfaces.

●

Will have as its main attraction not interest rates, but the degree
to which the bank is a community bank -- a legally recognized
category of banks that are operated collectively by clients.

https://seniorsforseniors.ca/social-media-and-you

In addition to providing members of their communities with additional services to improve HALY and QALY, these
AgeTech banks will use the community bank model, but instead of mutual credit, they will use their communal
budget to reduce psychological aging by making these banks a centre of the community.
As these elderly-run community banks compete with each other, this will offer a sense of purpose, a
constructive environment and even a spirit of enterprise for their clients.

-Milken Institute, Silver to Gold
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This will be brought to fruition by a range of
products and services which will flow from
the convergence of next-generation elderly
care IT services, MedTech services and P3
medicine. A subsequent development
would be in the form of entertainment
experiences focused on reversing cognitive
decline and fostering a sense of
community. This will possibly involve VR
and AR.
The elderly demographic in particular will
be able to infuse a lot of money into the VR
and AR industries because they hold a
considerable amount of wealth and
because it would play a central role in their
lives (socializing, community building,
traveling, and so on). If so, we should not
be surprised if AgeTech becomes a bigger
industry
than
modern
fintech.
The first AgeTech bank is estimated to
appear in early 2019. But we can expect
that even this year there will be further
progress in AgeTech accelerators, hubs
and VC funds. A big missing factor is
smartphones tailored for the elderly, so this
will need to be solved by 2019 in order for
this industry to take off in 2020.

https://www.economist.com/news/business-and-finance/21716598-banks-need-strategies-helpi
ng-vulnerable-elderly-customers-elderly
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Longevity Trust
In the history of humanity, there have been several examples of specific cases where management of health and
longevity of several specific people (there were specific social models on how to maintain health of specific people,
in particular the example of Indian Tzars; all the slaves and servants were buried with the Tzar). They were brutal
rituals but the idea was simple: to ensure that everyone surrounding the Tzar was incentivized to make them live
as long as possible.
The same rationale should be employed with novel business entities and models, where managers of financial
corporations will be extremely interested in providing the best options to extend and maintain the longest period
of healthy longevity for their clients and employees. At the same time, this could be applied for extension of the
healthy period of life, measured via biomarkers of aging.
Examples:
1.

A client is appointed to a longevity trust at the age of 100 years, and they deliver a % of their wealth into the
trust; managers of the trust will incur penalties if the client fails to reach the age of 110. At the same time,
benefits are received with each extra added year of life the client enjoys. These benefits will be awarded to
the trust linearly to the client’s longevity. Most benefits will result from those clients that surpass 115 and
especially from those who achieve 120. When clients reach these higher numbers, the growth in benefits will
start to increase exponentially.

2.

In the previous case, the managers of the fund acquire benefits due to the extension of life regardless of
healthspan. A different scenario involves fund managers benefiting from extension of healthspan, not just
lifespan. Clients would have access to specific products related to AgeTech and precision medicine. If the
fund succeeds in providing very good solutions and products, measured by HALY, QALY and other tangible
metrics, but in short provides an extension of the clients’ healthy period of life and an increase in client
quality of life, then the fund manager is rewarded with significant benefits.
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By applying forecasting we can predict these scenarios and we can also optimize the trajectory and evolution of
such corporations, and maybe try to make it in the most ethical way ahead of time.
So, back to the example. A client enters, goes through advanced diagnostics, and their actual biological age is
identified. This could turn out to be 75 years old. After 1 year, managers of the trust would get benefits if the
client’s biological age remains 75. Essentially, no further ageing has occurred biologically. If the age actually goes
down, the level of benefits to the trust would increase even higher, as part of the incentivised model.
In the same way, benefits would decrease with every year of advanced ageing over time. If after 10 years the
client’s biological age has been preserved at 75 years old, managers will enjoy exponentially increasing benefits.
Generally speaking, the purpose of pension funds was the preservation of money rather than health. Some
insurers do encourage their clients to stay healthy, but this remains an approach still in its innovation stage.
Pension funds and life insurance companies could probably be merged to create a new entity that has a
self-inducing mechanism, where the longevity trust will be the vehicle for preservation of wealth and health, and to
preserve healthy longevity of clients; some could be focused on extension of the healthy period of life as measured
by biomarkers, while others could focus on extension of life in general (lifespan rather than healthspan).
The personal benefits of managers should be specifically tied to the performance of client health; just as in hedge
funds, where exact benefits (profits and salary) of managers are precisely proportional to financial returns. Here,
manager benefits will be precisely proportional to the performance of clients health.
These organisations should be able to deliver their clients the technologies combined under their longevity venture
funds and AgeTech banks; they will efficiently use the money of these trust and will keep it in AgeTech banks and
place it in the longevity index fund (composite index) to preserve and generate profit. Meanwhile, they will also
invest in some entities which will be aggregators of AgeTech and preventive medicine health technologies or
companies.
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Derivatives
Novel longevity VC funds, hedge funds, AgeTech banks, novel pension funds, insurance companies,
longevity-driven legal and financial frameworks will together provide multiple sources for multiple types of
longevity-associated derivatives.
This will spawn a whole new industry, the capitalization of which could exceed anything ever considered by
financial markets. It will also produce a large quantity and diversity of derivatives, which in turn will support a
second and third layers of derivatives, which in turn will give rise to the biggest possible market for derivatives
imaginable.
The current system of derivatives linked to the so called longevity risk was created roughly 50 years ago when,
as it happens, the system of current pension funds started to rise; the pension funds since that time have grown
from startups to trillion dollar entities. The typical value of all pension funds is around $1T in developed countries.
These funds were created in an age when maximum life expectancy was around 85 years.
Since that time, life expectancy has grown and demographic aging has increased (some extreme examples like
Japan, and now Italy). Pension funds have a certain amount of clients who are paying into the fund. If the clients
live longer than 85, the fund will lose money and have a deficit.
This unexpected rise of life expectancy, named longevity risk, has insurance companies insuring pension funds
against this risk, which was previously considered an extremely low probability event. At the same time, other
insurance companies (reinsurance companies) will protect against this risk for those insurance companies.
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Reinsurance companies were producing derivatives and financial instruments, and were trading with hedge funds
using these instruments; and investment banks were creating so called “special synthetic financial vehicles” to
create some system of hedging this risk.
During the last 50 years, this system of derivatives (including secondary and third stage derivatives), which related
to this extremely complex system of pension funds, insurance companies and hedge funds, grew to an enormous
scale. There are no numbers or estimates capable of calculating the entire size of this industry.
For pension funds purchasing a longevity derivative, e.g. a longevity swap, the longevity risk pricing is done by the
provider of the derivative, e.g. banks or insurance companies at the outset, where the pension fund in the future
will receive variable payments by the provider based on the surviving population in exchange for fixed payments
paid by the fund to the provider agreed upfront. So if the pricing is done correctly by the bank or insurance
company, the pension fund will ultimately have to pay for the longevity risk along with the costs and profit loading
incorporated by the provider. And if the pricing isn’t done accurately, then the provider ends up funding the
longevity risk, unless they have further reinsured.
Moreover, because pension funds have all the aforementioned gaps, the organizations dealing in such derivatives
(including governments affected by longevity risk) will need to either apply specific methods of “financial
engineering” to create all options available to postpone the crisis or somehow meet the bill.
One option is for governments to bail out such pension funds where it is affordable to do so but this cost will again
need to be passed onto the current active population and so will not be popular with these people. As a result,
governments are likely to covertly and instinctively support postponing the pension crisis, in order to transfer it to
the next officials, government or fund managers.
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This is possible by increasing national debt (in the case of Japan) or by increasing internal debt (as is the case of
USA). External debt is a well known number, but it is not known to the average public that the USA internal debt
exceeds 40 trillion dollars, half of it relating to the health care and pension system economic burden due to
demographic aging.
The situation in other countries is similar, differing slightly in proportion but the same in general. Countries
increase taxes and national debt, and all this suppresses the younger population and the development of the
country. This is the pathway to a dead end, and all countries that will not apply extreme measures to solve this
problem will suffer from the outcomes of these non-proactive, reactive solutions that simply delay the problem.
As of 2008, the mortgage bubble burst, and all derivatives built upon mortgage loans were diluted in one second.
The same type of event is inevitable and imminent in the next 5-10 years in the case of these pension related
derivatives. Japan and countries similar to Italy will be the first to experience this.
The bubble related to these topics could cost $100 - 200 trillion. Again, there is no clear method of calculating it
because a lot of these issues are hidden within synthetic financial engineering supported by governments. This
can become clear after national bankruptcy, and the “economic pathology” is investigated.
Autopsy of the bankrupt nation then reveals the size of the bubble, much like a body autopsy following a complex,
unexplained pathology and death eventually sheds light upon the cause of death and the gravity of the situation
that led to it for the patient.
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According to that, it is quite reasonable to predict that
there will be an entire novel system of derivatives which
will be added in the reverse way to the previous system.
The deeper analysis of all this subject will be made in the
upcoming Volume 4 - Novel Longevity Financial
System.

Tracking error (% per annum)

All this was created in an age when no one considered
that life expectancy could grow so much. At the same
time, it is inevitable that new financial entities, systems
and strategies will be created from the scratch in a way
that allows for life expectancy to grow significantly. For
the health of this new financial system - created with the
opposite approach to the original version - it will be
ensured that it will not suffer, but thrive with the growth of
life expectancy and metrics created in such a way that the
longer patients live, the better it will be. They will be
created and will grow, and the peak of their growth will
occur when the crisis and failure of previous entities will
happen - so they will be especially successful in the times
of crisis and failure of old pension funds, and will absorb
and buy out those old structured derivatives at a fraction
of their normal cost.

Time

Time
https://www.towerswatson.com/en/Services/Services/managing-longevity-risk
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Furthermore, companies that come out on top in this industry will become trillion dollar corporations.
In fact, all derivatives, insurance and pension funds considered, the total market capitalization might be
somewhere between 100-200 trillion, rivalling that of the real estate industry. We are aiming to produce a 4th
volume entitled ‘Novel Financial System’ later this year. We already have a team of experts working on this,
however we expect that publication of the preceding volumes will generate enough interest to attract further
expertise which will be able provide independent unbiased work on this topic.
The projections made in previous chapters will be considered too optimistic by some, but we remind readers that
just three years ago the present hot topic of life extension by technological means was seldom discussed
seriously.
It is practically impossible to determine the size of the longevity-associated derivatives market due to the highly
complex nature of the system. But key to the market’s success will be accurately figuring out the pricing of
derivatives, which should take into account the price of the associated risk. Failing to do so will result in losses to
the provider of the derivative. But if done properly, pension funds purchasing those derivatives will have to pay
that price. In this instance, the government can step in and bail the pension funds, but that will be most likely done
in a way that only postpones the looming crisis.
One treads a narrow path making predictions in this area. One’s stated prognostications must be bold enough to
accommodate a futuristic vision but serious enough and data driven to be correct and by extension taken
seriously. Our overall expectation is that a confluence of AI and advanced biomedicine will accelerate progress in
some regions while government inertia and broken healthcare frameworks will stall progress in others.
The global financial derivatives industry is vastly complex and multifarious, and as such requires very particular
backgrounds and specialized knowledge to sensibly analyze and forecast. Therefor, we are aiming to produce in
subsequent volumes special case studies analyzing this topic of novel financial longevity derivatives, sourcing
contributors with specific expertise and experience in this complex financial arena.
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Longevity Stock Exchange
In Volumes I and II we charted the development of techniques into science, science into technology, and
technology into industry.
A Longevity stock exchange is the culmination of this journey: a fully-fledged, multifarious global commercial
industry.
As soon as HALY and QALY become quantifiable products, platforms for the various types of longevity and P3
medicine companies have been established, and a longevity stock exchange is set up, we will see the emergence
of new types of digital assets stock exchange platforms.
Specialized stock exchanges already exist. Currently, investors can dig into about 50 major commodity markets
worldwide for example. Those include markets for soft commodities such as wheat, coffee, cocoa and other
agricultural products, and ones for commodities that are mined, such as gold and oil. NASDAQ fits that profile as
well; it was created as a stock exchange for IT companies and is currently the home of tech-oriented stocks.
Such a specialized Longevity Stock Exchange might first appear in countries such as Japan, Hong Kong,
Singapore and the UK, which will come to be known as ‘longevity-progressive’ countries due to having taken on the
challenge of fostering longevity-friendly environments with longevity stock exchanges, attracting P3 medicine and
longevity companies and all and any financial entities compatible with that market. A longevity progressive country
will be one with a technocratic government whose pragmatic approach makes it likely to implement advanced
technologies into government level frameworks. Such countries are inherently poised to provide a favorable
environment for the longevity industry. As we mentioned earlier, longevity progressive countries such as the UK,
Hong Kong, Singapore and Japan are prime sites for such a fund to emerge, but out of the four, it is the latter
(Japan) that is best suited since the country will suffer hardest from the silver tsunami. Consequently, it will be the
best place to attract the best companies and investors with something relevant to offer the longevity industry.
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Longevity Stock Exchange
Specialized stock exchanges typically form when an industry grows by a sufficient amount. A longevity stock
exchange feels inevitable. Estimates for the growth of the longevity industry - spurred by the will of progressive
companies to become financial and technological hubs and havens for the longevity industry.
We estimate that between 2020 and 2022, a Longevity Stock Exchange will be created.
Given that timeline, one should taken into account the fact that specific other industries and technologies will have
grown significantly by that time. Given that it is a stock exchange designed to house the companies making up the
next generation biomedicine industry, it is reasonable that it will employ next generation RegTech, LegalTech and
InvestTech as well, and that it should aim to be on the very forefront of the financial industry.
It should also employ simplified framework for assessing companies and listing them on the xchange. The Longevity
companies should be focused on R&D rather than the commitment of significant resources to investment relations and
paperwork; meanwhile, investors should be insured that companies listed on the exchange have been subjected to
thorough technological and scientific due diligence, to avoid the selection of companies whose success is based
solely on successful “financial engineering” rather than scientific breakthroughs.
Given the possibility for large financial institutions such as pension funds to invest in these companies (given that they
will be traded publicly), the exchange will require an advanced yet simplified approach for due diligence, assessment
and company listing, which will be discussed in detail over the next few pages.
Setting up this exchange will require the public listing of 100 longevity companies as well as acquiring Moody’s and
S&P 500’s ratings for the Longevity ETF Fund and transitioning it to the Longevity Index Fund. The increased liquidity
that the exchange will provide will also enable greater flexibility and greater leverage for the further growth of the
companies listed on the exchange, and as such greater opportunities for advancement of the Longevity industry as a
whole, for the betterment of society on a global scale.
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Longevity Index Fund
Similar to how the NASDAQ Composite is structured, once a longevity stock exchange succeeds in having its
first 100 companies listed, the index would be tied to the capitalization of a well-diversified pool of top 100
companies - the diversity will be determined based on the area of specialization of each company.
The more companies are listed, the more the index will be diversified, and this will lead to more specialized
sub-indexes similar to the NASDAQ 100 and the NASDAQ 100 Financial Index - think of a gene therapy
sub-index for the longevity industry for example.
Those sub indexes could form the framework for attracting money from conservative investors and institutions,
such as pension funds, mutual funds, insurance companies and sovereign funds.

http://www.bankers-anonymous.com/blog/more-on-actively-managed-equity-mutualfunds/

https://www.kiplinger.com/article/investing/T041-C009-S002-the-perils
-of-investing-in-index-funds.html
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Uniting the Fragmented Longevity Industry
through Longevity.International platform

LONGEVITY.INTERNATIONAL

Similar to most industries in their nascent state, the longevity landscape remains highly fragmented. With all the
innovation pouring in from startups, scientists, researchers, tech titans, thinkers and writers, the possible
synergies and consequently full potential of the industry are yet to be fulfilled.
Longevity.International was setup to mitigate that problem, providing longevity industry services crucial to its
functioning on every level.
The online portal will serve primarily as a meeting point for all stakeholders in the business of longevity. The
platform will have matching system and networking tools, allowing the different stakeholders from companies to
investors to scientists to activists, to connect with one another and collaborate.
The platform also hosts the latest Longevity Industry Reports which offer a comprehensive overview of the current
longevity landscape; from the most successful investors and disruptive startups, to the most recent advancements
in science, technology and regulation.
An interactive database section armed with automated data filtering and visualization tools for longevity
companies and investor tools will provide vital information to the industry, and will present new opportunities.
Longevity.International also acts as a space where consensus over scientific methods and discoveries,
decentralized scoring and ranking of entities - such as companies, technologies, and countries will be assembled.
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Novel Approaches for Assessing Longevity Companies
via Decentralized Due Diligence System
Longevity.International as a Collective Intelligence Assessment System
Venture investors have so far been hesitant to invest in the longevity industry and advanced biomedicine in
general as a result of the difficulty in conducting biomedical due diligence. For that, they have had to resort to
hiring expensive consultants, and, more often than not, those consultants are biased towards their own
specialization.
This is where the longevity.international platform, a non-profit framework with the purpose of generating
knowledge, comes into play.
Hundreds of science consultants will be present on the platform, diversified according to geography and
specialization, allowing for crowdsourced, unbiased scientific and technical due diligence. The platform will store
the
info
using
blockchain
technology,
ensuring
trust,
transparency
and
accountability.
Due diligence will be conducted according to tangible metrics such as TRL, both applied to research and
development and practical applications, HALE and QALY, a P3 innovation score, biological age versus
chronological age.
As such, the platform will lay down the framework for a scoring and rating system that takes into account the most
modern and comprehensive tangible metrics to date.
The platform for crowdsourced due diligence and collective intelligence will be used by third parties such as
Longevity venture funds, Longevity micro-index funds, Longevity exchanges, and other financial and scientific
entities.
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Longevity.International Future Roadmap
The long term goal of Longevity.International consortium is to enable the Longevity industry to emerge, mature
and thrive.
2019 - Longevity Fund of Funds (Portfolio of Micro Index Funds - AI for Drug Discovery, Blockchain in Healthcare,
P3 medicine, Longevity)
2019-2020 - AgeTech Bank / Longevity Hedge Fund / Longevity ETF Fund
2021 - Establishment of Longevity Stock Exchange (Tokyo or London), have 100 Longevity companies listed on
the exchange, acquire Moody’s and SNP 500 rating for the Longevity ETF Fund, and subsequently transition it to
the Longevity Index Fund
2022 - Longevity Index Fund / Longevity Composite Index (index related to composition of combined
capitalization of all companies listed on the Longevity stock exchange)
https://en.wikipedia.org/wiki/Nasdaq_Composite
2022 - 2025
- List 1000 longevity companies at the Longevity stock exchange
- Attract 5 trillion dollars into Longevity Composite index
- Attract 1 trillion dollars into Longevity Index Fund
- Attract 5 trillion dollars into 1000 Longevity companies
- Acquire AAA rating for the Longevity Composite Index
- Acquire AAA rating for the Longevity Index Fund
- To enable the distribution of P3 Medicine and Longevity technologies to 7.5 billion people globally
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Roadmap Toward Longevity
Finance Industry

Longevity VC
Fund:
VC Fund focused
on longevity
startups, with
deep scientific
expertise in
geroscience

AgeTech Bank:

Longevity
Hedge Fund:

New generation
of a bank
focused on the
elderly people
applying
combination of
Fintech and care
solutions to
improve quality
of life of its clients

Hedge fund
that shorts risky
and
non-scientific
life science and
outdated
BioTech
companies

Longevity Trust:
Trust optimized to
manage clients’
wealth and assets
across an
extended period
of healthy
longevity

Longevity
Stock
Exchange:
Specialized
longevity stock
exchange will
form a
fully-fledged,
multifarious
global
Longevity
commercial
industry

Longevity
Index Fund:
Tied to the
capitalization of
a well-diversified
pool of top 100
companies that
operate within
the longevity
industry

LONGEVITY.INTERNATIONAL
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The proportion of GDP allocated to space spending with the approach of the race to the Moon skyrocketed
in the ‘60s, only to then deflate with no sign of revival for the following several decades. Investment in deep
tech and science must be adequate if we are to reap the benefits they promise. If the same approach will
be applied to aging research and the Longevity industry, the outcome for the US economy, and humanity at
large, will be much more significant than the rewards reaped by the space race.
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Chapter VII Conclusion
Future progress in the Longevity industry depends on multiple factors, but support from Longevity-progressive
countries can substantially accelerate the dynamic of further industry development, and in particular the rate of future
progress can be significantly impacted by the efficiency of those countries’ national development programs.
Consider the United States’ Apollo Program, on which 4.5% of GDP was spent over 11 years, or the Manhattan
Project, on which The USA spent a significant portion of the nation’s resources over 6 years, but which yielded
unprecedented strategic advantages. What would happen if one progressive country would launch a Longevity
Manhattan project? And what would happen if five progressive countries would unite to create a joint global
Longevity Initiative on the same scale as the joint International Space Station program?
Fully igniting the longevity industry and getting it off the ground some time between 2025-2030 would require bringing
about the paradigm shift described in previous chapters, which in turn would require mobilising some 5 trillion dollars
in 5 years.
The national debts of developed countries are managed quite efficiently, applying special “financial engineering”
techniques of their central banks, but at the expense of younger populations economic futures. Such enormous
resources, if instead spent on the neutralization the Silver Tsunami via development of the Longevity industry, would
be a much more relevant and pragmatic use of nations’ capital. It all depends on how seriously we consider the
looming Silver Tsunami and how much we value longevity as a dividend. Countries most likely to take the coming
threats and opportunities seriously are those with the greatest life expectancies: Japan, Germany, Hong Kong,
Singapore, the UK, and so on.
The Longevity industry from a science and technology perspective is one of the most complex and multifarious
industries today. Nonetheless, when it will emerge in full maturity and will be transitioned into practical applications,
the Novel Longevity Financial Industry and associated financial derivatives will grow to become one of the largest
industries ever, and simultaneously one of the most important for global society, as well as one of the most ethical
sphere of business activity.
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LONGEVITY.INTERNATIONAL
Website: http://bg-rf.org.uk

Website: http://longevity.international

Contact: info@bg-rf.org.uk

Contact: info@longevity.international

The Biogerontology Research Foundation (BGRF) is the UK's oldest longevity
non-profit organization founded by leading geroscientists. The BGRF funds and
conducts research which aims to develop biotechnological interventions to
remediate the molecular and cellular deficits which accumulate with age and
which underlie the ill-health of old age. The BGRF's Board of Trustees include
British billionaire Jim Mellon, prominent longevity investor Dmitry Kaminskiy,
renowned geroscientists Dr. Alex Zhavoronkov, João Pedro De Magalhães and
Dr. Richard Faragher, as well as Jim Plante and Franco Cortese.

Longevity.International is an online interactive database of longevity scientists,
companies, and investors. This platform allows different stakeholders in the
longevity industry to connect, network, research and analyze.
On the next stage this platform will also employ cutting-edge data visualization
software and a networking section where various stakeholders within the
longevity industry can connect and collaborate, where longevity companies are
matched with the right investors, and where scientists can make contributions.

Website:
http://deepknowledge.life

Website:
http://aginganalytics.com

Contact:
info@deepknowledge.life

Contact:
info@aginganalytics.com

Deep Knowledge Life Sciences is a London based investment fund focused on
ground- breaking research in life sciences and aging. DKLS strategically invests
in mission-driven companies and supports founders who will bridge the gap
between basic biological research and real-world healthcare products that
extend healthy lifespan. Insilico Medicine, a company applying the latest
advances in deep learning to biomarker development, drug discovery and aging
research, is the DKLS flagship investment.

Aging Analytics Agency aims to use its knowledge of anti-aging technologies
and current research paradigms to create invaluable databases and provide a
supporting Aging Analytics Agency aims to use its knowledge of anti-aging
technologies and current research paradigms to create invaluable databases
and provide a supporting framework for financial decision making. The goal of
the Agency is to promote the growth of biogerontology, enhance international
collaboration, and increase interaction and cooperation between companies to
benefit the field as a whole.
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Appendix I
Top 100
Longevity Companies
Profiles

Top 100 Longevity Companies
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

Aeonian Pharmaceuticals
AgeX
Alkahest
Antoxis
AstraZeneca
Athersys
AxoGen
Avalon AI
BGI
BIOAGE Labs
BioLife Solutions
BioMarin
BioMarker Pharmaceuticals
BioTime
BrainPatch
Bluebird Bio
Calico
Canada Cancer & Aging Research
Laboratories (CCARL)
Cell
CellAge
Celularity
Centagen
Centrillion Technologies
Chipscreen
Chronos Therapeutics
CohBar
Color Genomics
Cyfuse Biomedical
Cytori
DeepWave Technologies
Definigen
Editas Medicine
Elysium Health

34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

Emulate
Epitracker
Eterly
Everist Health
Everon Biosciences
Evox Therapeutics
Fronteo
Genedrive
Genescient Corp
Genos
GenSight Biologics
Genzyme Corporation
Geron
Harbour Biomed
Hua Medicine
Human Longevity Inc.
Ichor Therapeutics
Inception Sciences
Insilico Medicine
Juvenescence AI
Juventas Therapeutics
Kailos Genetics
Leadhexa Biotechnologies
LifeGen
Longevity Biotech
MacuCLEAR
Mesoblast
Metabomed
Mitobridge
Mitotech
Navitor
Nemaura
NovaDip Biosciences
NuSirt

68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
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Unity Biotechnology
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Vericel Corporation
Veritas Genetics
Visgeneer
Youth Laboratories
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Aeonian Pharmaceuticals
Aeonian Pharmaceuticals, Inc. is an early stage research and development biopharmaceutical company based in the San Francisco Bay
Area. The company harnesses the latest scientific breakthroughs to discover, develop and commercialize innovative therapeutics for the
treatment of rare and age-related diseases. Aeonian’s research focus falls on the causes of disease initiation and progression; it develops
compounds that are are novel and highly selective therapeutics that modulate the mTORC1 pathway, which is at the core of many different
rare diseases.
Aeonian's proprietary platform is supported by an extensive intellectual property portfolio. Part of that portfolio has been obtained by
assignment from the Buck Institute of Novato, California, the nation's first independent research facility focused solely on dissecting the
connection between aging and chronic diseases.
https://www.aeonianpharma.com/
Board of Directors:

Management team:

James Peyer

Stelios Tzannis: Chief Executive Officer

Funding To Date
Apollo Ventures
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AgeX Therapeutics
AgeX Therapeutics is a subsidiary of BioTime Inc., a regenerative medicine company that provides a wide range of therapies with a focus
on pluripotent stem cells. As BioTime grew, becoming one of the leaders in the regenerative medicine field, it created numerous
subsidiary companies to structure its research programs. AgeX is a biopharmaceutical company formed in order to consolidate BioTime’s
subsidiaries and commercialize IP of their parent company. AgeX’s initial goal is to develop anti-aging therapies using both telomere and
pluripotent stem cells approaches. The company is currently researching stem cell-mediated means to treat Type II diabetes and
cardiovascular disease with the project concerning the latter launched in April 2017. AgeX is also working on Induced Tissue Regeneration
(iTR) — an anti-ageing system that allows adult tissues to express the restorative properties normally found only in infants. The research
conducted in collaboration with Insilico Medicine shows that those regenerative mechanisms can enable the regrowth of tissues and,
potentially, even organs. With AgeX functioning, BioTime is able to allocate its resources towards age-related macular degeneration (AMD)
and drug delivery research, while giving its anti-ageing projects more financial freedom.
http://www.agexinc.com/
Board of Directors:

Management team:

Alfred Kingsley J.D.
Michael Mulroy

Michael D. West, PhD: Chief Executive Officer
Aubrey de Grey, PhD: Vice President of New Scientific Discovery
Russell Skibsted, MBA, Interim Financial Officer
Hal Sternberg, Ph.D., Vice President of Research
Dana Larocca, Ph.D. Vice President, Discovery Research
Ivan Labat, Ph.D., Corporate Secretary

Funding To Date
$10M (BioTime Inc.)
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Alkahest
Alkahest was founded in 2014 by Tony Wyss-Coray as a spin-off at Stanford University. It is also one of the first companies settled in
Johnson & Johnson’s incubator from South San Francisco, San Carlos. Tony Wyss- Coray discovered that the transfusion of blood from
young mice to older ones can reverse the process of age-related cognitive impairment. Further research allowed the company to isolate
blood factors and currently the company works on plasma-based therapies applicable to humans. Currently Alkahest is conducting clinical
trials on patients with different types of dementia and other neurodegenerative diseases. Alkahest has taken on one of the most innovative
approaches in dealing with Alzheimer’s. Most research focuses on interrupting the creation of the Tau protein, whereas Alkahest aimed at
a pathway in which memories are cleaved. Currently the company seeks partnership opportunities that would facilitate further development
of therapies aiming to treat age-related diseases. In March 2015 their first strategic investment was made with $37.5 million for a 45%
share of Grifols. This strategic partner is a leader in plasma-based medicines worldwide.

Board of Directors:

Management team:

Tony Wyss-Coray: Founder
Karoly Nikolich: Founder/Chairman of Board of Directors
Joseph S. McCracken: Vice president of Business Development
Thomas Glanzman: Director of Grifols

David Bell: Corporate Vice President of Grifols
Management Team:
Karoly Nikolich: CEO
Steven Braithwaite: CSO
Joseph S. McCracken: Vice President of Business Development
Tammy Ken: Vice President Human Resources and Operations

Funding To Date :
Last Round: $37.5 M
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Antoxis
Antoxis is a private pharmaceutical company that provides a drug discovery platform for various pharmaceutical markets. The company
uses Kromex chemistry scaffold to generate novel treatments. Currently, Antoxis develops therapies for regenerative medicine and
oncology. The company has a broad intellectual property position covering more than 100 million compounds within Kromex scaffold.
Among numerous chemical structures, few have already shown enough potential pharmaceutical value to be included in the drug
development pipeline. They include Proxison, an inhibitor of lipid peroxidation used in mediating damage from transplanted stem cells;
Oncamex, mitochondrial redox modulator with an ability to sensitize TRAIL-resistant cancer cell lines; and Proxison, an inhibitor of
oxidative stress in mitochondrial dysfunction, with proven efficacy in Parkinson’s and Stroke models of disease.
https://antoxis.com/
Leadership:
Board of Directors:
Andrew Johnstone: Founder, Board Member & Chief Executive Officer
Andrew Porter Ph.D: Co-Founder Douglas Thomson: Board Member
Keith Winton: Board Observer and Company Secretary
Malcolm Gillies: Board Member

Management team:
Donald McPhail: Co-Founder, Chief Scientific Officer & Scientific Consultant
Leslie Patmore Ph.D: Director of Drug Development
Keith Winton: Board Observer and Company Secretary
Andrew Johnstone: Founder, Board Member & Chief Executive Officer

Funding To Date:
$2M from 6 investors (Genomia Fund, Grampian Biopartners, Kapital Ventures, Scottish Enterprise, TRI Cap)
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AstraZeneca
AstraZeneca is an international public biopharmaceutical company based in Cambridge, England. AstraZeneca was formed from Astra AB
and Zeneca Group plc in 1999. AstraZeneca is known to have intense R&D workflow with over 11,000 employees at the company’s
research facilities around the globe. The company holds a portfolio of drugs in various major disease areas, including age-related diseases
and oncology. AstraZeneca’s drug pipeline consists of 133 projects with 12 candidates in Phase III clinical trials. AstraZeneca is
developing several rapalogs, short for rapamycin analogs. Rapalogs are highly effective inhibitors of mechanistic target of rapamycin
(mTOR) that are used as immunosuppressants and anticancer drugs. AstraZeneca has developed multiple oncology medicines and has
past experience in researching mTOR inhibitors. The company’s most promising candidate is Vistusertib, also known as AZD2014.
Vistusertib is a selective rapalog designed to be administered orally. The drug has shown its efficacy in treating various types of cancer,
with Phase II trials successfully finished for colorectal, gastric, non-small cell lung, ovarian cancer, solid tumors and diffuse large B-cell
lymphoma.
https://www.astrazeneca.com
Leadership:

Management team:

Board of Directors:
Leif Johansson: Non-Executive Chairman of the Board
Pascal Soriot: Executive Director and Chief Executive Officer
Marc Dunoyer: Executive Director and Chief Financial Officer
Rudy Markham: Senior independent Non-Executive Director
Geneviève Berger: Non-Executive Director
Bruce Burlington: Non-Executive Director
Philip Broadley: Non-Executive Director
Graham Chipchase: Non-Executive Director
Baroness Shriti Vadera: Non-Executive Director
Marcus Wallenberg: Non-Executive Director
Nazneen Rahman: Non-Executive Director

Pascal Soriot: Executive Director and CEO
Marc Dunoyer: Executive Director and CFO
Katarina Ageborg: Chief Compliance Officer
Sean Bohen: Executive Vice-President, Global Medicines Development and Chief
Medical Officer
Pam Cheng: Executive Vice-President, Operations and Information Technology
Fiona Cicconi: Executive Vice-President, Human Resources

Funding To Date:
Funding undisclosed.
IPO / Stock: May 21, 1993/LSE:AZN
Revenue 2015/2014: $24,708/$22.500 million
Number of Clinical/Preclinical Trials:
IPO Date May 21, 1993.
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Athersys INC
Founded in 1995 in Delaware, Athersys is a biotech company that develops stem cell therapies for applications of various diseases. Their
patented product, MultiStem®, is currently being included in a number of clinical trials to prove its efficacy against different diseases. The
most advanced ones are Ischemic Stroke (Phase II completed, moving to Phase III), Acute Myocardial Infarction (Phase I completed,
moved to Phase II), Inflammatory Bowel Disease (final stage of Phase II), and HSC Transplant (Phase I completed, Orphan designation by
FDA granted). Moreover, there are a number of early stage projects in areas such as Neurological, Cardiovascular, Inflammatory and
Immune, and Metabolic diseases that are in the preclinical stage or have made it through the IND phase. The company had also
successfully licensed its MAPC technology to RTI SurgicalTM for orthopedic applications. Athersys aims to develop a diverse range of
therapeutic products that can treat different diseases and, potentially, extend and enhance human life and healthspan. The company also
seeks partnership opportunities with research, clinical, and commercial institutions in order to develop more cost-effective treatments.
http://www.athersys.com
Leadership:
Board of Directors:
Gil Van Bokkelen, PhD
Lee Babiss, PhD
John Harrington, PhD
Ismail Kola, PhD
Lorin J. Randall
Kenneth H. Traub
Jack L. Wyszomierski
Funding To Date :
$65.1M in 4 Rounds
$23M (Post Ipo Equity) in Feb, 2017 (Investors Undisclosed)
$9M (Post Ipo Equity) in Mar, 2012 from 3 Investors (Piper Jaffray Private Capital
Group, William Blair, First Analysis)
$20M (Post Ipo Equity) in Nov, 2011 from 1 Investor (Aspire Capital Partners
LLC)
$13.1M (Post Ipo Equity) in Jan, 2011 from 2 Investors (William Blair, First
Analysis)

