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This senotherapeutics market intelligence report is for:

• Investors seeking clarity on investment 
opportunities, market dynamics and risk factors;

• Senotherapeutic innovators looking to better 
understand the opportunities and challenges 
senotherapeutics face;

• Existing senotherapeutic companies looking to 
secure investment for future funding rounds;

• Investors seeking information on the different 
types of senotherapeutics and the strengths and 
weaknesses of each; 

• Clinicians looking for an educational resource 
to learn about up-and-coming aspects of 
senotherapeutics; 

• Executives of large pharmaceuticals to evaluate 
their participation in the longevity economy.

SINGLE USER LICENCE:
The information provided by First Longevity Limited in this report is for the sole use of the purchaser. 
Neither the full report or any part of the report may be duplicated or transmitted in any manner or by 
any medium without prior permission from First Longevity. Any such act will be considered as the 
breach of the single user licence under which the report has been purchased.
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The rising tides of a Silver Tsunami are 

an evergrowing concern for economists ... 

Senotherapeutics have the potential

to support a new standard of care that 

could help redefine what we see as “old”.

Surf’s up
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The senotherapeutic landscape
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Cellular senescence is one of the nine hallmarks of aging. Indeed, genetic ablation of senescent cells 
in tissues lengthens health span and reduces the risk of age-related diseases, suggesting a direct link 
between senescent cells and longevity.

When we started this report, we had an opinion that the world of senotherapeutics was still vastly 
misunderstood. Firstly, targeting cellular senescence was always described as senolytics in which “zombie” 
cell states are removed. 

However, targeting senescence as a problem is so much more than that. Senotherapeutics encompasses 
a range of different methods when they come to addressing the problem, including: senolytics, 
senomodulators, senoblockers and senescence-associated immunomodulators. Each method 
comes with its own opportunities and challenges and ultimately could be used in combination to tackle 
cellular senescence. 

Further, we would like to comment that we are aware that there are already senotherapeutic substances for 
sale, such as the supplement fisetin, however, we have chosen to focus on senotherapeutics that are being 
developed and validated through the clinical trial pipeline for age-related target indications. Supplemental 
senotherapeutics exist in the market due to the promise of emerging evidence on the influence of 
senotherapeutics on the onset and progression of age-related diseases and the arduous nature of validating 
compounds through the clinical trial process. We are focusing on senotherapeutics going through the drug 
regulatory process for multiple reasons. The senotherapeutics field is still relatively new and in vivo data on 

supplemental senotherapeutics is still sparse and, in some cases, contradictory. Accordingly, the mechanisms 
of action of most natural senotherapeutics have not been well defined, making it very difficult to modify and 
optimise these compounds to improve their efficacy. Further, the potential toxicity of these compounds and 
their adverse interactions with existing therapies for other health issues needs to be carefully studied (Li, 
2019). Therefore, we believe that senotherapeutics that are validated within clinical trials (with complete 
safety studies), have the greatest potential to have an impact on chronic disease outcomes by reducing risk 
and maximising efficacy when used by the wider public. 

Managing senescent cells to address chronic diseases:
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The world of senotherapeutics is still new but we are keen at Longevity.Technology to raise awareness of 
the potential of senotherapeutics as an investment opportunity. As of 2021, most of the data supporting 
the senotherapeutics market has been generated from preclinical studies. Although there are several 
senotherapeutic regimens being tested in clinical trials, they have yet to successfully move past Phase 3 
studies. However, within the next decade, we expect the market to be booming with innovative research and 
new therapies for age-related diseases and age-management, augmented by emerging technologies such as 
AI, nanoparticles and biomarker assays. 

Companies currently developing senotherapeutics have learnt lessons from early failures in the market, 
such as Unity’s Phase 2 failure of its small molecule inhibitor targeting p53:MDM2 interaction, where it is 
believed that the delivery mechanism, target endpoints and assessment of efficacy was causative of the 
inability of the senotherapeutic to proceed to Phase 3 clinical trials. Many companies are adapting their 
strategies based on these results by focusing on systemically delivered therapeutics that have higher target 
specificity and more precisely regulated activity. Further, they are putting careful thought into indications 
and endpoints that are more tractable targets with less subjective endpoints and a larger unmet need in 
the market. This in turn will ensure their therapies are both safe and efficacious for the target indication 
within clinical trials. Start-ups with promising results have the potential to make partnerships with top 
pharmaceutical companies that are starting to become interested in senotherapeutics, as discussed in the 
opportunities section of this report. 

The goal of this report is to identify the opportunities for growth in the senotherapeutics market and the 
factors that will drive that growth, together with the challenges that this early market will encounter as it 
moves into scale and validation. Further, we hope it can be used as an educational resource for those 
wishing to learn about the up-and-coming aspects of senotherapeutics. 

We trust that you enjoy reading this market intelligence report and thank you for your support in purchasing 
it.

Girish Harinath 
Scientific Writer,
Longevity.Technology
Market Intelligence Unit

Daragh Campbell 
Scientific Editor,
Longevity.Technology
Market Intelligence Unit

https://www.longevity.technology/?utm_source=bottomrightwebsite&utm_medium=senotherapeuticsreport&utm_campaign=reports
https://www.longevity.technology/?utm_source=ltlogo&utm_medium=senotherapeuticsreport&utm_campaign=reports
https://www.longevity.technology/analysis/?utm_source=senotherapeuticslogo&utm_medium=senotherapeuticsreport&utm_campaign=reports


Copyright 2021: First Longevity Limited. All rights reserved. Report version 1.1 www.Longevity.Technology 8

I have a lifelong mission to end aging. This commitment and my role as Founder of the SENS Research 
Foundation has furnished me with a deep understanding of the mechanisms of aging and the need to 
enhance healthy longevity. 

Aging is not a mystery. 

Rather, it is like a car wearing down over time as the body accumulates damage simply from performing 
its normal operations; this damage can be tolerated for a while, but eventually sends us into steep 
decline. The most promising way to alter this reality is to repair the damage as needed with precise 
scientific tools, much in the same way we undertake comprehensive preventative maintenance to keep 
simple machines working as well as when they were built. In other words, if we are proposing to let 
metabolism generate damage at the natural rate, we don’t need to understand how it does this or how it 
generates pathology. Instead, what we must do is repair the damage itself.

In the past few years, this notion that we can defeat aging by repairing damage has been rightly 
embraced by both the academic and private sectors. We are now doing something which, for a very 
long time, was believed to be impractical – and we are increasingly showing it is both practical and 
achievable. Aging is not a future industry, but an industry of the here and now; furthermore, it is an 
industry that is and will be both profitable and extremely good for your health. 

Ignoring the threat of aging is morally inexcusable. 

One of the biggest advances in implementing the theory of damage repair has been in the ability to 
remove senescent cells and arrest senescence. Twenty years ago, this was a new idea but now huge 
progress has been made in this field, and there are at least a dozen companies working to make this 
a reality. A lot of the inspiration for the seven strand SENS paradigm came from experiments and 
proposals only made in the previous few years. I recall a 2000 paper that demonstrated how senescent 
cells can be actively toxic for their neighbourhood, rather than just being inert and non-functioning – this 
was the first paper to show how important it is to remove them altogether.

One of the key players in the rejuvenation field, Unity, reported a mostly conclusive failure of Phase 2 
clinical trial when targeting senescent cells in osteoarthritis. Now is the time to remind not only ourselves, 
but the world, what this really means. A clinical trial is an experiment. In that sense, it is no different 
from the experiments that we do in our labs every day. There are three potential outcomes, as either the 
experiment works, doesn’t work or is inconclusive, or the experiment itself is flawed, and you have to 
make adjustments and repeat. The third option is what happened with Unity, and they must ensure they 
roll with the punches and keep going – we learn as much from failure as we do from success.

The investor community cannot get disproportionately discouraged by negative events such as this; 

Foreword
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instead, a failure in clinical trials is an education and what resulted from the Unity failure will be taken on 
board by the senotherapeutics community as it moves forward.

This is going to be the biggest industry ever and it’s a marketplace with 7 billion customers. Not one 
single person in the world is immune from aging, and these customers will be willing to spend significant 
amounts to stay healthy – no-one likes to be sick and no-one wants to decline. The space demands a 
long-term view from investment.

This thorough report from Longevity.Technology’s market intelligence unit provides important insights 
for the senotherapeutic market and highlights key concepts for potential investors, product developers, 
market entrants and academics. I hope that you find it as interesting and informative as I did and that 
one day we can consign aging to the history books.

Aubrey de Grey, 
Chief Science Officer and Co-founder, 
SENS Foundation
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The SENS Research Foundation, founded in 2009 by Aubrey de Grey, is a charitable organisation supported by 
prominent philanthropists and noted researchers, that aims to develop less well funded lines of SENS research. 

But what is SENS? SENS stands for Strategies for Engineered Negligible Senescence. It is the name for the way 
SENS Research Foundation develops therapies for the diseases and disabilities of aging.

Negligible Senescence is a term first coined by Dr Caleb Finch of the University of Southern California and refers to a 
condition in which senescence is so small that it does not merit consideration. He used this phrase to describe animals 
like the rockfish, lobster and hydra, which simply do not seem to senesce. No matter how long these creatures are 
studied, they seem to have the same physical capacities. Moreover, their risk of death remains constant, rather than 
progressively increasing because of age-related pathologies – because those pathologies simply do not develop. 
Humans, meanwhile, do not naturally possess “negligible senescence”, and our bodies are so differently configured 
from those of the rockfish, lobster and hydra that there is no feasible way to “transfer” this property between species. 

The SENS Research Foundation is on a mission to develop rejuvenation biotechnologies based on the notion that 
it may be possible to apply the principles of regenerative medicine to the cellular and molecular damage of aging. 
By reconstructing the structured order of the living machinery of our tissues, these rejuvenation biotechnologies will 
restore the normal functioning of the body’s cells and essential biomolecules, returning aging tissues to health and 
bringing back the body’s youthful vigour. In short, SENS believes it is possible to engineer solutions to age-related 
disease that stave off pathology indefinitely, so that – like the rockfish, lobster and hydra – we will be able to get old 
without becoming sick or frail.

The foundation emphasises that its approach is a strategy, not a fixed and final platform of new medicines. The work 
the foundation does today will catalyse the development of a panel of rejuvenation biotechnologies, each of which 
addresses one of the known forms of aging damage. But that panel is only a provisional iteration of the damage-
repair strategy and could well change in the future considering new information, the discovery of superior methods, 
etc.

The SENS Research Foundation funds research groups in well-known laboratories across the world, at its own 
Research Center in Mountain View, CA, and through investments in early-stage companies. The current projects 
being undertaken by the research foundation correspond to cellular damage and include:

• RepleniSENS – focusing on cell loss and cell atrophy through stem cells and tissue engineering;
• OncoSENS – looking to target the telomere-lengthening machinery and create suicide gene therapies for rapidly 

dividing cells;
• ApoptoSENS – targeting “zombie-like”, death-resistant, senescent cells; 
• MitoSENS – hoping to focus on mitochondrial mutations to revamp the mitochondria functions;
• LysoSENS – eliminating intracellular waste products; 
• AmyloSENS – eliminating extracellular waste products;
• GlycoSENS – developing therapeutics that can cleave advanced glycation end-product crosslinks for extracellular 

matrix stiffening.
Donate to the SENS Research Foundation here to help fund rejuvenation therapies that could transform the way we 
age. No other organisation is doing as much to ensure that we live healthier and happier for longer.

Thank you to the sponsors of this report, 

The SENS Foundation
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The high-cost impact of more old people with health conditions
The UN estimates that 1 in 6 people on Earth will be over the age of 65 by 2050. Based on a 
macroeconomic model calibrated for selected countries out to 2050, the UN estimates the value of lost 
production due to morbidity and mortality from non-communicable diseases (NCDs), combined with the 
effect of individuals diverting savings to cover treatment costs, to be equivalent to between 3-10% tax on a 
nation’s GDP.

Senotherapeutics the right board to help surf the Silver Tsunami wave?
The rising tides of a Silver Tsunami are an ever-growing concern for economists who predict that an “aging” 
population combined with increasing healthcare costs and significant loss of healthy-life years will result in 
an impending economic crisis. However, senotherapeutics have the potential to support a new standard 
of care that could help redefine what we see as “old”. Given the ubiquitous nature of senescence as a 
hallmark of damaged cells, and the abundance of associated target pathways and technological flexibility to 
target them, senotherapeutics have the potential to tackle the age-driven incidence rate of chronic disease 
by addressing the cause rather than the symptom(s). 

Therefore, senotherapeutics hold the unique promise of entering several multi-billion-dollar chronic disease 
markets as a treatment modality and have the potential to become a dominant sector in the longevity 
industry.

Life will become perpetual: so stay fit, healthy and creative – while you 
continue to work
Currently, countries like Singapore, the UK and Switzerland are initiating several longevity driven initiatives. 
The creation of frameworks that harness the “longevity dividend” places these countries ahead of the US 
(for example) in terms of healthcare and preparation for the coming ‘tipping point’ in the aging population. 
It is increasingly likely that the millennial generation in the US will never retire, as lifespans and the cost of 
living continue to rise. 

Adoption of senotherapeutic strategies is dependent on the government frameworks in which they 
are developed; to be successful, there needs to be a push for these preventative strategies to enter 
mainstream healthcare, instead of self-pay consumer treatments. Those governments committed to 
improving the health status of their populations, and thereby extending the duration of active life, have the 
potential to reap significant benefits in the long run. The challenge is that they may not be in office when 
rewards are reaped: 5 year political cycles don’t always neatly fit with therapy-development cycles.

Executive summary
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The aging pandemic 
The COVID-19 pandemic is set to drive forward aging research in myriad ways. Biological age was 
intimately interlinked to vulnerability to, and mortality from, the virus. This has shone a bright light onto 
preventative health measures to lessen the impact of disease burdens – whether through age-related 
illnesses or through pandemics. Not only do senotherapeutics have the ability to decrease vulnerability to 
viral infections, they also have the ability to enhance the efficacy of vaccinations. In addition, the global 
effort to rapidly develop and approve the COVID-19 vaccines has proven what incredible feats can be 
accomplished when science, technology and regulatory officials unite to address a health crisis. The Silver 
Tsunami will continue to intensify, but with the correct funding and research in place, senotherapeutics 
could be the new vaccine for aging.

Breaking the ‘one drug-one target-one disease’ paradigm
Cellular senescence, the zombie cell state when a cell refuses to die, is one of the hallmarks of aging that 
has a huge pathological influence on neighbouring cells and tissues. Initiated by the primary hallmarks, 
the senescent phenotype in an aging body reinforces and propagates damage. Chronic secretion of 
senescence-associated secretory phenotype (SASP) factors from senescent cells, has a significant 
metabolic toll on surrounding cells and tissues of the body, due to their constant exposure to inflammatory 
signals. This inflammation not only drives the integrative hallmarks of aging, but also accelerates the 
primary hallmarks. Once it has commenced, an accumulation of senescent cells and SASP factors 
ultimately leads to chronic inflammation and tissue dysfunction – the blueprint of most chronic diseases.

Prevent / modulate / kill / clear
Senotherapeutics target a pathological cell fate, not a single aberrant pathway or molecule. This means 
there are multiple steps within the biological process of cellular senescence that could potentially lead to 
therapeutic efficacy. 

Senotherapeutics can either kill the senescent cells (senolytics), block the SASP phenotype 
(senomodulators), reactivate immune cell clearance (senescence-associated immunomodulators) or block 
the damage that is causative of the senescent phenotype in the first place (senoblockers). Each comes 
with its own set of unique opportunities and challenges to tackle age-related disease.

Furthermore, in the future, there may be combinatorial treatments that, for example, pair senolytic 
technologies with immunomodulators to optimally kill and clear away senescent cells from the body.