Management Team:
Gil Van Bokkelen, PhD: Chairman and Chief Executive Officer
John Harrington, PhD: Executive Vice President and Chief Scientific Officer
William (B.J.) Lehmann J.D.: President and Chief Operating Officer
Laura Campbell: Vice President of Finance
Manal Morsy MD, PhD: Vice President, Global Regulatory Affairs

Revenue 2015/2014: $11.9/$9.6 million.
Number of Clinical/Preclinical Trials:
IPO Date Jun 22, 2007
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AxoGen
AxoGen is a Florida-based company that has its stock publicly traded on NASDAQ. AxoGen made its IPO in 2013 and raised $18 million.
The company focuses on peripheral nerve repair and already possesses a number of products dedicated to its application. The company’s
products are mainly available on the North American market (USA, Canada) with a presence in other countries such as the UK, Israel,
Switzerland, Spain, Austria, and Greece. However, AxoGen has not yet received wide EU approval. AxoGen based its products on the
grafting technique, enabling the reconstruction of damaged nerve connections (Avance® Nerve Graft) on extracellular matrix products that
protect damaged nerves (AxoGuard® Nerve Connector, AxoGuard® Nerve Protector) and devices (AcroValTM, AxoTouchTM). According
to the company’s information, AxoGen is now involved in a major initiative which will enable an increase in sales and marketing capabilities
whilst also increasing acceptance among the medical community. The company relies on the manufacturing capabilities of subcontractors
regarding its medical device products such as AcroValTM and AxoTouchTM.
https://www.axogeninc.com/
Leadership:

Management Team:

Jamie M. Grooms
Mark Gold M.D.
joe Mandato
Guido J. Neels
Robert J. Rudelius
Karen Zaderej
Gregory G. Freitag

Karen Zaderej - President and Chief Executive Officer
Peter J. Mariani - Chief Financial Officer
Gregory G. Freitag - Senior Vice President Business Development
Mark Friedman, PhD - Vice President of Regulatory Affairs and Quality
Assurance
Erick DeVinney - Vice President of Clinical and Translational Science

Funding To Date :

Revenue 2015/2014: $27.33/$25.3 million
Number of Clinical/Preclinical Trials:
IPO Date Jan 10, 2003

$69.92M in 7 Rounds from 5 Investors
$17.5M (Post Ipo Equity) in Aug, 2015 from 1 Investor (Essex Woodlands Health
Ventures)
$13M (Post Ipo Equity) in Feb, 2015 (Investors undisclosed)
$18M (Post Ipo Equity) in Aug, 2013 (Investors undisclosed)
$3M (Debt Financing) in Jun, 2011 (Investors undisclosed)
$3.7M (Debt Financing) in Jan, 2011 (Investors undisclosed)
$2.62M (Debt Financing) in Jun, 2009 (Investors undisclosed)
$12.1M (Post Ipo Equity) in Dec, 2007 from 4 Investors (Springboard Capital)
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Avalon AI
Avalon AI use Machine learning to automatically derive accurate brain features (e.g. the volume of the hippocampus) from brain scans and
compare them to a normative population. Avalon AI also provide handy 2D and 3D visualisations of brain features. This not only saves
time to neuroradiologists but also empowers them to make highly accurate reports, by using the latest techniques and findings in
neurosciences. We are currently running trials with select clinics in India, Pakistan and Ukraine. Avalon AI are building the world’s most
accurate brain degeneration predictor using brain imaging data. Most brain degeneration predictors use only volumetric measurements to
predict whether a brain is degenerating, which limits their accuracies. We use data not only from structural MRI scans but also from
diffusion and functional MRI scans to maximize the sensitivity and specificity of our prediction. Combining these three types of scans has
been shown to reduce the rate of misdetection of Alzheimer's Disease by half, compared to using only structural scans.
http://avalonai.strikingly.com
Leadership:
Olivier van den Biggelaar - CEO & Co-Founder
Alejandro Vicente Grabovetsky - Chief Scientific Officer & Co-Founder

Funding To Date :
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BGI
Being the developer of a human genome sequencing technology, this company has established its own technical platforms based on
large-scale genomic sequencing, efficient bioinformatics analyses, and innovative genetic health care initiatives.
http://www.genomics.cn/en/index

Leadership:

Management Team:

Jian Wang: Co-Founder & Executive Director

Yin Ye - Board Member & General Manager，bgi Genomics Co,. Ltd.
Zhang Ling - Chief Operating Officer, Bgi Genomics Co., Ltd.
Liu Na - Vice-president, Bgi Genomics Co., Ltd.
Chen Yiqing - Chief Financial Officer, Bgi Genomics Co., Ltd
Li Zhiping - Chief Human Resource Officer, Bgi Genomics Co., Ltd.
Wang Wei - Chief Medical Officer, Bgi Genomics Co., Ltd.
Xu Qian - Board Secretary & General Counsel, Bgi Genomics Co., Ltd.

Funding To Date :

Revenue 2015-2014: $301.64/281.16 M

$875.86M in Unknown Number of Rounds
$653.86M (Series B) in January 2015 from 1 Investor (Magic Stone Alternative)
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BIOAGE Labs
BIOAGE Labs is a developer of drugs that impact human aging. The company engages in the development of biomarkers and drugs that
will impact human aging by coupling genomic data with machine learning.
http://bioagelabs.com

Leadership:

Management Team:

Kristen Fortney: Chief Executive Officer

Eric Morgen, MD
Alexandra Stolzing, PhD
Jonah Sinick, PhD
Chris Morrissey, PhD

Funding To Date :
$10.9M 28-Jul-2017 Early Stage VC (Series A)
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BioLife Solutions
BioLife Solutions is a Delaware-based company that produces a range of biopreservation tools and cryopreservation freeze media for
cells, tissues and organs used in the regenerative medicine field, biobanking, organ transplant, stem cell field, drug discovery research,
and many others. The portfolio of the company presents patented hypothermic storage and cryopreservation freeze media products,
generic blood stem cell freezing and cell thawing media products, custom product and logistics services. The company operates in the field
of cryopreservation of biologic material with its patented products HypoThermosol®, CryoStor®, and BloodStor®. The products are
uniquely marketed and formulated with a great distinction in quality from other generic products on the market.
https://www.biolifesolutions.com
Leadership:

Management Team:

Michael Rice
Raymond W. Cohen
Andrew Hinson
Joseph Schick
Rick Stewart
Thomas Girschweiler

Michael Rice: President and Chief Executive Officer
Aby J. Mathew, PhD: Senior Vice President and Chief Technology Officer Todd
Berard: Vice President of Marketing
Mat Snyder: Vice President, Global Sales

Funding To Date :

IPO / Stock:Jan 10, 2003
Revenue 2015/2014: $3.8/$1.8 million

$15.4M IPO in March 2014

428

BioMarin Pharmaceutical
BioMarin Pharmaceutical is a biotechnology company based in San Rafael, California. The company was founded in 1997 and its core
business and research focuses on Enzyme Replacement Therapies (ERTs) for life-threatening rare genetic disorders. The most advanced
product in the pipeline is the small molecule Disapersen for Duchenne Muscular Dystrophy, which has advanced from clinical trials and is
being led to FDA and EMA for approvals. Two other drugs are already in Phase III of clinical trials (Pegvaliase for PKU and
Reveglucosidase alfa for Pompe disease). There are other ERTs molecules in Phase II for Duchenne Muscular Dystrophy and
Achondroplasia. BioMarin is also testing the possibility of gene therapy for Hemophilia type A, which is currently in the preclinical phase.
BioMarin has a history of acquisitions and partnerships with a number of other companies and institutions. In 2009 the company acquired
LEAD Therapeutics (small molecules for rare types of cancer), which was followed by the acquisition of ZyStor, a company developing
ERTs for lysosomal storage disorders. In 2012 BioMarin acquired Zacharon Pharmaceuticals (small molecules targeting glycan
metabolism) and in 2014 a histone deacetylase inhibitor chemical library from Repligen for $2 million with the intention of advancing work
toward therapies for Friedreich’s ataxia and other neurological disorders.
http://www.biomarin.com

Leadership:

Management Team:

Jean-Jacques Bienaimé: Chairman and Chief Executive Officer
V. Bryan Lawlis
David Pyott
Alan Lewis, PhD
Michael Grey
Randy Meier
Elaine Heron

Jean-Jacques Bienaimé: Chairman and Chief Executive Officer
Scott Clarke: Senior Vice President,Product Development
Robert A. Baffi, PhD: Executive Vice President,Technical Operations Joshua A.
Grass: Senior Vice President, Corporate and Business Development
Henry J. Fuchs, M.D.: Executive Vice President and Chief Medical Officer Philip
Lo Scalzo: Senior Vice President, Chief Compliance Officer
Dan Spiegelman: Executive Vice President and Chief Financial Officer
Ed Von Pervieux: Group Vice President and Chief Information Officer

Funding To Date:

IPO / Stock: Jul 23, 1999 NASDAQ:BMRN
Revenue 2015/2014: $889.9 M/$749.3 M
Number of Clinical/Preclinical Trials: 8/2

Undisclosed
Acquisitions:
Prosensa ($840M in Cash & Stock) on Nov 24, 2014
Zacharon Pharmaceuticals (undisclosed amount) on Jan 7, 2013
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BioMarker
BioMarker is a California-based biotechnology company that develops nutraceutical products. Biomarker focuses on identifying genes and
proteins involved in aging and age-related diseases. By comparing the differences in expression in animals and humans with the changes
in gene and protein expression in models in which aging has been slowed, BioMarker is pinpointing targets for the development of the new
anti-aging and anti-disease therapies. The company focuses on approaches that would mimic calorie restriction. The company’s nutritional
products were supported by in vitro and in vivo data from both animals and humans. Its portfolio of products consists of plant-based
combinations BM-A1, BM-A2, and BM-A3.
http://www.biomarkerinc.com

Leadership:

Management Team:

Xi Zhao-Wilson, PhD, MBA: Chairman, Founder
Saul Kent: Director, Founder
Victor V. Vurpillat, PhD, MBA: Vice President, Corporate Affairs, Director

Charles Garvin, J.D.: Chief Executive Officer
Victor V. Vurpillat, PhD, MBA: Vice President, Corporate Affairs, Director Paul C.
Watkins, S.M.: Vice President, Business Development
Mike Kope, J.D.: Vice President, Corporate Development
Ivan Labat, PhD: Senior Director, Research & Product Development
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BioTime
BioTime is a California-based biotechnology company founded in 1990. Focusing on the field of regenerative medicine, the company is
publicly listed on the NYSE. Its diverse pipeline consists of therapies in the area of stem cells, cancer diagnostics, stem cell delivery matrix,
and progenitor cells. The most advanced product designed by the company, Renevia®, is for HIV related lipoatrophy, and it is currently in
Phase III/ pivotal stage. Another product of BioTime’s subsidiary, Asterias Biotherapeutics, is used in Leukemia and has reached Phase II
of clinical trials. The company holds in its portfolio a number of subsidiaries that develop products: Asterias Biotherapeutics, Oncocyte,
LifeMap Solutions, Ascendance, Cell Cure Neurosciences, OrthoCyte, LifeMap Sciences, and ReCyte Therapeutics. In 2015 BioTime and
its portfolio companies achieved significant progress on multiple fronts. The company management currently oversees existing
opportunities to expand the product pipeline across all business lines. During the first nine months of 2015 BioTime spent $11.4 million and
$29.8 million for research and development, increasing by 17.2% as compared to the same period in 2014. The company also plans to
simplify its structure in order to allocate the resources more effectively to develop the most promising stem cell therapies and, thus, benefit
from commercial opportunities.
http://www.biotimeinc.com
Leadership:

Management Team:

Board of Directors:
Alfred D. Kingsley: Chairman of the Board
Deborah Andrews
Neal C. Bradsher: CFA
Stephen C. Farrell
Adi Mohanty: Co-Chief Executive Officer
Michael H. Mulroy
Angus C. Russell
David Schlachet
Judith Segall
Michael D. West, PhD

Adi Mohanty: Co-Chief Executive Officer
Michael D. West, PhD: Co-Chief Executive Officer
Russell Skibsted: Chief Financial Officer
François Binette, PhD: Head of Global Development
Oscar Cuzzani, M.D., PhD: Vice President of Clinical Development
Judith Segall: Vice President of Administration and Corporate Secretary
Hal Sternberg, PhD: Vice President of Research

Funding To Date:

IPO / Stock: May 5, 1992 / NYSEMKT:BTX
Revenue 2015/2014: $7.04 M/ $5.24 M
Number of Clinical/Preclinical Trials: 6/2

$76.38M in 9 Rounds
$10.55M (Post Ipo Equity) in Sep, 2016
$2.2M (Grant) in Jun, 2016
$3.3M (Post Ipo Equity) in May, 2015
$31M (Post Ipo Equity) in Oct, 2014
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BrainPatch
This company is working on developing a platform technology which uses brain recordings and artificial intelligence to optimise
non-invasive brain stimulation for each individual. By releasing the APIs and training materials, the company’s aim is to work together with
developers around the world to adapt the technology for the widest possible range of clinical and non-clinical applications. As examples of
potential use-case scenarios, they are claiming tremor control in patients with Parkinson’s, prevention of epileptic fits, and memory
enhancement in Alzheimer’s in clinics as well as restoration of sleep and concentration in non-clinical settings.
AI-optimised Stimulation: concept stage
Closed-loop Stimulation: adaptation for clinical setting, partnered with Monash University, Australia.
Temporal interference deep-brain stimulation: pre-clinical completed, optimisation for patients, partnered with Imperial College London.
https://brainpatch.io

Leadership:

Management Team:

CEO: Dr. Nickolai Vysokov
CFO: Dauren Toleukhanov

Chief Executive Officer: Dr. Nickolai Vysokov
Chief Financial Officer: Dauren Toleukhanov
Chief Engineer: Illya Tarasenko
IR director: Olga Vysokova
Scientific Advisors: Prof. Steve Potter, Prof. Bazbek Davletov
Blockchain Advisor: Sergey Petkevich
Financial Advisor: Dmitry Kaminskiy
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Bluebird Bio
Bluebird Bio is a company based in Cambridge, Massachusetts. It was founded in 1992 focusing on gene therapies and gene editing in
application for rare diseases with few or no treatment options. In the pipeline, the company has diverse products under development out of
which Lenti-D™ (Cerebral Adrenoleukodystrophy treatment) and LentiGlobin™ advanced to Phase 2/3 of clinical trials. There is also a
product for Multiple Myeloma which went through Preclinical stage, while a number of other potential therapies with oncological
applications are being developed. All of the therapies are based on a modified Human Immunodeficiency Virus Type-1 (HIV-1). In 2013
collaboration was established with Celgene to develop T cell-based therapies against cancerous cells based on reimbursement system
against milestones, and after the development stage, to better manage further licensing agreements. In 2015 a partnership with Kite
Pharma was announced to jointly develop and commercialize second generation TCR products against human papillomavirus.
https://www.bluebirdbio.com
Leadership:

Management Team:

Daniel S. Lynch: Chairman
Wendy L. Dixon, PhD
James Mandell, M.D.
John M. Maraganore, PhD
David P. Schenkein, PhD
Mark Vachon
Nick Leschly

Nick Leschly: Chief Executive Officer
David Davidson, M.D.: Chief Medical Officer
Jeffrey T. Walsh: Chief Financial and Strategy Officer
Phillip D. Gregory, PhD: Chief Scientific Officer
Jason F. Cole, Esq.: Chief Legal Officer
Mark D. Angelo, PhD: Senior Vice President, Pharmaceutical Sciences Cyrus
Mozayeni, M.D.: Vice President, Business Development and Alliance
Management
Manisha Pai: Senior Director, Investor Relations and Corporate Communications

Funding To Date :

Acquisitions: Pregenen in July 2014 ($139.9M in Cash & Stock)
IPO / Stock: Jun 19, 2013 / NASDAQ:BLUE
Revenue 2015/2014: $14.08 M/ $25.42 M
Number of Clinical/Preclinical Trials: 4/6

$409M in 8 Rounds
$250M (Post IPO Equity) in Dec, 2016
$9.3M (Venture) in Oct, 2012 from 1 Investor (California Institute for Regenerative
Medicine)
$60M (Series D) in Jul, 2012 from 7 Investors (RA Capital Management, Deerfield
Partners, Third Rock Ventures, ARCH Venture Partners, Forbion Capital
Partners, TVM Capital, Ramius Advisors)
$30M (Venture) in Apr, 2011 from 5 Investors (Third Rock Ventures, TVM Capital,
Forbion Capital Partners, Easton Capital, ARCH Venture Partners) $4.2M (Grant)
in Mar, 2011 (Investors Undisclosed)
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Calico
Calico is an independent R&D biotech company established in 2013 by Google Inc. and CEO Arthur D. Levinson. Calico’s stated goal is to
harness advanced technologies to increase our understanding of the biology that controls lifespan in order to devise interventions that
enable people to lead longer and healthier lives. Calico has since received an investment of $250 million from the pharmaceutical company
AbbVie. Additionally, AbbVie has the option to contribute an extra $500 million at a later date. Both investments will be matched by Google;
making this deal worth a possible $1.5 billion. Calico has agreed to be responsible for research and early development during the first five
years and continue to advance collaboration projects through Phase 2A for a ten-year period. AbbVie will support Calico in its early R&D
efforts as well as after the completion of Phase 2A studies and activities. Both parties will share the costs and profits equally. In another
announcement, Calico revealed one of its first development areas: drugs related to a class of compounds called P7C3s, which appear to
protect nerve cells in the brain from dying by activating an enzyme called nicotinamide phosphoribosyltransferase that inhibits cell death.
The P7C3 compounds, discovered in 2010 by researchers at University of Texas Southwestern in Dallas, have been tested in numerous
models of neurodegenerative diseases associated with aging, including Alzheimer’s and Parkinson’s disease. The P7C3 compounds were
previously licensed to Dallas-based 2M Companies. In a new deal, 2M and Calico have entered into a license agreement under which
Calico will develop and commercialize compounds resulting from the research program. Additionally, Calico will fund academic and
industry research laboratories to support the program.
https://www.calicolabs.com
Leadership:

Management Team:

Daniel S. Lynch: Chairman
Wendy L. Dixon, PhD
James Mandell, M.D.
John M. Maraganore, PhD
David P. Schenkein, PhD
Mark Vachon
Nick Leschly

Nick Leschly: Chief Executive Officer
David Davidson, M.D.: Chief Medical Officer
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CCARL
Canada Cancer and Aging Research Laboratories (shortened as CCARL) is a Canadian personalized (P3) medicine company that has a
broad therapeutic portfolio. Their main field of work, though, centers around implementing Oncofinder, an Insilico Medicine-patented
algorithm that analyses tumor data for the streamlined, personalized and efficient cancer treatment. The company is improving upon
Oncofinder technology. CCARL has released a Leukemia Module that is designed specifically to detect this specific cancer type that
requires different methods due to its liquid properties. Besides cancer research, the company also takes and active role in anti-ageing
research. The core of CCARL scientific team consists of experienced biologists that specialize in various fields of life sciences. CCARL’s
team has published over 200 publications throughout its history. CCARL implements novel diagnostic methods that are powered by the
joint research projects with Pathway Pharmaceuticals and is the only company in Canada that provides transcriptome profiling, analysis of
the affected intracellular molecular signaling pathways, and the target therapeutic predictions.
http://www.ccarl.ca
Management Team:
Olga Kovalchuk, MD, PhD, CEO
Igor Kovalchuk, MD, PhD
Andrey Golubov, PhD

Funding To Date
Undisclosed amount (Seed) in 2015 from 1 Investor (Deep Knowledge Ventures)
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CELL
Cell Guidance Systems is based in Cambridge (UK), at the heart of one of the world's most exciting biotech regions. We develop medical
research tools and technologies that expand the possibilities of life science research and medicine. Established in 2010, our growing
success has been achieved by working closely with many researchers from around the world (including Japan, USA, Netherlands, Italy,
Singapore, and the UK) to develop truly innovative products that address unmet needs. Many of our products are groundbreaking: For
example, ETS-embryo medium (developed in the lab of Prof Magdalena Zernicka-Goetz at Cambridge University) enables the production
of "artificial embryos" from stem cells. Another of our technologies, PODS™ (developed in the lab of Prof Hajime Mori at Kyoto Institute of
Technology) is overcoming stability issues of many proteins, offering new possibilities in research and hope for new therapies.
https://www.cellgs.com
Leadership:
Michael Jones - Founder, CEO

Funding To Date :
Nov 1, 2015 - £378.1K from undisclosed investors
Oct 30, 2013 - £242.8K from undisclosed investors
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CellAge
CellAge is currently developing synthetic promoters specific to senescent cells because promoters that are currently being used to track
senescent cells are simply not good enough to be used as therapies. The most prominently used p16 gene promoter has a number of
limitations. First, it is involved in cell cycle regulation, which poses a danger in targeting cells that are not diving but are not senescent
either, such as quiescent stem cells. Second, organism-wide administration of gene therapy might currently be too dangerous. This means
senescent cells only in specific organs will be safe enough to be targeted as the p16 promoter does not provide this level of specificity
required to do otherwise. Third, the p16 promoter is not active in all senescent cells. Therefore, after therapies utilize this promoter, a
proportion of senescent cells would still remain. Moreover, the p16 promoter is relatively large (2.1kb), making it difficult to incorporate in
present gene therapy vehicles. Lastly, to achieve the intended therapeutic effect, the p16 promoter may not be reliable. CellAge is currently
constructing a synthetic promoter that has the potential to overcome all of the mentioned limitations. A number of gene therapy companies,
including uniQure, AGTC, and Avalanche Biotech, have successfully targeted other types of cells using this technology. Overall, CellAge
represents a high risk, high gain candidate portfolio company for potential investors. CellAge has no preclinical studies, only an idea.
However, if their idea has scientific merit, they could be a valuable acquisition as the acquisition price would be relatively inexpensive due
to a lack of investor competition. The drawbacks with using the p16 promoter to target senescent cells have merit, and if the use of a
synthetic promoter could be shown to effectively clear senescent cells as effectively as other approaches while avoiding the drawbacks of
using the p16 promoter, they could become a valuable company in the senescent cell clearance space. Other companies (e.g. uniQure,
AGTC, and Avalanche Biotech) have successfully targeted other types of cells using synthetic promoters, and evaluating the historical
success of this approach vs. their competition, in combination with evaluating the merit of CellAge’s current partners (with emphasis on
Synpromics), would lead to a reasonable assessment of this company’s potential future value.
http://www.cellage.org
Leadership:

Management Team:

Advisory Board:
Dr Mike Capaldi, Business Advisor
Dr Alexandra Stolzing, Scientific Advisor
Dr Juan Carlos Acosta, Scientific Advisor

Mantas Matjusaitis: Founder and CEO
Azuolas Ciukas: COO
Eryk Jan Grzeszkowiak: CMO

Partnerships:

Funding To Date
$34K (Crowdfunding) in February 2017

Amino Labs, My Heritage DNA, Robotical, Synpromics, Genomix
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Celularity
Celularity is a privately-held regenerative medicine biopharmaceutical company. Celularity’s research revolves around placenta-derived
cells as a source of regenerative and stem therapies. With the proprietary technologies, the company is focusing on three main areas: cell
therapy, functional regeneration and biosourcing. Celularity’s cell therapy technologies are targeting degenerative diseases, such as
Crohn’s disease, diabetic foot ulcers and peripheral neuropathy. The company is also developing immuno-oncology therapeutics that aim
to ensure safe and efficient treatment of oncology pathologies. The other main area of research is functional regeneration. Celularity has
an IP over FDA-approved placental biomaterial platform that has a variety of applications from wound treatment to reconstructive surgery.
In perspective, this technology may allow functional recreation of lost organs and limbs. Lastly, the company makes biosourcing research.
Celularity develops a proprietary platform known as BLUPRINT. This platform is meant to act as a biorepository of cellular information that
is combined with genomic and cellular information networks. The main goal of BLUPRINT is to accelerate the innovation process in
regenerative and cellular medicine field. Celularity’s main advantage over their competitors is their development cycle. While most other
regenerative medicine are effectively R&D facilities, Celularity own the end-to-end value chain from procurement of the placenta to
deployment of therapies.
https://www.celularity.com
Leadership:

Management Team:

Board of Directors:
Peter H. Diamandis, MD: Co-Founder & Vice-Chairman
John Sculley: Vice-Chairman
Bill Maris: Board Member
Dean Kamen: Board Member
David Deming: Board Member
Andrew Pecora: Board Member
Andrew von Eschenbach: Board Member
Henry Ji: Board Member
Jaisim Shah: Board Member

Robert Hariri, MD, PhD: Chief Executive Officer & Founder
Henry Brock: Chief Commercial Officer
Steven French: Chief Information Officer
Yaron Turpaz, PhD, MBA: Chief Data Scientist & MD of Celularity Singapore
John R. Haines, MBE: Chief Administrative Officer
Brian T. Berning: Chief Financial Officer
Wolfgang Hofgartner, MD, DSc: Chief Operations Officer
Xiaokui Zhang, PhD: Vice President of Research
Jodi Gurney: Chief Innovation Officer
Timothy L. Smith, JD, PhD: Head of Intellectual Property & Business
Development

Funding To Date:
$250,000,000 Feb 15, 2018
$40,000,004 Sep 28, 2017
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Centagen
Centagen is a biotech company producing novel therapies in regenerative medicine. The company is developing a means for activating
regenerative abilities of adult stem cells without the loss of their stem functions. Centagen demonstrates an approach that is mostly unique
to anti-aging stem cells therapies by using the person’s own cells. By implementing this strategy the company aims to avoid the
immunosuppression inevitable in conventional stem therapy (e.g. using exogenous cells). Centagen currently produces Stem Cell 100, a
line of nutraceutical supplements that promote stem cell function while inhibiting inflammatory reactions that limit the aforementioned
functions.
http://centagen.com

Leadership:

Management Team:

Board of Directors:
Bryant Villeponteau, Ph.D.: President and CSO
Carl Fowler, BSEE.: COO
Gregory Benford, Ph. D.: Chairman
Pierluigi Zappacosta, MS Standford

Bryant Villeponteau, Ph.D.: President and CSO
Carl Fowler, BSEE.: COO
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Centrillion Technologies
Centrillion Technologies aims to “finish the work of the human genome project,” which sequenced approximately 98% of the human
genome, by utilizing advances in genomic analysis technology. It possesses a fairly robust IP portfolio related to these technologies, and
aims to position itself as the leading company capable of delivering the most robust genome analysis. Centrillion offers a range of services
to academic and industrial genomic labs, including next generation sequencing, droplet digital PCR, and bioinformatics. The firm also plans
to offer a consumer service called Tribecode DNA Ancestry Testing in late 2017, which it claims provides the most detailed ethnicity
composition profile available to consumers, which maps consumers’ DNA to roughly 60 distinct populations, including Europe, Asia, Africa,
America, and Oceania.
http://www.centrilliontech.com
Leadership:

Management Team:

Wei Zhou, PhD, J.D.: President and Chief Executive Officer
Glenn McGall, PhD: Senior Vice President of Technology
Janet Warrington, PhD: Senior Vice President of Research and Development
James Zhang, PhD: Chief Strategy Officer Jeremy Edwards, PhD: Vice President,
Sequencing Technology and Member of Scientific
Suzanne Dee, PhD: Vice President, Product Science

Wei Zhou, Ph.D., J.D - .President and Chief Executive Officer
Suzanne Dee, Ph.D. - Vice President, Product Science
Jeremy Edwards, Ph.D. - Vice President, Sequencing Technology
Michael Henry - Senior Vice President and General Manager Consumer
Genomics
Glenn McGall, Ph.D. - Senior Vice President of Technology
Janet Warrington, Ph.D.- Senior Vice President of Research and Development
James Zhang, Ph.D.-Chief Strategy Officer

Funding To Date:
$24.3M in 4 Rounds
$9M Series B in April 2013
$2M Series A in July 2010
$7.5M Series in April 2010
$5.8M Venture in October 2009
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Chipscreen Biosciences
Chipscreen Biosciences is a leading biotechnology company specializing in the discovery and development of novel small molecule
pharmaceuticals. The company has utilized its proprietary chemical genomics-based discovery platform to successfully develop a portfolio
of clinical and preclinical stage programs in a number of therapeutic areas. Its core competence is the science-driven approach to
discovery, strong pipeline building capability, experience with IP, and regulatory expertise. Chipscreen’s business strategy is to generate
differentiated drug candidates across multiple therapeutic areas. Drug candidates are either developed by Chipscreen or co-developed and
commercialized in a partnership at the research, preclinical, and clinical stages. Chipscreen was established as Sino-foreign joint venture
in 2001 by several highly regarded Chinese returnees from the United States with academic, scientific, and industrial experience. Its
founders established the company out of a common vision to create the leading drug discovery and pharmaceutical business in China.
http://www.chipscreen.com/en/
Leadership:

Management Team:

Board of Directors:
Junquan Xu: Chairman
Xian-Ping Lu: CSO & CEO

Xian-Ping Lu: Co-Founder, Chief Scientific Officer, Chief Executive Office
Zhi-Qiang Ning: Co-Founder & Vice President
Su-Mei Zhao: Vice President, Administration
Jian-Xun Li: Vice President, Finance
Ji-Hui Yi: Vice President, Sales & Marketing

Funding To Date:
$7.7M (Venture) in April 2015 from 2 Investors (LYZZ Capital, Vertex Ventures)
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Chronos Therapeutics Ltd.
Chronos Therapeutics Ltd. is a privately held biotechnology company focused on ageing diseases, brain and nervous system disorders.
Chronos has a dedicated laboratory in Oxford, which screens for activity of drugs in brain disease through its proprietary platform,
Chronoscreen[TM]. It has a promising extensive library of repurposed molecules for brain and neurological diseases. The lead compound,
RDC5, is being developed for the fatal neurodegenerative disease, Amyotrophic Lateral Sclerosis (ALS). Chronos recently acquired three
new chemical entity (NCE) development programs for CNS diseases. The most advanced programme is initially targeting fatigue
associated with multiple sclerosis with the others addressing behavioural and neurodegenerative conditions. Chronos’ shareholders
include the University of Oxford, Vulpes Testudo and Life Sciences funds, Odey European and Swan funds, the Board and Management.
https://www.chronostherapeutics.com
Leadership:

Management Team:

Dr.Huw Jones, PhD: Chief Executive Officer
Professor Peter Jenner, DSc : Chief Scientific Officer
Dr. David Eckland, PhD, FRCP: Chief Medical Officer
Dr. Helen Kuhlman, PhD: VP Corporate Development

Tanya Palmer: Clinical Development Director
Dr. Kevin Thompson, DPhil: Director, Chronoscreen™
Mark Donaldson, BA, FCCA: Finance Director
Martin Reeves: Strategic Advisor

Funding To Date:
$12.12M (investment type undisclosed) in December 2013 from 4 Investors (Odey Asset Management, Odey Swan, Testudo Funds, University of Oxford)
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CohBar
CohBar was founded in 2007 in Menlo Park, California. CohBar’s research focuses on mitochondrial derived peptides to treat age-related
diseases such as type 2 diabetes, cancer, Alzheimer’s, atherosclerosis, myocardial and cerebral ischemia. CohBar’s lead clinical
development program is based on MOTS-c, an MDP discovered in 2012 by their founders and their academic collaborators. The
company’s research has shown that MOTS-c plays a significant role in the regulation of metabolism. It has developed optimized analogs of
the MOTS-c peptide and identified two of these analogs, CB4209 and CB4211, as drug candidates for advancement into IND-enabling
activities. The drug candidates have demonstrated significant therapeutic potential in preclinical models for the treatment of obesity, with
additional ongoing studies to determine their therapeutic potential for the treatment of nonalcoholic steatohepatitis (NASH), an advanced
form of fatty liver disease, and as an add-on to other drugs for the treatment of Type-2 diabetes. SHLP-6 and SHLP-2 are small
humanin-like peptides. CohnBar is evaluating SHLP-6 for potential utility in the suppression of tumor angiogenesis and apoptosis induction
in the treatment of cancer. SHLP-2, a part of their in-licensed MDP portfolio, has shown to have protective effects in vitro against neuronal
toxicity and may be useful in the treatment of Alzheimer’s disease. In addition to their two lead MOTS-c analogs, CB4209 and CB4211,
and the other peptides in their portfolio, CohnBar’s scientists have also discovered more than 50 new biologically active MDPs encoded
within the mitochondrial genome. The company continues to evaluate new and existing MDPs to prioritize and optimize their clinical
development efforts and resources, especially towards age-related diseases.
https://www.cohbar.com
Leadership:

Management Team:

Board of Directors:
Albion J. Fitzgerald: Director and Chairman of the Board
Nir Barzilai, M.D.: Founder and Director
Pinchas Cohen, M.D.: Founder and Director
Jon L. Stern, MBA: Chief Operating Officer and Director
Marc Goldberg, JD, MBA: Director

Simon J. Allen, MBA: Chief Executive Officer
Jon L. Stern, MBA: Chief Operating Officer
Kenneth C. Cundy, PhD: Chief Scientific Officer
Jeffrey F. Biunno, CPA, MBA: Chief Financial Officer

Funding To Date:

IPO Date 2015/2014:$4.83M/$4.95M
Revenue
Jan 16, 2015

$450K in Feb, 2014 (Investors Undisclosed)
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Color Genomics
Color Genomics provides a high-quality, physician-ordered genetic test at a low cost. It includes support for physicians, as well as genetic
counseling as part of every purchase. Color’s goal is to expand physician-supported access to genetic testing for hereditary cancer risk to
every person, everywhere. Color is a genetic testing service that analyses 30 genes to give customers a report on their susceptibility to
common hereditary cancers including breast, colon, ovarian, and pancreatic cancers for $249 USD. It also provides complimentary genetic
counseling. The company claims 99.9% accuracy for their results as reported by a blinded study using 500 samples. Color’s scientific team
is a unique interdisciplinary mix of geneticists from UCSF, Stanford and MIT, and clinical lab experts from Penn, UCSF, Illumina, Complete
Genomics and Agendia. Color collaborates with leading clinicians and scientists from UCSF and the University of Washington. Their
Scientific Advisory Board includes Mary-Claire King, PhD who discovered BRCA1—the first gene linked to breast cancer—and Tom
Walsh, PhD, another leading cancer geneticist.
https://www.color.com

Leadership:
Othman Laraki: Founder
Taylor Sittler: Founder
Nish Bhat: Founder
Elad Gil: Founder

Funding To Date:
$98.55M in 3 Rounds from 17 Investors
$45M Series B in September 2016: General Catalyst (Lead investor), Emerson Collective, Khosla Ventures
$38.55M Venture in August 2016: Brainchild Holdings
$15M Series A in April 2015: Angels, Aaron Levie, AME Cloud Ventures, Drew Houston, Formation 8, Julia Hartz, Katie Stanton, Khosla ventures, Laurene Powell
Jobs, Mariam Naficy, Max Levchin, Padmasree Warrior, Raymond Tonsing, Ruchi Sanghvi
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Cyfuse Biomedical
Cyfuse Biomedical is contributing to significant advances in medical treatments through its revolutionary 3D tissue-engineering technology.
In addition to cell quality, the performance of cellular products relies on their composition. The conventional approach of injecting cell
suspension has proved unsuitable for regenerating solid tissue because it does not introduce sufficient cell numbers while scaffolding,
such as with animal-derived collagen. It also raises safety concerns related to allergies and viral vectors. With Cyfuse’s proprietary
tissue-engineering technologies, cellular aggregates are assembled into three-dimensional macrostructures without the need for
scaffolding materials. The subsequent self-organization/maturation process in the company’s customized bioreactor generates functional
tissues/organs. To promote its platform technologies, Cyfuse has successfully developed the 3D bioprinter, Regenova®. Regenova® is a
state-of-the-art robotic system that enables fully automated fabrication of three-dimensional artificial tissues/organs from living cells.
https://www.cyfusebio.com/en/
Leadership:

Management Team:

Takakiyo Kawano: CEO

Shizuka Akieda - Member of Board of Directors CEOShizuka Akieda
Masahiro Sanjo - Member of Board of Directors CFOMasahiro Sanjo

Funding To Date:
$12M (Venture) in Mar, 2015 from 2 Investors (Cyberdyne, Shibuya Kogyo)
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Cytori Therapeutics
Cytori Therapeutics, formerly MacroPore, founded in 1996, is developing cell therapies based on autologous adipose-derived stem cells
(ADSCs) to treat osteoarthritis, scleroderma, cardiovascular disease, and other medical conditions. The company’s scientific data suggests
that ADSCs improve blood flow, moderate the inflammatory response, and rescue tissue at risk of dying. As a result, it is believed these
cells can be applied across multiple “ischemic” conditions. Cytori’s cell based therapeutics are known by the trademark Cytori Cell
Therapy, which consists of a population of specialized cells among which are stem cells responsible for injury repair and healing. Cytori’s
leading product for hand impairment in schleroderma is set to be the first on the market. Since 2002, Cytori has enabled researchers and
clinicians to study and administer cell therapies using its novel Celution® System platform, which harnesses the potential of stem and
regenerative cells from adipose tissue. In 2017, Cytori strengthened its specialty therapeutics position by acquiring a nanomedicine
platform technology that combines widely-known and prescribed chemotherapy agents, doxorubicin and docetaxel, both with liposomal
encapsulation technology.
http://www.cytori.com
Leadership:

Management Team:

Board of Directors:
David M. Rickey (Chairman)
Richard J. Hawkins
Paul W. Hawran
Gary A. Lyons
Tommy G. Thompson
Marc H. Hendrick
Gail K. Naughton

Marc H. Hendrick MD: President, CEO
Tiago M. Girao: CFO
Steven Kesten, MD: CMO
John K. Fraser, PhD: Chief Scientist
John Harris: Vice President & General Manager of Cell Therapy
Cheri Rice: Vice President, Portfolio Management and Development

Funding To Date:

IPO - Date Dec 30, 2005

$71.85M in 5 Rounds
$17.1M (Post Ipo Equity) in Jun, 2016 (Investors Undisclosed)
$13.5M (Post Ipo Equity) in Oct, 2014 (Investors Undisclosed)
$10M (Post Ipo Equity) in May, 2014 (Investors Undisclosed)
$27M (Debt Financing) in Jul, 2013 from 3 Investors (GE Capital, Oxford Finance
Corporation, Silicon Valley Bank)
$4.25M (Venture) in Jun, 2009 (Investors Undisclosed)
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DeepWave Technologies
DeepWave Technologies is a neurotechnology research and development company. The company develops solutions that enhance
memory, learning, and cognitive capabilities, as well as improving health condition. The primary technology of DeepWave Technologies
revolves around Slow Wave Sleep. Slow Wave Sleep, at which brainwave cycles slow 20-fold, is a special phase of the sleep that starts
most of the restorative sleep processes. DeepWave Technologies plan on commercializing the research performed by Giovanni
Santostasi, Ph.D., who is the CEO of the company. The research shows that by prolonging Slow Wave Sleep it is possible to enhance the
restorative capabilities of the sleep. It is claimed that it would seriously improve both mental and physical health. DeepWave Technologies
plan on producing a wearable device that can be easily used to control brain waves during sleep in order to elongate Slow Wave Sleep
phase. The company was founded in 2017 and is currently in its early stage of development.
https://www.deepwave.tech
Leadership:

Management Team:

Board of Directors: o N/A
Management team: o Giovanni Santostasi: CSO

Giovanni Santostasi, Ph.D. - Chief Scientific Officer

Funding To Date:
Undisclosed amount (Seed) in September 2017 from 1 Investor (Deep Knowledge Ventures)
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DefiniGEN
DefiniGEN are a Cambridge UK company providing highly functional human cell products including liver, pancreas, lung, and intestinal
cells plus custom services for drug discovery and disease model generation. Our proprietary platform technology OptiDIFF delivers our
products and custom services including induced Pluripotent Stem Cell (iPSC) generation, CRISPR-CAS9 gene editing, iPSC differentiation
and custom disease model development. ground-breaking OptiDIFF differentiation system utilizes GMP-compatible conditions to generate
human cell products which have similar function and performance to primary human cells on an industrial scale. The provision of high
quality QC tested cell products with the functionality of primary cells enables you to accelerate your research and optimise your workflo
https://www.definigen.com
Leadership:

Management Team:

Marek Gumienny ACA - Director

Jonathan Milner PhD - Chairman
Marcus Yeo PhD - Chief Executive Officer
Richard Willock - Chief Business Officer
Ludovic Vallier PhD - Chief Scientific Officer
Marek Gumienny - ACA Director

Funding rounds:
May 23, 2016 - £1.5M
Jun 2, 2014 - £2.3M
Dec 12, 2013 - £1.3M
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Editas Medicine
Editas Medicine, Inc. operates as a genome editing company. It focuses on treating patients with genetically defined diseases by
correcting their disease causing genes. It is developing a proprietary genome editing platform based on CRISPR/Cas9 technology to target
genetically defined diseases with an initial focus on debilitating illnesses where there are no approved treatments. Editas Medicine, Inc.
has a collaboration agreement with Adverum Biotechnologies, Inc. to explore the delivery of genome editing medicines for the treatment of
inherited retinal diseases. The company was formerly known as Gengine, Inc. and changed its name to Editas Medicine Inc. in November
2013. Editas Medicine, Inc. was founded in 2013 and is headquartered in Cambridge, Massachusetts. Currently, their most advanced
program is designed to address a specific genetic form of retinal degeneration called Leber Congenital Amaurosis type 10, or LCA10, a
disease with no available therapies or potential treatments in clinical trials in either the United States or European Union. This program is
expected to enter a clinical trial phase in 2017. In May 2015, Editas entered into a strategic collaboration with JUNO Therapeutics, a leader
in immuno-oncology, to develop new T-cell based therapy against cancer.
http://www.editasmedicine.com
Leadership:

Management Team:

Board of Directors:
Alexis Borisy
Douglas Cole, M.D.
Kevin Bitterman, PhD
Katrine Bosley
Boris Nikolic, M.D.
John D. Mendlein, PhD

Katrine Bosley: Chief Executive Officer
Alexandra Glucksmann, PhD: Chief Operating Officer
Andrew Hack, M.D., PhD: Chief Financial Officer
Vic Myer, PhD: Chief Technology Officer

Funding To Date:

IPO Date 2015/2014:$2,566,916
Revenue
Feb 3, 2016, $94.4 million
/1,123,098
were raised.

$71.85M in 3 rounds from 17 investors
$120M (Series B) in Aug, 2015 from 15 investors (Boris Nikolic, Alexandria
Venture, Casdin Capital, Deerfield, EcoR1 Capital, Fidelity Management and
Research Company, Flagship pioneering, GV, Jennison associates, Khosla
Ventures, Omega funds, Polaris partners, T. Rowe Price, Third Rock Ventures,
Viking Global Investors)
$47M (Undisclosed) in May, 2015 from Juno Therapeutics
$43M (Series A) in Nov, 2013 from 4 investors (Flagship pioneering, Polaris
partners, Third Rock Ventures, Partners innovation fund)
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Elysium Health
Elysium Health is a company founded in Silicon Valley with research laboratories in Cambridge Massachusetts and a development center
in New York City. Elysium focused on dietary supplementation with its first product, Basis, in the form of pills. Basis is a proprietary
formulation of two ingredients — nicotinamide riboside and pterostilbene — designed to support long-term well-being at the cellular level. It
is a daily dietary supplement designed to keep cells healthy as well as repair cells damaged by natural health decline and environmental
toxins over time. Elysium implements a strategy of delivering the product directly to the client and also enables customers to purchase the
service via their website. In its marketing philosophy, Elysium tried to avoid the rhetoric of an ‘anti-aging’, ‘take-one-solve-all’ pill.
Therefore, it presented the product firmly based on the scientific language of DNA repair, cellular detoxification, energy production, and the
enhancement of overall biological functions. In recent news, Chromadex, the sole supplier of anti-aging Elysium Health‘s two main product
ingredients, pterostilbene and Nicotinamide Riboside (NR), is suing the startup for failure to make payments on those ingredients and for
breach of a trademark and royalties agreement.
https://www.elysiumhealth.com
Leadership:
Eric Marcotulli: CEO, Co-founder
Dan Alminana: COO, Co-founder
Leonard Guarente: Chief Scientist, Co-founder

Funding To Date:
$20M in 2 rounds
$20M (Series B) in Dec, 2016 from 2 investors (General Catalyst, Robert Nelson) Undisclosed amount (Seed) in Dec, 2015 (TYLT Ventures)
March 29, 2018 - Elysium Health announced that the FDA has granted Orphan Drug Designation (ODD) to its experimental therapeutic EH301 for the treatment of
amyotrophic lateral sclerosis (ALS).
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Emulate
Emulate Inc. is a spin-out from the Wyss Institute for Biologically Inspired Engineering at Harvard University, founded in 2013 by the
institute’s founding director, Donald Ingber, who is considered by many to be the father of biologically-inspired engineering. Emulate Inc. is
a privately held company that creates living products for understanding how diseases, medicines, chemicals, and foods affect human
health. Its Human Emulation System sets a new standard for recreating true-to-life human biology and is being used to advance product
innovation, design, and safety across a range of applications, including drug development, agriculture, cosmetics, food, and
chemical-based consumer products. Its founding team pioneered the Organs-on-Chips technology at the Wyss Institute for Biologically
Inspired Engineering at Harvard University, as mentioned above. Emulate holds the worldwide exclusive license from Harvard University to
a robust and broad intellectual property portfolio for the Organs-on-Chips technology and related systems. Emulate continues to develop a
wide range of Organ-Chips and disease models through collaborations with industry partners and internal R&D programs. Emulate is also
working with clinical partners to produce Organ-Chips personalized with an individual patient’s stem cells for applications in precision
medicine and personalized health.
https://emulatebio.com/
Leadership:
Donald Ingber: Co-founder.
James Coon: Co-Founder, CO.
Geraldine Hamilton: President and CSO.

Funding To Date:
$57M in 3 Rounds from 8 Investors.
$12M (Series A) in July 2014: NanoDimension, Cedars Sinai Medical Center $28M (Series B) in March 2016: OS Fund, LabCorp, ATEL Ventures
$17M (Series B) in October 2016: ALS Finding a Cure, ATEL Ventures, Cedars Sinai Medical Center, Hansjorg Wyss, NanoDimension, OS Fund, Techammer.
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Epitracker
Epitracker, Inc. brings together the world’s leaders in life science, business, advanced technologies, and novel animal patient populations
to make groundbreaking medical discoveries that translate into improved global health and economies. Currently, Epitracker is unlocking
secrets long held by dolphins, including potential therapeutics and diagnostics for metabolic disorders, aging, skin repair, and dementia.
Epitracker currently has the following four projects in its Discovery-to-Therapeutic Pipeline: ETI101: Metabolic Syndrome; ETI102:
Anti-Aging; ETI103: Skin Repair; and ETI104: Dementia. For ETI101, Epitracker recognizes that like people, bottlenose dolphins have
large brains that need a lot of glucose and the company thinks that may be why older dolphins (including those in the wild) and older
people can both develop conditions related to the metabolic syndrome. For ETI102, Epitracker is exploring how inflammation and oxidative
stress can be reduced in older dolphins, which is resulting in newly discovered molecules that can help slow senescence (aging) in
humans, too. For ETI103, Epitracker is working with world leaders in regenerative medicine to understand mechanisms of skin repair in
dolphins, which may lead to new therapeutics to heal wounds and repair the effects of aging on skin in humans. For ETI104, Epitracker
has developed a novel approach to search for early-stage, blood-based biomarkers in dolphins that may aid in early detection of dementia
and more effective treatment options for people.
http://www.epitracker.com
Leadership:
Stephanie Venn-Watson: Co-Founder & Chief Executive Officer
Steve Morrison: Chief Financial Officer
Eric Venn-Watson: Co-Founder & Chief Medical Officer

Funding To Date:
$1.65M 29-Mar-2017 Seed Round
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Eterly
Eterly is a machine learning company that is currently developing an AI-powered personal assistant platform. Unlike other similar projects,
Eterly platform focuses on promoting healthy and longevity inducing lifestyle. The company uses a proprietary Life Extension Algorithm to
measure different statistics from the user. Eterly is planning to suit its platform to each individual user by measuring user’s characteristics:
age, weight, fitness level and health condition. The platform will then continually measure activity, sleep and food consumption of the user.
By implementing artificial intelligence algorithms, the app will then form suggestions on lifestyle changes that will promote longevous
healthspan. The app is currently in development and is available for pre-order.
Eterly is an AI-driven health and fitness advisor that goes far beyond the capabilities of the fitness trackers that have become so popular
recently. The app works seamlessly with your wearable device, helping you record steps, heart, activity and sleep data, whilst its extra
features ensures that the app understands you on a deeply personal level. Using proprietary technology, cutting edge science, and
advanced AI techniques, Eterly acts like a personal coach, custom designing and adjusting, in real time, a health and fitness routine
mapped to precisely fit each and every user’s specific needs. Eterly uses an abundance of life extension information to create users’ highly
personalized profile and improve their longevity score. Use Eterly in combination with users’ wearable fitness trackers, smartwatches, or
any device that has bluetooth connectivity. Jawbone, Heart, Apple Watch, Fitbit, Eterly works with almost all major wearable fitness
brands.

http://eterly.com
Leadership:
Andrew Ahachinsky - CEO

Deep Knowledge Life Sciences - Undisclosed amount (Seed) in 2017
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Everist Health
Everist Health is a personalized medicine company that develops personalized diagnostics, prognostics and therapeutic selection
technologies to help physicians improve clinical outcomes and reduce the cost of care. It was formed by combining the assets, product
portfolios, and IP of Genetics Squared, Inc., and Angiologix, Inc. It focuses on early disease detection via proprietary diagnostic and
prognostic medical devices. Its main product is the AngioDefender, which measures the health of a user’s endothelium via a proprietary
process the company calls Flow-Mediated Dilation, which measures the user’s response to increased blood flow. It then combines this
data with blood pressure analysis, pulse wave analysis, and a proprietary data analysis algorithm. The company claims that this method
yields increased accuracy over other standard-of-care methods used by physicians to predict heart disease risk. They also offer an Age
Calculator service, which uses the data obtained from their AngioDefender system in combination with other data input by the user or their
physician in order to calculate the age of the user’s cardiovascular system.
http://everisthealth.com
Leadership:
Matt Bartlam: CEO
Steve Everist: CTO
Peter F. Lenehan, PhD, MD: CMO

Funding To Date:
$12.54M Venture in 2 Rounds
$9.48M (Venture) in February 2012 (investors not disclosed)
$3.06M (Venture) in September 2012 (investors not disclosed)
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Everon Biosciences
Everon Biosciences Inc. was founded in 2010 and aims to target the cellular bases of ageing, and eradicate them through the scientific
program developed by Prof. Andrei Gudkov, who is also a Senior Vice President of Research Programming and Development of Roswell
Park Cancer Institute, the world’s oldest cancer research center. Since the beginning of Everon Biosciences, the institute formed a
partnership with the company, giving access to modern technical equipment and gaining insights from a leading scientist in the field. The
R&D department focuses on developing pharmacological agents that can block or slow down age-related waste products, facilitate the
efficacy of natural mechanisms to eliminate waste products, and create a diagnostic platform that can estimate the severity of aging-related
frailty and the efficacy of anti-aging related drugs. In February 2017, Everon Biosciences identified a new biomarker for senescent cells, an
oxidized form of the vimentin protein, the results of which were published in PNAS. This novel biomarker could be used in a practical assay
to detect senescent cells, which would significantly speed up the development of anti-aging drugs that could be capable of reducing or
even reversing aging. Everon Biosciences Inc. is located in Buffalo, NY.
http://everonbio.com
Leadership:
Alexander Polinsky: Co-Chief Executive Officer
Andrei Leonov: Co-Chief Executive Officer
Andrei Gudkov: Founder & Chief Scientific Officer
Olga Chernova: Vice President, Research

Funding To Date:
Funding Received: $8.88M
Last Round: $5M
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Evox Therapeutics
Based in Oxford, UK, Evox Therapeutics was founded in 2016 by Professor Matthew Wood of Oxford University and Associate Professor
Samir EL Andaloussi and Dr. Per Lundin of the Karolinska Institute, to capitalize on foundational intellectual property springing from the
groundbreaking exosome research carried out in these two world-leading labs. Evox’s IP portfolio is mainly based on exosomes for
delivery of nucleic acid-based agents, delivery of protein therapeutics such as antibodies and receptors, targeting exosomes to precisely
reach tissues and organs of interest and developing exosomes for small molecule delivery. Current development programs are aimed at
using the unique capabilities of exosomes, namely to modulate the immune system and to target tissues and organs that are normally
difficult to reach. Accordingly, Evox’s development pipeline is initially focused on immunological and inflammatory diseases, neuroscience
and various rare disease with unmet medical interventions.
https://www.evoxtherapeutics.com

Leadership:

Management:

Dr Antonin de Fougerolles, CEO

David Virley

Matthew Wood, MD, PhD
Samir EL Andaloussi, PhD
Xandra Breakefield, PhD
Bernd Giebel, PhD
Robert Langer, ScD
Anastasia Khvorova, PhD

Funding To Date:
$14.43M in 1 round from 1 investor
$14.43M (Seed) in May 2016: Oxford Sciences Innovation
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FRONTEO Healthcare
FRONTEO Healthcare’s AI-based technology is capable of acquiring the tacit knowledge of people and using it to predict behavior. They
intend to expand the application of this technology in the medical industry as quickly as possible, using data analysis to help people around
the world to receive the best healthcare services, and pave the way to a healthier, more secure future.
https://www.fronteo-healthcare.com/en/

Leadership:
Executive Chairman: Masahiro Morimoto
Chief Executive Officer: Kuniko Nishikawa
Director: Naritomo Ikeue
Director: Hideki Takeda
Director: Takuji Kurio
Auditor: Tomohiro Uesugi

Funding To Date:
February 1, 2017 - Capital amount JPY 327,000 thousand yen.

IPO DateMay 24, 2013
Revenue 2015/2014: $57.71/$47.07 million
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Genedrive
Genedrive® is a patented small polymerase chain reaction (PCR) platform which enables rapid nucleic acid amplification and detection
from various sample types including plasma, sputum and buccal swabs. With minimal hands on time and single button operation, it
provides unambiguous diagnostic results, without the need for specialist knowledge or data interpretation. With no manual calibration or
maintenance required, Genedrive® is ideal for low throughput, decentralised laboratories.
https://www.genedrive.com
Leadership:
Ian Gilham - Ph.D., Non-Executive Chairman
David Budd - Chief Executive Officer
Matthew Fowler - Chief Financial Officer
Catherine Booth - Ph.D., Managing Director, Contract Research Services
Roger Lloyd - Ph.D., Non-Executive Director

Funding To Date:

Management:

Catherine Booth - Ph.D., Managing Director, Contract Research Services

IPO Date 2014/2015
Revenue
Apr 13, 2007
- $342/$345 millions

$19.74M in 2 rounds from 2 investors
$15M (Series B) in Sep, 2014: OrbiMed
$4.74M (Series A) in Jan, 2008: Inventages Capital Investment Inc.
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Genescient
Genescient is a company that provides a wide spectrum of services. By utilizing the longevous fruit fly strain (the so-called ‘Methuselah
Fly’), Genescient offers screening for anti-aging pharmaceutical companies. Methuselah Flies share most of their metabolic genetic
pathways with humans; this allows the company to use them as a highly efficient animal aging model. Genescient refers to itself as ‘a
Genomics 2.0 company’ as it is the only company to use amplified genome signal that allows for more efficient analysis of metabolic
changes. Furthermore, it provides general screening services as well as disease-specific research.
http://www.genescient.com
Leadership:

Management team:

Board of Directors:
Gregory Benford, Ph.D.: Chairman of the Board
Cristina Rizza, M.D.: Chief Medical Officer and Director
James N. Benford, Ph.D.: Director
Yaron Brook, Ph.D.: Director
Peter LePort, M.D.: Director

Carlos Balarezo: Chief Executive Officer
Bryant Villeponteau, Ph.D.: Senior Vice-President, Research and Development
Cristina Rizza, M.D.: Chief Medical Officer
Johnny Borjesson: Chief Information Officer
Anupama Kotiankar: Controller

Funding To Date:
$500k (Angel Funding) in December, 2009 (investor undisclosed)

459

Genos
Genos offers next-generation sequencing services to consumers. Based in San Francisco, Genos Research is a spin-out of Complete
Genomics’ consumer division that was founded in 2016 by two former executives of the company. Genos offers whole-exome sequencing
for $499 USD. This includes sequencing roughly 20,000 genes, covers over 85% of known disease variants and whole-exome sequencing
reveals 50x more information than genotyping. It also offers genetic counseling services, but each kit must be ordered and reviewed by a
physician.
https://genos.co
Leadership:
Mark Blumling: CEO and Co-Founder
Dr. Clifford A. Reid: Executive Chairman and Co-Founder

Funding To Date:
28 Mar 2014 $6,000,000
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GenSight Biologics
GenSight Biologics is a French biotech company that specializes in regenerative ophthalmic therapeutics. The company addresses
neurodegenerative and mitochondrial diseases of the eye. GenSight aims to use gene therapy to restore the eyesight of patients suffering
from retinal degenerative pathologies. There are two main products in the company pipeline; GSO10 treats LHON (a genetic disease that
can inflict complete sight loss over time) and GSO30 enables vision restoration in patients with Retinitis Pigmentosa (RP), another
hereditary illness that hinders eyesight. While GSO30 has just passed pre-clinical trials, GSO10 has successfully completed Phase III and
is estimated to enter the market in the nearest future.
https://www.gensight-biologics.com
Leadership:

Management team:

Board of Directors:
Michael Wyzga: Chairman - Independent Director
Bernard Gilly, PhD: Co-Founder, CEO – Director
Genghis Lloyd-Harris, MD, PhD: Director
Guido Magni, MD, PhD: Director
Earl M. Collier, J.D.: Independent Director
Maïlys Ferrère: Director
Peter Goodfellow: Independent Director
Jose-Alain Sahel, MD, PhD: Observer
Thibaut Roulon, PhD: Observer

Bernard Gilly, PhD: Co-Founder, Chief Executive Officer
Thomas Gidoin: Chief Financial Officer
Mohamed Genead, MD: Chief Medical Officer
Nilza Thomasson, PhD: Chief Pre-Clinical Officer
Didier Pruneau: Chief Scientific Officer

Funding To Date:

IPO / Stock: Jul 13, 2016 / NASDAQ:GNST

$77.67M in 2 Rounds from 9 Investors
$36M (Series B) from Abingworth',Fidelity Management and Research Company,
HealthCap, Index Ventures, Jennison Associates, Novartis Venture Fund,
Perceptive Advisors, Sphera Funds Management, and Varsant Ventures
€32M (Series A) from Abingworth, Index Ventures, Novartis Venture Fund and
Versant Ventures
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Genzyme Corporation
Genzyme Corporation is an American biotechnology company based in Cambridge, Massachusetts, focused on rare diseases, multiple
sclerosis, immunology and oncology. Genzyme was founded in 1981 by Sheridan Snyder and George M. Whitesides in Boston and has
become part of Sanofi in 2011 after its acquisition. Genzyme has a broad portfolio of products already present on the market, including
Aldurazyme®(laronidase), AUBAGIO®(teriflunomide), Cerdelga® (eliglustat), Cerezyme®(imiglucerase), Fabrazyme®(agalsidase beta),
LEMTRADA®(alemtuzumab), Lumizyme®(alglucosidase alfa), and Thyrogen®(thyrotropin alfa for injection). Genzyme currently has
multiple products in its pipeline across several clinical stages, including medication and therapies for Fabry disease, Multiple Sclerosis,
Cutaneous Squamous Cell Carcinoma and hemophilia, among others.
https://www.sanofigenzyme.com/en/
Leadership:

Management team:

David Meeker, M.D.: Executive Vice President and Head of Sanofi Genzyme
Mark Barrett: Vice President, Global Head of Strategy & Business Development
James W. Burns, PhD: Head of the Sanofi-Genzyme R&D Center; Head of
Sanofi’s Boston R&D Hub
Wolfram Carius: Corporate Senior Vice President, Industrial Affairs and Biologics
Platform
David Ford: Head, Human Resources
Carlo Incerti, M.D.: Senior Vice President; Head of Global Medical Affairs
Sandeep Sahney: Vice President, Head of Japan-Asia Pacific Region
Philippe Sauvage: Chief Financial Officer

Philippe Sauvage - Chief Financial

Funding To Date:
Jun 7, 2006 - $12M
Sep 23, 2008 - $20M
Jan 13, 2014 - $700M
Feb 11, 2015 - $30M
Number of Clinical/Preclinical Trials: 8/0
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Geron
Geron is a clinical stage biopharmaceutical company focused on the development of a telomerase inhibitor, imetelstat, in hematologic
myeloid malignancies. Telomerase is an enzyme that enables cancer cells including malignant progenitor cells to maintain telomere length,
which provides them with the capacity for limitless uncontrolled proliferation. The company’s focus is the potential implications of
telomerase in cancer development. Imetelstat is currently being tested in two clinical trials: IMbarkTM, a Phase 2 trial in myelofibrosis (MF),
and IMergeTM, a Phase 2/3 trial in myelodysplastic syndromes (MDS). These clinical trials are being conducted by Janssen Biotech, Inc.,
under the terms of an exclusive worldwide collaboration and license agreement. Early data suggests that imetelstat may have
disease-modifying activity by inhibiting the proliferation of malignant progenitor cell clones for the underlying diseases.
http://www.geron.com

Leadership:

Management Team:

Board of Directors:
Hoyoung Huh, M.D., PhD: Chairman of the Board
Daniel M. Bradbury
Karin Eastham
V. Bryan Lawlis, PhD
Susan M. Molineaux, PhD
John A. Scarlett, M.D.: President and Chief Executive Officer
Robert J. Spiegel, M.D.

John A. Scarlett M.D.:- President, Chief Executive Officer and Director
Olivia K. Bloom - Executive Vice President, Finance, Chief Financial Officer and
Treasurer
Melissa A. Kelly Behrs: - Executive Vice President, Business Development and
Portfolio & Alliance Management

Funding To Date:

Number of Clinical/Preclinical Trials: 0/7
IPO Date Aug 9, 1996
Revenue 2015/2014: $36,371/$1,153 Mill.