What is that seno-potential?
The number of senotherapeutic technologies being developed by small biotech companies and start-ups is 
steadily rising as an increasing body of preclinical research is revealing the profound influence of targeting 
senescence for the mitigation of age-related diseases. There are various assessment criteria that, if 
methodically applied, can be used to compare senotherapeutic strategies and predict a given technology’s 
likelihood of success. These criteria include: class of senotherapeutic, target specificity, delivery, platform, 
precision regulation and toxicity. We address these in greater depth in this report.
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The high-risk high-reward game
One major hurdle for the senotherapeutics market is translating the promising basic biology into drugs that 
can be sequentially de-risked in clinical trials and meet regulatory approval standards.

Senotherapeutics remain in the early stage of development and to date, no senotherapeutic has moved 
past Phase 3 clinical trials. The financial burden of weathering the clinical trial process limits true innovation 
to a select few players that are capable of bearing such risk and investment. In addition, the substantial 
time taken and financial investment required can discourage investors, who believe the field is too “high-
risk”. 

However, with the correct technologies and accurate study design, the risk of senotherapeutics not working 
can be reduced whilst the potential reward remains high.

Do small molecule senotherapeutics hold the most promise?
Longevity.Technology conducted a survey of a panel of 18 researchers and executives, all experts in the 
senotherapeutics field. These experts voted small molecules as the technology that holds the most promise 
as a senotherapeutic. The development and delivery of small molecule drugs is relatively straightforward 
and progress is driven by high throughput screens and targeted engineering of proteins with desired 
functional characteristics for stimulating, inhibiting or modulating various senescent specific hallmarks. 

You can’t improve what you can’t measure
The development of accurate diagnostic tests for determining whether a senescence targeted therapy 
is working or not in humans is one of the major hurdles standing in the way of clinical trial success. 
When polled on the main technologies that will enhance senotherapeutic efficacy, our panel of experts 
overwhelmingly voted for biomarker technologies for seno-diagnostics as the most important necessary 
advancement. This could be a reflection of the fact that senescence biology is still in its early days and 
there are no precise biomarkers for assessing senescence burden in humans to date. The ability to track 
how senescence burden correlates with the progression of the various chronic diseases of aging, and to 
use this information to validate the efficacy of senotherapeutics is paramount for success within clinical 
trials.

Not just a preventative technology
Senotherapeutic technologies do not just have one channel to market. Although they are primed to address 
multiple age-related disorders, alternative channels to market exist that are narrower in scope, but arguably 
more logistically feasible. For example, with an aging population the supply of viable organs is also in 
demand. 

Senotherapeutics have the potential to regenerate donor organs prior to transplantation, expanding the 
pool of donatable organs. Senotherapeutics could also be used in ex vivo treatment and expansion of 
cell therapies, and as adjuvant therapies in trauma surgeries or transplant procedures. Companies that 
target these secondary markets may have an advantage over their competitors by circumventing tricky 
technological and regulatory barriers present in the age-related disease market.
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“Senotherapeutics have two huge things 
going for them: they are bona fide 
rejuvenators (i.e. they repair a type of 
aging damage rather than just slowing 
down its accumulation), which is much 
more exciting to people old enough to 
have money to invest, and they are only 
just now going into clinical trials and 
showing impressive results, so they are 
opportunities for first movers.” 

Aubrey de Grey, 
Founder and Chief Science Officer of 
SENS Research Foundation.

Scale

Photo credit: Erin Ashford
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Social Landscape
The senotherapeutics market is still relatively 
new, and, although there are several companies 
developing compounds that successfully address 
multiple chronic diseases in preclinical studies, 
there is yet to be a therapeutic that has moved 
past Phase 3 clinical trials. The prolonged lives 
and compressed healthspan that is characteristic 
of the “Silver Tsunami’’ translates to increased 
money spent due to chronic diseases later in 
life and poses a significant economic and health 
burden on our societies. At the same time, a boom 
in advancing biomedicine and senotherapeutic 
technologies holds great promise to revolutionise 
the healthcare industry. This report will help 
the reader understand the limited “window of 
opportunity” to minimise challenges and maximise 
use of opportunities associated with the above two 
trends. 

Market dynamics

“We have an aging 
population, we have declining 
birth rates – we have a real 
situation here with aging 
that we need to address 
within the next 5, 10, 20 
years. I definitely believe that 
senotherapeutics are going to 
play a major role in all this.” 
Luiz Martinez, Founder of the Senolytic 
Therapy Network. 
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Sociodemographic Considerations
Paradoxically, the Silver Tsunami reflects both our incredible success in advancing biomedicine to improve 
longevity, as well as a lack of foresight and inability to effectively address the chronic diseases of aging and 
concomitant extended period of morbidity. According to the WHO’s global health estimates, in 2019 people 
were living more than 6 years longer than in 2000, with a global average of more than 73 years in 2019 
compared with nearly 67 in 2000. 

But on average, only 5 of those additional years were spent in good health. This rise in disability is 
intimately connected to our expanding lifespans as aging remains the leading risk factor of mortality and 
disease. According to the US Census Bureau, by 2035 individuals aged 65+ will outnumber those under 
18 for the first time in American history. This trend highlights the significance of investing in the health of a 
demographic whose impact on GDP is equivalent to the third largest economy in the world (AARP, 2019) 
(Figure 1).
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Figure 1. The AARP found Americans aged 50 and up contribute so much to the US economy that 
they would constitute the world’s third-largest economy if counted as their own country. The economic 
contributions of 50-plus Americans totalled US$8.3 trillion last year, a figure that could rise to US$28 trillion 
by 2050 as Millennials and Generation Z begin to turn 50 in 2031 and 2047, respectively. (Adapted from 
AARP, 2019.)
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Chronic diseases are defined broadly as conditions that last 1 year or more and require ongoing medical 
attention, limit activities of daily living or both. About 80% of older adults have at least one chronic disease 
while 68.4% of Medicare beneficiaries have two or more chronic diseases and 36.4% have four or more 
(Lochner, 2013). According to the WHO’s 2019 global estimates, chronic diseases make up 70% of global 
deaths and the economic burden of treatment accounts for more than two-thirds of all healthcare costs. As 
of today, 24/05/2021, COVID-19 has claimed nearly 3.5 million lives and individuals afflicted with chronic 
diseases are at higher risk of complications and death (CNN Health, 2021). These statistics clearly highlight 
the need for an intensified global effort to better treat chronic diseases such as cardiovascular disease, 
cancer, diabetes and chronic respiratory diseases.

Companies that integrate senotherapeutic technologies into their therapeutic repertoire have incredible 
potential for portfolio expansion and profit as this technology shows promise to be a “drug pipeline in a pill”

Public Perception (consumer / investor)
The global longevity therapies market is projected to grow from US$329.8 million in 2018 to US$644.4 
million by 2023 with a compound annual growth rate (CAGR) of 14.3% from 2018-2023 (BCC Research, 
2019). Two key drivers of market growth include increased funding and progress in aging research as well 
as investments from a wealthy aging (Boomer) population (Alix Ventures, 2020). But investment interest is 
not solely restricted to an elderly demographic. A 2018 UBS investor watch survey on the general state of 
investor optimism regarding longevity found that: 

1. 9/10 believe their health to be more important than 
their wealth; 
2. Many investors are anxious about the financial 
implications of old age, with healthcare costs being a 
top concern;
3. 9/10 investors are already adjusting how they are 
planning for their life and their legacy. 
These trends both reflect and further catalyse a 
philosophical shift in public perception of viewing 
aging as a disease process that can be addressed 
rather than an inevitability. According to a 2018 Global 
Longevity and Anti-Senescence Therapy Market 
Report, senolytic therapies are garnering most of the 
attention within the longevity space (Figure 2). This 
burgeoning realisation promises to further accelerate 
investment within the senotherapeutics industry and 
global longevity market. 

Industry players that invest extra effort and time in emphasising careful study design and preparing 
for resilience in the face of failure (for example, by expanding their drug pipeline) at this early stage in 
development will likely have an edge relative to their competitors. Investors in the senotherapeutics market 
that are mentally prepared for the possibilities of losing money (at least initially) will increase their likelihood 
of holding on long enough to gain big returns.
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Senotherapeutics hold 
great promise to address 
this healthcare crisis as 
they address a root cause 
of aging that drives the 
progression of multiple 
chronic diseases and have 
shown unparalleled efficacy 
in preclinical studies.  
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Further support for this notion is seen within conferences and reports from top tier financial institutions 
and business analytic firms (i.e. Bloomberg, The Economist, UBS Investor Watch, etc.) that are actively 
investing resources in the longevity market. In a recent report that listed investible technologies to reap 
long-term economic gains for their clients, CitiBank cited anti-aging drugs as one of the top ten disruptive 
innovations (Aging Analytics Agency, 2019). Senolytics was the most prominent longevity technology 
highlighted in the report. This investment interest in senotherapeutics is not lost on pharmaceutical 
companies either. Just last year Taisho pharmaceutical, one of the top 100 pharmaceutical companies in 
the world, entered a partnership with Insilico Medicine to develop novel senotherapeutics (Hale, 2020). 

Taken together, the data suggests that senotherapeutic companies should continue developing drug 
pipelines that address an elderly demographic already afflicted with chronic diseases. Companies can 
do this by initially proving safety and efficacy via targeting a specific disease relevant endpoint before 
expanding and optimising the safety and efficacy of their pipeline within the context of an age-related 
disease. Industry players that employ this strategy stand a good chance to take full advantage of an 
emerging consumer paradigm shift from treatment to prevention. For investors, the “window of opportunity” 
to invest in the senotherapeutics market and maximise return on investment (ROI) is now.

One challenge in regard to public perception of senotherapeutics is that many older adults have care plans 
focused on palliative care and are less likely to participate in potentially risky clinical trials (Alix Ventures, 
2020). For example, clinical trial studies conducted by the Mayo clinic on the efficacy of dasatinib and 
quercetin (senolytic drugs) on the health of individuals with idiopathic pulmonary fibrosis (IPF) have been 
shown to have side effects associated with suboptimal dosing that affect quality of life (Forever Healthy 
Foundation, 2020). Industry players that take this into consideration when choosing which indications 
to target and take extra efforts to prioritise safety and efficacy early on in their development strategy of 
therapeutics will pay off down the line. 

Another challenge industry players should keep in mind is the public perception of the recent Phase 2 
clinical trial failure of Unity Biotechnologies senolytic drug (UBX0101). After promising results from Phase 
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Figure 2. Senolytic drug therapies are garnering 
the most attention from investors in the longevity 
space, with over 70% of money being channelled 
into senolytic drug therapy design. (Adapted from 
BCC Research, 2019).
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1 clinical trials and mass media hype, Unity stock 
plunged by 60% after UBX0101 failed to beat placebo 
in reducing joint pain and stiffness in patients with 
osteoarthritis of the knee (Dolgin, 2020). Based on 
closer examination, industry experts caution that this 
failure in efficacy is likely due to issues with study 
design and the chosen clinical trial endpoints. 

Impact of COVID-19 on 
Senotherapeutics Market
The 2020 COVID-19 pandemic has the potential to 
influence the senotherapeutics market on several levels 
including technological and regulatory, as well as public perception and readiness. One observation that 
has been apparent from the onset of this pandemic is that aged individuals – or those afflicted with chronic 
diseases, regardless of age – are more vulnerable to adverse reactions and mortality from COVID-19. 
This vulnerability is intricately linked to the immuno-senescence that is a by-product of the aging process, 
demonstrated by data showing that SARS-Cov2 preferentially targets senescent lung cells (Prašnikar, 
2020). In fact, recent evidence has shown that biological age, as assessed by PhenoAge epigenetic clock, 
predicts vulnerability to COVID-19 even before the accumulation of age-related co-morbid conditions 
such as type II diabetes and cardiovascular disease (Kuo, 2020). Taken together, this suggests that 
COVID-19 outcome has a strong link to an individual’s biological age. The societal awareness of this fact 
has generated both a high level of “aging anxiety” and an increased focus on preventative health. This in 
turn has the potential to positively impact public awareness, perception and investments in senotherapeutic 
technologies.

Not only does senescence increase vulnerability to COVID-19, but it also leads to poor efficacy of 
vaccinations. This is exemplified by recent results from a Pfizer and BioNTech collaboration in which their 
vaccine (BNT162b2) provoked a response half as strong in older adults than in younger ones. Particularly 
dire is the fact that public health officials have made it clear that COVID vaccinations need to protect at 
least half of vulnerable individuals to be effective 
(Willyard, 2020). This is where senotherapeutic 
technologies really show immense potential, for 
both preventative measures (responsiveness to 
vaccination) as well as therapeutic potential in 
boosting individuals’ immune systems to mitigate 
disease progression. In fact, senotherapeutic drugs 
are already being tested in clinical trial settings. 
The Mayo Clinic has two separate trials testing the 
potential of the senolytic fisetin and the combination 
of the chemotherapeutic dasatinib and the senolytic 
quercetin in mitigating the progression of COVID-19 
in adults aged 60 years or older (Willyard, 2020).The 
potential of the senotherapeutics market to blossom is 
further amplified by three further trends revealed within 
the current COVID environment. On a therapeutic 

Taken together, this suggests 
that COVID-19 outcome has 
a strong link to an individual’s 
biological age. The societal 
awareness of this fact has 
generated a high level of 
“aging anxiety”.

… senotherapeutic 
technologies really show 
immense potential, for both 
preventative measures 
(responsiveness to 
vaccination) as well as 
therapeutic potential in 
boosting individuals’ immune 
systems to mitigate disease 
progression.
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level, drugs with established senomorphic properties, notably rapamycin and metformin, are proving to 
have protective effects against COVID incidence and outcomes in human prospective studies (Bischof, 
2021). On a consumer level, the pandemic has highlighted the fact that individuals are ready and willing 
to adopt novel therapeutics (e.g. mRNA vaccines) in order to mitigate the risk of health related issues 
from COVID-19. On a regulatory level, the global effort in accelerating the development and approval of 
COVID-19 vaccinations shattered all expectations in terms of what can be accomplished when science, 
technology and regulatory officials unite to address a health crisis.

There is no doubt that the post COVID environment has challenged the productivity of many companies 
within the industry. Industrial players that strategically position themselves to take advantage of the insights 
and opportunities presented during this pandemic will stand out within a dense competitive landscape

Economic Landscape
The rising tides of a Silver Tsunami are an ever-growing concern for economists as it is becoming 
increasingly clear that our most undervalued social demographic is also our most valuable economic asset. 
It is hard to overstate this fact as the economic contributions of the elderly demographic are all pervasive. 
Data from the 2019 American Association of Retired Persons (AARP) Longevity Economy Report reveals 
that the 50+ demographic has spent US$7.6 trillion, or 56 cents of every dollar spent, on goods and 
services in 2018 and that is projected to rise to 61 cents by 2050. The federal tax revenue generated 
by this same population was US$1.4 trillion in 2018 (43% of total revenue) and is projected to nearly 
quadruple to US$5.5 trillion by 2050 (Figure 3). Further compounding its economic impact is the commonly 
overlooked unpaid labour that the 50+ population performs, such as volunteering and caregiving, that 
was worth US$745 billion in 2019 (80% greater than in 2003), a figure alone that would rank in the top ten 
biggest US state economies. Unfortunately, this same population is disproportionately afflicted with chronic 
diseases that pose a significant socioeconomic health burden on society. 

The 50 plus population contributed
$8.3 trillion2 in economic activity to the 
US economy in 2018 and this will more than 
triple to $26.8 trillion by 2050. In terms of 
direct spending, they spent $7.6 trillion (or 
56 cents of every dollar spent) on goods and 
services in 2018 that also benefitted their 
families and communities. By 2050, this 
figure will rise to 61 cents of every dollar.

$26.8TN

20502018
$8.3TN

Figure 3. The economic contribution of the elderly demographic is set to be all pervasive. 
(Adapted from AARP, 2019.)
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Heart disease, diabetes, stroke, lung cancer and 
chronic obstructive pulmonary disease were collectively 
responsible for nearly 100 million additional healthy 
life-years lost in 2019 compared with 2000 (WHO, 
2020). This significant loss of healthy life-years goes 
hand-in-hand with increased healthcare expenditure 
and reflects the inadequacy of current standard of care 
therapeutics. The total costs of healthcare treatments 
for chronic disease, including indirect costs of lost 
economic productivity, was US$3.7 trillion in 2019. This 
is equivalent to nearly one-fifth of the US GDP (Hayes, 
2020). By 2030, an estimated 83.4 million people in the 
US will have three or more chronic diseases – compared 
with 30.8 million in 2015 – and most cases are in the 
elderly demographic (Waters, 2018). The incidence 
of chronic disease is increasing at an alarming rate, 
as is the severity of its repercussions; this heralds an 
impending economic crisis if not adequately addressed.

A major reason for the inadequacy of current standard 
of care treatments (chemotherapy, statins, etc.) is 
that many do not address the root cause of pathology and lack precision, so have many ill side effects. Due 
to the ubiquitous nature of senescence as a hallmark of damaged cells, the abundance of target pathways 
and technological flexibility, as well as the growing investment in developing precision senotherapeutics, this 
technology has great potential to make a resounding impact within several multi-billion-dollar markets. Assuming 
modest improvements in treating disease, Milken Institute researchers determined that by 2023 the nation 
could avoid 40 million cases of chronic disease and reduce its economic impact by 27 percent, or US$1.1 trillion 
annually.

In February of 2021, the NIA made a landmark decision by inviting applications for longevity clinical trials to slow 
aging and prevent or treat age-related diseases. This event represents a paradigm shift in the way we view 
aging. Since senescence is a hallmark of aging and has had extremely promising results in delaying the onset 
and progression of multiple chronic diseases within preclinical trials, industry players within the senotherapeutics 
market are in a prime position to tap into the significant 
potential within the longevity economy. Using the value 
of a statistical life model, calibrated to US economic 
health, economic and demographic data, a recent study 
calculated that a slowdown in aging that increases life 
expectancy by one year is worth US$38 trillion, and for 
ten years, US$367 trillion (Ellison, 2021). The longevity 
economy offers opportunities to only those who can 
adapt. For both industry players and investors, the 
window of opportunity has never looked so inviting.

Due to the ubiquitous nature of 
senescence as a hallmark of 
damaged cells, the abundance 
of target pathways and 
technological flexibility, as well 
as the growing investment 
in developing precision 
senotherapeutics, this 
technology has great 
potential to make a resounding 
impact within several multi-
billion-dollar markets.

…industry players within the 
senotherapeutics market are in 
a prime position to tap into the 
significant potential within the 
longevity economy … for both 
industry players and investors, 
the window of opportunity has 
never looked so inviting.
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Political Landscape
Developed nations are set to either sink or swim in the 
face of the oncoming Silver Tsunami, and their success 
depends on how proactively they deploy broad, well-
funded national plans to extend Health-Adjusted Life 
Expectancy (HALE) and financial reform to neutralise 
the economic pressures of their aging populations 
(Colangelo, 2020).

To date, the paradigm shift towards treating aging 
that is taking place in the biotechnology industry has 
not been fully adopted as a government priority as 
there has been little political equivalent of industry 
attempts to rectify aging. This is exemplified by 
the World Health Organization’s (WHO) persistent 
unwillingness to declare aging as a disease (although 
they have acknowledged it as a risk factor of chronic 
disease) or any kind of target for biomedical intervention, despite growing evidence to the contrary. Slowly, 
a transformation is underway. In 2017, the WHO published its Thirteenth General Programme of Work 
(2019-2023) which includes several provisions related to aging. Among the provisions was Sustainable 
Development Goal 3, which focuses on ensuring healthy lives and promoting well being for all, at all ages, 
by exploring and measuring the foundation of its works using “healthy life expectancy” parameters (i.e. 
HALE and quality adjusted life years (QUALY) as an overarching measure) (WHO, 2020). Furthermore, in 
February 2021, the National Institute on Aging (NIA) made a landmark decision by declaring a shift in focus 
and resources towards the testing of longevity therapeutics within clinical trial settings. 

The international picture is even more encouraging, as longevity progressive countries such as the UK, 
Singapore and Switzerland are initiating several longevity driven initiatives. This is exemplified by the recent 
green paper published by the UK for a “Preventative Medicine National Strategy”, which makes it the first 
country to implement P4 medicine into its national healthcare system. Key next steps for longevity progressive 
governments are to create a framework that changes the deficit model of the “Aging Society” to an asset model 
around “Longevity” to adequately harness the “longevity dividend” (Kaminskiy, 2018).

Companies developing senotherapeutic strategies hold great potential to revolutionise the treatment and 
prevention of chronic diseases, but their adoption is highly dependent on the government frameworks in which 
they are developed. Countries with centralised healthcare, such as the UK, are great places to test interventions 
because there is a rigorous push to develop preventative strategies for disease. On the other hand, countries 
such as the US that have healthcare systems driven by consumer paid treatments where for-profit organisations 
rely on a steady stream of sick patients are less amenable to such disruptive technologies (Kaminskiy, 2018).

A recent survey of public health practitioners across Australia, China, Brazil and the US highlighted several 
of the political barriers that hinder the progress of disease prevention efforts. These include: 1) volatility in 
government funding priorities driven by changing political representation; 2) government support driven by 
political ideology rather than evidence-based chronic disease prevention; 3) disease prevention is not a priority 
for political leaders looking for “quick wins” to demonstrate office success. This survey highlights the need for 

…in February 2021, the 
National Institute on Aging 
(NIA) made a landmark 
decision by declaring a 
shift in focus and resources 
towards the testing of 
longevity therapeutics within 
clinical trial settings.
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players within the longevity industry to strategically communicate their mission in terms of widely appealing and 
timely issues (i.e. COVID) that highlight compelling statistics and person-focused narratives. In addition, industry 
players should focus on the identification and cultivation of advocates in the policymaking space that are 
strategically valuable in advocating for preventative care. Of course, what truly matters is return on investment. 
Senotherapeutics hold the unique promise of entering several multi-billion-dollar chronic disease markets as 
a treatment modality and developing into a giant within the longevity industry. Governments that make healthy 
longevity a core electoral talking point with near-term results will appeal to their citizens’ desire for healthier and 
happier lives. It would then be in the interest of political candidates that wish to be re-elected to build on current 
progress in longevity as rapidly as possible for the benefit of all (Furtado, 2018). Industry players that invest in 
effective communications and building a strong support network as well as present a clear and compelling case 
for their therapeutic strategy will be perfectly placed to take advantage of the changing political tides in support 
of longevity therapeutics.

Technology Landscape
Senescence is more than a pathological feature; it is a ubiquitous cellular fate that is driven by a massive shift in 
genomic reprogramming, metabolism and secretory profile (SASP). The SASP has emerged as a driver of, and 
promising therapeutic target for, multiple age-related conditions, ranging from neurodegeneration to cancer (Qiu, 
2021).

The major challenge the senotherapeutic market faces is that it is still in an early stage of development. 
Although the field is advancing rapidly, most therapeutics are still in the realm of R&D where progress is driven 
by an increased understanding of basic biology. Notably, a more nuanced understanding of the heterogeneity 
between various populations of senescent cells as well as precision targeting of molecular pathways (within 
these populations) that drive pathology is needed.This understanding is dependent on the development of 
technologies that allow for better detection and precision targeting of senescent cells based on their unique 
SASP and molecular signatures. As such, industry players that are developing flexible platform technologies that 
can be modified and adapted based on novel discoveries will have a distinct advantage as the field evolves.

…industry players that are 
developing flexible platform 
technologies that can be 
modified and adapted based 
on novel discoveries will 
have a distinct advantage 
as the field evolves.
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Technological advances will accelerate progress within the 
Senotherapeutics Market
“The list of age-related diseases definitively linked to cellular senescence keeps growing, as does the 
number of biotech companies racing to develop drugs to eliminate senescent cells. While the field has 
never been more promising, the lack of a simple biomarker to measure and track efficacy of these 
treatments has been a hindrance to progress.” Judith Campisi, Professor at the Buck Institute of Aging.

Figure 4. Abundance of senescent 
cells in multiple organs can result 
in pathologies related to chronic 
disease. Graphic adapted from 
Borghesan, 2020.
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Use of AI: Deep Learning, Big Data and Bioinformatics
The recent acceleration of biomedicine has been spurred by advances in collection, gathering and analysis 
of data. The use of artificial intelligence shows promise in the field of senotherapeutics as there is still much 
to be learned about senescence biology and the inherent heterogeneity of senescent cells that will help 
optimise senotherapeutic efficacy in clinical trials. Human Longevity Inc and Calico are two powerhouse 
companies that are heavily leaning on the utility of AI for senotherapeutics discovery and senescent cell 
characterisation (Aging Analytics Agency, 2019).

One major challenge in the field is the efficient screening of candidate anti-senescent drugs. This issue is 
in large part due to the challenges of accurately identifying and targeting senescent cells within otherwise 
healthy tissues. One example of the major advances being made in this field is the development of a deep 
learning-based senescence scoring system (Deep-SeSMO) which uses convolutional neural networks and 
image classification to accurately identify senescent cells for drug screening (Kusumoto, 2021). Industry 
players that invest in AI platforms for efficient drug screening and development will have a major advantage 
over their competitors.

Another major obstacle for the development of efficacious senotherapeutics resides in parsing through the 
heterogeneity of senescent cells to develop precision therapeutics. Big Data and bioinformatics approaches 
have been used to develop comprehensive databases (for example, SenQuest and CellAge) that help 
identify different subsets of senescent cells in a context-dependent manner based on gene expression 
and SASP profiles. Further development and iterations of databases such as these show great promise to 
improve safety and efficacy of senotherapeutics within clinical trials.

Nanotechnology
The use of nanoparticle technology shows great promise to invigorate the senotherapeutics market by both 
enhancing the efficacy of anti-senescent drugs and as a therapeutic modality in itself. Nanoparticle delivery 
has been shown to increase the solubility, absorption, half-life, bioavailability and efficacy of senolytic 
drugs. Further, nanoparticles have been used alone to help in the clearance of senescent cells by binding 
and clearing specific SASP molecules that protect them from clearance by the immune system (Adamczyk-
Grochala, 2020). The use of nanoparticles provides 
unique advantages for the senotherapeutics market in 
terms of improving target specificity and as a platform 
technology with diverse applications. In this way, the 
utilisation of nanoparticle technologies shows great 
potential to help overcome many of the challenges 
currently present in the field. 

The use of nanoparticles 
provides unique advantages 
for the senotherapeutics 
market in terms of improving 
target specificity and as a 
platform technology with 
diverse applications.
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Biomarker Technologies
The development of accurate diagnostic tests for determining whether a senescence targeted therapy 
is working or not in humans is one of the major hurdles standing in the way of clinical trial success. 
Finding the biomarker signal for senescence-associated diseases is made more complex within 
heterogeneous patient populations with multiple co-morbidities. Recent years have seen tremendous 
advances in senescence biomarker detection and tracking within human populations (Zhou, 2021). One 
such technology includes the development of safe and non-invasive tracking of radioactive SA-Beta-
galactosidase in human patients with positron emission tomography. Although SA-Beta-galactosidase 
has recently been shown to be an imperfect marker for senescence, the underlying technology holds 
promise to be repurposed for a more accurate marker of senescence. Another technology that is currently 
being developed for the detection of circulating tumour-derived nucleic acids holds great promise to be 
repurposed for the detection of senescent cell derived RNA. Recently, the ability to integrate multiple 
biomarker assays in the development of a safe and personalised methodology for senescent cell detection 
and tracking will help industry players accelerate clinical trial success (Childs, 2017).

Recent industry reports have shown that investors are increasingly interested in companies that are AI 
and biomarker driven. Investments are becoming more technology and progress driven rather than Big 
Pharma driven. Longevity biotech companies that use quantifiable metrics to show their therapeutics 
are improving healthspan will attract more investor focus (Aging Analytics Agency, 2019). Examples of 
such metrics include quality adjusted life years (QUALY) and health adjusted life years (HALE). One of 
the most exciting advances in the longevity field is the development of accurate biomarker assays for 
tracking various healthspan metrics that reflect biological age. Of particular note is the development of 
epigenetic clocks such as the Horvath multi-tissue clock and PhenoAge (Bergsma, 2020). One of the 
major promises of epigenetic clocks resides in their use within clinical trials to measure the effects of 
senotherapeutic candidates. The use of epigenetic clocks as a clinical trial endpoint holds tremendous 
promise to revolutionise the senotherapeutics market by improving the speed and efficiency of evaluating 
senotherapeutic candidates.

One of the most exciting 
advances in the longevity 
field is the development 
of accurate biomarker 
assays for tracking various 
healthspan metrics that 
reflect biological age.
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The Geroscience Hypothesis posits 

that the onset and progression 

of multiple chronic diseases 

can be mitigated or prevented 

by therapeutically targeting 

the fundamental mechanisms 

underlying aging,

Contribution
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The amount of money invested in addressing cancer, cardiovascular disease and Alzheimer’s disease 
vastly outstrips that of healthy aging, yet age is the leading risk factor for all these diseases. According 
to a 2017 news report from the Trust for America’s Health organisation, more than 80% of the nearly 
US$3 trillion spent on healthcare – nearly US$8,000/person/year – goes towards managing chronic 
diseases, while the entire budget of the Centre of Disease Control’s chronic disease prevention activities 
is US$1.2 billion, or US$4/person/year (Auerbach, 2017). Enhancing the duration of good health and 
independent living is the main objective of the longevity industry, in contrast to the popular belief it is 
merely to prolong the end-of-life period. The Geroscience Hypothesis posits that the onset and progression 
of multiple chronic diseases can be mitigated or prevented by therapeutically targeting the fundamental 
mechanisms underlying aging, such as: DNA damage, chronic inflammation, misfolded or aggregated 
protein accumulation, stem cell dysfunction, epigenetic alterations and cellular senescence. A further 
source of optimism is the evidence revealing the integrated nature of these hallmarks of aging, suggesting 
that targeting one hallmark ameliorates the rest (Van der Rijt, 2020). Cellular senescence is one of the 
hallmarks that shows promise in this respect due to its pathological influence on neighbouring cells and 
tissues. The senotherapeutic industry seeks to address the significant gap that exists between our growing 
lifespan and stagnant healthspan by addressing chronic diseases at a grass roots level.

Senescence and the hallmarks of aging
Aging is characterised by a progressive loss of 
physiological integrity, leading to impaired function 
and increased vulnerability to death. The rate of 
this progressive loss is controlled to some extent 
by genetic pathways and biochemical processes 
conserved in evolution. The hallmarks of aging 
represent common denominators of aging in different 
organisms, with special emphasis on mammalian 
aging, and include the following: genomic instability, 
telomere attrition, epigenetic alterations, loss 
of proteostasis, deregulated nutrient sensing, 
mitochondrial dysfunction, cellular senescence, 
stem cell exhaustion and altered intercellular 
communication. The biological processes underlying 
these hallmarks exist in a complex and integrated 
network so that ameliorating or aggravating one 
influences the others (López-Otín, 2013). 

Longevity economy 
contribution

“Senescence is one of the 
most important hallmarks of 
aging and senotherapeutics 
are believed to be essential 
in the anti-aging effort.” 
Dr Jin-Xiong She, board member of the 
Senolytic Therapy Network. 
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When we’re young, senescent cells make up a small percentage of the total biomass of a given organ 
or tissue, and our immune system is tasked with identification and clearance of senescent cells to 
maintain a balanced turnover rate. When this turnover rate is maintained, senescent cells serve pivotal 
roles in embryogenesis, wound healing and as a preventative measure against tumorigenesis. As we 
age, the senescence burden increases (driven by SASP and age-related immunosenescence) and 
interferes with tissue homeostasis, regeneration and contributes to inflammaging and extracellular matrix 
remodeling. This phenomenon encompasses the concept of antagonistic pleiotropy, a fundamental theory 
in geroscience that explains a major reason why we age. Antagonistic pleiotropy occurs when a given 
biological mechanism is beneficial to an organism’s fitness early in life, but is detrimental to an organism’s 
fitness later in life due to a decline in the forces of natural selection (Mittledorf, 2019). The accumulation 
of senescent cells is thought to be a key driving force behind many age-related diseases, particularly 
metabolic and fibrotic conditions.