$96.7M in 1 round
$96.7M (Post IPO) in Feb, 2014
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Harbour BioMed
Harbour BioMed is a global biotechnology company that discovers and develops innovative therapeutics for cancer with a focus on
immuno-oncology. Discovery and development programs are centered on its two patented transgenic mouse platforms for human antibody
discovery. The company is building its proprietary pipeline internally, through collaborations with co-development partners, and selective
preclinical and clinical stage asset acquisitions. Harbour BioMed also licenses the platforms to companies and academic institutions
through its Harbour Antibodies subsidiary. One of the fastest growing segments of the global pharmaceutical industry is the therapeutic
monoclonal antibodies (mABs). Harbour BioMed uses two patented transgenic mouse technologies developed in the laboratory of
Professor Frank Grosveld at Erasmus MC (Rotterdam, the Netherlands) to generate fully human antibodies.
http://www.harbourbiomed.com/en/aboutus.html

Leadership:

Management Team:

Jingsong Wang: Chief Executive Officer & Founder
Jeff He: Chief Financial Officer
Liang Schweizer: Chief Scientific Officer
Mai-Jing Liao: Head, Business Development

Xiaoxiang Chen, MD Executive Vice President, Head of Clinical Development and
Regulatory Science
Mai-Jing Liao, PhD Senior Vice President, Head of Business Development and
Portfolio Management
Mai-Jing Liao, PhD Senior Vice President, Head of Business Development and
Portfolio Management
George Liu, PhD Vice President, Head of Early Development and Scientific
Operation

Funding To Date:
$50M in 1 round from 2 investors
$50M (Series A) in Dec, 2016 (Advantech Capital, Legend Capital)
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Hua Medicine
Hua Medicine is a leading clinical-stage innovative drug development company in China, focusing on novel therapies for the treatment of
diabetes and CNS disorders. Currently, the company has two products in the pipeline. The first, HMS5552, is a novel glucokinase activator
that restores the impaired GK activity in patients with type 2 diabetes in a blood glucose dependant manner, reducing the risk of
hypoglycemia. The drug is currently in clinical phase 2 trials and shows highly promising results, both for efficacy and safety profile. The
other product in the pipeline is a mGluR5 allosteric modulator with potential for multiple CNS diseases including Parkinson’s disease (PD)
associated dyskinesia, depression, anxiety, fragile X syndrome (FXS), and drug abuse. The drug showed promising results and is currently
in its preclinical trial. The drug, sinogliatin, is a fourth-generation glucokinase activator in-licensed from Roche ($RHHBY), belonging to a
class of therapies that help the body better recognize glucose and thus produce more insulin, lowering baseline blood sugars. Similar
therapies from Merck ($MRK) and others never made it to the market, but Hua believes its drug has a novel mechanism of action that sets
it apart from its forebears in the space.
http://www.huamedicine.com
Leadership:

Management Team:

Bryan Roberts
Daniel Auerbach
Frank Yu
Ge Li
John Baldwin
Leon Chen
Li Chen
Robert Nelsen

Li Chen: Co-Founder, Chief Executive Officer
Xiaowei Jin: Director, Discovery Biology
John Choi: Co-Founder & CBO
Jin She: Vice President, Chemistry
Yi Zhang: Vice President, Clinical Research
Qizhong Song: Vice President, Operations
Yong-Guo Li: Vice President, Pharmaceutical R&D

Funding To Date:
$125M in 3 rounds from 8 investors
$50M (Series C) in Apr, 2016 from: Harvest Global Investments
$25M (Series B) in Jan, 2015 from: Ally Bridge Group, Venrock
$50M (Series A) in Sep, 2011 from: Arch Venture Partners, Eight Roads Ventures, F-Prime Capital Partners, Sino-alliance International Ltd, Venrock, WuXi Healthcare
Ventures
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Human Longevity, Inc.
Human Longevity, Inc, (HLI )is a genomics and cell therapy company founded by J. Craig Venter, a human genome pioneer, founder and
CEO of the J. Craig Venter Institute, Celera Genomics, The Institute for Genomics Research (TIGR), and Synthetic Genomics.
Additionally, HLI is co-founded by former CEO, CSO, chairman and founder of Celgene, Robert Hariri, and Peter Diamandis, chairman and
CEO of the X PRIZE Foundation and Co-Founder/Co- Chairman of Planetary Resources. HLI’s strategy is to build the largest and most
comprehensive genetic database linking human genotypes, microbiomes and phenotypes. Using this database, HLI hopes to be able to
use Big Data types of analysis to discover the genetic and molecular basis underlying disease and aging. In order to facilitate this type of
analysis, HLI has hired Franz Och, the former head of Google Translate, as its Chief Data Scientist. Additionally, HLI has also partnered
with Personal Genome Diagnostics, Inc (PGDI). An additional application is to create a preventive healthcare model that can take baseline
measurements of stem-cell function, monitor them in real time and correct any drift from optimal activity with therapeutics or potentially
stem-cell therapy. While HLI certainly intends to profit from the development of novel therapeutics and diagnostics developed internally or
with partners, it is likely that it will also attempt to gain revenue from licensing its database to pharmaceutical, biotechnology, insurance
companies, hospitals and academic organizations.
https://www.humanlongevity.com
Leadership:

Management Team:

Board of Directors:
J. Craig Venter, PhD: Co-Founder, Executive Chairman, CEO
Peter H. Diamandis, MD: Vice-Chairman & CoFounder
KT Lim: Chairman and Chief Executive of Genting Berhad
Bryan Johnson: Founder and CEO of OS Fund
Brett Blundy: Chairman and Founder of BB Retail Capital (BBRC)
Steve Boultbee Brooks: Chair of BoultbeeLDN, Principal of the Brooks
Foundation
Annie Hazlehurst: Founder of Faridan Ventures

J. Craig Venter, PhD: Co-Founder, Executive Chairman, CEO
Kenneth J. Bloom, MD: President
William A. Roper, Jr.: Chief Financial Officer
Kurt Oreshack: General Counsel
Robert (Bob) Hariri, MD, PhD: Co-Founder, President, Human Longevity Cellular
Therapeutics
Mark Winham: Chief Operating Officer
Brad Perkins, MD, MBA: Chief Medical Officer
Ashley Van Zeeland, PhD, MBA: Chief Technology Officer
Franz Och, PhD: Chief Data Scientist
Yaron Turpaz, PhD, MBA: Chief Information Officer
Amalio Telenti, MD, PhD: Head of Genome Discovery
William Biggs, PhD: Head of Genomic Sequencing

Funding To Date:
$300M in 2 round from 10 investors
$220M (Series B) in Apr, 2016 from: Illumina, Amino Capital, Celgene, Draper
Fisher Jurvetson, GE Ventures, StartUp Health
$80M (Series A) in Mar, 2014 from: Bryan Johnson, Celgene, Daniel Curran,
Draper Fisher Jurvetson, Illumina, Synthetic Genomics, Tan Thay
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Ichor Therapeutics
Ichor Therapeutics is a pre-clinical company that creates therapies for age-related diseases. The company broadly uses regenerative
medicine as a canvas in its effort to discover drugs. Ichor is currently developing two main branches of products. One is Lysoclear, an
enzyme product that removes toxic bis-retinoid A2E, with the potential to treat age-related macular degeneration (AMD) and Stargardt’s
macular degeneration (SMD). Lysoclear has finished pre-clinical trials and may start Phase I trials in 2018. The other product is
Antoxerene, a small molecule drug discovery program that includes diverse groups of potential inhibitors in age-related disease pathways.
Currently one of them, BulkyProtetor, has entered preclinical trials with several others being discovered only recently.
http://www.ichortherapeutics.com
Leadership:

Management Team:

Kathleen Kelly Study - Director

Kelsey Moody, MBA: CEO
William Gannon, Jr. MD/MBA: CMO
Adam Blanden: CSO
Aaron Wolfe: COO
Scott Ruston: CTO
Peter Korytko PhD, MBA: Pre-clinical Director
Scott Campbell: Quality Assurance Director
David Reed, JD: General Counsel

Funding To Date:

IPO 2016-12-09

$2.49M in 7 Rounds from 1 Investor
$600k in July, 2016 (Investors Undisclosed)
$1.35M in March, 2016 from KIZOO
$80k in July, 2015 (Investors Undisclosed)
$25k in February, 2015 (Investors Undisclosed)
$18k in September, 2014 (Investors Undisclosed)
$383k in August, 2014 (Investors Undisclosed)
$540k in May, 2013 (Investors Undisclosed)
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Inception Sciences
Inception Sciences is a drug discovery engine co-founded with Versant Ventures in 2011, with operating sites in the US (San Diego) and
Canada (Vancouver and Montreal). Inception Sciences creates new companies in partnership with pioneering academic researchers and
major biopharmaceutical companies, which provide funding and a path to liquidity through pre-negotiated acquisitions. The Inception team
previously developed clinical-stage drugs in diverse disease areas including neurology, oncology, arthritis and osteoporosis, among others.
Current Inception start-up companies investigate development of novel therapies and drug candidates for oncology, fibrotic disease,
sensorineural hearing loss, eye disease, multiple sclerosis and inflammatory bowel disease. Current pharma partners include Roche,
Bayer, Celgene and Shire. Prior to Inception, the company comprised Amira Pharmaceuticals which was acquired by Bristol Myers-Squibb
in 2011.
http://www.inceptionsci.com
Leadership:

Management Team:

Board of Directors:
Bradley Bolzon
Jerel Davis
Paul Anderson
Petpiboon Prasit
Thomas Woiwode

Petpiboon Prasit: Co-Founder, Chief Executive Officer
Paul Anderson: Chief Scientific Officer
Nicholas Stock: Director & Co-Founder
Zack McNealy: Chief Financial Officer

Funding To Date:
$20M in 3 rounds from 8 investors
$5M (Venture) in Jun, 2014 from Undisclosed investor
$10M (Series A) in Dec, 2013 from: Versant Ventures
$5M (Venture) in Nov, 2011 from Undisclosed investor
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Insilico Medicine
Insilico Medicine was founded in 2014 by Alex Zhavoronkov and specializes in taking a computational approach to pharmaceutical
development. The company is a result of a multi-year research project in signaling pathway activation differences between healthy and
cancerous tissues, which was performed by a large international team and funded with over $2.5 million in non-dilutive financing. Insilico
Medicine, Inc. is an artificial intelligence company headquartered at the Emerging Technology Centers at JHU in Baltimore, with R&D and
management resources in Belgium, Russia, UK, Taiwan and Korea sourced through hackathons and competitions which received
early-stage seed funding from Deep Knowledge Ventures. The company utilizes advances in genomics, big data analysis, and deep
learning for in silico drug discovery and drug repurposing for aging and age-related diseases. Insilico pioneered the applications of the
generative adversarial networks (GANs) and reinforcement learning for generation of novel molecular structures for the diseases with a
known target and with no known targets. In addition to working collaborations with the large pharmaceutical companies, the company is
pursuing internal drug discovery programs in cancer, dermatological diseases, fibrosis, Parkinson's Disease, Alzheimer's Disease, ALS,
diabetes, sarcopenia, and aging. Through a partnership with LifeExtension.com the company launched a range of nutraceutical products. It
also provides a range of consumer-facing applications including Young.AI and Aging.AI. The company raised venture capital and partnered
with Juvenescence Limited, a holding company focused on longevity biotechnology. The company aspires to become the "Bell Labs" for
artificial intelligence and associated technologies for healthcare and longevity biotechnology and commercialize its research by forming
subsidiaries around the specific technologies and licensing the intellectual property, molecules and data to the biotechnology and
pharmaceutical companies. In 2018, the company was named the one of the global top 100 AI companies by CB Insights.
Website: http://www.Insilico.com

Leadership:
Alex Zhavoronkov, PhD: CEO, Founder
Qingsong Zhu, PhD: COO
Alex Aliper, PhD: Director of Drug Discovery
Funding To Date:

$10M (Venture) in Feb, 2017 from Mann BioInvest and group of investors
Undisclosed amount (Seed) in Nov, 2015 from Deep Knowledge Ventures
Undisclosed amount (Seed) in Apr, 2014 from Deep Knowledge Ventures
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Juvenescence AI
Juvenescence AI is a joint venture project between Juvenescence and Insilco Medicine. The company acts both as a drug development
pharma and as an artificial intelligence company. The main focus of the company is to develop novel anti-aging treatments using machine
learning technology. The company is planning on using AI technology patented by Insilico Medicine in order to gain an edge over its main
competitors. The current goal of the company is to build an end-to-end cycle of drug development with a clinical proof-of-concept. The
company officials claim that the AI technology will be able to streamline the most time- and money-consuming portions of the drug
developing cycle: clinical trials. The company was founded in July 2017 and is currently in its early stage of development.
https://www.juvenescence.ltd
Leadership:

Management team:

o Jim Mellon: Chairman
o Alexander Zhavoronkov, PhD: Principal

Gregory Bailey, M.D: CEO

Funding To Date:
Jan 8, 2018 - $12.3M
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Juventas Therapeutics
Juventas Therapeutics is a private clinical stage biotechnology company that is developing regenerative therapies to treat life-threatening
cardiovascular diseases. These novel nonviral gene therapies activate natural processes to repair the body. The company focuses on
cardiovascular diseases with Peripheral Artery Disease and Heart Failure as the two main areas. The product candidate, JVS-100, is a
non-viral gene therapy that expresses stromal cell-derived factor-1 (SDF-1), a naturally occurring signaling protein that has been shown to
recruit the body’s own stem cells and promote tissue repair in a broad range of disease states. Multiple independent laboratories have
demonstrated in peer-reviewed publications that extending or reestablishing SDF-1 expression, localized to a site of acute or chronic tissue
damage, induces multiple changes that preserve or recover organ function.
http://juventasinc.com
Leadership:

Management team:

Board of Directors:
George Arida: Chairman
Rahul Aras, PhD
James C. Boland
Suzette Dutch
George Mateyo
Roger Newton, PhD
Marc Penn, M.D., PhD
Matthew Pollman, M.D.
Linda Tufts

Rahul Aras, PhD: Co-Founder, President and Chief Executive Officer
Marc Penn, M.D., PhD: Co-Founder, Chief Medical Officer
Joseph Pastore, PhD: Senior Vice President, Clinical Product Development

Funding To Date:
$41M in 4 rounds from 11 investors
$13.5M (Series B) in May, 2015 from; Green Cross, POSCO Venture capital $5M (Venture) in Nov, 2013
$22.2M (Series B) in Jul, 2012 from; New Science Ventures, Triathlon Medical Venture Partners, Early Stage Partners, North Coast Angel Fund, Fletcher Spaght
Ventures, Reservoir Venture Partners, Takeda Ventures, Venture Investors 3
$300K (Seed) in Sep, 2008 from JumpStart Inc.
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Kailos Genetics
Kailos Genetics a personalized medicine information company that offers a full-panel genetic testing kit, PGxComplete, that tests the
patient’s response to 20 distinct classes of medications in order to reveal how patients respond to 50 types of medications, including
cancer therapies, HIV/AIDs medications, opioids, antidepressants and others. This kit costs $99 which is a lot cheaper compared to many
of its competitors. This allows patients and their physicians to choose the medications and the doses that correspond best with the
patient’s data obtained from the kit. Kailos Genetics in partnership with HudsonAlpha Institute for Biotechnology and Redstone Federal
Credit Union (RFCU) set up the Information is Power program, offering free of charge genetic testing in Northern Alabama. Beginning on
October 29, 2016 the program will provide free genetic testing for all 30-year-old women and men in the counties of Madison, Jackson,
Limestone, Marshall and Morgan, regardless of family history. The free/discounted tests will be available on the Kailos website for one full
year, until October 28, 2017.
https://www.kailosgenetics.com
Leadership:

Management team:

Brian Pollock: President & Chief Executive Officer
Troy Moore: Chief Scientific Officer
Michael J. Walters: Chief Strategy Officer

Cheri Walker, Ph.D. - CHIEF FINANCIAL OFFICER

Funding To Date:
$1.9M in December 2011 in 1 round from 1 Investor
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Leadhexa Biotechnologies
Leadhexa Biotechnologies, Inc. is a Delaware corporation whose founders have discovered a unique version of the enzyme Manganese
SuperOxide Dismutase (MnSOD) which has the ability to enter cells and mitochondria, where it demonstrates efficacy in numerous
preclinical models including actinic keratosis, tumor suppression, radiation protection, protection of kidney damage due to cyclosporine or
contrast dye, liver cirrhosis and liver ischemia-reperfusion injury. Leadhexa is an early-stage startup incubated at QB3 in San Francisco
and is actively seeking venture investment in order to start advancing its molecules towards clinical trials.
http://leadhexa.com
Leadership:

Management team:

Roberto Mancini: MD
Francesco Saverio Ambesi-Impiombato. Co-founder. Professor of General
Pathology at the University of Udine, Italy.
Mario M. Rosati. Attorney. Partner at WSGR, Palo Alto, CA.

Jaime Bosch - Professor of Medicine and Chief of Hepatology Section at the IMD,
Hospital Clinic, University of Barcelona, Spain.
Jean Rommelaere - Head of the Division Tumor Virology at the German Cancer
Research Center (DKFZ), Heidelberg, Germany.
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LifeGen Technologies
LifeGen Technologies, a genomics private company, discovers ways to slow down age-related gene expression. The company widely
implements DNA microarrays to measure gene activity in mammalian tissues. LifeGen scientists have published an article named ‘Gene
Expression Profile of Aging and Its Retardation by Caloric Restriction’ in Science, which has led to the current commonplace usage of
low-caloric diets in anti-aging practices. LifeGen provides various corporate-level services; a majority of them revolves around the
company’s large database on gene expression alterations associated with aging.
http://www.lifegentech.com
Management team:
Mr. Richard Weindruch Ph.D.: Co-Founder and Director
Mr. Tomas A. Prolla Ph.D.: Co-Founder and Chief Scientific Officer
Dr. Jamie L. Barger Ph.D.: Chief Operating Officer

Funding To Date:
$11.7M (Acquisition) in December, 2011 from Nu Skin Enterprises
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Longevity Biotech
Longevity Biotech was founded in 2010 in Philadelphia. It is a developer of a new class of therapeutics via artificial protein technology.
Longevity Biotech focuses on pharmaceutical preparation. Its Hybridtides are targeted biologic-like molecules which are highly-resistant to
breakdown by natural digestive enzymes and tunable to very stable molecular structures. Longevity Biotech currently has multiple products
in its pipeline, three of which are in preclinical stages. Those are aimed at inflammation, diabetes and a fusion inhibitor. Two undisclosed
projects are in initial stages and are aimed to treat cancer and problems with cholesterol.
http://longevitybiotech.com

Leadership:

Management team:

Scott Shandler, PhD, MBA: Founder & CEO
Samuel Gellman, PhD: Founder & Head of Peptide Chemistry

Scott Shandler
Samuel Gellman
Uma Sinha

Funding To Date:
January 2, 2018 - Longevity Biotech awarded $225K Phase I SBIR Contract From NHLBI/NIH to Develop 5A apoA-I Mimetic Peptide for Treatment of Severe Asthma.

$350K (Grant) in Apr, 2012 from Thiel Foundation
$170K (Debt Financing) in Apr, 2011
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MacuCLEAR
MacuCLEAR’s Co-founder, Senior Advisor, and inventor, has developed a pipeline of compounds for treating various diseases of the eye.
The lead compound MC-1101, is a 505 b 2, repurposed compound, formerly used as an anti-hypertensive drug. Its vasodilation,
anti-inflammatory, and antioxidation combined properties proved effective in modulating choroidal blood flow in human clinical trials. Macu
CLEAR’s pipeline includes a total of at least 12 separate compounds of various types that are intended to be second generation dry AMD
compounds, and in some cases treat other retinal diseases such as diabetic retinopathy and diabetic macular edema. Ten of these
proprietary compounds are new chemical entities.
https://macuclear.com
Leadership:

Management Team:

Board of Directors:
B.B. Tuley
Brett Cornwell
Fred Cole Jr.
George Chiou

B.B. Tuley: Chief Executive Officer & Board Member
George Chiou: Chief Scientific Officer & Board Member

Funding To Date:
$1M in 1 round from undisclosed investor(s)
$1M (Venture) in Jan, 2012
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Mesoblast
Mesoblast has leveraged its proprietary technology platform, which is based on specialized cells known as mesenchymal lineage adult
stem cells, to establish a broad portfolio of late stage product candidates. Mesoblast’s allogeneic or ‘off-the-shelf’ cell product candidates
target significantly advanced stages of diseases where there are highly unmet medical needs, including cardiovascular conditions,
orthopedic disorders, immunologic and inflammatory disorders, and oncology and hematology conditions. Mesoblast’s leading compounds
include MPC-150-IM for congestive heart failure, MPC-06-ID for chronic lower back pain due to moderate degenerative disc disease. The
company’s technology platform is based on mesenchymal lineage adult stem cells (MLCs). Mesoblast’s ‘off-the-shelf’ products are
allogeneic — meaning cells from one donor may be used in many different recipients without the need for matching.
http://www.mesoblast.com
Leadership:

Management Team:

Board of Directors:
Brian Jamieson, FCA: Non-Executive Chairman
William M. Burns, BA: Non-Executive Director
Silviu Itescu: MBBS, FRACP: Chief Executive Officer (Executive Director)
Donal O’Dwyer, BE, MBA: Non-Executive Director
Eric Rose, MD: Non-Executive Director
Michael Spooner, BCom, ACA: Non Executive Director
Ben-Zion Weiner, BSc, MSc, PhD: Non Executive Director
Charlie Harrison: BA, LLB (Hons): Company Secretary

Silviu Itescu: CEO
Paul Hodgkinson: CFO
Roger D. Brown: Spinal Orthopedic Disorders
Lee Golden, MD: Cardiovascular Diseases
Peter Howard: Corporate Executive & General Counsel
John McMannis, PhD: Manufacturing
Julie Meldrum: Global Corporate Communications
Michael Schuster, MBA: Investors Relations
Karen Segal, PhD: Diabetes & Metabolic Disorders
Paul Simmons, PhD: Research & New Product Develpment
Donna Skerrett, MD: CMO
Geraldine Storton, MBA: Head of Regulatory Affairs & Quality Management Eric
Strati, MBA: Commercial

Funding To Date:
$6.2M in 1 round from 1 investor
$6.2M (Venture) in May, 2016 from Australian Government for Research and
Development.
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Metabomed LTD
Metabomed LTD is a drug discovery company in the field of cancer metabolism with a proprietary target identification platform based on
computational biology and metabolomics. Metabomed focuses on the discovery of drugs that inhibit targets that form a synthetic lethal
gene pair with metabolic genes inactivated in cancer cells. Metabomed operates out of MS Ventures Bioincubator in Yavne, Israel.
https://www.metabomed.com

Leadership:

Management Team:

Board of Directors:
Llka Wicke

Simone Botti: Chief Executive Officer
Orly Guralnik: Chief Financial Officer
Eyal Gottlieb: Co-Founder
Eytan Ruppin: Co-Founder
Tomer Shlomi: Co-Founder
Omri Erez : Vice President, Biology
Philippe Nakache: Vice President, Chemistry

Funding To Date:
$18M in 1 round from 5 investors
$18M (Series A) in Apr, 2016 from; Arkin Holdings, Boehringer Ingelheim Venture Fund, Merck Ventures, Pfizer, Pontifax Funds
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Mitobridge
Mitobridge is discovering and developing small molecule therapeutics that improve mitochondrial functions. Building upon the emerging
scientific findings linking mitochondrial dysfunction with disease pathologies, the Company is progressing innovative approaches to the
treatment of diseases with high unmet medical need. Their strategy is to establish proof of concept in rare diseases and then expand into
more common diseases. Mitobridge has assembled a strong team with expertise in advancing ground-breaking therapeutics into the clinic.
Their scientific founders and advisors include leaders in mitochondrial biology, metabolism and aging with experience in translating novel
discoveries into next generation medicines. The Company was founded in October of 2013 with financing from MPM Capital, Longwood
Fund and Astellas Pharma and a shared vision for the promise of mitochondrial-targeted therapeutics.
http://www.mitobridge.com
Leadership:

Management Team:

Mike Patane: President

Kazumi Shiosaki: President, Chief Executive Officer
Lisa Paborsky: Senior Vice President
George Mulligan: Vice President of Translational Medicine
Effie Tozzo: Vice President, Transitional Biology
David Cordo: Chief Financial Officer

Funding To Date:
Funding Received: $45M
Last Round: $45M
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Mitotech
Mitotech is a single-molecule biopharmaceutical company based in Luxembourg. The company researches therapies for a wide range of
age-related diseases. Mitotech’s technology is based on the properties of SkQ1. SkQ1 (also known as ‘Skulachev ion’) is a
mitochondrial-targeting antioxidant. By reducing the active oxygen in the cell SkQ1 prevents apoptosis and protects a cell from age-related
changes. The company currently has 6 products in their pipeline. They are divided into two product families: Visomitin and Plastomitin.
Visomitin is a family of eye drop drugs designed for treatment of various ocular diseases. Visomitin is currently sold as a dry eye syndrome
drug in Russia and is undergoing Phase III trials in the US. Visomitin is expected to become a viable treatment for uveitis and dry AMD, as
Mitotech has launched Phase II trials aiming to use Visomitin specifically for those pathologies. Pastomitin is a pill variant of Visomitin. This
drug family started Phase I clinical trials as multiple sclerosis, acute kidney injury, and Barth syndrome medication. Mitotech also produces
MitoVitan, the SkQ1 serum designed as a skin geroprotector. Unlike Visomitin and Pastomitin, MitoVitan is distributed not as a drug, but as
a cosmetic product. The company scheduled to reveal their new product in September 2017.
https://www.mitotechpharma.com
Management Team:
Natalia Perekhvatova, MS, MBA: CEO
Lawrence Friedhoff, MD, PhD, FACP: CCO
Maxim Skulachev, PhD: CSO
Anton Petrov, PhD, MBA: COO
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Navitor Pharmaceuticals
Navitor Pharmaceuticals is a biopharmaceutical company that focuses on regulating complex metabolic pathways. Navitor’s goal is to
address chronic changes in biochemical processes. To achieve this, they use mechanistic target of rapamycin complex (or mTORC for
short) as a central part of their therapies. mTORC (presented in two variations: mTORC1 and mTORC2) is a protein complex that acts as a
switch in multiple pathways. While most companies in the industry concentrate on creating drugs that turn down mTORC expression
levels, Navitor takes a more complex approach. By recognizing that any imbalance in expression leads to pathologies, Navitor develops
therapies that can restore natural mTORC1 expression levels to treat different diseases. The company’s anti-aging research lies in the field
of immunosenescence. Pharmacologically reducing the activity of mTORC1 in elderly human subjects has been demonstrated to improve
their immune response to a viral vaccine through the suppression of immunosenescence, which increases with age. From an investment
perspective, Navitor is one of the most successful longevity companies, being able to get funding from numerous investors.
http://www.navitorpharma.com
Leadership:

Management team:

Board of Directors:
Barry Burgdorf: Chief Operating Officer, Remeditex Ventures, LLC
Alan Crane: Co-founder and Chairman of the Board of Navitor
Jean-François Formela, MD: Partner, Atlas Venture
Paul Friedman, MD: Independent Director
Brian Gallagher, PhD: Partner, SR One
David M. Madden: Independent Director
Marian Nakada, PhD: Vice President, Venture Investments, Johnson & Johnson
Innovation–JJDC, Inc.
Vinzenz Ploerer: President & CEO, Brace Pharma Capital, LLC
George Vlasuk, PhD: President and Chief Executive Officer of Navitor

George P. Vlasuk, PhD: President and Chief Executive Officer
Rick Lundberg: Vice President of Business, Operations and Finance
Eddine Saiah, PhD: Vice President of Drug Discovery

Funding To Date:
$56.5M in 2 Rounds from 8 Investors
$33M (Series B) in Dec, 2015 from 7 investors (Atlas Venture, Johnson & Johnson Innovation , Polaris Partners, Remeditex Ventures, Sanofi-Genzyme, BioVentures
and SR One)
$23.5M (Series A) in June, 2014 from 4 investors (Atlas Venture, Johnson & Johnson Development Corporation, Polaris Partners and SR One)
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Nemaura

A private specialist biotech company, Nemaura Pharma offers accurate, easy to use, controllable and minimally invasive skin-based
advanced drug delivery systems. Nemaura Technologie can lead to significantly improved healthcare and patient management by
increasing the effectiveness and safety of therapeutic drugs, while also reducing complications due to patient error or non-compliance.
http://www.nemaura.co.uk/our-team/

Leadership:

Management team:

Steve Metcalf - Director of Operations
David Scott - Director of Commercial Development and Licensing

Dr Faz Chowdhury - CEO
Kathryn Farrar - Director of Finance
Dr Werner Wessling - Director of Strategic Alliances

Funding To Date:

IPO Date: Apr 24, 2017

Feb 7, 2017 - $5M
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NovaDip Biosciences
NovaDip Biosciences is developing hard and soft tissue reconstruction products using patient specific adipose stem cells. Their first focus
is not only treating patients with bone diseases and defects, but expanding into skin regeneration as well. They use synthetic biomimetic
ECM constructs seeded with adipose stem cells to their bone replacement product. They have completed two proof-of-concept studies for
their mainstay product (NVD-001) on pigs and have received positive clinical data from 15 patients treated in Europe. Their second
product, NVD-002, has been used on 7 patients thus far.
http://www.novadip.com
Leadership:

Management team:

Jean-François Pollet: CEO & Co-founder
Denis Dufrane: CSO & Co-founder
Beatrice De Vos: CMO

Virginie Cartage - Head of Finance and Administration
Roland Gordon-Beresford - Chief RA/IP Officer
Nicolas Theys - Chief Operating Officer

Funding To Date:
$31.46M in 1 round from 5 investors
$31.46M Series A in September 2015: Intergrale Advisors, New Science Ventures, Ninelinvest, S.R.I.W., Vives Fund
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NuSirt Biopharma
NuSirt Biopharma is an operator of a biopharmaceutical company developing drugs to treat diabetes and other metabolic disorders. The
company’s technology platform enables the use of natural compounds to create a synergy with known pharmaceuticals to prevent and
treat chronic diseases resulting from over-nutrition and aging.
http://nusirt.com

Leadership:

Management Team:

Board of Directors:
Brian Laden
Joseph Cook Jr.
Michael Zemel
Vaughn Bryson
William Guttman

Joseph Cook Jr.: Executive Chairman & President
Barbara Cannon: Chief Operating Officer
Michael Zemel: Founder, Board Member & Chief Science Officer

Funding To Date:
$13.98M in 5 rounds from 5 investors
$6M (Series C) in May, 2015 from; Hatteras venture partners, Mountain Group Capital, TriStar Technology Ventures, Tennessee Community Ventures
$1.8M (Series B) in Jun, 2014 from Mountain Group Capital
$3.5M (Series A) in Mar, 2014 from; Mountain Group Capital, Tennessee Community Ventures
$2.08M (Seed) in Sep, 2012 from Tennessee Community Ventures
$600K (Seed) in Jun, 2012 from; Tennessee Community Ventures, Mountain Group Capital
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Oisin Biotechnologies
Oisin Biotechnologies is a research and development biotech company, whose main aim is senescent cell clearance. While its main
competitors — UNITY Biotechnology — uses small molecule drugs to kill senescent cells, Oisin has a different approach. The company is
developing transient gene therapy to target different age-related types of cells, particularly p16-expressing cells which were proven to
shorten healthy lifespan. The main benefit of using gene therapy compared to small molecule drugs is the ability to fine-tune it for each
potential target. Oisin is currently starting large-scale trials to ensure their therapy reaches market as soon as possible. In March 2018
Oisin Biotechnologies launched their first subsidiary, Oisin Oncology, focused on combating multiple cancers, and raised an undisclosed
amount in seed funding.
https://www.oisinbio.com

Leadership:

Management Team:

Gary Hudson - Ceo

Stephen Hilbert
Matthew Scholz

Investors:
Gary Hudson, Matthew Scholz, Kizoo Technology Capital GmbH
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Nox Technologies
Mission Statement:
Firmly grounded in nearly a decade of discovery research prior to its founding, NOX Technologies Inc. has the potential to develop the first
universal test for early detection of most, if not all, forms of human cancer from serum or urine samples. The test utilizes cancer-specific
isoforms to a single protein marker, tNOX, that initially will help oncologists monitor therapy and detect and diagnose the cancers sooner.
The immediate goal is a tNOX-based monoclonal antibody array that will not only detect cancer early (Stage 1) but discriminate among
30+ major forms of human cancer. Also envisioned is deployment of the cancer specific tNOX protein as an immunotherapeutic and
chemotherapeutic target.
Summary
Nox Technologies is a provider of biotechnology and biodiagnostic services. The company is engaged in the identification, characterization
and detection of cell surface proteins related to aging. The company was acquired by Nu Skin Enterprises (NYSE:NUS) for $12.5 million
on December 18, 2012.
http://noxtechnology.com
Leadership:
Jeremiah Lam: Co-Founder
Manfred Lee: Co-Founder
Zen Zhenxin Lee: Co-Founder
Dalston Pung: CEO/Co-Founder
Dion Pung: Co-Founder

Funding To Date:
$125K Seed, in July 2014
Angel at a $500k Valuation
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Orig3n
Founded in 2014, Orig3n focuses on the development of personal iPSC biobanking and the creation of the world’s largest iPSC cell bank
with enough cell lines from different individuals to create an HLA-matched line for the majority of patients. They aim to create the world’s
largest and most robust source of iPSCs for personalized stem cell therapies. They also offer genetic testing services and are working on
providing iPSC disease models for use in the academia and industry.
https://orig3n.com

Leadership:
Robin Y. Smith: CEO
Kate Blanchard: COO
Marcie Glicksman, PhD: Chief Scientific Officer
Michael Fang, MD: Chief Medical Officer

Funding To Date:
$15.6M in 2 Rounds from 8 Investors
$12.5M Series A in December 2015: Hatteras Ventures, Syno Capital, DEFTA Partners, Harris & Harris Group, KTB-KORUS Fund, LabCorp, Mountains Group Capital
$3.1M Venture in February 2015: Harris
& Harris Group, Hatteras Venture Partners, KTB Ventures, Mountains Group Capital
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Osiris Therapeutics
Osiris Therapeutics, Inc. is a cellular and regenerative medicine company. Osiris is focused on researching, developing and marketing
products in the wound, orthopedic, and sports medicine markets. Osiris operates through the Biosurgery business segment, which focuses
on products for wound care, orthopedics, and sports medicine to harness the ability of cells and novel constructs to promote the body’s
natural healing. The Company’s products include Grafix, Stravix, TruSkin, Cartiform and BIO4. The Company produces and distributes
Grafix for acute and chronic wounds; Stravix for tendon repair; TruSkin for wound closure; Cartiform, a viable cartilage mesh for cartilage
repair, and BIO4 for bone growth. All of these products are cryopreserved and stored in special freezers at -80 degrees Celsius. Osiris
continues to advance its research and development of biotechnology by focusing on improvement in regenerative medicine, including
bioengineering, stem cell research and viable tissue based products. The company’s BioSmart cryopreservation process retains the native
characteristics and inherent functionality of tissue. Its BioSmart process includes preservation of the three dimensional (3D) matrix,
endogenous growth factors, and tissue-resident cells.
http://www.osiris.com
Leadership:

Management Team:

Board of Directors:
Peter Friedli: Chairman
Yves Huwyler: Director
Jay M. Moyes: Director
Hans Klingemann, MD, PhD: Director
Thomas M. Brandt: Director

David A. Dresner: Interim President and CEO
Gregory Ivan Law: CFO
Alla Danilkovitch, PhD: CSO
Adrian P. Mollo: General Counsel

Funding To Date:

Number of Clinical/Preclinical Trials: 4/2
IPO Date 2015/2014
Aug 4, 2006- $50 /$90 million
Revenue

$15M in in 1 round from 1 investor
$15M (Post IPO) in Apr, 2014 from Mesoblast
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OxStem
OxStem is a spin-off from the University of Oxford, founded in 2013. OxStem is a developer of cell programming therapies and envisions
its unique approach to regenerative medicine to do the following: deliver small molecule therapeutics that activate repair mechanisms that
already exist within the body; exploit a deep understanding of the chemical underpinnings of stem and progenitor cell function and
differentiation; generate a collection of drug candidates to awaken endogenous cells to repair tissues affected by disease or injury.
OxStem, acting as a parent holding company, will spin-out and fund the development over time of a series of daughter companies. Each
daughter company (or “Stem”) will be focused on a large unmet therapeutic need within different organ systems (e.g. Dementia /
Alzheimer’s in the CNS, or Macular Degeneration within the Eye). Oxstem will license its intellectual property (“IP”) as well as fund each
daughter company. At the appropriate point in time this may involve a partnership for each Stem with pharmaceutical/ biotechnology
companies seeking new drug pipelines. OxStem will hold a controlling interest with a clear exit strategy for each Stem: either through
acquisition by a large pharmaceutical company with an interest in the particular disease area or through an IPO. As each therapeutic
research program progresses beyond the proof-of-concept stage, an application specific subsidiary is created. At present, OxStem is
targeting 7 therapies (see below).
http://www.oxstem.co.uk
Leadership:

Management Team:

Dr Michael Stein: Chairman and CEO
Raymond Spencer: CFO
Professor Steve Davies Waynflete Professor of Chemistry: CSO

Raymond Spencer - Chief Financial Officer
Dr Carolyn Porter - Chief Business Officer

Funding To Date:
$24.38M in 1 round from 1 investor
$24.38M Seed in May 2016: Human Longevity Inc.
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PHIGENIX
Headquartered in Atlanta, Georgia, PHIGENIX, Inc. will leverage licensed patented technology to establish a strong first-mover advantage
in Personalized Medicine and forge a lasting leadership position in the rapidly evolving cancer diagnostic and therapeutics industry. The
PHIGENIX technology platform involves detecting and targeting the PAX2 and EN2 oncogenes for cancer diagnosis and treatment.
PHIGENIX is currently developing diagnostic tests which may detect prostate abnormalities at the pre-malignant state years before the
onset of cancer. Their therapeutics in development involve blocking the expression of cancer causing proteins and the subsequent
re-expression of a naturally occurring component of the immune system to fight cancer. They are also developing novel drugs, antibodies
and antibody-drug conjugates to deactivate the cancer-causing protein for cancer treatment and/or prevention. PHIGENIX is developing a
diagnostic kit which determines the levels of a key oncogene that is known to regulate drug response in breast cancer, which may assist
physicians in determining treatment regime. With this diagnostic test, breast cancer patients are likely to benefit more from a particular
therapy can be identified, and other patients for whom alternative therapies (e.g. hormonal manipulation) may work, can be selected.
https://www.phigenix.com
Leadership:

Management Team:

Carlton D. Donald, Ph.D: Founder & President/Ceo
Mr. Michael C. Shores, Director

Dr. J. Page Brown - Head Of Research And Development

Mr. Robert Knowles, Director
Mrs. Wennifer H. Donald, Director, Coo

Funding To Date:
$4.56M in 2 Rounds (Undisclosed Investors)
$842.4K 2 Rounds (Undisclosed Investors)
$3.72M (Venture) in August 2014
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Pluristem Therapeutics
Pluristem Therapeutics Inc. is an Israel – based biotechnology company that is developing off-the shelf cell therapies for a variety of
human diseases. Pluristem’s cell products are derived from human placentas, traditionally left to be medical waste following childbirth.
Pluristem then expands these placental-derived cells with the use of a unique, proprietary, three-dimensional technology platform that
ensures the efficient, controlled, mass production of the Company’s cell therapy products, termed PLacental eXpanded cells. PLX cells act
by secreting therapeutic chemokines, cytokines and growth factors produced as an inflammatory response. Pluristem’s clinical
development strategy focuses on two products: PLX-PAD in Critical Limb Ischemia to receive approval in U.S., Europe, and Japan;
PLX-R18 for Acute Radiation Syndrome. The company’s strategy assumes collaborations with pharmaceutical companies, while
maintaining IP and manufacturing rights throughout the process. Pluristem helf a $15M IPO in 2017.
http://www.pluristem.com

Leadership:

Management Team:

Board of Directors:
Zami Aberman: Chairman
Yaky Yanay
Mark Germain
Hava Klemperer Meretzki
Doron Shorrer
Isaac Braun
Israel Ben Yoram
Nachum Rosman
Moria Kwiat

Zami Aberman: CEO
Yaky Yanay: President and COO
Efrat Livne-Hadass: VP Human Resources
Hillit Mannor Shachar, M.D.: VP Business Development
Erez Egozi: VP Finance
Esther Lukasiewicz Hagai, M.D., PhD: VP Clinical & Medical Affairs
Sagi Moran, M.B.A.: VP Operations
Orly Amiran: VP Quality Assurance
Racheli Ofir, PhD, MA. Law: VP Research & Intellectual Property
Lior Raviv: Director of Development
Karine Kleinhaus, M.D., M.P.H.: Divisional VP, North America

Funding Received: $24.67M
Last Round: $3.3M
PO Date Apr 1, 2003
Revenue 2015/2014 - $0.37/$0.67
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Population Bio
Founded in 2006, Population Bio (PB) discovers causative genetic biomarkers to: develop and market DNA-based diagnostic tests for
pre-symptomatic early detection of disease; enable pharmaceutical companies to develop companion diagnostics and novel targeted drugs
with greater efficacy and safety; transform how physicians diagnose and manage disease in their patients. Their core technology rationally
interprets the vast spectrum of variation in human genomes to uncover the genetic components of complex diseases such as Autism,
Parkinson’s, Alzheimer’s, and Endometriosis. Population Bio, the CNV company, discovers disease genes via its CNV Beacon® method to
accelerate the delivery of precision medicine diagnostic and therapeutic products to enable safe, low-cost, and more effective healthcare
for patients. Population Bio has developed an advanced chromosomal microarray analysis (CMA) platform that increases the diagnostic
yield of CMAs from the current 15% of standard CMA to 30-50%. They achieve this by using higher-resolution microarrays, novel analysis
methods, and proprietary copy number variant (CNV) data obtained from normal subjects (i.e. healthy controls) which efficiently
distinguishes benign variants from pathological ones. Population Bio utilizes this platform to identify CNVs of smaller size and in genomic
regions not surveyed by standard CMAs, and can identify CNVs in genes with known disease associations. They can also identify CNVs
that cannot be identified via exome sequencing, or that cannot be rationally or usefully interpreted when identified via whole-genome
sequencing. Population Bio use their CNV Beacon® technology to substantially reduce the “genome search space” in order to identify
CNVs associated with disease risk with greater confidence and at reduced cost compared to standard methods.
https://www.populationbio.com
Leadership:

Management Team:

Jim Chinitz, Founder: Chairman & Chief Executive Officer
Eli Hatchwell, MD PhD: Founder & Chief Scientific Officer
Peggy S. Eis, PhD: Founder & Chief Technology Officer

Edward B. Smith - Lead Director
Eli Hatchwell, MD PhD - Co-Founder & Chief Scientific Officer
Peggy S. Eis, PhD - Co-Founder & Chief Technology Officer

Funding To Date:
$5.36M Series A in August 2011 from 1 Investor (Undisclosed)
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Prana Biotechnology
Prana Biotechnology is developing first-in-class therapies to treat neurodegenerative disease. The company’s lead drug candidate: PBT2:
is being developed for the treatment of Alzheimer’s and Huntington’s diseases. The Company is targeting lodgement of a New Drug
Application for Huntington’s disease in 2017 pending positive trial results. Prana Biotechnology also has advanced a drug candidate for
Parkinson’s disease and other movement disorders (PBT434) and brain cancer (PBT519), which are in preclinical toxicology testing.
Development for PBT434 has received funding from the Michael J. Fox Foundation and Parkinson's UK. The company has a library of
more than 1000 Metal Protein Attenuating Compounds (MPACs), which may support new therapies for neurodegenerative disease and
other highly prevalent conditions in the future. Other potential applications for this platform technology include specific cancers. Prana
Biotechnology has a robust history of academic collaborations with institutions such as The University of Melbourne, Massachusetts
General Hospital, Boston MA, University of California, San Francisco, CA, and University College London among others.
http://pranabio.com
Leadership:
Lawrence Gozlan: Non-Executive Director
Brian Derek Metzler: Non-Executive Director
Geoffrey Paul Kempler: Executive Chairman, Chief Executive Officer
Peter Marks
George William MiHALE, PhD
Prof. Ira Shoulson: Non-Executive Director

Funding To Date:
N/A in 2 Rounds (Undisclosed Investors)

IPO / Stock: 2000 / ASX: PBT; 2002 / NASDAQ:PRAN
Revenue 2015/2014: $6.5 M/$8.2 M
Number of Clinical/Preclinical Trials: 2/2
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Proteome Sciences
Proteome Sciences plc is a Leader in Applied Proteomics and Peptidomics.Proteome Sciences plc deliver content for Precision Medicine through services, biomarkers
and reagents. Proteome Sciences plc use high sensitivity proprietary technologies to detect biomarkers across major human diseases in areas of significant unmet
need where biomarkers have the potential to transform disease management and treatment for the first time at the level of the individual. Proteome Sciences plc
proteomics expertise provides complementary and enabling content and insight for our strategic partners to develop more effective, time and cost-efficient healthcare
solutions.
http://www.progenitorlabs.com
Leadership:
Jeremy Haigh - Chief Executive Officer and Executive Director
Dr. Ian Pike - Chief Scientific Officer and Executive Director
Dr. Josef Schwarz - Chief Compliance Officer

Management Team:
Richard Dennis - Chief Commercial Officer

IPO Date 2015
Revenue
- Aug/2016
29, 2008
- $2.72/$2.30 million
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Proteostasis Therapeutics
Proteostasis Therapeutics is based in Cambridge, Massachusetts. The company pursues a novel approach to therapeutic intervention
based upon an understanding of the Proteostasis Network. Advances in ability to characterize and pharmacologically control the
Proteostasis Network create new opportunities for ameliorating diseases in a number of therapeutic areas. Proteostasis Therapeutics has
assembled a DiseaseRelevant Translation, DRT™ platform that combines genomics, proteomics, and functional assays with medicinal
chemistry and systems biology to convert emerging knowledge of the Proteostasis Network (PN) and its function to discover novel
therapeutics for diseases with huge unmet patient needs. Proteostasis has a number of candidates in development currently for cystic
fibrosis (CF) and Chronic Obstructive Pulmonary Disease (COPD). Proteostasis is also collaborating on two other project with Astellas
Pharma (Protein Conformational disease) and Biogen (Neurodegeneration).
http://www.proteostasis.com
Leadership:

Management Team:

Board of Directors:
Christopher Mirabelli, PhD: Chairman of the Board
Meenu Chhabra
M. James Barrett, Ph.D
Franklin Berger
Helen M. Boudreau
Jeffery W. Kelly, PhD
Christopher T. Walsh, PhD
Conor Walshe

Meenu Chhabra: President and Chief Executive Officer
Po-Shun Lee, M.D.: Executive Vice President, Chief Medical Officer
Ben Munoz, PhD: Senior Vice President, Drug Discovery
Janet L. Smart, J.D., PhD: Vice President, Intellectual Property

Funding To Date:
Funding Received: $160.64M
Last Round: $50M

IPO / Stock: Feb 11, 2016 NASDAQ:PTI
Revenue 2015/2014: $4.3 M/$5.2 M
Number of Clinical/Preclinical Trials: 0/2
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PureTech Health
PureTech Health was largely transformed since its inception. Once a venture company, PureTech Health had assembled their own drug
pipeline from previously funded biotech companies. Recently, the company has entered the anti-aging market with resTORbio. resTORbio
is a drug platform that addresses immunosenescence. resTORbio’s chemical function is to inhibit mTORC1, which has shown to have a
positive effect on lifespan in multiple species ranging from yeast to human. The company is right now in the middle of Phase II trial;
resTORbio is expected to finish it by 2018.
http://puretechhealth.com
Leadership:

Management Team:

Board of Directors:
Robert Horvitz, PhD: Board Advisor & Scientific Advisory Board Chair
Joi Ito: Chairman of the Board of Directors
Raju Kucherlapati, PhD: Independent Non-Executive Director, Scientific Advisory
Board Member
John LaMattina, PhD: Independent Non-Executive Director
Robert Langer, ScD: Co-Founder & Non-Executive Director, Scientific Advisory
Board Member
Marjorie Scardino: Senior Independent Director
Ben Shapiro, MD: Co-Founder & Non-Executive Director
Christopher Viehbacher: Independent Non-Executive Director

Joseph Bolen, PhD: Chief Scientific Officer
Bharatt Chowrira, PhD, JD: President and Chief of Business and Strategy Eric
Elenko, PhD: Chief of Research and Strategy
Michael MacLean: Chief Financial Officer
Stephen Muniz: Chief Operating Officer
Atul Pande, MD: Chief Medical Officer
David Steinberg: Chief Innovation Officer
Daphne Zohar: Co-Founder & Chief Executive Officer

Funding To Date:

IPO Date Jun 26, 2015
Revenue:2015/2014 - $11.83/$2.22 millions

Jan 9, 2015 - $50M
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RETROTOPE
RETROTOPE is a clinical stage biopharmaceutical company created with the goal to prevent age-related cellular damage and restore
mitochondrial health. Mitochondrial health is crucial in general anti-aging practices as oxidation damage can lead to various diseases,
including Parkinson’s disease, Alzheimer’s disease, diabetic retinopathy, and other mitochondrial myopathies. In order to develop viable
therapies, RETROTOPE is using isotopically stabilized PUFAs, a unique drug discovery platform. They are based on essential nutrient fats
which have no pharmacological effect in the natural form, but, in the deuterated form, are sensitive and specific drugs with highly
non-linear reduction of lipid peroxidation damage. RETROTOPE is collaborating with scientists and laboratories around the globe in most
stages of their research. RT001, RETROTOPE’s first drug candidate, controls metabolic processes associated with the oxidative stress
conditions. RT001 is a highly-stabilized version of the cardiolipin forming fat, linoleic acid. RT001 had finished Phase I/II clinical trials in
September 2016. The company was testing it in Friedreich’s ataxia (FA), an untreated fatal orphan disease. A drug is expected to be able
to treat a wide range of age-related diseases, as well as have the general effect of mitochondrial oxidative stress. RETROTOPE has
presented first human data on efficacy of RT001.
https://www.retrotope.com
Leadership:

Management Team:

Board of Directors:
Harry J. Saal, Ph.D.: Chairman
Charles R. Cantor, Ph.D.: Founder and Chairman of SAB
Robert J. Molinari, Ph.D.: Founder and CEO
Mikhail S. Shchepinov, Ph.D.: Founder and CSO
Ernst-Günter Afting, Ph.D., M.D.: Director
Timur Artemev: Director
Peter G. Milner, M.D.: Director
Lex H.T. Van der Ploeg, Ph.D.: Director

Robert J. Molinari, Ph.D.: Founder and CEO; Director
Mikhail S. Shchepinov, Ph.D: Founder and CSO; Director
Curtis Scribner, M.D., M.B.A.: CMO
Linda Rubinstein: Consulting CFO
Judy Magruder: VP, Drug Discovery Operations
Bruce Girton: Director, Analytical & CMC
Frederic Heerinckx: Senior Director, Clinical Operations
Sue Schlesinger: CMC Consultant

Funding To Date:
$14, 53M in 2 Rounds from 2 Investors
$14.53M (Venture) in March, 2016 (Timur Artemiev)
Undisclosed amount (Series B) in Oct, 2014 (Green Park & Golf Ventures)
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Quark Pharmaceuticals
Quark Pharmaceuticals (formerly known as Quark Biotech) is a late-stage biopharmaceutical company. The company develops treatments
for the variety of age-related diseases. Their research focuses on utilizing small interfering RNA (siRNA), a short biomolecule class that
can be delivered to the desired cell in order to turn down, essentially, any gene. The main problem with siRNA-based therapy is delivery,
as it may be highly inaccurate. Quark addresses this issue by implementing proprietary siRNA compounds that can be delivered precisely
to the desired target. Quark’s pipeline consists of multiple drug candidates for diseases ranging from balance disorders to cancer. Two of
company’s candidates are undergoing Phase III trials and were granted Orphan designation: QPI-1002, which treats Delayed Graft
Function (DGF); and QPI-1007, a drug for Non Arteritic Ischemic Optic Neuropathy (NAION). Besides them, Quark has 16 other
therapeutics in various stages of development.
http://quarkpharma.com

Management Team:
Daniel Zurr, Ph.D.: Chairman of the Board of Directors and Chief Executive Officer
Tomer Natan, LLM, BB, CPA: Chief Financial Officer
Rami Skaliter, Ph.D.: Chief Operating Officer
Shai Erlich, Ph.D.: President US Operations and Chief Medical Officer
Elena Feinstein, MD, Ph.D.: Chief Scientific Officer
Juliana Friedmann, M.Sc.: Senior Vice President of Strategy and Planning

Funding To Date:
$61.4M in 5 rounds from 2 investors
$10M (Venture) in Jun, 2010 (investors undisclosed)
$27M (Venture) in Jul, 2008 from 1 investor (SBI Asset Management)
$13.9M (Series H) in Apr, 2008 from 2 investors (SBI Asset Management and Tako Ventures)
$10.5M (Series G) in Jan, 2006 from 1 investor (Tako Ventures)
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Quincy Bioscience
Quincy Bioscience is a biotechnology company based in Madison, Wisconsin, that focuses on the discovery, development and
commercialization of novel technologies to support cognitive function and other normal health challenges associated with aging. Quincy
Bioscience is set apart by its cutting-edge applications of apoaequorin which is breaking new ground with Apoaequorin, originally
discovered in jellyfish, now patented by Quincy Bioscience for use in a variety of products to support cognitive function. Apoaequorin is
manufactured in a cGMP compliant facility. In 1962, the discovery and development of apoaequorin gave various scientists great acclaim.
Quincy Bioscience is building on this work through its novel use of Apoaequorin. Apoaequorin achieved self-affirmed GRAS status
(generally recognized as safe) after an independent panel of expert scientists concluded that apoaequorin is safe for use in food products.
Prevagen® is the company’s flagship consumer brand containing apoaequorin. A landmark double blind and placebo-controlled trial
demonstrated Prevagen has a strong relationship with improvements on quantitative measures of cognitive function, specifically verbal
learning. Prevagen is now the best-selling brain health supplement in chain pharmacies across America according to Nielsen data (2016).
http://www.quincybioscience.com
Leadership:

Management Team:

Michael Beaman: Chief Executive Officer & Chairman
Mark Underwood: President & Co-Founder
Keith Thomsen: Chief Financial Officer
Nathan Beaman: Director, Financial Planning
Dan Moran: Director, Manufacturing Science
James Moyer: Co-Founder

Tom Dvorak: Vice President of Sales & Marketing

Funding To Date:
Funding Received: $8.42M
Last Round: $240K
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Rapamycin Holdings
Based in San Antonio, Texas, Rapamycin Holdings Inc. (RHI) is developing and commercializing a patented oral formulation of Rapamycin
for the prevention of cancer progression and recurrence. The patented oral formulation offers improved pharmacodynamics over generic
Rapamycin including; better shelf life stability, increased bioavailability, and more predictable blood levels. This formulation, eRapa™, was
originally developed for use in aging studies at the Barshop Institute for Longevity and Aging Studies at the University of Texas Health
Science Center at San Antonio (UTHSCSA), and is the only pharmaceutical agent tested thus far to demonstrate significantly increased
healthspan and lifespan in rodent models. RHI began operations in late 2012 and has a portfolio covering four issued patents, 7 UTHSCSA
patents pending, and 3 RHI patents pending for the use of Rapamycin and/or our patented formulation of rapamycin to address large
market opportunities in dementia, cancer, autoimmune disease and post-surgical adhesions. These patents cover the novel formulation as
a composition of matter, the manufacturing process for the formulation, and a variety of method of use patents covering unique dosing and
treatment regimens in multiple target disease indications.
http://rapamycinholdings.com
Leadership:

Management Team:

George Fillis: Founder and President
Randy Goldsmith: CEO

Dan Hargrove, Jd, Llm – President And Chief Executive Officer
Randy Goldsmith, Phd – Founder And Director
Mark Horsey, Mba – Chief Financial Officer, Secretary And Treasurer
George Peoples, Md – Chief Medical Officer
Leon W. Levan, Phd – Chemistry Manufacturing And Controls
Ian Thompson Jr., Md – Principle Investigator Prostate Cancer Trials
Robert Svatek, Md – Principle Investigator Bladder Cancer Trials
Charles Cantrell J.D., B.S.N.

Funding To Date:
Funding Received: $3.93M
Last Round: $3.93M
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ReThink
ReThink offers a distinct algorithm based on evolutionary genomics (Phylogenetic Profiling) and innovative bioinformatics for drug
repurposing. ReThink discovers new indications for drugs in the market and under clinical development, as well as, shelved drugs which
failed for efficacy reasons in clinical trials. ReThink’s breakthrough approach goes beyond the boundaries of published data, dramatically
expanding the spectrum of connections between drugs and diseases that allow them to generate novel and highly accurate findings.
ReThink is currently pursuing partnership and collaboration pharma, medical institutions and rare disease foundations to create value by
enhancing the potential, clinical and commercial success of repurposing options for existing assets. ReThink’s core technology is a unique
proprietary algorithm based on evolutionary genomics and innovative bioinformatics. Using the algorithm, ReThink is able to reveal new
Gene-Disease-Drug interactions. ReThink offers a faster, broader and more accurate approach to reveal additional new targets for a drug
by inferring interactions between the known targets of a therapeutic agent to additional genes that are associated with other diseases. The
algorithm was developed over 5 years of extensive research conducted at MGH and Harvard Medical School. The findings have been
published in journals such as Nature, Cell, and Molecular Systems Biology.
http://www.rethinkpharmaceuticals.com/
Leadership:

Management Team:

Etty Amir: Co-Founder & Chief Executive Officer
Guy Seemann: Co-Founder & Chief Operating Officer
Ofer Tabach: Co-Founder & Director, Business Development
Yuval Tabach: Co-Founder & Chief Scientist

Ehud Schreiber, PhD
Matan Rappoport, PhD MBA
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Revance Therapeutics
Revance Therapeutics, Inc., a biopharmaceutical company that engages in developing and commercializing products and treatments in
dermatology and aesthetic medicines. Its products include RT001, a physician-applied topical botulinum toxin type A (BoNT-A) for
cosmetic, hyperhidrosis, and dermatologic indications. The company was formerly known as Essentia Biosystems, Inc. Revance
Therapeutics, Inc. was founded in 2002 and is based in Mountain View, California. Currently, Revance is advancing investigational product
candidate RT002. In clinical trials, with investigational product candidate (RT002), daxibotulinumtoxinA has shown potential of becoming
the first long-lasting injectable formulation of botulinum toxin type A. The anticipated approval of RT002 injectable would represent the first
major innovation to hit the neurotoxin market in 30 years. Revance Therapeutics held an $75M IPO on February 6, 2014.
http://www.revance.com
Leadership:

Management Team:

Board of Directors:
Bob Byrnes
Vicente Trelles
Daniel Browne

Lauren Silvernail: Chief Financial Officer
Jacob Waugh: Co-Founder & Chief Scientific Officer
Azhar Ghani: Executive, Strategy & Finance

Funding To Date:
Funding Received: $333.98M
Last Round: $96M
IPO: $75M

IPO Date 2015/2014
Revenue
Feb 7, 2014- $300,000/$300,000 millions
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BiomX
BiomX is a microbiome drug discovery company developing customized phage therapies that seek and destroy harmful bacteria in chronic
diseases such as inflammatory bowel disease (IBD) and cancer. We discover and validate proprietary bacterial targets and customize our
natural and engineered phage compositions against these targets. The Company’s platforms use computational and synthetic biology and
cutting-edge research from Profs. Rotem Sorek, Ph.D., Eran Elinav, M.D., Ph.D., and Eran Segal, Ph.D., of The Weizmann Institute of
Science; and Professor Timothy K. Lu, M.D., Ph.D., of The Massachusetts Institute of Technology. Investors in the Company include
OrbiMed Israel Incubator LP, Johnson & Johnson Development Corporation Inc., Takeda Ventures, Inc., Seventure Partners, Mirae Asset,
and SBI.
http://www.biomx.com/
Leadership:
Board of Directors:
Karen Hong, Ph.D
Erez Chimovits
Zeev Zehavi
Henk Brulleman
Prof. Rotem Sorek
Prof. Eran Elinav
Prof. Timothy K. Lu
Prof. Richard A. Flavell, Ph.D
Michael Koeris, Ph.D

Management Team:
Jonathan Solomon - CEO and Board Member
Naomi B. Zak, PhD. - President & COO
Assaf Oron - CBO
Sigal Fattal - CFO

Funding To Date:
Funding Received: $24M
$24M May 15, 2017
Lead Investors: Takeda Ventures; OrbiMed; Johnson & Johnson Innovation
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Samumed
Samumed is San Diego-based regenerative medicine company. It develops therapies that promote tissue regeneration. Conventional
therapies implement stem cells, but this approach has some disadvantages, such as oncological risks. Samumed uses biochemical
approach instead. The company creates drugs that affect Wnt pathway. Wnt pathway has been extensively studied over the last three
decades and also has been implicated in many diseases, primarily in oncology and various degenerative conditions. Currently, Samumed’s
pipeline consists of various Wnt-associated drugs that are aimed to treat various age-related diseases, including osteoarthritis,
androgenetic alopecia, and Alzheimer’s disease. However, the management team and investors of Samumed are having firm belief that
further examination of Wnt pathway can lead to important discoveries in anti-ageing.
https://www.samumed.com/default.aspx

Leadership:
Board of Directors:

Management Team:
Todd Smith - Data Management

Osman Kibar, Ph.D. : Chief Executive Officer, Founder
Cevdet Samikoglu: Chief Financial Officer
Yusuf Yazici, M.D.: Chief Medical Officer
Arman Oruc: Chief Legal Officer
Erich Horsley: Chief Business Officer
Blake Mobley, Ph.D.: Chief Information Officer
Philippe Marchand, Ph.D.: Chief Operating Officer

Funding To Date:
$300M at a$12B valuation from 5 investors (California Institute for Regenerative Medicine, IKEA Group, Trevor Neilson, Vickers Financial Group and Vickers Venture
Partners)
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Semma Therapeutics
Semma Therapeutics is leading the commercialization of the work of Doug Melton’s Lab at the Harvard Stem Cell Institute, which
pioneered the generation of functional insulin-producing beta cells directionally differentiated from human embryonic stem cells (hESCs).
Unlike their predecessors, Semma Therapeutics beta cells have been shown to be functional and insulin-responsive immediately following
transplantation, and have been shown to effectively manage diabetes in multiple animal models of the disease. The company aims to
create a workable cure for Type-1 diabetes, a mission that was inspired when the children of the company’s co-founder, Doug Melton,
were diagnosed with the disease 19 years ago. They are currently focusing on developing an encapsulating device so that their proprietary
stem cell derived beta cells can be transplanted while being protected from the patient’s immune system, which is where their Series A
funding is being directed.
http://www.semma-tx.com
Leadership:
Doug Melton, PhD: Founder
Robert Millman, JD: CEO
Moses Goddard, MD: CMO
Felicia Pagliuca, PhD: Scientific Co-Founder, Vice President of Cell Biology Research and Development

Funding To Date:
Funding Received: $99M
$49M in 1 Round & 1 Grant from 5 Investors
$5M Grant in September 2016: California Institute of Regenerative Medicine (CIRM)
$44M Series A in March 2015: ARCH Venture Partners, F-Prime Capital Partners, Medtronic, MPM Capital
$114M Series B in November 2017: Eight Roads Ventures, Cowen Healthcare Investments, MPM Capital, F-Prime Capital Partners, ARCH Venture Partners,
Novartis, Medtronic, JDRF T1D Fund, ORI Healthcare Fund, Wu Capital, 6 Dimensions Capital and SinoPharm Capital
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Signum Biosciences
Signum Biosciences is a small molecule biopharmaceutical company that develops preventive care therapeutics for various diseases. The
company’s main research focus is neurodegenerative pathologies, as well as Alzheimer’s and Parkinson’s diseases. To combat them
Signum uses Signal Transduction Modulation (STM) platform which allows to platform to modulate signal transduction imbalances. The
company implements systems biology approach to drug development. Another distinct feature of Signum is usage of the pharmaceutical
development cycle for consumer care products, including complex clinical trial system and having science articles published concerning
the efficacy of their products. The company holds intellectual property on EHT, a naturally-occurring molecule that keeps neuron health in
an optimal functional state. Another anti-aging drug created by Signum is SIG-1273: a molecule that blocks chronic inflammation
processes. SIG-1191 is another Signum’s patented longevity medicine. It utilizes Aquaporin 3 (AQP3) to increase hydration in the base
layer of skin. Other products include Arazine, a drug that keeps UV rays from penetrating the skin; and SIG-990 that reduces the
inflammation signals and responds to these external triggers for reducing the redness and inflammatory lesions associated with rosacea.
Signum is actively cooperating with various biotech and pharmaceutical companies, as well as research institutes. The company states
that they ‘’believe that the best way to move forward, to advance our own scientific platform and the work that comes from it, is through
partnerships with leading researchers and institution’’.
https://www.signumbiosciences.com
Leadership:
Board of Directors:
Jeffry Stock, PhD: Chairman
Maxwell Stock: President and CEO
Gregory Stock, PhD: Board Member
Stephen Modzelewski: Board Member
Yoichi Kambara: Board Member

Management team:
Maxwell Stock: President & CEO
Eduardo Perez, PhD: Chief Scientific Officer
Michael Voronkov, PhD: Vice President of Medicinal Chemistry
Jose Fernandez, PhD: Director of Research & Development
Masanori Tamura: Director of Product Development
Antonino Chetta: Director of Communications

Funding To Date:
$5.6M in 2 Rounds (investors undisclosed)
$1.6M (Grant) in November, 2013
$4M (Venture) in July, 2011
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Silene Biotech
Silene Biotech is a developer of stem cell generation and cell preservation technology designed to prevent the degeneration and mutation
of adult cells. The company’s stem cell generation and cell preservation technology specializes in collecting adult cells, processing and
growing the cells, cryopreserving them to prevent aging, and also converting a small percentage of them into induced pluripotent stem
cells, enabling medical professionals to regenerate the body, model hereditary diseases, and screen drugs for efficacy. Silene Biotech is
collecting and storing cells now, so customers can use them years or decades down the line. Instead of collecting urine samples, which the
start-up did in their beta trial, it is now partnering with Bloodworks Northwest to collect samples of customer’s blood. The sample will then
be processed by Silene and stored in a facility. The service costs $299 for the initial processing and first year of storage, and $50 per year
after that. Customers can access their cells at any time, retrieving them to be used in medical procedures. The cells are anonymized
during processing to protect patient confidentiality. Customers also retain the right to have their cells destroyed at any time. Potential uses
for these cells include growing tissue to repair organs, using lab-grown tissue to test patients for drug resistance, and even growing entire
organs for patients who need transplants. In the first clinical trial that these cells were studied in, researchers took skin cells from a patient
with vision loss and converted them into lab-grown stem cells. The cells were then grown into retinal cells and implanted in the patient’s
eye, effectively halting her vision loss.
https://www.silenebiotech.com
Leadership:

Management team:

Board of Directors:
Alex Jiao
Jenna Strully

Alex Jiao: Chief Executive Officer
Jenna Strully: Co-Founder and Board Member
Edward Whalen: Co-Founder
Robert Thomas: Co-Founder

Funding To Date:
Funding Received: $260K
Last Round: $200K
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Sierra Sciences
Sierra Sciences is an anti-aging company located in Reno, USA. Sierra was created with a goal to reverse the aging process. In 1997 BiIl
Andrews, CEO of Sierra Sciences discovered human telomerase reverse transcriptase (hTERT): a telomerase enzyme component that,
when expressed, can restore telomere length. Telomere shortening is considered one of the main aging mechanisms. Expressed hTERT is
proven to lead to immortalization in cell cultures and is expected to revert aging process in organisms. The company states that expression
of telomerase can be advantageous in various situations: from treating wounds to fighting cardiovascular diseases and AIDS. Sierra acts
as a subsidiary of Defytime, the biotech company from New Zealand. Sierra has made several successful researches on hTERT, gradually
moving towards successful implementation of telomere therapy.
https://www.sierrasci.com
Leadership:

Management team:

Jonathan Greenwood: Director of Business Development
Lancer Brown: M.S. Program Director of Screening
Bill Andrews, Ph. D.: President & CEO
Lonnie Klaich: Vice President of Finance & Administration
Laura A. Briggs: Ph.D. Vice President of Research and Discovery

Lancer Brown: M.S. Program Director of Screening
Sal Cumella: M.D. Medical Liason
Federico Gaeta, Ph.D.
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SIWA Therapeutics
SIWA Therapeutics is a privately held preclinical stage biotechnology company that has a monoclonal antibody that targets and destroys
senescent cells. Their current therapeutic focus is on certain rare and fast track diseases, including cancer metastasis and muscle wasting
diseases, such as muscular dystrophy. Beyond these indications, senescent cells are causally implicated in a wide variety of diseases
including: neurodegenerative diseases, autoimmune conditions, and infectious diseases. SIWA’s lead product, SIWA 318, targets a
naturally-occurring extracellular marker, which was identified by SIWA and is specific to senescent cells. SIWA is currently optimizing
SIWA 318 for the treatment of the rare and fast track diseases aforementioned. However, SIWA 318 also has the potential to address
several other conditions where senescent cells are causally implicated. SIWA’s preclinical research to date has been performed using the
murine version of 318. Since SIWA is in the process of optimizing SIWA 318, they are beginning to pursue initiation of clinical trials.
https://siwatherapeutics.com/home/
Leadership:
Alex Kormushoff: Executive Chairman
Lewis Gruber: Founder, CEO and Chief Scientific Officer
Misty Gruber: Founder, General Counsel and CFO

Funding To Date:
May 22, 2017 $1.6M
Funding Received: $400K
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TauRx Therapeutics
TauRx Therapeutics was established in Singapore in 2002 with the aim of developing new treatments and diagnostics for a range of
neurodegenerative diseases based on an entirely new approach of targeting aggregates of abnormal fibres of Tau protein that form inside
nerve cells in the brain. The company’s lead proprietary compound, LMTX®, has recently completed Phase 3 clinical trials to evaluate its
safety and efficacy in the treatment of Alzheimer’s disease and behavioural-variant frontotemporal dementia. Those results are currently
being analyzed. The TauRx team have since discovered that LMTX™ could also have beneficial effects in several other
neurodegenerative diseases associated with Tau pathology, as well as, other protein aggregation disorders including Parkinson’s,
Huntington’s and Frontotemporal Dementia (Pick’s Disease). Several other compounds are in the early-stage development for the
treatment of neurodegenerative diseases caused by protein aggregation.
http://taurx.com
Leadership:

Management Team:

Board of Directors:
George Chia
Kong Han Tan
Paul Cheng
Stephen Logan
Sushilan Vasoo
Tan Sri Lim Kok Thay
Tay Choon

Claude Wischik: Co-Founder, Chief Executive Officer
Timothy Earle: Chief Operating Officer
Seng Way: Managing Director
Charles Harrington: Chief Scientific Officer
Jiri Hardlund: Chief Medical Officer

Funding To Date: Nov 20, 2012-$112M
Funding Received: $277.33M
Last Round: $135M
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UNITY Biotechnology
UNITY Biotechnology is the R&D biopharmaceutical company that strives to halt and revert the ageing process and treat age-related
diseases by designing senolytic medicines. Senolytic medicines are small molecule drugs that target specifically senescent cells, leaving
healthy ones untouched. Their pipeline includes treatments for the vast range of illnesses. Senolytic medicines for inflammatory and
ophthalmic diseases have already entered pre-clinical trials and are expected to start Phase I trials in the next few years. UNITY has
drawn attention to itself in late 2016, when the company had raised more than $100 million in Series B Financing from some renowned
investors, including Amazon CEO Jeff Bezos. Additionally, on April 6, 2018, they filed with the SEC for an $85 million IPO, and are
preparing to enter into Phase 1 trials for their lead senolytic candidates, UBX0101 and UBX1967. Listed bookrunners for their IPO include
Goldman Sachs, Morgan Stanley, Citigroup and Mizuho Securities.
https://unitybiotechnology.com

Leadership:

Management Team:

Board of Directors:
Keith R. Leonard Jr., M.S., M.B.A.: Chief Executive Officer
Nathaniel David, Ph.D: President
Robert T. Nelsen: Co-founder and Managing Director
Kristina Burow: Managing Director
Camille Samuels: Partner

Keith R. Leonard Jr., M.S., M.B.A.: Chief Executive Officer
Nathaniel David, Ph.D: President
Jamie Dananberg, M.D.: Chief Medical Officer
Dan Marquess, D. Phil: Chief Scientific Officer
Keith L. Klein: General Counsel
John Smither: Chief Financial Officer
Susan Lundeen: VP of People

Funding To Date:
$118.79M in 4 Rounds from 6 Investors
$116M (Series B) in October, 2016 from 6 investors (ARCH Venture Partners, Baillie Gifford, Jeff Bezos, Mayo Clinic and WuXi AppTec)
$2.04M (Venture) in July, 2013 (investors undisclosed)
$250k (Venture) in May, 2009 (investors undisclosed)
$500k (Venture) in May, 2009 (investors undisclosed)
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Universal Cells
Universal Cells focus on developing off-the-shelf HLA-engineered stem cells that can be used as a universal cell therapy platform for any
patient, without rejection. They eliminate the expression of patient specific HLA proteins via gene editing and rather express specific
non-polymorphic HLA molecules in order to equip cells with the class I signals necessary to prevent their destruction by patients’ natural
killer (NK) cells. They also introduce suicide genes into the cells as a safety switch. Universal Cells’ technology is based upon IP
developed at University of Washington, and focuses on methods of genome editing in human stem cells via homologous recombination
with recombinant adeno associated virus (rAAV) vector. Their main technology involves the genetic elimination of HLA class I and/ or HLA
class II expression in human stem cells and their derivatives. However, their portfolio also covers the knock-in of specific single chain HLA
molecules that can be reintroduced into otherwise HLA-negative cells in order to avoid missing self-responses and/or present customized
peptide antigens that can be built into such constructs. Universal Cells was awarded a Direct to Phase II SBIR grant from the NIH in 2015
and has obtained promising proof-of-concept results from in vitro studies, with preclinical studies using animal models ongoing.
http://www.universalcells.com
Leadership:
Claudia Mitchell, PhD, MBA: CEO
David Russell, MD, PhD: CSO
Gregory Block, PhD: VP of Business Development

Management Team:
Melissa A.- Project Manager

Funding To Date:
$300K Seed, in July 2014 (Investors Undisclosed)
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Vault
Vault provides patients with a system to securely, reliably and efficiently collect and store their individual adult stem cells and tissue for
future use in age-reversal and disease treatments. Through strategic alliances with dental, plastic, and cosmetic surgeons, as well as,
other medical professionals, a network of knowledgeable champions are reliably collecting and sharing information needed for client and
public education.
www.vaultstemcell.com

Leadership:

Management Team:

Adam Houtman: Co-Founder & Chief Executive Officer
Jase Wrigley: Co-Founder

Charles Handschin
Director of Business Development

Funding To Date:
Funding Received: $200K
Last Round: $200K
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Vericel Corporation
Vericel Corporation, formerly Aastrom Biosciences Inc., incorporated in1989, is a commercial-stage biopharmaceutical company dedicated
to the identification, development and commercialization of therapies that enable the body to repair and regenerate damaged tissues and
organs to restore normal structure and function. Vericel operates through the research, product development, manufacture, and distribution
of patient-specific, expanded cellular therapies for use in the treatment of specific diseases. Vericel markets two autologous cell therapy
products in the United States: Carticel (autologous cultured chondrocytes), an autologous chondrocyte implant for the treatment of
cartilage defects in the knee, and Epicel (cultured epidermal autografts), a permanent skin replacement for the treatment of patients with
deep-dermal or full-thickness burns approximately 30% of total body surface area. Vericel is currently developing MACI, a third-generation
autologous chondrocyte implant for the treatment of cartilage defects in the knee, and ixmyelocel-T, a patient-specific multicellular therapy
for the treatment of advanced heart failure due to ischemic dilated cardiomyopathy (DCM). Vericel has a cell manufacturing facility in
Cambridge, Massachusetts, which is used for United States manufacturing of Epicel, as well as, the manufacturing and distribution of
Carticel.
https://vcel.com
Leadership:

Management Team:

Dominick Colangelo: President & CEO
Daniel Orlando: Chief Operating Officer
Gerard Michel: Chief Financial Officer & Vice President of Corporate
Development

David Recker, MD: Chief Medical Officer
Jacquelyn Fahey Sandell: Vice President and General Counsel
Heidi Hassen Sr. Director: Human Resources

Funding To Date:

IPO / Stock: Feb 4, 1997 / NASDAQ:VCEL
Revenue 2015/2014: 51.17/ $28.80 M
Number of Clinical/Preclinical Trials: 2/0

Funding Received: $61M
Last Round: $40M
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Veritas Genetics
Veritas Genetics was founded in 2014 by Harvard Medical School genetics professor, George Church. Whole genome sequencing screens
every gene in an individual’s DNA to get information on genetic risks for scores of clinically relevant conditions. The screenings are
available from several companies and academic centers at a cost of several thousand dollars. Veritas recently launched what it claimed
was the first US consumer product for $999, including screening, analysis, and genetic counseling. Consumers sign up on the company’s
website but are asked to get approval from their physicians. Currently, customers pay for the test out of pocket, though Veritas thinks
health insurers will eventually reimburse members. In addition to whole genome sequencing, Veritas markets tests for breast, ovarian, and
other cancers, as well as, tests for expectant mothers and newborns to determine risks for hereditary diseases.
https://www.veritasgenetics.com
Leadership:
George Church, PhD: Founder, SAB Chairman
Mirza Cifric: Founder and Chief Executive Officer
Preston Estep III, PhD: Founder and Chief Scientific Officer
Jonathan Zhao, PhD: Founder and Managing Director, Asia
Douglas F Flood: Chief Commercial Officer and General Counsel
Tim Smith: Chief Operating Officer
Rodrigo Martinez, Chief Marketing and Design Officer
Dana Robin Semmel: MD, Lab Director
Birgitte Simen, PhD: VP Product Development
Diego Martinez, PhD: Head of Bioinformatics

Funding To Date:
$4.56M in 2 Rounds from 3 Investors
$30M Series B in October 2016: Trustbridge Partners (Lead Investor), Lilly Asia Ventures, Jiangsu Simcere Pharmaceuticals
$12M Series A in June 2015: Lilly Asia Ventures
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Visgeneer
Visgeneer is a biotech company located in Hsinchu, Taiwan. Visgeneer aims to develop and produce biomedical products associated with
human diseases (cancer, cardiovascular disease, diabetes and gout etc.), as well as, skin aging. Visgeneer has generated a bioinformatic
database associated with cancer and is currently using this database as a source to develop highly sensitive and specific molecular
diagnosing products. They also plan on developing antibodies in association with pharmaceutical processes for disease treatments.
Visgeneer has already produced a fast, low sample volume and portable biosensor for monitoring blood glucose level and is now planning
to develop a multifunctional monitoring system for measuring levels of blood pressure, cholesterol, and uric acid as well. They are also
pursuing the development of a non-invasive blood glucose monitoring system. Some of Visgeneer’s current products include high-quality
skin care products, which are produced using a combination of nano tech water and several functional animal and plant extracts.
http://www.visioneer.com/en/us/

Leadership:

Management Team:

Dr. Ken-Shwo Dai: CEO, President & Board

Alice Kung

IPO / Stock: ROCO: 4197
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Youth Laboratories
Youth Laboratories is a spin-off company of Insilico Medicine. The company operates in the field of image recognition, a section of
machine learning that focuses on processing data from visual sources. Youth Laboratories implements these algorithms in order to extract
valuable data from selfmade photographs, selfies. The company’s mission is to extend human longevity, fight aging, and develop
treatments that will help people stay young and healthy for as long as possible. Through its lifespan, the company has created two distinct
projects: RYNKL and Beauty AI. RYNKL is the earliest of the two. Made in 2015, RYNKL is an app that can detect wrinkles, one of the
main visual marks of aging. The program was created in order to track the progress of the anti-aging treatments and compare their
efficiencies. The RYNKL has contributed to other Insilico Medicine projects, such as Young.AI. Beauty.AI is a contest that is made in order
to test AI systems’ capabilities in evaluating the physical attractiveness of people. People send in their selfies to be judged by a Robot
Jury, a conglomerate of multiple algorithms made by contributors from around the world. After its launch in 2016, this is the second year for
the contest to be held.
http://ylabs.ai
Leadership:
Alex Zhavoronkov, Founder

Management Team:
Alexey Shevtsov
Nastya Georgievskaya
Konstantin Kiselev
Alex Zhavoronkov
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Top 10
Publicly Traded Companies
with a Role in the
Longevity Industry

240

Company:

BioTime, Inc.

Market Cap:

$385.33M

Company
Description/
Role in
Longevity:

BioTime’s “strategy is to be the leader in the development of pluripotent
stem cell-based technologies and to apply those new technologies in the
treatment of degenerative diseases that afflict large numbers of people
worldwide.”
BioTime currently has therapies in development for HIV Related
Lipoatrophy, Macular Degeneration, Leukemia (AML), Spinal Cord Injury,
NSC Lung Cancer, and Orthopedics. BioTime also has diagnostics in
development for Lung Cancer, Breast Cancer, and Bladder Cancer.

website

http://www.biotimeinc.com/

Source: http://www.biotimeinc.com/company/
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Company:

Novartis

Market Cap:

$202.023B

Company
Description/
Role in
Longevity:

Novartis is a global healthcare company based in Switzerland that provides solutions to
address the evolving needs of patients worldwide. Rapamycin is a member of the mTOR
inhibitors class of drugs that has been a promising target in a number of age-related
diseases including Alzheimer’s disease, heart disease, and cancer.
A Novartis study released in December 2014 evaluated rapamycin (RAD001) in elderly
patients and reported positive results for the drug. RAD001 has since developed into a
drug called Everolimus (trade name Afinitor) and in February, 2016, the U. S. Food and
Drug Administration approved Everolimus for “the treatment of adult patients with
progressive, well-differentiated non-functional, neuroendocrine tumors (NET) of
gastrointestinal (GI) or lung origin with unresectable, locally advanced or metastatic
disease.”

website

https://www.novartis.com/

Source:https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm488028.htm
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Company:

GlaxoSmithKline

Market Cap:

80.506B

Company
Description/
Role in
Longevity:

GlaxoSmithKline is a science-led global healthcare company that has “three world-leading
businesses that research, develop and manufacture innovative pharmaceutical medicines,
vaccines and consumer healthcare products.”
In 2008, GSK bought Sirtris Pharmaceuticals for $720M. Sirtris was a company that had
an initial product called SRT501, which was a formulation of resveratrol. Five years
post-purchase, in 2013, GSK shut down Sirtris. The last report on GSK’s pursuit in sirtuins
came in 2015. As of 2015, GSK had a 12-employee sirtuin development performance unit.
The head of the unit, Jim Ellis, “says that they have positive clinical results with one of the
Sirtris molecules in psoriasis, but that they are looking for molecules with better properties
to take forward in psoriasis and other inflammatory disorders. In other words, they are
starting over.”

website

https://www.gsk.com/

Source: http://www.gsk.com/en-gb/about-us/
http://www.nature.com/nbt/journal/v33/n1/box/nbt.3108_BX3.html
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Company:

UniQure

Market Cap:

$139.80M

Company
Description/
Role in
Longevity:

uniQure is delivering on the promise of gene therapy using single treatments with
potentially curative results. uniQure has developed a modular platform to rapidly bring new
disease modifying therapies to patients with severe genetic diseases.
The company is advancing a focused pipeline of innovative gene therapies and has
established clinical proof-of-concept in its lead indication, hemophilia B, and preclinical
proof-of-concept in Huntington’s disease. Its pipeline of adeno-associated virus
(AAV)-based gene therapies is developed both internally and through multiple
collaborations using its innovative modular technology platform, including proprietary
commercial-grade industry-leading manufacturing capabilities in two geographical
locations.
Through collaborations and a strategic partnership with Bristol-Myers Squibb to develop
gene therapies for cardiovascular diseases, uniQure has made the next step towards
developing gene therapies targeting chronic and degenerative diseases that affect larger
populations.

website

http://www.uniqure.com/about/company-profile.php
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Company:

Genentech

Market Cap:

$211.45B

Company
Description/
Role in
Longevity:

Genentech is a leading biotechnology company that discovers, develops, manufactures,
and commercializes medicines to treat patients with serious or life-threatening medical
conditions. Genentech is among the world's leading biotech companies, with multiple
products on the market and a promising development pipeline.
Genentech has a number of products on the market and currently in development that
each aim to treat different age-related diseases, such as cancer, asthma, Alzheimer’s, and
type 2 diabetes.

website

https://www.gene.com/about-us
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Company:

REGENXBIO, Inc.

Market Cap:

$447.54M

Company
Description/
Role in
Longevity:

REGENXBIO is a leading biotechnology company focused on the development,
commercialization, and licensing of recombinant adenoassociated virus (AAV) gene
therapy. Its NAV Technology Platform, a proprietary AAV gene delivery platform, consists
of exclusive rights to more than 100 novel AAV vectors, including AAV7, AAV8, AAV9, and
AAVrh10. The company’s mission is to transform the lives of patients suffering from
severe diseases with significant unmet medical needs by developing and commercializing
in vivo gene therapy products based on its NAV Technology Platform.
It seeks to accomplish this mission through the combination of internal development
efforts and the efforts of third-party licensees (NAV Technology Licensees).
REGENXBIO’s most advanced internally developed candidates include programs for the
treatment of two severe and rare genetic diseases, homozygous familial
hypercholesterolemia (HoFH) and Mucopolysaccharidosis Type I (MPS I). In addition, the
company has a preclinical program for wet age-related macular degeneration (wet AMD)
as well as two additional research programs. REGENXBIO plans to build internal gene
therapy franchises in the metabolic, neurodegenerative, and retinal therapeutic areas, and
develop multiple product candidates in these and other areas.

website

http://www.regenxbio.com/
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Company:

Editas Medicine

Market Cap:

$862.52M

Company
Description/Rol
e in Longevity:

Editas Medicine is building the leading genome editing company dedicated to treating
patients with genetically defined diseases.
Editas’ current pipeline includes a number of projects related to age related diseases,
including engineered T cells for cancer treatment, as well as addressing Alpha-1
Antitrypsin Deficiency for genetic and infectious diseases of the liver.

website

http://www.editasmedicine.com/company-overview
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Company:

Market Cap:
Company
Description/Rol
e in Longevity:

Proteostasis Therapeutics

$360.97M
The Proteostasis Network (PN) ensures that every protein within a cell will reach its final
destination correctly folded with appropriate function or be degraded and cleared to
prevent damage. Disease, genetic mutations, environmental factors, and aging can cause
the PN to become imbalanced, which can lead to a decrease in protein quality control
contributing to diseases categorized as loss-of-function or gain-of-toxic function disorders.
Loss-of-function diseases, such as cystic fibrosis, are often caused by inherited mutations
resulting in inefficient folding and excessive degradation.
Gain-of-toxic-function disorders, which include Alzheimer’s, Huntington’s, and Parkinson’s
diseases, appear to arise from aggregation-associated toxicity. Proteostasis Therapeutics
is developing novel therapeutics designed to pharmacologically control or rebalance the
PN, either by restoring its normal state or enhancing the capacity of the compromised PN
to create a therapeutic state sufficient to control or delay progression of disease.

Website

http://www.proteostasis.com/technology/proteostasis-network/
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Company:

Prana Biotechnology

Market Cap:

$20.91M

Company
Description/
Role in
Longevity:

Prana Biotechnology is developing first-in-class therapies to treat neurodegenerative
disease. The company's lead drug candidate, PBT2, is being developed for the treatment
of Alzheimer’s and Huntington's diseases. The company is targeting lodgment of a New
Drug Application for Huntington's disease in 2016/2017 pending positive trial results.
Prana Biotechnology also has advanced drug candidates for Parkinson’s disease, other
movement disorders (PBT434), and brain cancer (PBT519), which are in preclinical
toxicology testing. Development of PBT434 has received funding from the Michael J. Fox
Foundation and Parkinson’s UK.
The company has a library of more than 1000 Metal Protein Attenuating Compounds
(MPACs) that may support new therapies for neurodegenerative disease and other highly
prevalent conditions. Other potential applications for this platform technology include
specific cancers.

website

http://pranabio.com/about
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Company:

Biotie Therapies

Market Cap:

335.48M

Company
Description/Rol
e in Longevity:

Biotie is a biopharmaceutical company focused on products for neurodegenerative and
psychiatric disorders. Biotie's development has delivered Selincro (nalmefene) for alcohol
dependence, which received European marketing authorization in 2013 and is currently
being rolled out across Europe by partner H. Lundbeck A/S.
The current development products include tozadenant for Parkinson's disease, which is in
Phase 3 development, and two additional compounds which are in Phase 2 development
for cognitive disorders including Parkinson's disease dementia, and primary sclerosing
cholangitis (PSC), a rare fibrotic disease of the liver. Biotie is a subsidiary of Acorda
Therapeutics, Inc. ("Acorda") and its shares, excluding of those owned by Acorda, are
currently subject to a redemption process in accordance with the Finnish Companies Act.
Botie therapies was recently acquired by Acorda in January 2018 for $363 million.

website

http://www.biotie.com/about-us
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Company:

AstraZeneca

Market Cap:

$74.27B

Company
Description/
Role in
Longevity:

AstraZeneca is a global science-led biopharmaceutical business focusing on the following:
Cardiovascular and Metabolic Diseases; Oncology; Respiratory Diseases, Inflammation
and Autoimmunity; Infection and Neuroscience.
Human Longevity, Inc. (HLI) announced in April, 2016 a 10 year deal with AstraZeneca to
sequence and analyze up to 500,000 DNA samples from AstraZeneca’s clinical trials. The
genomic insights from the collaboration will be added to the HLI KnowledgebaseTM,
building upon what is already the most comprehensive database of its kind.

website

http://www.humanlongevity.com/human-longevity-inc-announces-10-year-deal-with-astraz
eneca-tosequence-and-analyze-patient-samples-from-astrazeneca-clinical-trials/
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Company:

Illumina

Market Cap:

$23.41B

Company
Description/
Role in
Longevity:

Illumina sequencing and array technologies fuel advancements in life science research,
translational and consumer genomics, and molecular diagnostics.

website

https://www.illumina.com

Illumina has invested a total of $300M in Human Longevity Inc. and was the lead investor
for the Series B round at $220M.

530

Company:

AbbVie

Market Cap:

$99.9B

Company
Description/
Role in
Longevity:

AbbVie is a pharmaceutical company that discovers, develops and markets both
biopharmaceuticals and small molecule drugs. In 2014, AbbVie partnered with Calico.

website

https://www.calicolabs.com/news/2014/09/03/

The partnership would allow Calico to create a leading R&D facility in the San Francisco
Bay Area focused on aging and age-related diseases, including neurodegeneration and
cancer. Furthermore, AbbVie and Calico could then co-invest up to $1.5 billion, utilizing
Calico’s discovery and early development capabilities and AbbVie’s broad research,
development, and commercial expertise to advance innovative new therapies.
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Company:

EMD Millipore (the life sciences business
of Merck KgaA)

Market Cap:

$13.34B

Company
Description/
Role in
Longevity:

In late 2015, EMD Millipore joined forces with Sigma-Aldrich. The combined organization,
which operates as MilliporeSigma in the United States and Canada, is the life science
business of Merck KGaA, Darmstadt, Germany, and a global leader in the $125 billion life
science industry. In 2015, EMD Millipore published a brochure titled “Hallmarks of Aging,
Solutions for Life Science Research.”
This brochure goes through each hallmark of aging outlined in Lopez-Otin’s 2013 paper,
and presents different research tools in EMD Millipore’s product line that can be
implemented to further research each of these respective hallmarks.

website

http://www.emdmillipore.com/US/en/about-us/FYib.qB.IAYAAAE_0T93.L6m,nav

Source: http://webcache.googleusercontent.com/search?q=cache:2Z26rExuURIJ:
www.emdmillipore.com/Web-US-Site/en_CA/-/USD/ShowDocument-File%3FDocumentId%3D201506.057.ProNet%26ProductSKU%3DMM
_NF-S7150%26Language%3DEN%26DocumentType%3DBRO%26O rigin%3DSERP%26Country%3DNF+&cd=2&hl=en&ct=clnk&gl=us
http://www.cell.com/abstract/S0092-8674(13)00645-4
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Leading
Individual Longevity
Investors

Jim Mellon
Jim Mellon is a serial entrepreneur and author of bestselling books
“Wake Up!”, “Cracking the Code”, and “Fast Forward”. He has built a
worldwide business empire consisting of a variety of businesses,
from hotel chains, banks, natural resources to online gaming.
His new book “Juvenescence”, presents the profit opportunities in
the nascent longevity industry. Jim has remained amongst the top
10% in the Sunday Times Rich List for a number of years. He holds
a master’s degree in Politics, Philosophy and Economics from
Oxford University.
In 2017 he was a main investor in “A” finance round held by Insilico
Medicine, a big data analytics company applying AI and deep
learning techniques to drug discovery, biomarker development, and
aging research.
Jim is co-chairman, founder and director of Mann BioInvest, a
leading U.K. venture capital firm specializing in the life science
sector and investing in various disruptive life science ventures.
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Dmitry Kaminskiy
Dmitry Kaminskiy is the Founding Partner of Deep Knowledge Life
Sciences, which is specifically focused on disruptive geroscience and
preventive medicine startups aiming to extend healthy longevity with
cutting-edge biomedical and AI technologies.
Dmitry Kaminskiy is a frequent speaker on the topics of AI and
Longevity. During the last few years he spoke at conferences
organized in London by The Economist “Aging Societies and The
Business of Longevity”, Financial Times “Global Pharmaceutical and
Biotechnology Conference”, at the "Precision Medicine World
Conference" in Silicon Valley, as well as several others at Oxford and
Cambridge Universities.
One of Dmitry’s major interests is anti-aging and healthy longevity,
which he has engaged in business, research, and public activities.
He is the Managing Trustee of the Biogerontology Research
Foundation, a leading UK think tank supporting the development of
geroscience and healthy longevity. Dmitry’s announcement of a $1
million USD prize for the first person to reach their 123rd birthday
was covered by Forbes, as well as other top business media outlets.
Deep Knowledge Life Sciences has been the lead investor in a
number of promising geroscience companies, including Insilico
Medicine, a pioneer in applying AI and deep learning to age-related
biomarker and drug discovery (and the consortium of companies
around Insilico, including Youth Laboratories and Longensis), and
five other companies in the fields of Geroscience, NeuroTech,
Preventive Medicine, and Longevity focused Mobile Apps.
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Jeff Bezos
Jeff Bezos is an American engineer, technology and retail
entrepreneur, investor and philanthropist who is best known as the
founder, chairman, and chief executive officer of Amazon. com, which
is the world’s largest online shopping retailer. The company began as
an Internet merchant of books and expanded to a wide variety of
products and services, most recently video and audio streaming.
Bezos’ other diversified business interests include aerospace and
media. He is the founder and manufacturer of Blue Origin (founded in
2000) with test flights to space beginning in 2015 and plans for
commercial suborbital human spaceflight beginning in 2018. In 2013
Bezos purchased The Washington Post newspaper. A number of
other business investments are managed through Bezos Expeditions.
With an estimated net worth of US$78.4 billion as of March 2017,
Bezos is currently the third-richest person in the world, just behind Bill
Gates and Amancio Ortega in first and second places, and just ahead
of Warren Buffett in fourth place. His rise to this position occurred after
Amazon
registered
a
67%
jump
in
share
price.
More recently, he was one of the lead investors in Unity
Biotechnology, a company dedicated to lengthening the human
healthspan by selectively clearing senescent cells from the body.
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Peter Thiel
Peter Thiel is an American businessman, philanthropist, political
activist, and author. The PayPal cofounder and Facebook’s first
professional investor was ranked No. 4 on the Forbes Midas List of
2014, with a net worth of $2.2 billion, and No. 246 on the Forbes 400
in 2016, with a net worth of $2.7 billion. Through the Thiel Foundation
he governs the grant-making bodies Breakout Labs and Thiel
Fellowship, and supports life extension, seasteading, and other
cutting-edge technologies.
In September 2006, Thiel announced that he would donate $3.5
million to foster anti-aging research through the Methuselah Mouse
Prize foundation, saying the following about his donation: “Rapid
advances in biological science foretell of a treasure trove of
discoveries this century, including dramatically improved health and
longevity for all. I’m backing Dr. de Grey, because I believe that his
revolutionary approach to aging research will accelerate this process,
allowing many people alive today to enjoy radically longer and
healthier lives for themselves and their loved ones.”
Thiel has expressed his support of longevity research publicly many
times, and his venture firm, Breakout Labs, has invested in Longevity
Biotech, a company developing novel therapeutics based on a unique
and metabolically stable platform technology called Hybridtides.
Hybridtides have very stable structures that are able to mimic
information-rich surfaces displayed by natural proteins or peptides
without the need for surface modifications. The company is developing
this platform technology in order to treat age-related disease.
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Bryan Johnson
Bryan Johnson is an American entrepreneur and venture capitalist. He
is the founder and CEO of Kernel, a company developing a
neuroprosthetic device to improve brain function, and the OS Fund, a
$100 million fund that invests in science and technology startups that
promise to radically improve the quality of life. He was also the
founder, chairman, and CEO of Braintree, an online payment system.
Braintree was acquired by eBay for $800 million in 2013.
Through the OS fund, he invested a large sum in Human Longevity
Inc. and currently sits on their board of directors. Human Longevity
Inc. is a San Diego-based venture launched by Craig Venter and
Peter Diamandis in 2013 with the goal of building the world’s most
comprehensive database on human genotypes and phenotypes, and
then subject it to machine learning so that it can help develop novel
drugs to treat age-related disease. HLI gathered $80M USD during its
Series A round in 2014 and $220M USD in Series B in 2016. It has
made deals with drug companies Celgene and AstraZeneca to
collaborate in its research.
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Sam Altman
Sam Altman is a Silicon Valley-based investor and president of Y
Combinator, a disruptive tech incubator and accelerator that in
January of 2018 released a call for companies focused on extending
healthspan and healthy longevity to join their accelerator and
incubator program, offering from 500k - $1M USD in exchange for
10-20% equity, scaling linearly.
While Y combinator has not publicly disclosed their longevity-related
investments as of now, qw can expect that Y Combinator, and Altman
himself, will be recognized as one of the most prominent Longevity
investors one year from now.
The fact that highly reputable investors and accelerators like Sam
Altman and Y Combinator are entering into the Longevity industry in
earnest gives substantial validation to this reports prediction, that it will
become one of the most disruptive, impactful and lucrative sectors in
biomedicine and healthcare to date.
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Finian Tan
Finian Tan is Managing Partner of Vickers Venture Partners, the lead
investor (alongside several other co-investors) in Samumed’s largest
funding round to date, which yielded the company $300M in funding at
a $12B valuation.
The company creates drugs that affect the Wnt pathway, which has
been extensively studied over the last three decades and also has
been implicated in many diseases, primarily in oncology and various
degenerative conditions.
While Vickers Venture Partners ha syet to publicly disclose
investments in other Longevity-related companies, having been the
lead investor in one of the largest funding rounds for a Longevity
company in the history of the industry makes Finian one of the most
prominent Longevity investors to date.
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Appendix II
Top 100
Longevity Investor
Profiles

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

ABN AMRO
Accuitive Medical Ventures
Advantech Capital
Alexandria Venture
Ally Bridge Group
ALS Finding a cure
AME Cloud Ventures
Amino Capital
Ann Arbor SPARK
ARCH Venture Partners
Arkin Holdings
Aspire Capital Partners LLC
ATEL Ventures
BRCC
Brainchild Holdings
Cardinal Partners
Casdin Capital
Celgene
CIRM
Cyberdyne
Deep Knowledge Life Sciences
Deerfield Partners
DeNovo Ventures
DFJ
Easton Capital
EcoR1 Capital
Eight Roads Ventures
Emerson Collective
Essex Woodlands Health Ventures
F-Prime Capital Partners
Ferghana Partners
Fidelity Investments
First Analysis

34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.

Flagship Pioneering
Forbion Capital Partners
Formation 8
GE Capital
GE Ventures
General Catalyst
GV
Harvest Global Investments
Horizon Ventures
Illumina
Integrale Advisors
Inventages Capital Investment inc
Jennison Associates
Juno Therapeutics
Juvenescence Limited
Khosla Ventures
LabCorp
Legend Capital
LYZZ Capital
Magic Stone Alternative
Mayo Clinic Ventures
Merck Ventures
NanoDimension
Nazem and Company
New Science Ventures
Nivelinvest
Odey Asset Management
Odey Swan
Omega Funds
OrbiMed
OS Fund
Oxford Finance Corporation
Oxford Sciences Innovation

67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.

Partners Innovation Fund
Piper Jaffray Private Capital Group
Polaris Partners
RA Capital Management
Ramius Advisors
Sanofi-Genzyme BioVentures
Shibuya Kogyo
Silicon Valley Bank
Sino-Alliance International LTD
S.R.I.W
Sphera Funds Management
Springboard Capital
StartUp Health
Sutter Hill Ventures
SWMF Life Science Fund
Syno Capital
Synthetic Genomics
T. Rowe Price
Tan Thay
Techammer
Techno Venture Management
Testudo Funds
The Thiel Foundation
Third Rock Ventures
Toray Engineering
TVM Capital
TYLT Ventures
Venrock
Versant Ventures
Vertex Ventures
Viking Global Investors
Vives Fund
Warburg Pincus
WuXi Healthcare Ventures
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ABN AMRO

Summary:

ABN AMRO is a Dutch banking company based in Amsterdam. Although they
offer financial services, they also offer advice in finance and networking regions.

Number of Investments:

40

Headquarters:

Amsterdam, Netherlands

Year Founded:

1991

Total Investments (USD):

$6.95B

Stages:

Early Stage Venture, Late Stage Venture, Seed

Sectors:

Fintech

Typical Investment:

100k-1M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
$15M Series A in April 2015 with 13 other investors (Aaron Levie, AME Cloud Ventures, Drew Houston, Formation
8, Julia Hartz, Katie Stanton, Khosla ventures, Laurene Powell Jobs, Mariam Naficy, Max Levchin, Padmasree
Warrior, Raymond Tonsing, Ruchi Sanghvi)
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Accuitive Medical Ventures

Summary:

AMV invest in healthcare-related business ventures, specifically targeting device
and technology companies at all stages of development.

Number of Investments:

45

Headquarters:

Duluth, Georgia, USA

Year Founded:

2003

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage, Debt Financing

Sectors:

Healthcare, Biotechnology, Medical Devices

Typical Investment:

$4M - $6M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
AxoGen - 12.1M Post-IPO Equity in December 2007 with 3 other investors (Springboard Capital, Cardinal Partners
and Denovo Ventures)
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Advantech Capital

Advantech Capital

Summary:

A Chinese investment firm, Advantech Capital specialises in growth investment and
works closely with healthcare companies in China.

Number of Investments:

4

Headquarters:

China

Year Founded:

2015

Total Investments (USD):

$215M

Stages:

Early Stage, Late Stage

Sectors:

Technology, Healthcare, Media and Communications

Typical Investment:

$15M-$100M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Harbour BioMed - $50M (Series A) in Dec, 2016 with 1 other investor (Advantech Capital, Legend Capital)
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Alexandria Venture

Summary:

Alexandria, a private investment company in San Francisco, provides equity for
commercial and residential properties. Their Venture branch forms REIT for
Science and Tech companies.

Number of Investments:

28

Headquarters:

San Francisco, California

Year Founded:

1996

Total Investments (USD):

$1.3B

Stages:

Early Stage

Sectors:

Biotechnology

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Editas Medicine - $120M (Series B) in Aug, 2015 with 14 other investors (Boris Nikolic, Casdin Capital, Deerfield,
EcoR1 Capital, Fidelity Management and Research Company, Flagship pioneering, GV, Jennison associates,
Khosla Ventures, Omega funds, Polaris partners, T. Rowe Price, Third Rock Ventures, Viking Global Investors)
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Ally Bridge Group

Summary:

Ally Bridge is an investment firm specialising in the healthcare technology sector.

Number of Investments:

12

Headquarters:

Hong Kong, HK Island

Year Founded:

2013

Total Investments (USD):

$264.07M

Stages:

Early Stage, Late Stage, Private Equity, Secondary Market, Post IPO

Sectors:

Biopharmaceuticals, Medical devices

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Hua Medicine - $25M Series B with 1 other investor (Venrock) in January 2015
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ALS Finding a cure

Summary:

ALS Finding a cure is a company dedicated to finding solutions and providing
support for those suffering from ALS. Consequently, extended funding is placed
into research organisations offering support for related diseases and afflictions.

Number of Investments:

2

Headquarters:

Stamford, Connecticut

Year Founded:

2013

Total Investments (USD):

$19.96M

Stages:

Early Stage, Late Stage, Private Equity

Sectors:

Healthcare

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Emulate Inc. - $17M (Series B) in October 2016 with 2 other investors (ATEL Ventures, Cedars Sinai Medical
Center)
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AME Cloud Ventures

Summary:

Founded by the original co-founder of 'Yahoo!', AME Cloud Ventures specialises in
tech companies that generate vast amounts of interesting data from a multitude of
sources.

Number of Investments:

152

Headquarters:

Palo Alto, California

Year Founded:

2012

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage

Sectors:

Cloud Computing, Enterprise Software, Enterprises

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Emulate Inc. - $17M (Series B) in October 2016 with 6 other investors (ATEL Ventures, Cedars Sinai Medical
Center, Hansjorg Wyss, NanoDimension, OS Fund, Techammer)
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Amino Capital

Summary:

Amino Capital (zPark Capital), based in Palo Alto, is interested in seed to
growth-stage investments followed by series A and B investments in data-driven
technologies.