Risk of developing age-associated diseases
Neurodegenerative disease, joint degredation, vascular lesions, metabolic disease, skin disease, eye disease, 
cancer

Accumulation of senescent cellsFigure 5. Antagonistic pleiotropy of senescent cells. 
Graphic adapted from Borghesan, 2020.
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Cellular senescence is a fundamental mechanism activated by cells in response to various stressors such 
as telomere shortening, DNA damage and mitochondrial stress, among others. During the process of 
senescence, cells undergo a massive genomic reprogramming that is characterised by three major features 
that drive its pathology: irreversible cell cycle arrest, death (apoptosis) resistance and aberrant signalling 
driven by its unique senescence-associated secretory profile (SASP). The SASP consists of >100 factors 
that increase inflammation, induce fibrosis, inhibit stem cell function and propagate further senescence of 
surrounding cells and tissues. Cellular senescence is beneficial when the immune system clears senescent 
cells and maintains a balanced turnover rate (Figure 5). However, if not cleared away, the irreversible cell 
cycle arrest and death resistance translates to a reduction in regenerative capacity of tissues as well as 
a compromised ability to terminate the cascade of damage and further senescence brought on by SASP 
signalling (Kang, 2019). The combination of the above three features is what has earned senescent cells 
the infamous reputation of “zombie cells”.

Genomic
instability

Telomere 
attrition

Epigenetic
alterations

Loss of 
proteostasis

Deregulated
nutrient sensing

Mitochondrial
dysfunction

Stem cell
exhaustion

Altered inter-
cellular comms

Cellular 
scenescence

Irreversible cell cyst 
arrest

Apoptosis resistance

SASP

Figure 2. Cellular Senescence casual links to other hallmarks of aging. A dotted line is indicative 
of damage causation whilst the solid block line is the consequential damage.Figure 6. The cellular senescence phenotype has intimate links to the other hallmarks of aging. 
Dotted lines indicate damage causation; solid lines indicate consequential damage causation.
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The senescence phenotype is a cell fate initiated by 
the primary hallmarks of aging: genomic instability, 
telomere attrition, epigenetic alterations and loss 
of proteostasis. Further, senescent cells share 
an intimate link with all the other hallmarks that is 
mediated by their SASP signalling (Figure 6). Factors 
secreted by the senescent cells play several roles 
in not only reinforcing and propagating senescent 
phenotype across cells and tissues of the body but 
also fanning the flames of chronic inflammation, 
also known as inflammaging, that leads to altered 
intercellular communication and stem cell exhaustion 
(Partridge, 2020). Chronic secretion of SASP factors 
exerts a significant metabolic toll on surrounding cells 
and tissues of the body as they are constitutively 
exposed to signals driving inflammation, matrix 

remodeling, tissue damage and repair. This triage of the bodies resources (nutrients, immune cells, blood 
flow) to sites of senescent signalling further compromises system wide cellular homeostasis leading to 
mitochondrial dysfunction, deregulated nutrient sensing, and indeed further exacerbation of the primary 
hallmarks of aging (Davan-Wetton, 2021).

Clearance of senescent cells has been shown to delay damage accumulation associated with the aging 
process as well as the onset and progression of several chronic diseases across multiple model organisms 
(Kaur, 2020). The Unitary Theory of Fundamental Aging Processes hypothesises that the fundamental 
aging hallmarks are interlinked. Consistent with this theory, senescent cells have been shown to contribute 
to inflammation, fibrosis, DNA damage, protein aggregation, failed autophagy, lipotoxicity, mitochondrial 
dysfunction, depletion of NAD+, ROS generation and stem, progenitor and immune cell dysfunction 
(Kirkland, 2020). The great potential revealed from preclinical data coupled with the fact that senescence 
is a ubiquitous response to cellular stress and drives aging across several cell types and organ systems of 
the body has made senotherapeutics a primary focus of modern biogerontology. 

Clearance of senescent 
cells has been shown to 
delay damage accumulation 
associated with the aging 
process as well as the onset 
and progression of several 
chronic diseases… 
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Senotherapeutic modalities: Prevention, modulation, killing and 
clearance 
A central feature of senotherapeutic technologies is their flexibility and versatility. This is since 
senotherapeutics target a pathological cell fate rather than a single aberrant pathway or molecule. 
Consequently, there are multiple steps within the biological process of cellular senescence that can be 
targeted that lead to therapeutic efficacy. Companies developing senotherapeutic strategies broaden their 
scope by diverging from the traditional approach of one drug, one target, one disease. The different types 
of senotherapeutic technologies include senolytics, senomorphics, senoblockers and immunomodulators.
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Figure 7. Graphic demonstration of Senotherapeutics. Damage can cause cells to become senescent. 
This leads to the release of a senescence-associated secretory phenotype that can cause further 
senescence to the surrounding cells and to the immune cells that are trying to clear the “zombie” cell states. 
Accumulation over time can lead to tissue dysfunction and chronic inflammation, both of which can result 
in age-related diseases. Senotherapeutics target the tissue by killing the senescent cells (senolytics), block 
in the SASP phenotype (senomodulators), reactivating immune cell clearance (senescence-associated 
immunomodulators) or through blocking the damage that is causative of the senescent phenotype in the first 
place (senoblockers). 
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Senolytics
Senolytics target cellular pathways that make senescent cells vulnerable to death, namely, senescent cell 
anti-apoptotic pathways (SCAP). There are multiple pathways that can be targeted to accomplish this, 
with the overall strategy of releasing the “molecular brakes” on the cellular suicide pathway (apoptosis) 
within senescent cells. Notably, senescent cells have up-regulated pro-survival pathways to protect them 
from their pro-apoptotic SASP profile. This is akin to a car in which the acceleration pedal represents pro-
survival pathways and the brake pedal represents pro-apoptosis pathways. Senescent cells have a foot on 
each pedal, allowing the acceleration (pro-survival pathways) to prevail. Senolytics that help ease pressure 
on the acceleration pedal make senescent cells more sensitive to the foot that is pressing on the brakes 
(pro-apoptosis signalling) and subsequent cell death. This paradigm presents a therapeutic opportunity to 
interfere with pro-survival pathways and make them vulnerable to their own pro-apoptotic signalling (Kang, 
2019). 

One of the major advantages of senolytics is the opportunity for intermittent dosing. Studies within 
multiple model systems have shown that monthly administration of senolytics is just as effective as daily 
in alleviating multiple chronic diseases. Particularly striking, one study showed that just a single dose of 
a senolytic, quercetin, significantly improved treadmill endurance in mice with radiation-induced impaired 
mobility which was maintained even 7 months after treatment. This is despite the drug having a half-life 
of merely a few hours (Kirkland, 2020). This is just one of several examples of the therapeutic efficacy of 
a single dose of a senolytic drug. The prospects of intermittent dosing with senolytics holds promise to be 
a more cost effective and safe modality of treatment than conventional therapeutic regimens for chronic 
disease.

One of the major challenges centred around the senolytic strategy of killing senescent cells is the potential 
for disrupting their functional roles within the body. As our understanding of the basic biology improves, we 
are gaining a better understanding of how to adjust dose, timing and selectivity of senolytics to optimise 
their therapeutic potential. Another potential issue with senolytics is data showing that simply killing 
senescent cells may not always be enough: they need to be recognised and cleared away by the immune 
system to prevent secondary necrosis (Davan-Wetton, 2021). This highlights the potential of combinatorial 
therapies that pair senolytics with immunomodulators to prevent undesirable side effects and maximise 
therapeutic efficacy.

Senomodulators
Modulating the aberrant signalling cascade driven 
by the SASP has also been shown to mitigate the 
progression of chronic diseases and improve health 
(van Vliet, 2021). Senomodulators defuse or “defang” 
senescent cells without killing them. They do this via 
targeting the aberrant (SASP) signalling network that 
drives the accumulation of senescent cells across 
the body . This can be done through disrupting the 
pathways that generate SASP or preventing their 
secretion. A relevant metaphor for this treatment 

Studies within multiple 
model systems have shown 
that monthly administration 
of senolytics are just 
as effective as daily in 
alleviating multiple chronic 
diseases…
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paradigm would be to think of senescent cells like a viral infected host. Damage accumulation (virus) 
pushes cells into a senescent (sick) state and these cells can go on to infect other cells within the body 
through SASP signalling (akin to sneezing around other humans). Senomodulators are akin to putting 
personal protective equipment (e.g. masks) on senescent cells in order to prevent SASP propagation and 
spread of senescence.

The SASP contains over 100 different molecules that can be targeted (alone or in conjunction) to influence 
the behaviour of senescent cells. One of the major advantages of senomodulating strategies is their 
unparalleled selectivity which has led to the development of precision senostatics. Precision senostatics 
offer the opportunity for selective targeting of specific senescent populations based on their unique 
SASP signatures, as well as selectively targeting SASP molecules to allow senescent cells to maintain 
their physiological and reparative functions while defusing any toxic effects. Examples of this include the 
ability to inhibit SASP molecules contributing to chronic inflammation that drive senescent pathology or 
modulating specific SASP factors to selectively upregulate senescent specific “eat me” signals (already 
present in “healthy senescent cells”) to aid in immunosurveillance and clearance (Kang, 2019). 

One of the challenges of senomodulators is that they require a more continuous treatment regimen 
to maintain senescent cells in their defused state. Chronic treatment with any medication is generally 
more costly and can give rise to unwanted side effects. The inherent complexity in keeping these once 
pathogenic cells in the body can lead to the accumulation of SASP-silenced cells that remain chronically 
within tissues and compromise functionality (Von Kobbe, 2019). Furthermore, chronic treatment can lead 
to the risk of adaptations that lead to drug resistance and possibly reactivation of a tumorigenic profile 
(Qiu, 2021). An understanding of the safest and most effective way of targeting SASP factors that lead to 
senescent pathology (i.e. proinflammatory molecules) while preserving/supplementing crucial SASP factors 
is key to market success.

Senoblockers
Senoblockers inhibit formation of senescent cells via clearing away various cellular damages that 
eventually lead to senescence phenotype. The main goal of senoblockers is to prevent the molecular 
signalling cascade that propagates further senescence. These technologies include genetic reprogramming 
and blocking the low grade chronic inflammation that accompanies aging and can lead to senescence 
(Davan-Wetton, 2021). Senoblocker technologies hold significant promise as geroprotectors that prevent 
the progression (or onset) of senescence-associated chronic diseases. By suppressing the emergence 
of pathological senescence, senoblockers address the root of the problem and can avoid many of the 
potential challenges posed by other senotherapeutic technologies. 

Senoblocker technologies share similar challenges with senomodulators and senolytics in their need for a 
continuous treatment regimen and the potential to disrupt the functional role of senescent cells in the body. 
Furthermore, success with senoblocker technologies is contingent upon gaining a better understanding 
of the various factors that give rise to senescence and propagate its pathogenic effects. As such, 
senoblockers presently represent the most fringe technology being developed in the senotherapeutics 
market.
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Senescence-associated immunomodulators
Senescence-associated immunomodulators improve recognition and clearance of senescent cells by 
the immune system. This typically involves enhancing the functionality of our body’s Natural Killer cells 
to influence the turnover rate of senescent cells. The most promising research on senescent associated 
immunomodulators builds on strategies applied in the field of oncology that focus on checkpoint inhibitors 
(i.e. HLA-E) and blocking decoy receptors (i.e. Dcr2) that help senescent cells evade immune surveillance 
(Davan-Wetton, 2021). 

The threshold theory of senescent cell burden postulates that once senescent cell abundance crosses 
a certain threshold, it exceeds the capacity of the immune system to keep up with clearance and aging 
is accelerated. This theory implicates immune system clearance of senescent cells as the critical step 
(in an otherwise beneficial process) that leads to pathology (Kirkland, 2020). Senescence-associated 
immunomodulators have the advantage of tapping into our bodies’ natural defence systems to restore 
a healthy balance of senescent cell density without compromising their physiological roles within the 
body. These therapies also hold tremendous promise for disease prevention, but this is contingent upon 
advances in biomarker discovery that would allow precise tracking of senescent cell density in humans.

The efficacy of immunotherapies can be unpredictable due to interindividual variability and, over time, 
cells can develop resistance to drug treatment. A major challenge for immunomodulatory therapies is 
in identifying biomarkers for the precise recognition and clearance of pathogenic senescent cells while 
minimising off target effects. Furthermore, immunotherapy drugs (at least within oncology) are typically very 
costly (Ventola, 2017).

Precision senotherapeutic strategies
Due to the multitude of aberrant pathways that drive senescence, there are several features of this 
biological process that can be targeted and multiple routes to therapeutic efficacy. Senotherapeutic 
strategies are diverse and include prevention (senoblockers), modulation (senomorphics), killing 
(senolytics) and clearance of senescent cells (immunomodulators). Each class of therapeutics has 
its advantages and disadvantages in terms of addressing senescent pathologies, but the diversity of 
therapeutic modalities combined with the inherent heterogeneity of senescent populations (within a 
single individual and between various demographics) makes it amenable to precision therapeutics. 
Senotherapeutic companies can seek to take advantage of this by diversifying and stratifying their pipeline 
based on optimising the class of senotherapeutics used based on target pathological features, populations 
and purpose (preventative or disease mitigation). The evolution of senotherapeutic strategies will depend 
on the continued discovery of novel senescence biomarkers that shed light on the most impactful 
senotherapeutic technology to use for different senescent populations. Senotherapeutic companies 
may also choose to pursue combinatorial treatments that, for example, pair senolytic technologies with 
immunomodulators to optimally kill and clear away senescent cells from the body. Notably, senoblockers 
hold particular appeal within the longevity economy as a potent geroprotector. The efficacy of senoblocker 
technologies is contingent upon gaining a deeper understanding of the pleiotropic roles of senescence 
across development and various physiological contexts.
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Senotherapeutics hold tremendous potential to ameliorate a wide range of pathological features along the 
continuum of the aging process. From early-stage damage (primary hallmarks) that drives senescence 
to later stage consequences of senescence pathology that manifest as chronic diseases such as 
osteoporosis, pulmonary fibrosis, insulin resistance, Alzheimer’s disease, macular degeneration and 
cardiovascular disease.
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Figure 8. Senotherapeutics target a pathological cell fate, not a single aberrant pathway or molecule. 
This means there are multiple steps within the biological process of cellular senescence that could potentially 
lead to therapeutic efficacy. Senotherapeutics can either kill the senescent cells (senolytics), block the SASP 
phenotype (senomodulators), reactivate immune cell clearance (senescence-associated immunomodulators) 
or block the damage that is causative of the senescent phenotype in the first place (senoblockers). Each 
comes with its own set of unique opportunities and challenges to tackle age-related disease.
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Senotherapeutic Description Opportunities Challenges

Senolytics
Target cellular pathways 
that make senescent cells 
vulnerable to death.

Intermittent dosing: monthly 
administration of senolytics 
is as effective as daily in 
alleviating multiple chronic 
diseases.

More cost effective and safe 
modality of treatment.

Could disrupt senescent cells’ 
functional roles within the 
body.

Simply killing senescent cells 
is not enough – need to clear 
the senescent cells to prevent 
secondary necrosis.

Senomodulators

Target the SASP signalling 
network that drives senescent 
pathologies. Either prevent 
their secretion or disrupt 
SASP generating pathways.

The SASP contains over 
100 different molecules that 
can be targeted to influence 
behaviour of senescent cells.

Unparalleled selectivity has 
led to precision senostatics; 
selective targeting of specific 
senescent populations based 
on unique SASP signatures.

Require a continuous 
treatment regime to maintain 
senescent cells in their 
defused state.

 Keeps “once pathogenic” 
cells in the body, which could 
lead to drug resistance or 
reactivation of a tumorigenic 
profile.

Senoblockers

Inhibit the formation of 
senescent cells via clearing 
away cellular damages 
that lead to senescence 
phenotype.

Promise to be geroprotectors 
that prevent the progression 
of senescence-associated 
chronic diseases such as 
chronic kidney disease, 
arthritis, diabetes, and 
osteoporosis.
By suppressing the 
emergence of pathological 
senescence, senoblockers 
address the root of the 
problem.

Continuous treatment 
regimen.
Potential to disrupt the 
functional role of senescent 
cells in the body.