Number of Investments:

56

Headquarters:

Palo Alto, California

Year Founded:

2012

Total Investments (USD):

$50M

Stages:

Seed, Early Stage

Sectors:

Big Data, Health IT, Genomics, Enterprise Software, Consumer Hardware

Typical Investment:

200k-10M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Human Longevity Inc.: $220M Series B with 5 other investors (Illumina, Celgene, Draper Fisher Jurvetson, GE
Ventures, StartUp Health) in April 2016
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Ann Arbor SPARK

Summary:

A non-profit organisation offering programs and pro-active support to businesses.
Ann Arbor SPARK works with businesses from different sectors, including
engineering, life sciences, and information technologies

Number of Investments:

89

Headquarters:

Ann Arbor, Michigan

Year Founded:

2005

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Debt Financing

Sectors:

Healthcare, IT, Social Media, Materials, Alt Energy

Typical Investment:

$0.05M - $2M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Axonia Medical - $2M Seed in May 2012 with 1 other investor (SWMF Life Sciences Fund)
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ARCH Venture Partners
Summary:

Recognised for its success in the commercialisation of technologies developed at
research institutes and laboratories, ARCH works with companies to promote
innovations in life sciences, physical sciences, and IT.

Number of Investments:

238

Headquarters:

Chicago, Illinois

Year Founded:

1986

Total Investments (USD):

$1.2B

Stages:

Early Stage, Late Stage, Private Equity

Sectors:

Biotechnology, Healthcare, Clean Technology

Typical Investment:

$50K - $150M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Bluebird Bio - $60M (Series D) in Jul, 2012 from 6 other Investors (RA Capital Management, Deerfield Partners, Third Rock Ventures,
Forbion Capital Partners, TVM Capital, Ramius Advisors); Bluebird Bio - $30M (Venture) in Apr, 2011 from 4 other Investors (Third
Rock Ventures, TVM Capital, Forbion Capital Partners, Easton Capital, ARCH Venture Partners) ;
Hua Medicine - $50M Series A with 5 other investors (Eight Roads Ventures, F-Prime Capital Partners, Sino-alliance International
Ltd., Venrock, WuXi Healthcare Ventures) in September 2011 ; Semma Therapeutics - $44M Series A with 3 other investors (F-Prime
Capital Partners, Medtronic, MPM Capital)
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Arkin Holdings

Summary:

Arkin Holdings is an Israeli Venture Capital company that does Early Stage
Investments. The company focuses on aspiring healthcare R&D enterprises.

Number of Investments:

4

Headquarters:

Tel Aviv, Israel

Year Founded:

2010

Total Investments (USD):

N/A

Stages:

Early Stage

Sectors:

Healthcare

Typical Investment:

$5M-$20M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Metabomed - "$18M (Series A) in Apr, 2016 with 4 other investors (Boehringer Ingelheim Venture Fund, Merck
Ventures, Pfizer, Pontifax Funds)
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Aspire Capital Partners LLC

Summary:

Based in Chicago, Aspire Capital offer direct investments into publicly traded
companies requiring additional capital to expand their growth.

Number of Investments:

1

Headquarters:

Chicago, Illinois

Year Founded:

N/A

Total Investments (USD):

$2M

Stages:

Early Stage, Late Stage

Sectors:

Biotechnology, Software

Typical Investment:

$150K - $2M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Athersys Inc - $20M Post-IPO Equity in November 2011

554

ATEL Ventures

Summary:

Headquartered in San Francisco, California, ATEL Ventures provides venture debt
and equipment financing to emerging growth companies.

Number of Investments:

14

Headquarters:

San Francisco, California

Year Founded:

1999

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage, Debt Financing

Sectors:

IT, Life Sciences, Green Technologies

Typical Investment:

200k - 25M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Emulate Inc. - $28M (Series B) in March 2016 with 2 other investors (OS Fund, LabCorp); Emulate Inc. - $17M
(Series B) in October 2016 with 6 other investors (ALS Finding a Cure, ATEL Ventures, Cedars Sinai Medical
Center, Hansjorg Wyss, NanoDimension, OS Fund, Techammer)

555

Biosciences Research and
Commercialization Center (BRCC)
Summary:

BRCC offers gap and start-up funding to Michigan-based medical device and life
sciences ventures that are entering the commercialisation stage of development.

Number of Investments:

3

Headquarters:

Kalamazoo, Michigan

Year Founded:

2003

Total Investments (USD):

$4M

Stages:

Seed, Early Stage

Sectors:

Biotechnology, Pharmaceuticals

Typical Investment:

1M-2M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Axonia Medical - $2M Seed in June 2014 with 3 other investors (SWMF Life Science Fund, Research Emeritus,
University of Michigan)

556

Brainchild Holdings
Summary:

Brainchild Holdings is interested in follow-on capital investments into transformative
technology, healthcare, financial services, and consumer goods businesses. They
have previously invested into well-known businesses such as Elysium and
SmartThings (Samsung).

Number of Investments:

88

Headquarters:

Newtown, Pennsylvania

Year Founded:

2010

Total Investments (USD):

$5B

Stages:

Seed, Early Stage

Sectors:

Healthcare, Hardware, Vertical Search, Sports

Typical Investment:

50k-5M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Color Genomics $38.55M Venture in August 2016

557

Cardinal Partners
Summary:

A venture capital partnership founded in 1996 focusing exclusively on healthcare
investments.

Number of Investments:

48

Headquarters:

Princeton, New Jersey

Year Founded:

1996

Total Investments (USD):

$300M

Stages:

Early Stage, Late Stage

Sectors:

Healthcare, Biotechnology, Wellbeing

Typical Investment:

$6M and $12M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
AxoGen - 12.1M Post-IPO Equity in December 2007 with 3 other investors (Springboard Capital, Accuitive Medical
Ventures and Denovo Ventures)

558

Casdin Capital
Summary:

Casdin Capital LLC, founded in 2011, focuses on investments into the healthcare
and life sciences industry.

Number of Investments:

18

Headquarters:

New York, New York

Year Founded:

2011

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage

Sectors:

Healthcare, Biotechnology, Big Data

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Editas Medicine - $120M (Series B) in Aug, 2015 with 14 other investors (Boris Nikolic, Alexandria Venture,
Deerfield, EcoR1 Capital, Fidelity Management and Research Company, Flagship pioneering, GV, Jennison
associates, Khosla Ventures, Omega funds, Polaris partners, T. Rowe Price, Third Rock Ventures, Viking Global
Investors)

559

Celgene
Summary:

A global biopharmaceutical company working on the discovery, development, and
commercialisation of therapies designed to treat cancer and immune-inflammatory
diseases in patients with few treatment options.

Number of Investments:

32

Headquarters:

Summit, New Jersey

Year Founded:

1986

Total Investments (USD):

N/A

Stages:

Series Investment, Private Equity, Venture

Sectors:

Therapeutics, Healthcare, Medical

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Human Longevity Inc. - $220M Series B with 5 other investors (Illumina, Amino Capital, Draper Fisher Jurvetson,
GE Ventures, StartUp Health) in April 2016 ; Human Longevity Inc. - $80M Series A with 6 other investors (Bryan
Johnson, Daniel Curran, Draper Fisher Jurvetson, Illumina, Synthetic Genomics, Tan Thay) in March 2014

560

California Institute for
Regenerative Medicine (CIRM)
Summary:

CIRM was founded in 2005 to provide grants and loans for research facilities and
other forms of research opportunities to universities and research institutions
focusing on stem cell research.

Number of Investments:

3

Headquarters:

San Francisco, California

Year Founded:

2005

Total Investments (USD):

N/A

Stages:

Venture, Grant

Sectors:

Biotechnology

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Bluebird Bio - $9.3M (Venture) in Oct, 2012 ; Semma Therapeutics - $5M Grant in September 2016

561

Cyberdyne
Summary:

A venture firm established in Japan by Dr. Sankai to materialise his idea of using
the Robot Suit HAL for the benefit of mankind in various fields, including medicine,
entertainment, welfare, and labour.

Number of Investments:

2

Headquarters:

Ibaraki, Osaka, Japan

Year Founded:

2004

Total Investments (USD):

$14.95M

Stages:

Seed, Venture

Sectors:

Hardware, Software

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Cyfuse Biomedical - $12M (Venture) in Mar, 2015 with 1 other investors (Shibuya Kogyo)

562

Deep Knowledge Life Sciences
Summary:

Deep Knowledge Life Sciences has been the lead investor in a number of
promising geroscience companies, including Insilico Medicine, a pioneer in
applying AI and deep learning to age-related biomarker and drug discovery (and
the consortium of companies around Insilico, including Youth Laboratories and
Longensis), and five other companies in the fields of Geroscience, NeuroTech,
Preventive Medicine, AgeTech and Longevity focused Mobile Apps.

Number of Investments:

7

Headquarters:

Hong Kong

Year Founded:

2016

Total Investments (USD):

N/A

Stages:

Early Stage

Sectors:

Regenerative Medicine, Artificial Intelligence, AgeTech, P3 Medicine, Longevity

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine, AI for Drug Discovery and P3 Medicine Companies
2014/2015 - Insilico Medicine and consortium of associated companies (Youth Laboratories, Longenesis)

563

Deerfield Partners
Summary:

Headquartered in San Francisco, California, Deerfield Partners is a real estate
brokerage firm working exclusively on the sale of newly built Walgreens investment
properties.

Number of Investments:

3

Headquarters:

San Francisco, California

Year Founded:

N/A

Total Investments (USD):

$141M

Stages:

Late Stage

Sectors:

Biotechnology, Healthcare

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Bluebird Bio - $60M (Series D) in July, 2012 with 6 other Investors (RA Capital Management, Third Rock Ventures,
ARCH Venture Partners, Forbion Capital Partners, TVM Capital, Ramius Advisors)

564

DeNovo Ventures
Summary:

DeNovo Ventures demonstrates successful investment in biotechnology and
medical device companies, investing at all stages of enterprise development. The
firm advises entrepreneurs and managers over the client company's full life cycle.

Number of Investments:

88

Headquarters:

Saratoga, California

Year Founded:

2000

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage

Sectors:

Biotechnology, Healthcare, Medical Devices

Typical Investment:

$8M - $15M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
AxoGen - 12.1M Post-IPO Equity in December 2007 with 3 other investors (Springboard Capital, Accuitive Medical
Ventures and Cardinal Partners)

565

Draper Fisher Jurvetson (DFJ)
Summary:

A venture capital firm investing into companies in software, healthcare, energy, and
other disruptive categories. They specialise in multiple industries, offering
investments at seed, early, and growth stages.

Number of Investments:

782

Headquarters:

Menlo Park, California

Year Founded:

1985

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage, Private Equity, Debt Financing

Sectors:

Advertising, Mobile, Software

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Human Longevity Inc. - $220M Series B with 5 other investors (Illumina, Amino Capital, Celgene, GE Ventures,
StartUp Health) in April 2016; Human Longevity Inc. - $80M Series A with 6 other investors (Bryan Johnson,
Celgene, Daniel Curran, Illumina, Synthetic Genomics, Tan Thay) in March 2014; Eve Biomedical - $1.67M (Seed)
in April 2012; Eve Biomedical - $6M (Series B) in December 2012; Vitruvian Networks - $12.81M Venture in
November 2016

566

Easton Capital
Summary:

An investment group based in New York, New York focusing on life sciences and
healthcare companies. Having established strategic co- investment relationships
with their investors, the company participates in large initial and follow-up rounds of
investment.

Number of Investments:

59

Headquarters:

New York, United States

Year Founded:

1999

Total Investments (USD):

$200M

Stages:

Seed, Early Stage, Late Stage, Private Equity, Debt Financing

Sectors:

Technology, Diagnostics, Medical Devices, Therapeutics

Typical Investment:

$2M-$7.5M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Bluebird Bio - $30M (Venture) in Apr, 2011 from 4 other Investors (Third Rock Ventures, TVM Capital, Forbion
Capital Partners, Easton Capital, ARCH Venture Partners); Bluebird Bio - $35M(Series B) in Mar, 2010 from 4
other Investors (TVM Capital, Forbion Capital Partners, Third Rock Ventures, Sanofi-Genzyme BioVentures)

567

EcoR1 Capital
Summary:

A biotech-focused investment advisory firm founded in 2012 that focuses on early
stage and later stage venture investment.

Number of Investments:

17

Headquarters:

San Francisco, California

Year Founded:

2012

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage

Sectors:

Biotechnology

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Editas Medicine - $120M (Series B) in Aug, 2015 with 14 other investors (Boris Nikolic, Alexandria Venture, Casdin
Capital, Deerfield, Fidelity Management and Research Company, Flagship pioneering, GV, Jennison associates,
Khosla Ventures, Omega funds, Polaris partners, T. Rowe Price, Third Rock Ventures, Viking Global Investors)

568

Eight Roads Ventures
Summary:

A venture capital fund with branches in China, Japan, India, and Europe. Eight
Roads is the proprietary investment arm of Fidelity International Limited (FIL).

Number of Investments:

91

Headquarters:

London, England

Year Founded:

1994

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage, Private Equity, Post IPO

Sectors:

Fintech, Big Data, Healthcare, Bioscience, Energy, Industrial Technology

Typical Investment:

$10M - $30M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Hua Medicine - $50M Series A with 5 other investors (ARCH Venture Partners, F-Prime Capital Partners,
Sino-alliance International Ltd., Venrock, WuXi Healthcare Ventures)

569

Emerson Collective
Summary:

A non-profit investment office interested in the acceleration of change through
partnering organisations, advocating fair and equitable social policies, and
empowering individuals.

Number of Investments:

12

Headquarters:

Walnut Creek, California

Year Founded:

2004

Total Investments (USD):

N/A

Stages:

Seed

Sectors:

Genomics, Medical

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Color Genomics - $45M Series B in September 2016 with 2 other investors (General Catalyst (Lead investor),
Khosla Ventures)

570

Essex Woodlands
Health Ventures
Summary:

A growth equity and venture capital firm focused on healthcare investment. It is
interested in both early- and later-stage investment opportunities.

Number of Investments:

73

Headquarters:

Palo Alto, California

Year Founded:

1985

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage, Private Equity, Debt Financing

Sectors:

Biotechnology, Healthcare, Life Sciences

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
AxoGen - $17.5M Post-IPO Equity in August 2015

571

F-Prime Capital Partners
Summary:

An asset management firm founded in 1946 focused on companies in the life
sciences and technology sectors. Its sister fund Eight Roads provides investments
outside of the US.

Number of Investments:

105

Headquarters:

Cambridge, Massachusetts

Year Founded:

1946

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage

Sectors:

Healthcare, Technology

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Hua Medicine - $50M Series A with 5 other investors (ARCH Venture Partners, Eight Roads Ventures,
Sino-alliance International Ltd., Venrock, WuXi Healthcare Ventures) ; Semma Therapeutics - $44M Series A with
3 other investors (ARCH Venture Partners, Medtronic, MPM Capital)

572

Ferghana Partners LLP
Summary:

An international investment banking group which is active in pharmaceuticals and
P3 medicine fields. The company has a wide portfolio of Life Sciences investments.
Ferghana Partners actively cooperates with Big Pharma firms including Roche,
Merck, Bayer, Novartis, and Pfizer. Ferghana Partners is also active in the P3
Medicine field with a record of multiple successive deals with the industry’s leading
firms. Ferghana acted as a financial advisor for Mesoblast in a $45M equity
placement by Celgene.

Number of Investments:

87

Headquarters:

New York, New York, USA

Year Founded:

1991

Total Investments (USD):

N/A

Stages:

Partnering, Acquisitions, Divestments, Financings

Sectors:

Medical Devices, Pharmaceuticals, Biotechnology, Specialty Chemicals,
Diagnostics/Tools, OTC Drugs

Typical Investment:

N/A

573

Fidelity Management and Research
Company (Fidelity Investments)
Summary:

A privately owned investment manager founded in 1946 and headquartered in
Boston, Massachusetts.

Number of Investments:

29

Headquarters:

Boston, Massachusetts

Year Founded:

1946

Total Investments (USD):

N/A

Stages:

Private Equity Firm

Sectors:

Asset Management

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Editas Medicine - $120M (Series B) in Aug, 2015 with 14 other investors (Boris Nikolic, Alexandria Venture, Casdin
Capital, Deerfield, EcoR1 Capital, Flagship pioneering, GV, Jennison associates, Khosla Ventures, Omega funds,
Polaris partners, T. Rowe Price, Third Rock Ventures, Viking Global Investors)

574

First Analysis
Summary:

A venture capital investor with an expert focus on software, healthcare, services,
and clean-tech. It acts as a lead investor or syndicate partner that helps fund the
growth of established companies.

Number of Investments:

57

Headquarters:

Chicago, Illinois

Year Founded:

1981

Total Investments (USD):

$750M+

Stages:

Early Stage, Late Stage

Sectors:

Software, Medical Technology, Human Capital Tech, IOT

Typical Investment:

$2.5M-$10M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Athersys Inc. - $9M Post-IPO Equity with 2 other investors (Piper Jaffray Capital Investment Group & First
Analysis) in March 2012, and $13.1M Post Equity IPO in January 2011 with 1 other investor (William Blair)

575

Flagship Pioneering
Summary:

Founded in 2000, this firm develops and originates scientific ventures that are
concerned with transforming human health and sustainability.

Number of Investments:

183

Headquarters:

Cambridge, Massachusetts

Year Founded:

2000

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage, Private Equity, Debt Financing

Sectors:

Biotechnology, Healthcare, Software

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Editas Medicine - $120M (Series B) in Aug, 2015 with 14 other investors (Boris Nikolic, Alexandria Venture, Casdin
Capital, Deerfield, EcoR1 Capital, Fidelity Management and Research Company, GV, Jennison Associates, Khosla
Ventures, Omega funds, Polaris partners, T. Rowe Price, Third Rock Ventures, Viking Global Investors)

576

Forbion Capital Partners
Summary:

A venture capital firm based in the Netherlands investing in drug development and
MedTech companies addressing high medical needs. They have a record of
successful investments into companies including Crucell, Glycart, and
PanGenetics.

Number of Investments:

48

Headquarters:

Naarden, Noord-Holland

Year Founded:

2007

Total Investments (USD):

$500M+

Stages:

Early Stage, Late Stage

Sectors:

Biotechnology, Healthcare, Medical

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Bluebird Bio - $60M (Series D) in Jul, 2012 from 6 other Investors (RA Capital Management, Deerfield Partners,
Third Rock Ventures, ARCH Venture Partners, TVM Capital, Ramius Advisors); Bluebird Bio - $30M (Venture) in
Apr, 2011 from 4 other Investors (Third Rock Ventures, TVM Capital, Easton Capital, ARCH Venture Partners);
Bluebird Bio - $35M(Series B) in Mar, 2010 from 4 other Investors (TVM Capital, Easton Capital, Third Rock
Ventures, Sanofi-Genzyme BioVentures)

577

Formation 8
Summary:

Founded in 2011, Formation 8 is a venture capital firm with local teams in Korea,
China, and Singapore. It provides financial and strategic capital for entrepreneurs in
energy technology and early growth smart enterprise companies.

Number of Investments:

122

Headquarters:

San Francisco, California

Year Founded:

2011

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage

Sectors:

Software, Analytics, ECommerce

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Color Genomics $15M Series A in April 2015 with 13 other investors (Angels, Aaron Levie, AME Cloud Ventures,
Drew Houston, Julia Hartz, Katie Stanton, Khosla ventures, Laurene Powell Jobs, Mariam Naficy, Max Levchin,
Padmasree Warrior, Raymond Tonsing, Ruchi Sanghvi)

578

GE Capital
Summary:

One of the largest growth engines of General Electric, GE Capital offers financial
services in over 35 countries worldwide. The company provides growth capital,
equipment leasing, cash flow programs, and other services that are competitively
priced and well capitalised.

Number of Investments:

106

Headquarters:

Connecticut, United States

Year Founded:

1932

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage, Private Equity, Debt Financing, Grant

Sectors:

Biotechnology, Healthcare, Clean Technology

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Cytori - $27M (Debt Financing) in July, 2013 with 2 other Investors (Oxford Finance Corporation, Silicon Valley
Bank)

579

GE Ventures
Summary:

This firm helps accelerate the growth of businesses in the software, healthcare,
energy, and advanced manufacturing sectors. Using resources at its Global
Research Centre, GE Ventures works with entrepreneurs to accelerate time to
market and reduce the development cycles of their companies.

Number of Investments:

116

Headquarters:

Menlo Park, California

Year Founded:

2013

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage, Private Equity

Sectors:

Energy, Healthcare, IT, Manufacturing, Diagnostics

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Human Longevity Inc. - $220M Series B with 5 other investors (Illumina, Amino Capital, Celgene, Draper Fisher
Jurvetson, StartUp Health) in April 2016

580

General Catalyst
Summary:

A venture capital firm focused on seed, early, and later stage venture investments.
General Catalyst offers experienced mentorship and helps create ideal conditions
for growth for companies in the mobile and software sectors.

Number of Investments:

484

Headquarters:

Cambridge, Massachusetts

Year Founded:

2000

Total Investments (USD):

$3.75B+

Stages:

Seed, Early Stage, Late Stage

Sectors:

Software, Mobile

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Color Genomics - $45M Series B in September 2016 with 2 other investors (Emerson Collective, Khosla Ventures);
Elysium Health - $20M (Series B) in Dec, 2016 with 1 other investor (Robert Nelson)

581

GV
Summary:

Headquartered in Mountain View, California, GV provides venture capital
investment funding to technology companies at seed, early, and late growth stages.

Number of Investments:

468

Headquarters:

Mountain View, California

Year Founded:

2009

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage

Sectors:

Technology

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Editas Medicine - $120M (Series B) in Aug, 2015 with 14 other investors (Boris Nikolic, Alexandria Venture, Casdin
Capital, Deerfield, EcoR1 Capital, Fidelity Management and Research Company, Flagship pioneering, Jennison
associates, Khosla Ventures, Omega funds, Polaris partners, T. Rowe Price, Third Rock Ventures, Viking Global
Investors)

582

Harvest Global Investments
Summary:

Founded in Hong Kong Island in 2008, Harvest Global Investments is a fully owned
subsidiary of Harvest Fund Management.

Number of Investments:

3

Headquarters:

Central, Hong Kong Island

Year Founded:

2008

Total Investments (USD):

N/A

Stages:

Public Equity and Fixed Income Markets

Sectors:

Medicine, Finance

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Hua Medicine - $50M Series C in April 2016

583

Horizon Ventures
Summary:

Horizon Ventures is a privately-held venture capital company that invests in
innovative startups. The firm consist of 3 separate funds and operates in 4 main
areas: Communications and Systems, Semiconductors, Software Applications for
Business and Healthcare IT.

Number of Investments:

25

Headquarters:

Los Altos, California, USA

Year Founded:

1999

Total Investments (USD):

$150M

Stages:

Early Stage Venture, Late Stage Venture, Private Equity, Seed

Sectors:

IT

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
N/A

584

Illumina
Summary:

Illumina offers early and later stage venture investment into companies in the
medical, biotechnology, and genetics sectors. Its innovative approaches are
complete with industry-leading support and service, promoting studies that help
enable the realisation of personalised medicine.

Number of Investments:

13

Headquarters:

San Diego, California

Year Founded:

1998

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage

Sectors:

Genetics, Biotechnology, Medical

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Human Longevity Inc.: $220M Series B with 5 other investors (Amino Capital, Celgene, Draper Fisher Jurvetson,
GE Ventures, StartUp Health) in April 2016; Human Longevity Inc.: $80M Series A with 6 other investors (Bryan
Johnson, Celgene, Daniel Curran, Draper Fisher Jurvetson, Synthetic Genomics, Tan Thay) in March 2014;

585

Integrale Advisors
Summary:

Integrale Advisors L.L.C. is a private alternative Investment firm focused on global
real estate investment, asset management, and business development.

Number of Investments:

1

Headquarters:

Sunnyvale, California

Year Founded:

2007

Total Investments (USD):

$30.4M

Stages:

Early Stage

Sectors:

Real Estate Investment, Advisory and Asset Management

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
NuSirt Biopharma - $31.46M Series A in September 2015 with 4 other investors (New Science Ventures,
Ninelinvest, S.R.I.W., Vives Fund)

586

Inventages Capital Investment inc
Summary:

This firm provides venture capital investment at PIPES, seed, early, mid, and late
growth stages for companies in sectors including life sciences, pharmaceuticals,
healthcare, and medical services. Inventages Capital Investment is mostly
interested in middle market and mature businesses.

Number of Investments:

30

Headquarters:

London, England

Year Founded:

2000

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage

Sectors:

Biotechnology, E Commerce, Manufacturing

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
GC-Rise Pharma - $4.74M (Series A) in Jan, 2008

587

Jennison Associates
Summary:

Founded in 1969, Jennison Associates manages investments for private clients and
institutions via sub-advisory relationships. It focuses on later stage venture and
private equity investments in biotechnology and healthcare sectors.

Number of Investments:

21

Headquarters:

New York, New York

Year Founded:

1969

Total Investments (USD):

N/A

Stages:

Late Stage, Private Equity

Sectors:

Biotechnology, Healthcare

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Editas Medicine - $120M (Series B) in Aug, 2015 with 14 other investors (Boris Nikolic, Alexandria Venture, Casdin
Capital, Deerfield, EcoR1 Capital, Fidelity Management and Research Company, Flagship pioneering, GV, Khosla
Ventures, Omega funds, Polaris partners, T. Rowe Price, Third Rock Ventures, Viking Global Investors)

588

Juno Therapeutics
Summary:

Juno Therapeutics, founded in Seattle, brings together multiple world-leading
cancer specialist centres. Working closely together, these centres develop
innovative immunotherapies for the affected, and have already provided lead
funding for Editas Medicine.

Number of Investments:

1

Headquarters:

Seattle, Washington

Year Founded:

2013

Total Investments (USD):

$47M

Stages:

Early Stage, Late Stage

Sectors:

Medical, Healthcare

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
N/A

589

Juvenescence AI
Summary:

Juvenescence AI is a joint venture project between Juvenescence and Insilco
Medicine. The company acts both as a drug development pharma and as an
artificial intelligence company. The main focus of the company is to develop novel
anti-aging treatments using machine learning technology. The company is planning
on using AI technology patented by Insilico Medicine in order to gain an edge over
its main competitors. The current goal of the company is to build end-to-end cycle
of drug development with a clinical proof-of-concept. The company officials claim
that the AI technology will be able to streamline most time- and money-consuming
portions of the drug developing cycle: clinical trials. The company was founded in
July 2017 and is currently in its early stage of development.

Number of Investments:

N/A

Headquarters:

N/A

Year Founded:

2017

Total Investments (USD):

N/A

Stages:

N/A

Sectors:

Healthcare, AI

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
N/A

590

Khosla Ventures
Summary:

Founded in 2004 by Khosla, the co-founder of Sun Microsystems, this firm focuses
on venture investment in environmentally friendly technologies as well as silicon
technology, computing, mobile, and Internet sectors.

Number of Investments:

486

Headquarters:

Menlo Park, California

Year Founded:

2004

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage, Private Equity, Debt Financing, Post IPO

Sectors:

Clean Technology, Mobile, Software

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Color Genomics - $45M Series B in September 2016 with 2 other investors (General Catalyst (Lead investor), Emerson Collective);
Color Genomics $15M Series A in April 2015 with 13 other investors (Angels, Aaron Levie, AME Cloud Ventures, Drew Houston,
Formation 8, Julia Hartz, Katie Stanton, Laurene Powell Jobs, Mariam Naficy, Max Levchin, Padmasree Warrior, Raymond Tonsing,
Ruchi Sanghvi); Editas Medicine - $120M (Series B) in Aug, 2015 with 14 other investors (Boris Nikolic, Alexandria Venture, Casdin
Capital, Deerfield, EcoR1 Capital, Fidelity Management and Research Company, Flagship pioneering, GV, Jennison associates,
Omega funds, Polaris partners, T. Rowe Price, Third Rock Ventures, Viking Global Investors)

591

LabCorp
Summary:

Headquartered in Burlington, North Carolina, LabCorp offers laboratory testing
services with additional clinical information and greater accuracy. The company’s
clients include physicians, hospitals, private employers, biotechnology, and
pharmaceutical companies.

Number of Investments:

11

Headquarters:

Burlington, North Carolina

Year Founded:

1976

Total Investments (USD):

$10 billion

Stages:

Early Stage, Late Stage

Sectors:

Healthcare

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Emulate Inc. - $28M (Series B) in March 2016 with 2 other investors (OS Fund, ATEL Ventures)

592

Legend Capital
Summary:

Legend Capital is a subsidiary investment capital manager of Legend Holdings Ltd
based in China. It offers investments primarily to early stage IT companies and mid
market growth stage companies. The firm also provides tailored services for critical
company building activities to maximise returns.

Number of Investments:

89

Headquarters:

Beijing, China

Year Founded:

2001

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage

Sectors:

E Commerce, Software, Mobile

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Harbour BioMed - $50M (Series A) in Dec, 2016 with 1 other investor (Legend Capital)

593

LYZZ Capital
Summary:

A venture capital firm headquartered in Shanghai that focuses on seed, early, and
expansion stage venture investment.

Number of Investments:

3

Headquarters:

Shanghai, Shanghai

Year Founded:

2015

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage

Sectors:

Healthcare

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Chipscreen - $7.7M (Venture) in April 2015 from 1 other investor (Vertex Ventures)

594

Magic Stone Alternative
Summary:

A private equity firm based in Beijing that focuses on investment into TMT and
healthcare companies at early to late growth stages.

Number of Investments:

27

Headquarters:

Beijing, China

Year Founded:

2011

Total Investments (USD):

$1B+

Stages:

Late Stage

Sectors:

Healthcare, Medical

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
BGI - $653.86M (Series B) in January 2015

595

Mayo Clinic Ventures

Summary:

Mayo Clinic is for the benefit of patients worldwide while generating revenue to
support clinical practice.

Number of Investments:

8

Headquarters:

Rochester, Minnesota, United States

Year Founded:

1985

Total Investments (USD):

365.6 million

Stages:

Early Stage, Late Stage

Sectors:

Healthcare, Medical

Typical Investment:

Healthcare information technology, biopharmaceuticals, diagnostics and biomarker,
and medical devices.

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
N/A

596

Merck Ventures
Summary:

Merck Ventures is a corporate venture arm of Merck KGaA, German
pharmaceutical corporation. It invests in the innovative businesses that have the
potential to influence Merck’s areas of interest.

Number of Investments:

26

Headquarters:

Yavne, HaMerkaz

Year Founded:

2009

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage

Sectors:

Biotechnology

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Metabomed - "$18M (Series A) in Apr, 2016 with 4 other investors (Arkin Holdings, Boehringer Ingelheim Venture
Fund, Pfizer, Pontifax Funds)

597

NanoDimension
Summary:

Operating in Europe and the US, this venture capital firm offers investment into
both early and later stage companies in the nanotech, biotechnology, solar, and
clean technology sectors.

Number of Investments:

28

Headquarters:

Grand Cayman, Midland, Cayman Islands

Year Founded:

2002

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage, Private Equity

Sectors:

Clean Technology, Biotechnology

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Emulate Inc. - $12M (Series A) in July 2014 with 1 other investor (Cedar Sinai Medical Center); Emulate Inc. $17M (Series B) in October 2016 with 6 other investors (ALS Finding a Cure, ATEL Ventures, Cedars Sinai
Medical Center, Hansjorg Wyss, NanoDimension, OS Fund, Techammer); SQZ Biotech - $16 Series B with 1 other
investor (Polaris Partners) in September 2016

598

Nazem and Company
Summary:

A principal investment firm headquartered in New York, New York, that is interested
in investment into companies at any stage of development in the life sciences,
biotechnology, health care, electronics, and telecommunications sectors. It primarily
targets companies based in the US but it also offers investment to undervalued
profitable companies worldwide.

Number of Investments:

1

Headquarters:

New York, New York

Year Founded:

1976

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage, Pre-IPO

Sectors:

Healthcare, Biotechnology, Electronics, IT, Life Sciences

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Bluebird Bio - $8.5M (Series A) in June, 2004 with 1 other investor (ABN AMRO)

599

New Science Ventures
Summary:

A venture capital firm based in New York, New York, that offers early and late stage
investment into companies operating in the IT and life sciences sectors. It is also
interested in science-based innovations that address market needs in IT,
diagnostics, pharmaceuticals, and medical devices.

Number of Investments:

48

Headquarters:

New York, New York

Year Founded:

2004

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage, Private Equity

Sectors:

Biotechnology, Healthcare, Semiconductors

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Novadip Biosciences: $31.46M Series A with 4 other investors (Integrale Advisors, Ninelinvest, S.R.I.W., Vives
Fund) in September 2015

600

Nivelinvest
Summary:

Headquartered in Belgium, Nivelinvest is a venture capital firm that offers seed
stage investments to small and medium enterprises.

Number of Investments:

3

Headquarters:

Louvain-la-Neuve, Vlaams-Brabant, Belgium

Year Founded:

2008

Total Investments (USD):

N/A

Stages:

Seed

Sectors:

N/A

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Novadip Biosciences: $31.46M Series A with 4 other investors (Integrale Advisors, New Science Ventures,
S.R.I.W., Vives Fund) in September 2015

601

Odey Asset Management
Summary:

An investment firm based in London that supports companies in the
nanotechnology, e-commerce, and mobile sectors. Odey focuses on managing
investments for private banks and institutional/individual investors.

Number of Investments:

4

Headquarters:

London, England

Year Founded:

1991

Total Investments (USD):

$140.68M

Stages:

Private Equity

Sectors:

Nanotechnology, Venture Capital, Financial Services

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Chronos Therapeutics - $12.12M (investment type undisclosed) in December 2013 from 3 other investors (Odey
Swan, Testudo Funds, University of Oxford)

602

Odey Swan
Summary:

Headquartered in London, UK, and incorporated in Ireland, Odey Swan is an
open-end investment fund that provides investment for equity and equity related
securities, debt securities, and currencies. It focuses on achieving long-term capital
appreciation.