Still further understanding is 
required around the various 
factors that give rise to 
senescence and propagate its 
pathogenic impacts.

Senescence-
associated 
immunomodulators

Improve the recognition and 
clearance of senescent cells 
by the immune system.

Taps into the body’s natural 
defence systems to restore 
a healthy balance of 
senescence without impacting 
normal physiological roles 
within the body.

Potential for wide range of 
disease prevention.

Requires advances in 
biomarker discovery to allow 
precise tracking of senescent 
cell density.
Efficacy is unpredictable due 
to interindividual variability.
Potential resistance to drug 
treatment.
Need to clear pathogenic 
senescent cells whilst 
minimising off-target effects.
Immunotherapy drugs are 
typically very costly.

Table 1. Summary of senotherapeutics with the opportunities and challenges of each

https://www.longevity.technology/?utm_source=bottomrightwebsite&utm_medium=senotherapeuticsreport&utm_campaign=reports
https://www.longevity.technology/?utm_source=ltlogo&utm_medium=senotherapeuticsreport&utm_campaign=reports
https://www.longevity.technology/analysis/?utm_source=senotherapeuticslogo&utm_medium=senotherapeuticsreport&utm_campaign=reports


Copyright 2021: First Longevity Limited. All rights reserved. Report version 1.1 www.Longevity.Technology 39

Assessing senotherapeutic potential 
The number of senotherapeutic technologies being developed by small biotech companies and start-ups is 
steadily rising as an increasing body of preclinical research is revealing the profound influence of targeting 
senescence for the mitigation of age-related diseases; but the path towards determining whether they affect 
aging in humans remains unclear. Further, there are a multitude of aberrant pathways that drive senescence 
and several features of this biological process that can be targeted. This translates to multiple different 
technological strategies that can be implemented to achieve varying degrees of therapeutic efficacy, each 
with its strengths and weaknesses. The first drug to make it through clinical trials will break down several 
barriers within the senotherapeutics market, but how does one assess the potential of each senotherapeutic 
strategy? 

Ultimately, the success of a given senotherapeutic strategy is dependent upon both the technology being 
developed, as well as clinical trials design. Designing effective clinical trials has its own set of challenges 
within the senotherapeutics industry, as discussed below. Clinical design parameters aside, there are 
various assessment criteria that, if methodically applied, can be used to compare senotherapeutic strategies 
and predict a given technology’s likelihood of success within the clinic. These criteria include: class of 
senotherapeutic, target specificity, delivery, platform, precision regulation and toxicity. 
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Table 2. Overview of assessment parameters of senotherapeutic potential

Assessment Parameter Definition

Class of senotherapeutic Senolytic, senomodulator, SA-immunomodulator, or 
senoblocker

Target Specificity
Features of therapeutic that facilitate targeting of senescent 
cells without off-target effects; dependent on senescent 
biomarkers

Delivery
Approaches (local or systemic), technologies (delivery vehicle), 
and formulations needed to safely and reliably deliver the 
therapeutic to its target

Platform Foundational technology that can be used to systematically 
improve, or build upon, robustness of therapeutic

Precision regulation Context specific control over therapeutic action once it has 
reached its target (spatial, temporal, sensitivity, degradation)

Toxicity
Level of damage that the compound can cause to organism; 
can include, but not limited to: off-target effects, on-target side 
effects, immunogenicity, etc.

Senotherapeutic Class
The various classes of senotherapeutics include senolytics, senomodulators, senoblockers and 
senescence-associated immunomodulators. Proper assessment and comparison of senotherapeutic 
technologies requires consideration of the senotherapeutic class in which they belong, as each class has 
its own set of inherent advantages and challenges. 

For example, senolytic technologies have the advantage of killing senescent cells and effectively removing 
the influence of its inflammatory 

SASP (driver of systemic aging) with just a single dose. However, challenges that can arise through the 
removal of cells include: reducing an organ’s mass without proper stimulation of regeneration, eliminating 
a potentially beneficial role of senescent cells and killing the senescent cell without proper clearance of its 
debris by the immune system. 
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Senomodulator technologies, on the other hand, have the advantage of preserving the beneficial roles 
of senescent cells. But by keeping these cells around in the body, they have the potential of re-entering 
the cell cycle or re-activating aberrant signalling cascades if the dosing regimen is not optimised. 
Senotherapeutic companies that currently stand out implement innovative solutions to address the 
challenges of their specific therapeutic class (senolytic, senonmodulator, etc.) while using novel 
technologies and insights to potentiate its strengths to maximise impact.

Target Specificity
Target specificity refers to features of a senotherapeutic that facilitate targeting of senescent cells 
without off-target effects. This is typically dependent on the quality of the targeted senescent biomarkers 
which can be senescence-associated cell surface markers, intracellular protein interactions or even 
transcriptional activity. Due to the immense heterogeneity of senescent cell subpopulations as well as 
preserved characteristics from tissues of origin, optimising target specificity is of critical importance. This 
is exemplified by the fact that popular target biomarkers, such as SA-Beta-galactosidase, are also present 
in otherwise healthy cells such as macrophages and rapidly dividing epithelial cells. Senotherapeutic 
technologies that are designed to target unique features of senescent cells, and at the same time reduce 
the risk of affecting cells with shared molecular characteristics, have an increased chance of successfully 
traversing initial clinical trial phases.

Senotherapeutic Delivery
Delivery refers to approaches, technologies, and formulations used to deliver a senotherapeutic safely 
and reliably to its target. Delivery approaches include local or systemic administration. An advantage 
of local administration of senotherapeutics is that it limits the potential for systemic, off-target effects. 
A disadvantage is that it limits the potential of impacting senescent cells driving a particular pathology 
from outside a given local region. Optimal administration of senotherapeutics is dependent on the class 
and mechanistic target of the senotherapeutic technology. Another critical aspect of delivery is assuring 
the senotherapeutic reaches its target intact. This can be done through encapsulation in a vehicle 
(nanoparticle, adenovirus, etc.) or unique formulations (e.g. pro drugs, solubility). Technologies that are 
developed with unique delivery strategies have increased probability of inducing their desired effect. This is 
an especially important consideration at present as the field is still young and reliable diagnostic biomarkers 
of senescence are still being developed within the realm of R&D.

Platform Technology
Therapeutic platform refers to a foundational technology that can be used to systematically improve, or 
build upon, the robustness of a senotherapeutic. This can encompass the use of high throughput screens 
to identify proprietary chemicals to enhance a drug’s activity, the use of artificial intelligence and machine 
learning to identify novel targets for a given senotherapeutic, or a DNA plasmid that can be edited and 
reprogrammed like software. Senotherapeutic companies that have a therapeutic platform can adapt their 
technologies through the integration of new information to increase efficacy and sustainability of their 
technology. This is particularly important in the senotherapeutics industry as most therapeutics are still in 
the realm of R&D where progress is driven by an increased understanding of basic biology.
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Precision Regulation
Precision regulation refers to context specific control over a therapeutics activity once it has reached its 
target cell. Typically, this involves the activation of “regulatory switches’’ that control when, where and in 
what capacity a senotherapeutic acts. Examples of precision regulation include senotherapeutics that only 
respond in the presence of a secondary molecule that is administered voluntarily, allowing precision control 
of when the therapeutic is active. Another example is using targeting sequences to direct a senotherapeutic 
to the environment of a specific cellular compartment where it would be activated. Companies that 
implement regulatory control mechanisms to facilitate context dependent activity of their technologies can 
better address limitations imposed by a given senotherapeutic class and reduce potential toxicity.

Toxicity
Toxicity refers to the level of damage a senotherapeutic can cause to the body at various dosages 
and regimens. This can include, but is not limited to, off-target effects, on-target side effects and 
immunogenicity. To evaluate toxicity, studies on model organisms are commonly used. Acceptable toxicity 
for senotherapeutics should require significant (several orders of magnitude) differences between the 
“senescence mitigation dose” and toxic dose. The risk for toxicity is highly dependent on the class of 
senotherapeutic, targeted mechanism and the administration regimen (single dose vs multiple doses, 
acute or chronic treatment, local or systemic administration). Although preclinical animal experiments 
generally reveal no significant side effects from therapeutic doses of some senotherapeutics, the potential 
for adverse effects must be closely evaluated after long-term administration. It is critical that companies 
provide evidence that the number and severity of side effects caused by their senotherapeutic in doses 
sufficient to achieve positive effects in humans is minimal.

Outcomes and implications
Senescence is a root cause of aging that occurs in multiple organ systems within the body. This translates 
to multiple therapeutic targets and the potential to address several co-morbidities. It is well known that the 
number of chronic conditions per individual increases with aging, offsetting potential gains from targeting a 
single disorder. Combinatorial treatments with senotherapeutics have been tested in preclinical trials and 
show promise to have efficacy at lower doses, target multiple populations of senescent cells at the same 
time and reduce the probability of acquired drug resistance (Kirkland, 2020). Senotherapeutic technologies 
hold promise to be incorporated into a single, effective regimen that restores health in the elderly. In doing 
so, elderly individuals can reduce the number of medications they take and associated risks of cross 
interaction.

First generation senotherapeutics were developed based on existing chemotherapeutic drugs; therefore, 
they were lacking in precision and efficacy and also had several side effects. Second generation 
senotherapeutics are now being identified using high throughput screens, and they promise to overcome 
many of the challenges that impeded the first. These second generation senotherapeutics include small 
molecule inhibitors, monoclonal antibodies, as well as CAR-T and gene therapies (Kirkland, 2020) (Table 
3).
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Table 3. Summary of first and second generation senotherapeutics

Senotherapeutic Generation Description Example

Chemotherapeutic 
drug 1st

Chemotherapeutic drugs (agents) are used 
to inhibit the uncontrolled cell proliferation 
and tumour growth seen in cancer. They 
act either directly or indirectly and are 
categorised on their mechanism of action.

Chemotherapeutic drugs can be 
categorised into: alkylating agents, 
antimetabolites, plant alkaloids, 
antitumor antibiotics.

Small molecule 
inhibitors 2nd

Small molecule inhibitors (SMIs) are 
synthetic organic molecules, usually 
≤500Da in size, that inhibit protein-protein 
interactions. SMIs are specific, allowing for 
targeted therapeutic intervention. As they 
are significantly smaller than mAbs, they 
can translocate through plasma membranes 
to act on targets within the cell.

UR-13756 and BIRB 796 are 
SMIs of p38. As the development 
of senescence-associated 
secretory phenotype (SASP), 
seen in senescent cells, is p38 
dependent, inhibiting p38 can reduce 
accumulation of SASP positive 
senescent cells. Taking low-level 
pro-inflammatory shifts seen in aged 
individuals.

Monoclonal 
antibodies 2nd

MAbs are highly specific antibodies 
produced by the clones of a single 
hybridoma cell. Each mAb is specific 
to one type of antigen and is used to 
recognise the proteins on target cells, 
acting as a marker. This triggers the 
immune system to differentiate cells and 
attack, for example, metastatic cells.

MAbs generated from senescent 
human diploid fibroblasts. 
Hybridomas were isolated that 
secrete antibodies reacting to 
senescence specific antigens on the 
fibroblasts. They were able to identify 
and target senescence cells in a 
mixed population in vitro.

CAR-T 2nd

Chimeric antigen receptor T cells are T 
cells that have been genetically engineered 
to produce an artificial T-cell receptor for 
use in immunotherapy. Chimeric antigen 
receptors are receptor proteins that are 
engineered to give T cells the new ability to 
target a specific protein.

CAR-T cells that target uPAR, a cell 
surface protein that is induced during 
senescence, ablate senescent cells 
in vitro and in vivo.

Gene therapy 2nd

A form of molecular medicine used to 
correct hereditary disorders, such as 
cystic fibrosis and also acquired diseases, 
such as cancer and Parkinson’s disease. 
It involves the modification of DNA 
sequences.

KAT7, encoding a histone 
acetyltransferase, was identified 
as a top gene target fin alleviating 
cellular senescence. KAT7 depletion 
attenuates cellular senescence.

https://www.longevity.technology/?utm_source=bottomrightwebsite&utm_medium=senotherapeuticsreport&utm_campaign=reports
https://www.longevity.technology/?utm_source=ltlogo&utm_medium=senotherapeuticsreport&utm_campaign=reports
https://www.longevity.technology/analysis/?utm_source=senotherapeuticslogo&utm_medium=senotherapeuticsreport&utm_campaign=reports


Copyright 2021: First Longevity Limited. All rights reserved. Report version 1.1 www.Longevity.Technology 44Copyright 2021: First Longevity Limited. All rights reserved. Report version 1.1

One of the major advancements in this new generation of senotherapeutics involves improvements in 
targeted delivery. Examples of this include prodrugs that are activated by specific enzymatic activity within 
senescent cells and therapeutics with built-in safety switches and combinatorial target antigen recognition 
systems. Oisín Biotechnologies is developing a gene therapy that consists of a DNA plasmid encoding a 
gene that induces cell death but only in p16+ senescent cells and in combination with rapamycin (Dolgin, 
2020). Plasmid technologies with this calibre of spatiotemporal targeting specificity hold promise to make 
senotherapeutics a truly disruptive technology within the longevity field.

The flexibility of senotherapeutic strategies is reflected in its ability to address multiple chronic diseases 
and synergise well with other well-established programmes such as chemotherapeutic regimens, organ 
replacement, post-surgical trauma and in vitro research (Childs, 2017). Clearly, the senotherapeutics 
market has tremendous potential to absorb several multi-billion-dollar markets (Table 4). While progress 
and advancements in this realm are advancing steadily, for investors this likely means a longer time frame 
until clinical trial success and a need for increased patience. 
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Table 4. Clinical target indications for senotherapeutics and its market and predicted market size

Senotherapeutic 
clinical target 
indications

Description of senescence impact
Market size 
value in 
(year)

Predicted size value of 
market by (year)

Idiopathic pulmonary 
fibrosis

Idiopathic pulmonary fibrosis (IPF) is a fatal disease 
characterised by interstitial remodelling, leading to 
compromised lung function. Cellular senescence markers are 
detectable within IPF lung tissue and senescent cell deletion 
rejuvenates pulmonary health in aged mice.  

US$ 2.00 billion 
(2018)  

Predicted to expand at a compound 
annual growth rate (CAGR) of 12.7% 
until 2026. This forecast does not 
take into account COVID-19, which is 
likely to heighten IPF cases further. 

Macular 
degeneration

Age-related macular degeneration (AMD) is a complex 
eye disease characterised by death of photoreceptors and 
degeneration of retinal pigment epithelium and choriocapillaris. 
Senescence cells cause the development of the senescence-
associated secretory phenotype (SASP), which propagates 
AMD. Targeting for senescent cell death and terminating SASP 
bystander effects could present a treatment for an, at present, 
incurable disease.  

US$ 1.58 billion 
(2020)  

Projected to reach US$ 2.64 billion 
by 2026, with a CAGR of 8.93% 
between 2021 and 2026.

Sarcopenia

Sarcopenia is a progressive muscular disorder, characterised 
by the loss of function and capacity of muscle mass. Recent 
studies have indicated targeting p16 positive senescence cells 
in aging mice caused an improvement in muscle physiology.  

US$ 2742.4 
million (2018)  

Projected to reach US$ 3975 million 
by 2026, showing a CAGR of 4.7%. 
North America accounted for the 
highest share and is expected to 
maintain its lead throughout the 
forecast period. 

Type II diabetes

Type II diabetes occurs when the body becomes resistant 
to insulin, inhibiting the absorption of glucose. Senescence 
hinders pancreatic β-cell function, which causes the metabolic 
and signalling changes seen in type II diabetes. This, in turn, 
causes the formation of further senescent cells, highlighting 
a pathogenic loop that can be broken by targeting cellular 
senescence.  

US$ 26.8 billion 
(2016) 

Forecast to more than double to US$ 
64 billion by 2026, making its CAGR 
8.4%. 

Neurodegenerative 
disease

Neurodegenerative disease is characterised by the breaking 
down of neuronal tissue in the brain leading to severe cognitive 
dysfunction and death. Senescent cells accumulate in the 
nervous system with age and their destruction in vitro has 
shown the alleviation of neurodegenerative pathologies.  

US$ 35,497.3 
million (2018)  

Projected to grow at a steady CAGR 
of 7.2% between 2019-2026. 

Atherosclerosis 

Senescence-associated atherosclerosis is a major contributor 
to cardiovascular disease. Senescence of human vascular 
endothelial cells (HVEC), human vascular smooth muscle 
cells (HVSMC) and macrophages are seen to promote the 
progression of atherosclerosis in different stages. The use 
of anti-senescence proteins led to repairs of cell DNA and 
telomeres, correction of mitochondrial function and reduction 
in oxidative stress. This showed the promise of senescence 
targeting for the disease.  

US$ 45.7 billion 
(2018)  

Projected to grow at a CAGR of 2.5% 
from 2019-2027 reaching a market 
value of US$ 57.4 billion by 2027. 

Chronic kidney 
disease

Chronic kidney disease (CKD) occurs from damage and 
malfunction in the kidneys.
It shares common senescence features with renal physiological 
aging. This means senotherapeutics showing promise in 
reversing chronic renal aging will be able to be an alternative 
regime for CKD treatments. 

US$ 12.85 
billion (2018)  

Predicted to reach US$ 15.8 billion 
by 2026 with a CAGR of 2.6% 
between 2019-2026. 
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Pace

“How can we get a senotherapeutic safely 

and quickly into clinical use? It goes back 

to just getting a strong team of advisors 

together, connecting people and making 

the investment happen.” 

Luiz Martinez, 

Founder of the Senolytic Therapy Network.
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Basic target research and 
Drug Discovery
•Discovery often begins 
with target identification –
choosing a biochemical 
mechanism involved in a 
disease condition.
•Drug candidates are 
tested for their interaction 
with the drug target and 
after careful review one or 
more lead compounds are 
chosen
•Early stage candidates are 
characterised. This is when 
pharmacokinetic and 
ADME studies can provide 
useful feedback for 
formulation scientists

Preclinical 
•Preclinical testing 
analyses the bioactivity, 
safety and efficacy of the 
formulated therapeutic 
•This testing is critical to a 
drugs eventual success 
and as such it is 
scrutinised by regulatory 
entities.
•Plans for clinical trials and 
an Investigative New Drug 
(IND) application are 
prepared
•Studies taking place 
during the preclinical stage 
should be designed to 
support the clinical studies 
that will follow

Clinical trial 
Phase 1
•Human pharmacology 
studies. After IND has 
been filed a company may 
begin a small scale Phase 
1 clinical trial
•Used to evaluate 
pharmacokinetic 
parameters and tolerance, 
generally in healthy 
volunteers
•These studies include 
initial single-dose studies, 
dose escalation and short-
term repeated-dose 
studies

Clinical trial
Phase 2
•Therapeutic Exploratory. 
•Small scale trial to 
evaluate a therapeutics 
preliminary efficacy and 
side-effect profile in 100 to 
250 patients. 
•Additional safety and 
clinical pharmacology 
studies are also included 
in this category 

Clinical trial 
Phase 3
•Large scale clinical trials 
for safety and efficacy in 
large patient populations. 
While Phase 3 is in 
progress, preparations 
are made for submitting 
to the Biologics License 
Application (BLA) or the 
New Drug Application 
(NDA).

FDA Approval for target 
indication

• 20-100 healthy 
volunteers/with 
disease 
condition

• Several 
months

• ~70%

• Up to several 
hundred with  
disease 
condition

• Several months 
to 2 years

• ~33%

• 300 to 3000 
with disease 
condition

• 1 to 4 years
• ~25-30%

One major hurdle for the senotherapeutics market is 
translating the promising basic biology into drugs that 
can be sequentially de-risked in clinical trials and meet 
regulatory approval standards. The drug regulatory 
environment provides the senotherapeutics market with 
unique opportunities and challenges.

Overview: Drug clinical trial process
After preclinical studies, conducted in cell culture and animal models, the FDA must approve a given 
treatment before it can be tested in clinical trials. Clinical trials are the primary methodology to find out if 
a new drug is safe and efficacious in humans. Drugs must advance through the four phases of a clinical 
trial to test for efficacy, find the appropriate dosage, and look for side effects. If a drug successfully moves 
through the first three phases by providing adequate safety and efficacy, the FDA approves it for clinical 
use and continues to monitor “post market” effects in Phase 4. Notably, the investment of resources, time, 
and funding grow with each successive phase so rigorous study design is critical early in the process 
(National Institute of Health, 2020). 

Regulatory 
environment

Due to the pervasive nature 
of senescence in chronic 
disease and the versatility 
of senotherapeutics drugs, 
this market holds potential to 
subsume that of many other 
therapeutic modalities.

Figure 9. Overview of the regulatory pathway for 
a senotherapeutic. Each clinical trial phase shows 
approximate time taken, number of participants 
and average chance of success. Under each stage 
is a description of the scientific work that is being 
undertaken.

Clinical trial pipeline
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Leveraging the broad utility of senotherapeutics within the drug 
regulatory environment
One of the major opportunities present for industry players developing senotherapeutic technologies is 
its unparalleled versatility for targeting multiple diseases. Although senotherapeutics have been shown 
to mitigate the onset and progression of over a dozen indications in preclinical studies, the primary focus 
of clinical studies to date have been osteoarthritis, atherosclerosis, glaucoma and idiopathic pulmonary 
fibrosis (Kaur, 2020). This broad applicability means a given senotherapeutic compound can be tested 
at different phases within multiple clinical trials addressing various indications, all at the same time. This 
strategy could serve to generate data that is used to improve future clinical trial design and expedite the 
general assessment of safety and efficacy of these drugs in various demographics.

Although chronic diseases are the primary focus of industry players, the utility of senotherapeutics is 
not solely restricted to this realm. Senotherapeutics also have utility for individuals recovering from post-
surgical trauma and chemotherapeutic regimens, as well as in cellular and organ transplant therapies 
(Childs, 2017). The latter application is particularly appealing as the utilisation of senotherapeutics to 
improve the quality of cells and tissues have fewer regulatory barriers in place than for the direct use in 
humans. Further, the cellular therapies market has a high valuation and large unmet need.

Another opportunity for effectively navigating the regulatory environment resides in the potential of 
repurposing cancer therapeutics (i.e. chemotherapeutic Panobinostat and immune checkpoint inhibitors) 
that have already been tested in rigorous clinical studies for senescence-associated indications. Although 
the characteristics of senescent cells have been shown to be heterogeneous depending on the tissues in 
which they arise, there are senotherapeutics (e.g. quercetin) that are being tested in clinical trials that show 
potential to be repurposed for multiple different indications (Wissler Gerdes, 2020). Industry players serve 
to benefit from the ability to validate and optimise their senotherapeutic regimens by targeting different 
indications, in parallel, within clinical trials.

Senescence has been established as a central hallmark of aging. Although aging is currently not 
recognised as an indication that can be targeted in clinical trials, it is gaining traction rapidly. The 2018 
WHO international classification of diseases for the first time included extension code “aging related”, 
recognising it as a major risk factor for several diseases (WHO, 2018). Clinical trials targeting these 
indications are steadily increasing. This is due, in part, to the promise of preclinical aging studies conducted 
in the field of biogerontology, as well as the realised ineffectiveness of targeting diseases one at a time 
(Partridge, 2020). To this end, a particularly noteworthy endeavour is the TAME (targeting aging with 
metformin) trials (Alix Ventures, 2020). This trial is a tremendous step towards regulatory approval for aging 
focused therapies and opens up a potential market for the prophylactic use of senotherapeutics.

In February of 2021, the NIA (division of the National Institute of Health) made a landmark decision by 
inviting applications for longevity clinical trials testing drugs that target multiple chronic conditions caused 
by the process of aging. This includes drugs that modulate fundamental aging-related mechanisms, notably 
senescence and its upstream physiological effects (Conway, 2021). This decision is particularly impactful 
as it addresses one of the largest concerns for companies developing longevity therapeutics: clinical 
endpoints. Prior to this announcement, senotherapeutic companies have had to develop their products 
to target individual diseases, late-stage consequences of the aging process. Industry players within the 
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senotherapeutics market are in a prime position to take advantage of this opportunity when developing their 
drugs, designing clinical studies and choosing relevant endpoints. 

Industry players that leverage the broad utility and repurposing potential of senotherapeutics to help navigate 
the regulatory barriers within the pharmaceutical regulatory framework will significantly increase their chances 
of clinical trial success. Further, the prospects of regulatory bodies such as the FDA considering aging as an 
indication soon provides the senotherapeutic market even more potential as a high value investment.

Still early days for senotherapeutics and investing in the technology
As of 2021, most of the data supporting the senotherapeutics market has been generated from preclinical 

studies. Although there are several senotherapeutic 
regimens being tested in clinical trials, they have yet 
to move into Phase 3 studies. This is not a significant 
cause for concern, as the senotheraputics field is 
still in its early stages with significant research and 
development still to be done. In fact, most new drugs 
fail in the transition from Phase 2 to Phase 3 clinical 
trials (Harrer, 2019). Further clarity is required in 
terms of parsing the heterogeneity of senescent cell 
populations and finding appropriate biomarkers that 
are representative of each. One advantage of the 
extensive focus on biomarker studies is that it will 
advance the development of precision therapeutics 
and improve drug efficacy within Phase 2 and 3 clinical 
trials down the line.

Clinical trial failures can arise from lack of efficacy 
or safety of drugs, lack of proper funding to support 
successive trials and even study design factors 
including chosen end points, patient recruitment, 
enrolment and retention. Lack of proper funding to 
support clinical trials is one of the largest hurdles for 
industry players within the senotherapeutics market. 
The financial burden of weathering the clinical trial 
process limits innovation to a select few players 
capable of bearing such investments. At most, only 
13.8% of all drug candidates that enter Phase 1 
clinical trials end up being approved by the FDA 
(Wong, 2018). This is compounded by the fact that 
it takes six to ten years to move from phase one of 
clinical trials to FDA approval (BIO Industry Analysis, 
2016). The substantial time and financial investment 
alone discourages “high risk, high reward” studies and 
presents an uphill battle for industry players within 
the budding field of senotherapeutics, especially 

“We want to create a template 
that anybody doing aging trials 
can follow. Maybe metformin will 
fail. But instead of doing what we 
had to do – which was to come 
up with a really good committee 
to carefully craft a study 
design – the next generation of 
researchers can just take the 
template and do what they want 
with it. It’s public knowledge. 
What we are really trying to do 
is drag the pharmaceuticals 
towards buying the biotechs  
and developing those drugs.  
The biotechs have money 
for proof of concept, but not 
the billion dollars you need to 
develop a drug.” 
Dr Nir Barzali, on why the TAME trial design is 
important.
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considering the dominance of the pharma giants with whom they are competing in the chronic disease 
markets.

A commonly-overlooked factor that will be a key investment for industry players within the relatively new 
senotherapeutics market is marketing. To further emphasise this point, a 2016 survey of participants in a 
cancer clinical trial found that scientific literacy was an issue, leading to difficulty understanding information 
associated with the trial. Providing material regarding the clinical trial process that was easy to understand 
was helpful in improving patient enrolment and retention (Cartmell, 2016). 

Finding diagnostic and prognostic senescence biomarkers is one of the major obstacles for clinical trial 
success. This is particularly challenging because senescent cells share many molecular characteristics 
with surrounding tissue, as well as other differentiated cells such as macrophages. It is likely the case that 
a single biomarker will not suffice; rather, the field will have to rely on comprehensive biomarker panels 
consisting of SASP factors, small RNAs, heterochromatin foci, and damage associated molecular patterns. 
Great advances are being made in elucidating stringent biomarkers panels for different senescent cell 
populations. Industry players that design their clinical trials to include a range of biomarkers including 
predictive, target occupancy and target engagement markers are more likely to have the proper resolution 
required to optimise their senotherapeutic drug regimen (Childs, 2017).

Beyond this, a major key to clinical trial success will be choosing the right subset of disease to target, 
so companies can leverage industry, academic and regulatory familiarity with established clinical design 
principles, outcomes and enrolment strategies. Diseases that companies should choose to focus on will 
meet the following criteria (Childs, 2017): 

• A causal link to senescence

• Mechanistic insight

• Conservation in preclinical model systems 

• In a disease area where current standard of care has significant drawbacks 

Further, appropriate endpoints need to be chosen when assessing the efficacy of senotherapeutic 
regimens, as exemplified by Unity Biotechnologies recent failure in Phase 2 clinical trials.

For investors, Phase 3 clinical trial data provides the best idea for a drug’s chances of approval. 
The first company to take their drug through clinical trials will break down several barriers within the 
senotherapeutics market and can position themselves well ahead of the competition by beginning the 
critical process of collecting post-approval data. Industry players that take clear actions to address the 
above factors will be in a better position to achieve clinical trial success.
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Longevity.Technology conducted a survey on a panel of 18 researchers and executives, all experts in 
the senotherapeutics field. This survey was designed to derive well informed insights on the challenges, 
opportunities and potential of senotherapeutics as a clinical tool for disease care and longevity within the 
next 5 years. 

With this survey we hope to provide unique insights to investors and industry players alike to help them 
assess the risks and benefits of investing time, energy and resources within the senotherapeutics field. The 
survey findings were very interesting in terms of the types of senotherapeutics and target diseases as well 
as technological and regulatory considerations that experts believe are most important for driving success 
moving forward. Careful consideration of survey results could inform individuals how to optimally invest in 
the senotherapeutics field to maximise their probability of success.

The panel of senotherapeutic experts included individuals spanning categories including: academic and 
industry researchers, investors, advisors and clinicians. Overwhelmingly, panelists were avid longevity 
enthusiasts that held higher degrees such as medical, doctorate, and other graduate degrees. Notably, 
nearly a third of the participants were active researchers within companies leading the way within the 
senotherapeutics industry. It is safe to say that data collected from such a demographic represents a cohort 
with unique insights from within the industry that is not reflective of public or “popular” opinion.

Expert panel opinions

What do you believe are the main clinical indications or senescence therapies?
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When questioned about the most promising 
disease targets (clinical indication) for 
senotherapeutic success, there was not a clear, 
overwhelming favourite. This is not surprising, 
as senotherapeutics target a root cause of aging 
and hence have great promise to address several 
aging related diseases. Notably, osteoarthritis 
and neurodegenerative disease were the two 
highest-voted target diseases. Osteoarthritis is a 
major focus of many senotherapeutic company 
pipelines since its role as a senescence driven 
pathology is well established, and the market 
is large and has a substantially unmet need. 
Neurodegenerative disease, on the other hand, is 
a less conventional focus due to the complexity of 
the disease and challenges in obtaining significant 
improvements in clinical endpoints over tractable 
periods of time. However, neurodegenerative 
disorders are a major focus of government and 
investor funding, and the state of conventional 
therapeutics remains abysmal, despite the 
investment of billions of dollars. Senotherapeutics 
have the potential to fundamentally transform the 
nature of neurodegenerative therapeutics if they 
can show even slightly significant improvements 
from the relatively low bar set by conventional 
therapeutics in clinical trial pipelines and the 
market today. Surprisingly, macular degeneration 
showed up towards the bottom of the list. Multiple 
senotherapeutic companies are focusing on 
macular degeneration as an indication for their 
therapeutics, and one of the reasons votes may 

be so low is because of the lack of success to date 
despite the interest and investment. Of further 
interest, although a minority of individuals voted 
for “other” indications not listed in our survey, most 
of these responses indicated that the indication of 
interest is aging itself. This brings up an interesting 
idea of how survey results may be different if aging 
itself is recognised as an indication by regulatory 
bodies in the near future.

“Senescence has 
systemic effects, so 
really it contributes to 
all age-related health 
issues.”