Number of Investments:

1

Headquarters:

London, England

Year Founded:

1991

Total Investments (USD):

$10.1M

Stages:

Venture

Sectors:

Therapeutics

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Chronos Therapeutics - $12.12M (investment type undisclosed) in December 2013 from 3 other investors (Odey
Asset Management, Testudo Funds, University of Oxford)

603

Omega Funds
Summary:

Headquartered in Boston, Massachusetts, this global life sciences- based
investment firm focuses on direct secondary transactions for companies in the
health care, biotechnology, hardware, and software sectors.

Number of Investments:

27

Headquarters:

Boston, Massachusetts

Year Founded:

2004

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage, Private Equity

Sectors:

Biotechnology, Healthcare, Software, Hardware

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Editas Medicine - $120M (Series B) in Aug, 2015 with 14 other investors (Boris Nikolic, Alexandria Venture, Casdin
Capital, Deerfield, EcoR1 Capital, Fidelity Management and Research Company, Flagship pioneering, GV,
Jennison associates, Khosla Ventures, Polaris partners, T. Rowe Price, Third Rock Ventures, Viking Global
Investors)

604

OrbiMed
Summary:

An investment advisory firm that focuses on investments into a variety of
healthcare-related companies ranging from private startups to multinational
corporations. It currently has approximately $5 billion in assets under management.

Number of Investments:

218

Headquarters:

New York, New York

Year Founded:

1989

Total Investments (USD):

$4.58B+

Stages:

Early Stage, Late Stage, Private Equity, Debt Financing, Post IPO

Sectors:

Biotechnology, Healthcare

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
GC-Rise Pharma - $15M (Series B) in Sep, 2014

605

OS Fund
Summary:

An investment firm headquartered in New York that is interested in investing into
tech pioneers, scientists, and inventors working on breakthrough projects designed
to improve the lives of the global population.

Number of Investments:

16

Headquarters:

New York, New York

Year Founded:

2014

Total Investments (USD):

N/A

Stages:

Venture

Sectors:

Computer, Hedge Fund, Operating Systems

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Emulate Inc. - $28M (Series B) in March 2016 with 2 other investors (LabCorp, ATEL Ventures); Emulate Inc. $17M (Series B) in October 2016 with 6 other investors (ALS Finding a Cure, ATEL Ventures, Cedars Sinai
Medical Center, Hansjorg Wyss, NanoDimension, Techammer)

606

Oxford Finance Corporation
Summary:

Operating as a subsidiary of Sumitomo Corporation of America, this financial
services company offers asset-based, equipment, senior secured, and working
capital loans to life science companies in the public and private sectors.

Number of Investments:

60

Headquarters:

Alexandria, Virginia

Year Founded:

2002

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage, Debt Financing, Post IPO

Sectors:

Biotechnology, Healthcare, Wellbeing

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Cytori - $27M (Debt Financing) in July, 2013 with 2 other Investors (GE Capital, Silicon Valley Bank)

607

Oxford Sciences Innovation
Summary:

Founded in 2015, OSI invests in innovative ideas that emerge from Oxford in order
to develop them into world-class businesses.

Number of Investments:

4

Headquarters:

London, England

Year Founded:

2015

Total Investments (USD):

N/A

Stages:

Accelerator, Incubator

Sectors:

Venture

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Evox Therapeutics - $14.43M (Seed) in May 2016

608

Partners Innovation Fund
Summary:

A venture capital firm founded in 2007 that offers investment into innovations in the
IT, biotechnology, and healthcare services sectors. It focuses primarily on therapy,
drugs, medical devices and systems developed by the Partners HealthCare
investigators.

Number of Investments:

20

Headquarters:

Boston, Massachusetts

Year Founded:

2007

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Debt Financing

Sectors:

Medical Device, Healthcare, IT

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Editas Medicine - $43M (Series A) in Nov, 2013 with 3 other investors (Flagship Pioneering, Polaris Partners, Third
Rock Ventures)

609

Piper Jaffray Private Capital Group
Summary:

Headquartered in Saratoga Springs, New York, this financial services firm provides
later stage venture investments into companies in the biotechnology and curated
web sectors.

Number of Investments:

11

Headquarters:

Saratoga Springs, New York

Year Founded:

1895

Total Investments (USD):

N/A

Stages:

Late Stage

Sectors:

Biotechnology, Curated Web

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Athersys Inc. ($9M Post-IPO Equity with 2 other investors (William Blair & First Analysis) in March 2012

610

Polaris Partners
Summary:

Operating in Europe, Asia, and the US, this venture capital firm offers partnership to
scientists, innovators, and entrepreneurs. It invests in healthcare and technology
companies across all stages of growth.

Number of Investments:

450

Headquarters:

Boston, Massachusetts

Year Founded:

1996

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage

Sectors:

Healthcare, Technology

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Editas Medicine - $120M (Series B) in Aug, 2015 with 14 other investors (Boris Nikolic, Alexandria Venture, Casdin
Capital, Deerfield, EcoR1 Capital, Fidelity Management and Research Company, Flagship pioneering, GV,
Jennison associates, Khosla Ventures, Omega funds, T. Rowe Price, Third Rock Ventures, Viking Global
Investors); SQZ Biotech - $16M Series B with 1 other investor (NanoDimension) in September 2016; SQZ Biotech
- $5M Series A with 1 other investor (20/20 Healthcare Partners) in June 2015

611

RA Capital Management
Summary:

Based in Boston, Massachusetts, this advisory investment firm offers support to
companies in the drug development and life sciences sectors. At times, it also
offers strategic partnerships and in-licensing opportunities to businesses with
promising products and technologies.

Number of Investments:

61

Headquarters:

Boston, Massachusetts

Year Founded:

2001

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage, Private Equity, Post IPO

Sectors:

Biotechnology, Healthcare

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Bluebird Bio - $60M (Series D) in Jul, 2012 from 6 other Investors (Deerfield Partners, Third Rock Ventures, ARCH
Venture Partners, Forbion Capital Partners, TVM Capital, Ramius Advisors)

612

Ramius Advisors

RAMIUS
CowenGroupCompany

Summary:

The global alternative investment management business of Cowen Group, Inc.,
Ramius offers financing of alternative investment vehicles to companies in the
pharmaceuticals, biotechnology, hardware, and software sectors.

Number of Investments:

5

Headquarters:

New York, New York

Year Founded:

N/A

Total Investments (USD):

N/A

Stages:

Late Stage, Private Equity

Sectors:

Biotechnology, Pharmaceuticals, Hardware, Software

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Bluebird Bio - $60M (Series D) in Jul, 2012 from 6 other Investors (RA Capital Management, Deerfield Partners,
Third Rock Ventures, ARCH Venture Partners, Forbion Capital Partners, TVM Capital)

613
13

Sanofi-Genzyme BioVentures
Summary:

Acting as the corporate venture capital arm of Sanofi, SGBV offers early stage
investment to companies with innovative product designs that are possible future
candidates for the Sanofi pipeline.

Number of Investments:

17

Headquarters:

Cambridge, Massachusetts

Year Founded:

1994

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage

Sectors:

Biotechnology, Healthcare, Pharmaceuticals

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Bluebird Bio - $35M(Series B) in Mar, 2010 from 4 other Investors (TVM Capital, Forbion Capital Partners, Easton
Capital, Third Rock Ventures)

614

Shibuya Kogyo
Summary:

Headquartered in Kanazawa, Kanagawa, this firm is interested in the packing plant
sector that includes companies producing conveyors, labeling machines, and
carton formers, however, it has previously invested in biomedical companies.

Number of Investments:

2

Headquarters:

Kanazawa, Kanagawa

Year Founded:

1931

Total Investments (USD):

N/A

Stages:

Venture

Sectors:

Biomedical Sciences

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Cyfuse Biomedical - $12M (Venture) in Mar, 2015 with 1 other investors (Cyberdyne)

615

Silicon Valley Bank
Summary:

SVB offers worldwide investment into life science, technology, cleantech, private
equity, venture capital, and premium wine companies. It was listed by Forbes
Magazine in their ranking of America's Best Banks.

Number of Investments:

410

Headquarters:

Santa Clara, California

Year Founded:

1983

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage, Private equity, Debt Financing

Sectors:

Biotechnology, Software

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Cytori - $27M (Debt Financing) in July, 2013 with 2 other Investors (GE Capital, Oxford Finance Corporation)

616

Sino-Alliance International LTD
Summary:

Headquartered in Shanghai, this venture capital firm has previously invested into
the life sciences and medical sectors.

Number of Investments:

1

Headquarters:

Shanghai, China

Year Founded:

N/A

Total Investments (USD):

0

Stages:

N/A

Sectors:

Medical, Life Sciences

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Hua Medicine - $50M Series A with 5 other investors (ARCH Venture Partners, F-Prime Capital Partners, Eight
Roads Ventures, Venrock, WuXi Healthcare Ventures) in September 2011

617

Société Régionale d'Investissement
de Wallonie (S.R.I.W)
Summary:

A venture capital firm that provides early stage venture investments for developing
businesses and entrepreneurs from the Walloon region. It aims to provide insight
into the development of the market and to support the growth of sustainable
development.

Number of Investments:

15

Headquarters:

Liege, Belgium

Year Founded:

1979

Total Investments (USD):

N/A

Stages:

Early Stage

Sectors:

Biotechnology, Pharmaceuticals, Medical, Life Science

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Novadip Biosciences: $31.46M Series A with 4 other investors (Integrale Advisors, New Science Ventures,
Ninelinvest, Vives Fund) in September 2015

618

Sphera Funds Management
Summary:

Sphera Funds Management is the Tel Aviv-based VC firm that provides late stage
investments into the healthcare-related startups.

Number of Investments:

3

Headquarters:

Tel Aviv, Israel

Year Founded:

2004

Total Investments (USD):

$149M

Stages:

Late Stage

Sectors:

Healthcare, Global pharma, Biotech

Typical Investment:

$30M-$80M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
GenSight Biologiscs - $36M Series B in Jul, 2015 with 8 other investors (Abingworth',Fidelity Management and
Research Company, HealthCap, Index Ventures, Jennison Associates, Novartis Venture Fund, Perceptive
Advisors, and Varsant Ventures)

619

Springboard Capital
Summary:

This member-managed private equity fund that is based in Jacksonville, Florida,
offers seed and early stage investment to local companies.

Number of Investments:

1

Headquarters:

Jacksonville, Florida

Year Founded:

2014

Total Investments (USD):

N/A

Stages:

Early Stage

Sectors:

Pharmaceuticals

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
AxoGen - 12.1M Post-IPO Equity in December 2007 with 3 other investors (Denovo Ventures, Accuitive Medical
Ventures and Cardinal Partners)

620

StartUp Health
Summary:

A global organisation founded in 2011 that provides investment into companies
committed to reimagining the health sector. It offers seed, early stage venture, and
equity crowdfunding investments

Number of Investments:

166

Headquarters:

New York, New York

Year Founded:

2011

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Equity Crowdfunding

Sectors:

Digital Health, Health Technology, Health Innovation

Typical Investment:

$25k-500k

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Human Longevity Inc. - $220M Series B with 5 other investors (Illumina, Amino Capital, Celgene, Draper Fisher
Jurvetson, GE Ventures) in April 2016

621

Sutter Hill Ventures
Summary:

Founded in 1964, this venture capital firm is interested in investing into
technology-based start-ups and offers support to entrepreneurs in the software and
mobile sectors.

Number of Investments:

240

Headquarters:

Palo Alto, California

Year Founded:

1964

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage, Debt Financing

Sectors:

Technology, Software, SaaS

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Hua Medicine - $100M (Series A) in August 15 2015 with 2 other investors (Illumina, Mayo Clinic Ventures)

622

SWMF Life Science Fund
Summary:

Headquartered in Kalamazoo, Michigan, SWMF is a limited venture partnership
fund offering support to early stage life science companies based in Southwest
Michigan. It invests into both new and established businesses, providing support
services in its areas of expertise.

Number of Investments:

3

Headquarters:

Kalamazoo, Michigan

Year Founded:

N/A

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage

Sectors:

Biotechnology, Healthcare

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Axonia Medical - $2M Seed in June 2014 with 3 other investors (Biosciences Research and Commercialization
Center (BRCC), Research Emeritus, University of Michigan); $2M Seed in May 2012 with 1 other investor (Ann
Arbor SPARK)

623

Syno Capital

Summary:

Syno Capital is a principal investment firm focused on life science and healthcare
sector investments in New York.

Number of Investments:

5

Headquarters:

New York, United States

Year Founded:

2015

Total Investments (USD):

N/A

Stages:

Early Stages, Venture

Sectors:

Biotechnology, Healthcare

Typical Investment:

Venture Capital

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Axonia Medical - $2M Seed in June 2014 with 3 other investors (Biosciences Research and Commercialization
Center (BRCC), Research Emeritus, University of Michigan); $2M Seed in May 2012 with 1 other investor (Ann
Arbor SPARK)

624

Synthetic Genomics
Summary:

Founded in 2005, this firm is interested in commercialising and developing
genomic-driven solutions that address environmental and global energy issues. The
company synthesises and programs DNA in order to create advanced microbial
cultivation technologies.

Number of Investments:

1

Headquarters:

La Jolla, California

Year Founded:

2005

Total Investments (USD):

$80M

Stages:

Seed, Early Stage, Late Stage

Sectors:

Genomics, Medical

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Human Longevity Inc. - $80M Series A with 6 other investors (Bryan Johnson, Celgene, Daniel Curran, Draper
Fisher Jurvetson, Illumina, Tan Thay) in March 2014

625

T. Rowe Price
Summary:

Based in Baltimore, Maryland, this investment management firm focuses on
financing technological startups, institutions, and individuals in the software sector.
It offers a broad range of investment strategies from early stage to private equity
investments.

Number of Investments:

83

Headquarters:

Baltimore, Maryland

Year Founded:

1937

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage, Private Equity

Sectors:

Software, SaaS

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Editas Medicine - $120M (Series B) in Aug, 2015 with 14 other investors (Boris Nikolic, Alexandria Venture, Casdin
Capital, Deerfield, EcoR1 Capital, Fidelity Management and Research Company, Flagship pioneering, GV,
Jennison associates, Khosla Ventures, Omega funds, Polaris partners, Third Rock Ventures, Viking Global
Investors)

626

Tan Thay
Summary:

N/A

Number of Investments:

N/A

Headquarters:

N/A

Year Founded:

N/A

Total Investments (USD):

N/A

Stages:

N/A

Sectors:

N/A

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Human Longevity Inc. - $80M Series A with 6 other investors (Brian Johnson, Celgene, Daniel Curran, Draper
Fisher Jurvetson, Illumina, Synthetic Genomics) in March 2014

627

Techammer
Summary:

Founded in 2007 and headquartered in New York, New York, this angel investment
firm is interested in seed-stage financing of companies in the software, digital
health, computational and synthetic biology sectors.

Number of Investments:

70

Headquarters:

New York, New York

Year Founded:

2007

Total Investments (USD):

N/A

Stages:

Seed

Sectors:

Software, Big Data, Digital Health, Computational Biology, Synthetics

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Emulate Inc. - $17M (Series B) in October 2016 with 6 other investors (ALS Finding a Cure, ATEL Ventures,
Cedars Sinai Medical Center, Hansjorg Wyss, NanoDimension, OS Fund)
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Techno Venture Management
Summary:

A private equity and venture capital firm based in Boston, Massachusetts, that is
interested in investments into the healthcare sector.

Number of Investments:

38

Headquarters:

Boston, Massachusetts

Year Founded:

1983

Total Investments (USD):

N/A

Stages:

Venture

Sectors:

Bioscience, Lifesciences, Medical, Pharmaceutical

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
N/A
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Testudo Funds
Summary:

N/A

Number of Investments:

1

Headquarters:

N/A

Year Founded:

2013

Total Investments (USD):

$8M

Stages:

Venture

Sectors:

Therapeutics

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Chronos Therapeutics - $12.12M (investment type undisclosed) in December 2013 from 3 other investors (Odey
Asset Management, Odey Swan, University of Oxford)
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The Thiel Foundation
Summary:

San Francisco-based Family Investment Office that invests in Science and
Technology startups

Number of Investments:

13

Headquarters:

San Francisco, California

Year Founded:

2006

Total Investments (USD):

N/A

Stages:

Grant, Seed

Sectors:

Healthcare, Technology

Typical Investment:

$200k-$2M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Longevity Biotech - $350k Grant in Apr, 2012
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Third Rock Ventures
Summary:

Founded in 2007, Third Rock Ventures is a venture capital firm that offers financing
to transformational life science businesses that demonstrate growth potential and
are well-positioned in the market. It has previously invested into companies in the
healthcare and biotechnology sectors.

Number of Investments:

75

Headquarters:

Boston, Massachusetts

Year Founded:

2007

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage, Private Equity

Sectors:

Biotechnology, Healthcare

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Bluebird Bio - $60M (Series D) in Jul, 2012 from 6 other Investors (RA Capital Management, Deerfield Partners, ARCH Venture
Partners, Forbion Capital Partners, TVM Capital, Ramius Advisors); Bluebird Bio - $30M (Venture) in Apr, 2011 from 4 other Investors
(TVM Capital, Forbion Capital Partners, Easton Capital, ARCH Venture Partners); Bluebird Bio - $35M(Series B) in Mar, 2010 from 4
other Investors (TVM Capital, Forbion Capital Partners, Easton Capital, Sanofi-Genzyme BioVentures); Editas Medicine - $120M
(Series B) in Aug, 2015 with 14 other investors (Boris Nikolic, Alexandria Venture, Casdin Capital, Deerfield, EcoR1 Capital, Fidelity
Management and Research Company, Flagship pioneering, GV, Jennison associates, Khosla Ventures, Omega funds, Polaris
partners, T. Rowe Price, Viking Global Investors)
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Toray Engineering
Summary:

Toray Engineering Co.,Ltd. builds plants and maintains production equipment.
Toray Engineering Co.,Ltd. operates as a subsidiary of Toray Industries, Inc.

Number of Investments:

N/A

Headquarters:

Tokyo, Japan

Year Founded:

1960

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage

Sectors:

Business Supplies and Equipment

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
N/A
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TVM Capital
Summary:

This venture and growth capital firm, based in Munich, Bayern, offers global
investment into medical device and biopharmaceutical companies. It is interested in
businesses in the software, healthcare, and biotechnology sectors.

Number of Investments:

97

Headquarters:

Munich, Bayern

Year Founded:

1983

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage, Private Equity

Sectors:

Biotechnology, Healthcare, Software

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Bluebird Bio - $60M (Series D) in Jul, 2012 from 6 other Investors (RA Capital Management, Deerfield Partners,
Third Rock Ventures, ARCH Venture Partners, Forbion Capital Partners, Ramius Advisors); Bluebird Bio - $30M
(Venture) in Apr, 2011 from 4 other Investors (Third Rock Ventures, Forbion Capital Partners, Easton Capital,
ARCH Venture Partners); Bluebird Bio - $35M(Series B) in Mar, 2010 from 4 other Investors (TVM Capital, Forbion
Capital Partners, Easton Capital, Third Rock Ventures, Sanofi-Genzyme BioVentures)
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TYLT Ventures
Summary:

This venture advisory and venture capital firm based in Santa Monica, California, is
interested in financing innovative early stage businesses that demonstrate a
promising potential for growth. Its aim is to help develop high-growth companies.

Number of Investments:

41

Headquarters:

Santa Monica, California

Year Founded:

2013

Total Investments (USD):

N/A

Stages:

Seed

Sectors:

N/A

Typical Investment:

$10k-2.5M

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
N/A
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Venrock
Summary:

Headquartered in Palo Alto, California, this firm was initially established as a
venture capital arm of the Rockefeller family. It offers financing to entrepreneurs to
aid the growth and establishment of their businesses. Its primary interest lies in the
technology and healthcare sectors.

Number of Investments:

523

Headquarters:

Palo Alto, California

Year Founded:

1963

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage, Private Equity

Sectors:

Fintech, Security, Health IT, Biotechnology, Medical Devices, Diagnostics

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Hua Medicine - $25M Series B with 1 other investor (Ally Bridge Group) in January 2015; Hua Medicine - $50M
Series A with 5 other investors (ARCH Venture Partners, Eight Roads Ventures, F-Prime Capital Partners,
Sino-Alliance International Ltd., WuXi Healthcare Ventures) in September 2011
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Versant Ventures
Summary:

This venture capital firm focuses on investment into early- and later-stage
businesses in the healthcare sector, offering private equity and debt financing. It is
primarily interested in supporting medical devices and biotechnology.

Number of Investments:

248

Headquarters:

Menlo Park, California

Year Founded:

1999

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage, Private Equity, Debt Financing

Sectors:

Biotechnology, Healthcare

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Inception Sciences: $10M Series A in December 2013
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Vertex Ventures
Summary:

Founded in 2007, this venture capital firm offers investment for individuals and
companies working with internet businesses and services. It provides finance along
all stages of growth to businesses worldwide.

Number of Investments:

209

Headquarters:

Palo Alto, California

Year Founded:

2007

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage

Sectors:

Enterprise, E Commerce, Mobile

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Chipscreen - $7.7M (Venture) in April 2015 from 1 other investor (LYZZ Capital)
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Viking Global Investors
Summary:

Established in 1999, this global investment firm has offices in Europe, America, and
Hong Kong. It manages capital in long-only strategies and long-short equity,
offering financial services to companies in the biotech sector.

Number of Investments:

18

Headquarters:

Greenwich, Connecticut

Year Founded:

1999

Total Investments (USD):

N/A

Stages:

Early Stage, Late Stage

Sectors:

Biotechnology

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Editas Medicine - $120M (Series B) in Aug, 2015 with 14 other investors (Boris Nikolic, Alexandria Venture, Casdin
Capital, Deerfield, EcoR1 Capital, Fidelity Management and Research Company, Flagship pioneering, GV,
Jennison associates, Khosla Ventures, Omega funds, Polaris partners, T. Rowe Price, Third Rock Ventures)
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Vives Fund
Summary:

This Belgian venture capital fund was founded in 2004 and currently has offices in
France, Germany, Belgium, and Luxembourg. It is interested in investing in
companies producing innovative technology in the sports, mobile, and product
development services sectors.

Number of Investments:

5

Headquarters:

Louvain-la-Neuve, Vlaams-Brabant, Belgium

Year Founded:

2004

Total Investments (USD):

N/A

Stages:

Seed, Early Stage, Late Stage

Sectors:

Mobile, Sports, Product Development

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Novadip Biosciences: $31.46M Series A with 4 other investors (Integrale Advisors, New Science Ventures,
Ninelinvest, S.R.I.W.) in September 2015
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Warburg Pincus
Summary:

Warburg Pincus LLC is a global private equity firm focused on growth investment.

Number of Investments:

240

Headquarters:

New York, United States

Year Founded:

1966

Total Investments (USD):

N/A

Stages:

Early Stage Venture, Late Stage Venture, Private Equity, Seed

Sectors:

-

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
N/A
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WuXi Healthcare Ventures
Summary:

Headquartered in Cambridge, Massachusetts, this Chinese investment company
focuses on financing the development of transformative therapies. It provides early
stage venture investments to businesses in the life sciences sector.

Number of Investments:

20

Headquarters:

Cambridge, Massachusetts

Year Founded:

2015

Total Investments (USD):

N/A

Stages:

Early Stage

Sectors:

Life Sciences

Typical Investment:

N/A

Investments in Geroscience, Regenerative Medicine and P3 Medicine Companies:
Hua Medicine - $50M Series A with 5 other investors (ARCH Venture Partners, Eight Roads Ventures, F-Prime
Capital Partners, Sino-Alliance International Ltd., Venrock) in September 2011
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Appendix III
Timeline of Our Reports
2013 - 2018

Our Publications
Timeline

2013

LONGEVITY.INTERNATIONAL

2013 Regenerative
Medicine Industry
Framework
(150 pages)

2014

2014 Regenerative
Medicine Analysis &
Market Outlook
(200 pages)

2015

Big Data in Aging &
Age-Related Diseases

Stem Cell Market
Analytical Report
2015

(200 pages)
(200 pages)

2016

Longevity Industry
Landscape Overview
2016
(200 pages)

2017

Volume I:
The Science of
Longevity
(750 pages)

2018

Volume II:
The Business of
Longevity
(635 pages)

Volume III:
10 Special
Case Studies

Volume IV:
Novel Financial
Longevity Industry

Volume V:
Regional Case
Studies

Our Previous Reports
The Global Longevity Consortium, consisting of the Biogerontology Research Foundation, Deep Knowledge Life
Sciences, Aging Analytics Agency and Longevity.International platform, have authored two major analytical reports on
the Longevity Industry previously: Longevity Industry Landscape Overview Volume I: The Science of Longevity, and
Volume II: The Business of Longevity, in addition to the previous reports produced by Aging Analytics Agency, which
focused on broader biomedical sectors, such as their 2015 report Big Data in Aging and Age-Related Diseases
Industry Overview, their 2014 report Investing in Regenerative Medicine: Technology Analysis and Market Outlook, and
their 2013 report Analytical Regenerative Medicine Industry Framework.
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Our Previous Reports
Volume I: The Science of Longevity, set the
landscape of geroscience against the backdrop of
the ‘silver tsunami’ of global demographic aging,
detailing the present state of precision, predictive
and preventive medicine (referred to hereafter as
‘P3’), how it works in conjunction with emerging
preventative medical technologies, and the
prospects for the next five years. It summarised
the history and current state of development in
geroscience,
examined
whether
existing
proposed solutions measure up to the impending
problems. The consortium’s first report tied
together the progress threads of the constituent
industries into a coherent narrative, mapping the
intersection
of
biomedical
gerontology,
regenerative medicine, precision medicine,
artificial intelligence, offering a brief history and
snapshot of each. It also categorized,
systematized and individually profiled 650
longevity-focused entities, including research
hubs, non-profit organizations, leading scientists,
conferences, databases, books and journals.
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Volume III:
Special Case Studies

Biomarkers of Aging

Landscape Overview
Volume III

P3 Medicine Clinics

Special Case Studies

Geroprotectors and
Nutraceuticals

Regenerative Medicine

Gene Therapy

Stem Cells

AI & Blockchain

Novel Regulatory
Approaches

Framework for Optimal Industry Forecasting:
Applying Technology Readiness Levels to
Geroscience

Framework for Industry Optimization:
Differentiating Valid Science from Overvalued,
Hyped and Fraudulent Technologies

647

Novel Financial System
2022-2025 perspective

Longevity Venture Funds
BioPharma corporations in
2022-2025
Longevity Hedge Funds
Pension Funds
Insurance Companies
Longevity Derivatives

NovelLandscape
Financial
Systems
Overview
Volume
IV
2022-2025
Perspective
Novel Financial Systems

AgeTech Bank
Longevity Trust
Longevity Index Fund
Longevity Stock Exchange
Progressive Regulatory
systems
Progressive Government
Healthcare Systems
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Volume V:
Regional Case Studies

USA
Landscape Overview
Volume V

Asia

Regional Case Studies

UK

Eastern
Europe
European
Union

Israel
Japan
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Longevity
Industry in UK
LANDSCAPE OVERVIEW

SCIENCE, TECHNOLOGIES, COMPANIES, INVESTORS, TRENDS

Our Previous Reports
In December 2017 Deep Knowledge Analytics released its inaugural report on the state of the AI for Drug Discovery
industry, entitled AI for Drug Discovery Landscape Overview 2017, and in January 2018 released AI for Drug
Discovery, Biomarker Development and Advanced R&D 2017. In April 2018, it also published an upgraded and much
extended version of AI for Drug Discovery and Advanced R&D Q1.
These reports give in-depth coverage of the exponentially-growing global AI in Healthcare industry, with a specific
focus on AI for drug discovery, biomarker development and advanced R&D, profiling the top companies, investors and
influencers in the AI for drug discovery space.
On average, it takes about a decade of research — and an expenditure of $2.6 billion — to shepherd an experimental
drug from lab to market. And because of concerns over safety and effectiveness, only about 5 percent of experimental
drugs make it to market at all.
But drug makers and tech companies are investing billions of dollars in artificial intelligence with the hope that AI will
make the drug discovery process faster and cheaper.
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AI in UK
Healthcare
Landscape Overview
2017
TECHNOLOGY,
COMPANIES, INVESTORS,
TRENDS
●
●
●
●
●
●
●
●
●
●

Digital Health Monitoring
Drug Discovery
Advanced R&D
Medical Imaging and
Diagnostics
Hospital Management
Patient Data
Risk Analytics
Surgery
Lifestyle Management
Virtual Assistants
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AI FOR
DRUG DISCOVERY,
BIOMARKER DEVELOPMENT
AND ADVANCED R&D
LANDSCAPE OVERVIEW
2018 / Q1

Companies - 70
Investors - 180
Corporations - 20
R&D Centers - 20

www.analytics.dkv.global
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Appendix IV
Introduction to the Decentralized
Longevity Knowledge Platform
Longevity.International

Longevity.International
Longevity.International provides longevity industry services crucial to its functioning on all
levels
The platform contains a network section allowing different stakeholders in the longevity
industry, from companies to investors to scientists to activists, to connect with one another
and collaborate.
With an interactive database section that employs automated data filtering and visualization
tools for its longevity company and investor databases, Longevity.International provides vital
information to industry players and presents new opportunities for everyone in the field.
Longevity.International contains the latest Longevity Industry Reports, offering a
complementary overview of the current longevity landscape: from the most successful
investors and disruptive startups to the most recent advancements in science, technology
and regulation fields.
Longevity.International will serve as a platform for distributed longevity company and project
assessment, due diligence and valuation, crowdsourced from industry and scientist experts
Longevity.International virtual databases will be updated regularly in sync with the launch of
new Longevity companies to chart the changing landscape of the Longevity industry
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LONGEVITY.INTERNATIONAL
COMPANIES & INVESTORS NETWORK DIAGRAM
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LONGEVITY.INTERNATIONAL
INVESTORS ALLUVIAL DIAGRAM

Advisors

David A. Sinclair, Ph.D. is a Professor in the Department of Genetics and co-Director
of the Paul F. Glenn Center for the Biology of Aging at Harvard Medical School. He is
best known for his work on understanding why we age and how to slow its effects. He
obtained his Ph.D. in Molecular Genetics at the University of New South Wales,
Sydney in 1995. He worked as a postdoctoral researcher at M.I.T. with Dr. Leonard
Guarente where he co discovered a cause of aging for yeast as well as the role of Sir2
in epigenetic changes driven by genome instability. He is also co-founder and co-chief
editor of the journal Aging.

Alex Zhavoronkov PhD, is the director and a trustee of the Biogerontology Research
Foundation. He heads the laboratory of regenerative medicine at the Clinical Research
Center for Pediatric Hematology, Oncology and Immunology where his research
interests include skin and cartilage regeneration and personalized medicine in
oncology. He is also the international adjunct professor at the Moscow Institute of
Physics and Technology. He is the CEO and co-founder of InSilico Medicine. He is the
author of multiple peer-reviewed scientific as well as popular papers and books on
aging research, including “The Ageless Generation” published by Palgrave Macmillan.
Alexey Moskalev, DSc, Corresponding member of the Russian Academy of Sciences
is Head of the Laboratory of Molecular Radiobiology and Gerontology at the Institute of
Biology of the Russian Academy of Sciences and the Laboratory of Genetics of Aging
and Longevity of Moscow Institute of Physics and Technology. Alexey focuses on DNA
repair and molecular mechanisms of aging. He earned his DSc in Biology at
Lomonosov Moscow State University.
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João Pedro de Magalhães is a Reader in aging at the University of Liverpool and a
Trustee of the Biogerontology Research Foundation. His lab at the University of
Liverpool studies aging through both computational and experimental approaches. He
helps maintain several databases on aging - among them - GenAge, AnAge, GenDR,
the Digital Aging Atlas, and Who's Who in Gerontology. His research group helped
sequence the transcriptome of the long-lived bowhead whale.

William Bains is an academic and entrepreneur. In 1999 William founded Amedis
Pharmaceuticals Ltd, (which was later acquired by Paradigm Therapeutics). He has
held teaching positions at Cambridge University and the University of Warwick.
William continues to be engaged in research at MIT, where he is a visiting scientist
researching astrobiology, and as founder and CSO of Five Alarm Bio Ltd. He is
author of over 100 papers and four books.

Aubrey de Grey, Ph.D is Chief Science Officer and Co-founder of SRF (SENS
Research Foundation), and a biomedical gerontologist who researched the idea for
and founded SENS Research Foundation. He received his BA in Computer Science
and Ph.D. in Biology from the University of Cambridge in 1985 and 2000, respectively.
Dr. de Grey is Editor-in-Chief of Rejuvenation Research, is a Fellow of both the
Gerontological Society of America and the American Aging Association, and sits on
the editorial and scientific advisory boards of numerous journals and organizations.
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John D. Furber is a scientist and entrepreneur who has been studying the biology of
aging, development, and regeneration for more than 25 years. During this time, he
has been piecing together a Network Model of the Systems Biology of Human Aging.
Mr. Furber was a principal in starting five companies during the 1980s and 90s.
Currently, he is running Legendary Pharmaceuticals, a small pharmaceutical research
company that is engaged in the discovery of pharmaceutical drugs and gene
therapies able to repair and reverse accumulating molecular damage to subcellular
mitochondria, lysosomes, nuclei, and extracellular proteins.

Morten Scheibye-Knudsen is a professor at the University of Copenhagen Center for
Healthy Ageing and research fellow at the National Institute on Aging Laboratory of
Molecular Gerontology (LMG), Baltimore, United States and has published extensively
on the subject of the aging brain, neurodegeneration, and mitochondrial dysfunction.
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Longevity Record
With the aim of getting the ball rolling in the emerging longevity industry, Dmitry Kaminskiy announced a $1 million
prize for the first person to reach the age of 123 - just 6 months longer than the current record holder, Jeanne
Calment, who achieved 122 years and 6 months age.

Life record of 122.5 by Jeanne Calment who died in 1997

Using P3 medicine technologies, and leveraging the work of
Geroscientists, why should 122.5 years of age be considered the limit?
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LONGEVITY.INTERNATIONAL
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