“Most age-related 
disease is linked with 
senescence cells. 
However, the specific 
physiopathology of the 
age-related diseases 
plays a crucial role, 
even if senescent cells 
may contribute to the 
disease. For example, 
Parkinson’s disease. 
could be on the list. 
But the main driver 
for PD remains locus 
Niger. Could be one 
of the explanations of 
the failure of Unity with 
osteoarthritis?” 
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What do you believe holds the most promise for targeting senescence?
Unsurprisingly, senolytics were overwhelmingly voted as the most promising therapeutic class for targeting 
senescence and this is reflected by the fact that the majority of industry players are developing senolytics 
in their pipelines. This likely coincides with the belief in the field that killing senescent cells (once pathology 
arises) is the safest way to mitigate disease progression.

However, it should be noted that this could also reflect the fact that the field originated on the concept of 
killing senescent cells (with first generation therapeutics, mainly repurposed chemotherapeutics) and as 
the field evolves due to increased data and technological advantages, more companies are taking interest 
in other modalities such as senomodulators and SA immunomodulators. Senoblockers received the least 
number of votes, but this could also be because they hold more promise as a preventative therapeutic and 
could see a precipitous rise in interest once aging is classified as a disease and clinical indication within 
clinical trials.

What do you believe holds the most promise for targeting senescence?
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What do you believe are the most important things to consider when 
designing a clinical trial for senotherapeutics?
Phase 3 clinical trial success is the major “rate limiting step” that will determine how rapidly 
senotherapeutics will transition into the market for chronic disease care and prevention. There are many 
factors that come into play when designing a clinical trial and our survey indicated that the experts 
were evenly split when assessing the relative importance of each factor in determining the success of a 
senotherapeutic candidate. 

Choosing the correct clinical indication, endpoints, delivery modality and careful consideration of patient 
enrolment factors were at the top of the list. Clinical indication and endpoints are clearly crucial to the 
success of a senotherapeutic candidate with key factors including the strength of supporting preclinical data 
as well as the quality of endpoints as a reflection of disease progression and how rapidly and effectively 
they can be remediated. The optimal mechanism of delivery (local or systemic) will depend on the type 
of senotherapeutic used, the target indication and stage in disease progression. Any patient enrolment 
strategy will come down to finding the right cohort/demographic of individuals that are most sensitive to the 
therapeutic being validated. In these early days of senotherapeutics, survey results indicate that experts 
believe there is still much to be optimised in the translational leap from the promise of preclinical results 
with senotherapeutics to human efficacy. The field is poised to gain much more clarity on these subjects as 
there are an increasing number of senotherapeutics entering clinical trials, but is not quite there, as there is 
yet to be success within Phase 2 clinical trials.

What do you believe are the most important things to consider when designing a clinical trial for 
senotherapeutics?
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What do you believe is the main barrier to senotherapeutics becoming 
clinical therapies?
When asked about the major barriers preventing senotherapeutics from becoming clinical therapies, 
experts voted “accurate diagnostic and prognostic senescence biomarkers” as the top of the list. This 
is reflected in the R&D efforts of many senotherapeutic players (within academia and industry) to better 
characterise senescence specific biomarkers and make sense of tissue heterogeneity using AI and 
bioinformatic tools and databases.

Without accurate and non-invasive assessment of senescent burden (pre/post therapy) in humans, it will 
be very difficult to learn from clinical trial failures and optimise therapeutic efficacy. The next two leading 
barriers are interrelated and include “aging not considered as a target indication in clinical trials” and 
“overall lack of funding”. As clinical trial design is optimised and more senotherapeutics enter later stage 
clinical trials, increased promise within the data should open the floodgates for increased funding from 
investors. Again, with a key milestone being Phase 3 clinical trial success. Similarly, there should be many 
more opportunities for senotherapeutic success when targeting aging as a clinical indication is approved, 
as this should lead to overall increased funding for senotherapeutics and help optimise the timing, duration 
and dosage of administration within the context of disease progression. Interestingly, there did not seem 
to be too much concern over the safety of systemic delivery of senotherapeutics and the potential of 
interfering with the beneficial role of senescent cells. This could be due to a lack of significant preclinical 
evidence of safety concerns when targeting senescent cells in animals with chronic disease, as well as 
technological advances and the emerging development of next generation, precision therapeutics that help 
address potential toxicity.
What do you believe is the main barrier to senotherapeutics becoming clinical therapies?
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What are the main technologies that you believe will enhance 
senotherapeutics?
When polled on the main technologies that will enhance senotherapeutic efficacy, experts overwhelmingly 
voted for biomarker technologies for diagnostics as the most important advancement.

This could be a reflection of the fact that senescence biology is still in its early days and there are 
no precise biomarkers for assessing senescence burden in humans to date. The ability to track how 
senescence burden correlates with the progression of the various chronic diseases of aging and use this 
information to validate the efficacy of senotherapeutics is paramount for success within clinical trials. AI 
platforms were voted second and are increasingly being used in the field to create comprehensive maps 
that characterise senescent cell biology and heterogeneity. AI technologies are proving to be a crucial 
tool for companies in helping to elucidate novel targets and therapeutic molecules to advance their 
senotherapeutic pipelines.

What are the main technologies that you believe will enhance senotherapeutics? 

19%

20%

7%

20%

19%

16%

0% 5% 10% 15% 20% 25%

Choosing the correct clinical endpoints

Choosing the right clinical target

Correct calculation of efficacy estimation in preclinical studies

Delivery mechanism of the senotherapeutic

Patient enrolment (population size, inclusion/exclusion criteria etc)

Utility of diagnostic and prognostic biomarkers

Type II diabetes

https://www.longevity.technology/?utm_source=bottomrightwebsite&utm_medium=senotherapeuticsreport&utm_campaign=reports
https://www.longevity.technology/?utm_source=ltlogo&utm_medium=senotherapeuticsreport&utm_campaign=reports
https://www.longevity.technology/analysis/?utm_source=senotherapeuticslogo&utm_medium=senotherapeuticsreport&utm_campaign=reports


Copyright 2021: First Longevity Limited. All rights reserved. Report version 1.1 www.Longevity.Technology 58Copyright 2021: First Longevity Limited. All rights reserved. Report version 1.1

Which therapeutic technology do you think holds the most promise?
Experts voted small molecules as the technology that holds the most promise as a senotherapeutic.

The development and delivery of small molecule drugs is relatively straightforward and progress is driven 
by high throughput screens and targeted engineering of proteins with desired functional characteristics 
for stimulating, inhibiting or modulating various senescent specific hallmarks. Most therapeutics 
currently marketed are small molecules, but this does not mean they do not have their limitations. Gene 
therapy received the second most votes and although the field is still in the early stages of evolution, 
this has been a hot topic in therapeutics of late. Gene therapy has considerable potential to transform 
the senotherapeutics landscape as it can be easily adapted based on novel information through 
reprogramming, targets upstream mechanisms of cellular biology and is amenable to target personalised 
biology for precision therapeutics.
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Which therapeutic technology do you think holds the most promise?
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The primary channel to market for senotherapeutic 
technologies is addressing one of 20+ age-related 
disorders. This has been the major focus of industry 
players as there is an abundance of preclinical evidence 
supporting the role of senescence in driving chronic 
disease, with its clearance leading to disease mitigation 
and even reversal (Mahmoudi, 2019). But this channel 
has many technological challenges and regulatory 
obstacles for implementation in humans and takes a 
significant financial toll on companies in the process. 
Alternative channels to market that are narrower 
in scope, but more logistically feasible, include cell 
therapy and adjuvant therapies. In general, advantages of these secondary markets include: lower doses of 
senotherapeutics, local administration within acute timeframes and shorter duration clinical trials with well-
established protocols and endpoints (Kirkland, 2017).

Age-related chronic disease
Scientific advances in recent decades have cultivated the emergence of a Silver Tsunami, characterised by 
improvements in life expectancy that have not been accompanied by the same increase in healthspan. Since 
aging is one of the main risk factors for most chronic pathologies, the prevalence of age-related disease has 
risen with increasing average lifespan, representing a socio-economic problem in developed societies. It is 
believed that multi-morbidity prevalence in incoming cohorts aged 65-74 years will rise from 45.7% in 2015 
to 52.8% in 2035 (Kingston, 2018). There is no lack of preclinical evidence suggesting that senotherapeutic 
technologies hold great potential to address the rising tides of the Silver Tsunami and address several multi-
billion dollar chronic disease markets in the process.

Despite all the promise and hype surrounding senotherapeutic technologies, there is not one therapeutic 
to date that has successfully traversed the stringent milestones of the clinical trial process to demonstrate 
efficacy in humans. Logistically, there are several technological barriers that must be addressed before such 
progress can be hoped to be made. This includes making the translational leaps required to successfully 
transition from preclinical to clinical data. Success will be contingent on addressing the potential toxicity and 
efficacy of systemic delivery, precise characterisation of the heterogeneity that emerges from age-related 
senescence and the prognostic and diagnostic biomarkers representative of the various populations.

Channels to 
market Senotherapeutic 

technologies hold 
potential to address an 
ever-growing waiting list 
of transplant patients 
and attract the attention 
of hospitals and 
healthcare providers 
across the globe. 
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Organ transplant 
The world’s population is aging rapidly, and organ transplantation is in demand for the millions of patients 
with irreversible end-stage organ failure. The supply of organs, however, is limited, resulting in prolonged 
waiting times with many patients dying or becoming too ill to be eligible for transplantation. Currently, the most 
obvious strategy with potential for closing the gap between supply and demand, would be to enable the use of 
organs from older deceased donors. But the use of organs from aged individuals is restricted by senescence-
associated damage accumulation that affects the long-term survival of transplants, reduces tissue 
regenerative capacity and has high immunogenicity. It may be possible to apply senotherapeutic treatments 
that clear senescent cells in donor organs prior to transplantation, or to the patient immediately following 
transplantation, to allow greater viability of those organs and fewer complications in the transplantation 
process (Kang, 2017). The global transplantation market size was valued at US$ 8.4 billion in 2020 and is 
expected to grow at a compound annual growth rate (CAGR) of 11.5% over the forecast period of 2021-2028 
(Grandview Research, 2021). 

There is a mounting body of evidence revealing that senotherapeutic treatment is effective at increasing graft 
survival and the efficacy of organ implantation in preclinical models. Senolytic agents, such as dasatinib, 
quercetin and navitoclax, are able to depress senescence-induced transplantation failure – across several 
organs – by selectively removing senescent cells and improve the range of donor age by recovering the 
regenerative capacity of transplanted cells in mice (Kang, 2017). Further, the combination of dasatinib 
and quercetin has been shown to prolong the survival of old cardiac allografts in mice corresponding with 
alleviated consequences of ischemia-reperfusion and a reduced proinflammatory milieu (Iske, 2020). 

Based on the promise of these results, multiple clinical trial studies are being prepared to launch for the 
testing of various senotherapeutics in improving transplant markers and efficacy in organs such as the liver 
and kidney (Short, 2019).

Cell Therapy
Another market channel that offers tremendous opportunity for senotherapeutic technologies is cellular 
therapy. This includes adoptive immunotherapy and various autologous or allogeneic therapies that require 
expansion of cells ex vivo (i.e. CAR-T) before infusion into patients. During the process of ex vivo treatment 
and expansion of cells they undergo senescence very rapidly and lose their functionality. Companies such 
as Dorian Therapeutics have, generated data showing that senotherapeutic technologies can inhibit the ex 
vivo aging process and rejuvenate T-cells – increasing their function, fitness and persistence. The resulting 
cellular product has been shown to achieve long-lasting clinical response in multiple tumour types (Bankoti, 
2020). The global T-cell therapy market size alone is expected to reach US$ 20.3 billion by 2028, according 
to a new report by Grand View Research, and is expected to expand at a CAGR of 20.2% from 2021 to 
2028 (Grandview Research, 2021). Industry players that develop a senotherapeutic strategy targeting the 
cell therapy market hold potential to tap into its significant potential within academic and industry research, 
oncology, immunology and regenerative medicine.
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Adjuvant Therapy
Therapy induced senescence is a response to acute damage incurred by particularly stressful medical 
treatments or procedures such as: chemotherapy, irradiation, surgery, organ, stem cell and bone marrow 
transplants. Therapies such as these induce many types of cellular stress including DNA damage, 
mitochondrial stress from ischemia-reperfusion, and proteotoxic stress that induce senescence local to the 
site of therapy but with the potential to spread systemically through SASP-signalling cascade. While therapy-
induced senescence response may serve a purpose within acute time frames, it has been shown to interfere 
with therapeutic success if chronically present. This is due to effects of SASP on cell cycle arrest, stem 
and progenitor cell dysfunction and chronic inflammation (Kirkland, 2017). Cell senescence is an essential 
driver for tumour relapse following radio- and chemotherapy as well as frailty and premature aging in cancer 
survivors. Radiotherapy and chemotherapy do not only cause short-term toxicities in tissues that rely on 
continued self-renewal such as bone marrow, GI tract, gonads and skin, but they also result in long-term 
morbidity in a much wider range of organ systems, including cardiovascular, neurological, pulmonary, hepatic 
and musculoskeletal systems. Of note, SASP factors have been shown to promote tumour proliferation and 
metastasis in mouse models. Preclinical evidence suggests that both senolytic and senomorphic interventions 
may hold unique benefits in the context of acute stressors that induce a high senescent burden (Short, 2019). 
This in turn holds promise for the deployment of senotherapeutics as an adjuvant therapy following radio- and 
chemotherapeutic regimens.

Early evidence from prospective studies in which chemotherapeutic/radiation therapy was paired with the 
senomorphic metformin to treat prostate, rectal and oesophageal cancer revealed that patients exhibited 
enhanced recovery and therapeutic efficacy (Short, 2019). In another study, the senolytic AP20187 was 
shown to alleviate chemotherapy (bleomycin) induced pulmonary fibrosis and whole-body radiation-
induced senescence in mice. The potential of senotherapeutics as adjuvant therapies are not confined to 
the realm of oncology as the senolytic AP20187 has also been shown to enhance the antibody response 
to influenza vaccination in elderly humans (Kirkland, 2017). The Mayo Clinic is already exploring the role of 
senotherapeutic regimens to help mitigate the immunosenescence and severity of COVID progression in the 
elderly; it also holds intriguing potential as an adjuvant therapy for increasing the antibody response to COVID 
vaccinations in the elderly demographic (Willyard, 2020). 

Two further niche markets where senotherapeutics show promise as an adjuvant therapy are in conjunction 
with traumatic surgeries and transplant procedures. The accumulation of senescent cells in cartilage after 
traumatic surgeries has already been well established. Clearance of senescent cells via senolytic UBX0101 
has been shown to attenuate the development of post trauma osteoarthritis, reduce pain and increased 
cartilage development in mice (Jeon, 2017). Regarding transplant procedures, clinical trials are already 
underway for testing the therapeutic efficacy of senolytics in addressing the accelerated aging-like state in 
bone marrow transplant survivors and the frailty of childhood cancer survivors in their 30s and 40s. These 
clinical trials will assess the improvement of multiple frailty outcome measures over a 6-month period and 
positive results will have a significant impact on market interest in senotherapeutics as an adjuvant therapy 
(Wissler Gerdes, 2020).

Industry players that focus on developing senotherapeutics to address therapy-induced senescence remove 
several technological barriers as adjuvant regimens hold potential to synergise with established therapeutic 
protocols and are amenable to shorter treatment time frames and localised delivery, potentially reducing 
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systemic toxicity and increasing the probability of clinical trial success. The success of such adjuvant 
regimens will depend on optimising the class of senotherapeutic used with the types of tumour or tissue 
targeted, timing of use in relation to the first line therapy, and establishing senescence-associated biomarkers 

of success.

Summary
In these early days, it may turn out to be the case that the optimal pathway for senotherapeutics approval is 
not in the context of treating chronic disease, but rather mitigating acute toxicity from chemotherapeutics or for 
the ex vivo treatment of cells and organs to improve the efficacy of transplants. Companies that target these 
secondary markets may have an advantage over their competitors by circumventing tricky technological and 
regulatory barriers present in the age-related disease market. This would allow them to gain early traction by 
leveraging success within the niche cell and adjuvant therapy markets to help garner the necessary attention, 
investment and data to tackle the larger chronic disease markets. 

https://www.longevity.technology/?utm_source=bottomrightwebsite&utm_medium=senotherapeuticsreport&utm_campaign=reports
https://www.longevity.technology/?utm_source=ltlogo&utm_medium=senotherapeuticsreport&utm_campaign=reports
https://www.longevity.technology/analysis/?utm_source=senotherapeuticslogo&utm_medium=senotherapeuticsreport&utm_campaign=reports


Copyright 2021: First Longevity Limited. All rights reserved. Report version 1.1 www.Longevity.Technology 64Copyright 2021: First Longevity Limited. All rights reserved. Report version 1.1 www.Longevity.Technology 64

Success

A major hurdle for senotherapeutics is 

translating the promising basic biology 

into drugs that can be de-risked in 

clinical trials and meet regulatory 

approval standards.
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Intellectual property:
Does the company have patents 
either granted or reviewed 
with search results that identify 
novelty?

 

Efficacy:
One major hurdle for senotherapeutics is translating the promising 
basic biology into drugs that can be de-risked in clinical trials and meet 
regulatory approval standards. Has the company provided pre-clinical/
clinical data to support efficacy/safety? Has the company considered 
dosage and regimen of administration for this target?

Target:
A major key to clinical trial success will be choosing the right subset 
of disease to target. Has the company identified a promising target 
for potential clinical trials? Does the target have a link to senescence, 
mechanistic insight, conservation in preclinical systems and a disease 
area where current standard care has significant drawbacks? 

Inflection point:
Once across the chasm – what is the company’s opportunity to go mega? Will it be able to sell out to 
large pharma; what is the end target market for the therapy? Where is the company at the moment on the 
clinical pipeline? What is the estimation of time and money they need to reach the chasm?

Platform analysis:
There are major obstacles for 
each class of senotheraputic. 
Does the therapeutic address 
target specificity, toxicity, 
regulation and adaptability?

Team:
Is the team a comprehensive 
mix of skillsets that the company 
requires to address its stage of 
growth.
Does the board of advisors have 
the career experience to help 
navigate the management team 
toward execution of the plan?

Channels:
Companies that target secondary 
markets can gain early traction 
by leveraging success within the 
niche cell and adjuvant therapy 
markets to help garner attention, 
investment and data to tackle the 
larger chronic disease markets.

Unique value proposition:
Every company wants to be 
unique, and many are thanks 
to the quality of their intellectual 
property. How a company 
differentiates itself from its 
competitors is key to standing 
out and successfully marketing.
Without a unique proposition 
it comes down to how much 
market budget does the 
company have to enable it to 
out-market and out-perform its 
competitors?

Runway:
Does the company have the 
necessary funds to drive its 
market entry and build? This 
funding can come from equity 
or debt investors or from self-
generated cash. Sufficient 
funding will be required to take 
potential therapies through the 
stages of clinical trials. 

Competitive advantage:
Not to be confused with unique 
value proposition – what does 
the company have that gives 
it an edge – it could be IP, but 
equally if could also be the 
team, a well-connected CEO or 
a strategic investor that already 
has market channels in place. 

Lean canvas success factors

= Positive progress = Work-in-progress = Needs attention
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Outlook

The ability to integrate multiple biomarker 

assays in the development of a safe and 

personalised methodology for senescent 

cell detection and tracking will help industry 

players accelerate clinical trial success.
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Opportunities
Biomedicine is advancing, and senotherapeutic technologies hold great promise to revolutionise the 
healthcare industry. The global longevity market is projected to grow from US$329.8 million in 2018 to 
US$644.4 million by 2023, with a compound annual growth rate (CAGR) of 14.3% from 2018-2023 (Alexis 
Ventures, 2020). Therapies that prove reduced healthcare expenditure are a key focus for investors, who will 
drive increased funding and progress in aging research. Cellular senescence was demonstrated as a risk 
factor for mortality in individuals of advanced age afflicted with COVID-19, associating this aging cellular state 
with adverse outcomes from infectious disease (Prašnikar, 2020). The pandemic served as a potent reminder 
of the susceptibility and vulnerability that is associated with aging and has the potential to positively impact 
public awareness, perception and investments in senotherapeutic technologies to counteract the loss of 
function occurring with age in multiple organ systems, including the immune system.

Senescence is a root cause of aging that occurs in multiple organ systems within the body. This translates 
to multiple therapeutic targets and the potential to address several co-morbidities. It is well known that the 
number of chronic conditions per individual increases with aging, offsetting potential gains from targeting a 
single disorder.

Senotherapeutics are flexible and versatile due to the fact they target a pathological cell fate rather 
than a single aberrant pathway or molecule. There are multiple steps within the biological process of 
cellular senescence resulting in a diverse range of strategies to target senescence including prevention 
(senoblockers), modulation (senomorphics), killing (senolytics) and clearance of senescent cells 
(immunomodulators). Therefore, companies developing senotherapeutic strategies broaden their scope by 
diverging from the traditional approach of one drug, one target, one disease. Senotherapeutics hold promise 
to be incorporated into a single, effective regimen that restores health in the elderly. In doing so, elderly 

individuals can reduce the number of medications they 
take and associated risks of cross interaction. 

Cellular senescence is particularly aggravating due to 
the influence of the SASP on driving the system-wide 
progression of multiple hallmarks of aging (Partridge, 
2020). Therefore, addressing senescence before it 
gets out of hand has significant potential to mitigate 
the systemic consequences of the aging process. For 
this reason, senotherapeutic technologies are perfectly 
positioned as a prophylactic therapy within the longevity 
market. Promising results within preclinical trials in 

delaying onset and progression of multiple chronic diseases holds significant potential within the longevity 
economy, with one year of increasing life expectancy being worth US$38 trillion (Ellison, 2021). This includes 
reduced health costs, as well as contributions from an increased number of individuals working, paying taxes, 
supporting the growing job market, giving time and money to charitable causes and caregiving for family and 
loved ones. Furthermore, combinatorial treatments with senotherapeutics have been tested in preclinical trials 
and show promise to have efficacy at lower doses, target multiple populations of senescent cells at the same 
time and reduce the probability of acquired drug resistance (Kirkland, 2020).

Senotherapeutic compounds can be tested at different phases within multiple clinical trials addressing various 

The pandemic served 
as a potent reminder 
of the susceptibility 
and vulnerability that is 
associated with aging…
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indications at the same time. Industry players serve 
to benefit from the ability to validate and optimise 
their senotherapeutic regimens by targeting different 
indications, in parallel, within clinical trials. A major 
key to clinical trial success will be choosing the right 
subset of disease to target, so companies can leverage 
industry, academic and regulatory familiarity with 
established clinical design principles, outcomes and 
enrolment strategies. Diseases on which companies 
should choose to focus will meet the following criteria: 
a causal link to senescence, mechanistic insight, 
conservation in preclinical model systems and a 
disease area where current standard of care has 
significant drawbacks (Childs, 2017). 

Lending further credence to the seemingly unparalleled flexibility and applicability of senotherapeutics, 
significant opportunities exist for their use as adjuvant therapies and within the cell therapy and organ 
transplantation market. In the midst of a Silver Tsunami, the organ transplantation market has a severely 
unmet need of supply versus demand, as reflected in an ever growing transplantation waiting list and the 
recurring health issues arising from complications in the transplantation of organs from elderly donors (Iske, 
2020). 

Importantly, these secondary markets help address one of the major challenges present in the application 
of senotherapeutics for chronic diseases, namely, the stringent ‘tyranny’ of the clinical trial process. Using 
senotherapeutics as an adjuvant (e.g. within chemotherapy regimens) allows industry players to operate 
within validated clinical trial frameworks that have well established protocols and endpoints. The application 
of senotherapeutics as cellular therapies helps to avoid systemic complications that can arise from in vivo 
application by allowing for ex vivo treatment of cells before administration to patients. Companies that 
incorporate senotherapeutics that address secondary markets as part of their drug pipeline can help gain 
early traction by leveraging success within these niche markets to help garner the necessary attention, 
investment and data to tackle the larger chronic disease markets. At the very least, business strategies 
that recognise and plan for entry into secondary markets have a viable and time efficient “plan B” to build 
resilience in the face of failure to address chronic disease markets. Overall, alternative markets offer industry 
players the opportunity to circumvent technological and regulatory barriers present in the age-related disease 
market and have considerable valuations and untapped potential.

Appropriate endpoints need to be chosen when 
assessing the efficacy of senotherapeutic regimens, 
as exemplified by Unity Biotechnology’s recent failure 
in Phase 2 clinical trials. Development of databases 
that identify senescent subsets will help drive safety 
and efficacy of senotherapeutics within clinical trials. 
Furthermore, the use of nanoparticles provides unique 
advantages for the senotherapeutics market in terms 
of improving target specificity and as a platform 
technology with diverse applications. 

Start-ups with promising 
results have potential 
to make partnerships 
with top pharmaceutical 
companies that are starting 
to become interested in 
senotherapeutics.

The use of nanoparticle 
technologies shows great 
potential to help overcome 
many of the challenges 
currently present in the field. 
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Challenges
Senotherapeutics remain in the early stages of development and there is yet to be a senotherapeutic that 
has moved past Phase 3 clinical trials. Although the field is advancing rapidly, most therapeutics are still in 
the realm of research and development where progress is driven by an increased understanding of basic 
biology.

Senescent cells are more abundant within tissues in the course of aging; however, cell senescence is 
essential in certain physiological aspects such as tumour suppression, tissue repair, wound healing and 
regeneration (Davan-Wetton, 2021). Therefore, unselectively manipulating cellular senescence could 
compromise physiological integrity and impact patient health. Although preclinical animal experiments 
revealed no significant side effects of some senolytics, further in-depth and careful analyses on potential 
adverse effects of long-term administration of senotherapeutics is essential for its successful application. 

One major hurdle for the senotherapeutics market is translating the promising basic biology into drugs that 
can be sequentially de-risked in clinical trials and meet regulatory approval standards. 

An area of potential risk that will need to be addressed is maintaining the regenerative and functional 
capacity of organs after the use of senolytics. Industry players will have to consider the dosage and 
regimen of senolytic administration, both within a tissue and disease specific context, in order to optimise 
efficacy of therapeutic response. This issue can be addressed with the use of combinatorial therapies that 
pair senolytics with stem cell therapies in order to preserve regenerative capacity and functional efficiency 
of tissues and organs after the application of senolytics. 

Another potential area of risk resides within the use of senomodulators as they essentially operate by 
manipulating the SASP and maintaining senescent cells in a “defused’’ state. This approach holds the risk 
of allowing senescent cells to develop drug resistance over time and possibly even re-enter the cell cycle 
leading to activation of a tumourigenic profile (Qui, 2021). 

Considerable efforts are being made in using AI, high throughput screens and bioinformatics approaches 
to exhaustively characterise the functional and pathological roles of the SASP constituents of various 
senescent cell populations in order to develop precision senomodulator regimens that address these risks. 
Given the heterogeneity of senescent cells, our understanding of the drivers and consequences of cellular 
senescence in tissues and organs remains limited, as does how we translate these processes to aid the 
aging process. 

Given the substantial heterogeneity of senescent cells and the idea that they represent a continuum 
of states, development of an Atlas of Senescent Cells is a major advancement in the field. This atlas 
will enable the senotherapeutics community to interrogate acute and chronic senescent states across 
developmental timescales and lifespan in normal physiological and pathophysiological conditions (Roy, 
2020). It will also facilitate the development of precision therapeutics that are highly sensitive to the 
molecular “personalities’’ of various subsets of senescent cells based on unique transcriptional activity 
and SASP profiles. Due to the current challenge of accurately identifying and targeting senescent cells 
within otherwise healthy tissues, industry players would be wise to invest in AI platforms for efficient drug 
screening and development to have a major advantage over their competitors. 
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The NIH Common Fund Cellular Senescence Network (SenNet) programme promises to propel the 
senotherapeutics industry forward within the next 5-10 years by addressing many of the barriers present 
today. SenNet’s mission is to establish a common platform for: characterising senescent heterogeneity 
and spatial distribution across tissues, elucidating reliable in vivo biomarkers, establishing viable model 
systems, improvement of imaging tools for single cell and systemic analysis of senescence, as well as 
optimising senotherapeutic regimens using combinatorial therapies and precision technologies (Roy, 2020). 
While every day the potential impact of senotherapeutics grows stronger as progress and advancements 
within the industry steadily advance, for investors this likely means a longer time frame until clinical trial 
success and a need for increased patience.

Lack of proper funding to support clinical trials is one of the largest hurdles for industry players within the 
senotherapeutics market. The financial burden of weathering the clinical trial process limits innovation to 
a select few players capable of bearing such investments. The substantial time and financial investment 
alone discourage “high risk, high reward” studies and present an uphill battle for industry players within 
the budding field of senotherapeutics. The “high risk” perception of investing in senotherapeutic trials has 
been heightened due to the Phase 2 clinical trial failure of Unity Biotechnology. Failure of this trial has been 
thought to be, in part, due to the administration methods, partly the specific mechanism targeted and thirdly 
the drug was just not as effective in humans as in mice. 

The failure emphasises the need for special attention to study design, such as accurate clinical endpoints 
and diagnostic tests, that can determine whether a senescence targeted therapy is working. Progress 
within this realm is exemplified by recent efforts from entities, such as the Buck Institute for Research on 
Aging, which discovered a simple, non-invasive lipid biomarker that is exclusive to senescent cells and 
which can be tracked to verify efficacy of senolytic drugs (Staff, 2021). Industry players that design their 
clinical trials to include a range of biomarkers including predictive, target occupancy and target engagement 
markers are more likely to have the proper resolution required to optimise their senotherapeutic drug 
regimens (Childs, 2017).
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Trailblaze

So who are the senotherapeutic 

innovators that are already putting 

in the hours, innovating, fundraising 

and entering the clinical pipeline? 

Presented in alphabetical order, 

here are 7 trailblazers with our 

assessment of their success factors.
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Atropos Therapeutics is a biopharmaceutical company that aims to treat age-related diseases by 
improving healthspan with novel senescence-targeting drugs called senosupressors. Atropos focuses on 
the discovery of small molecule therapeutics that target molecular mechanisms that mediate senescence 
after growth arrest (SAGA). Its therapeutic framework is based on the critical finding that cells can 
progress directly from quiescence (a state of reversible cell cycle arrest) to senescence, a process called 
geroconversion.  These drugs will not block senescence and allow increased cell proliferation, but rather 
will block the inflammation provoking behaviors of cells that are trying to become senescent.  

First working out this pathway in the context of CDK4/6 inhibition during therapy-induced senescence, they 
have since shown that some of the molecular events underlying geroconversion were conserved in other 
types of cellular senescence and detectable in both in cultured cells and in tissue from mouse and humans. 
Hence, the molecular mediators that catalyse geroconversion are important factors that can be targeted to 
slow the rate of senescence formation, so it matches the rate of immune system decline that accompanies 
aging. Suppressing the rate at which cells become senescent enables a favourable therapeutic window 
for the body’s immune system to “catch up” and clear them away. The company’s leadership team 
includes leading scientists in the fields of senescence, drug development and clinical trial design, as well 
as translational expertise in cancer. This core background is supplemented with a strong entrepreneurial 
background and an advisory board including world-renowned experts in aging biology.

Atropos prides itself on being “one of the most academically-oriented companies in the senotherapeutics 
industry.” As a science-based company, they are “not linked to a particular belief, but rather trust that 
conducting rigorous science will lead them to the most robust answer.” Accordingly, the company is focused 
on the discovery of safe and effective therapeutics that target molecules and pathways that are conserved 
across senescent cell types and organisms rather than building their strategy on other established 
molecular targets already being pursued elsewhere. In this way, the company hopes to find multiple 
novel targets that effectively delay and treat a range of age-related diseases. Atropos believes in a cross 
disciplinary approach in which each of its team members brings a unique perspective, outside common 
belief systems, to solve the “senescence problem”. By operating in this way, Atropos hopes to provide 
novel insights into the characterisation of molecular events that are unique to SAGA and are not associated 
with other biological processes, such as in energy metabolism, and are not shared with other non-cycling 
cells, such as reversibly arrested stem cells or differentiated cells. In doing so, Atropos seeks to identify 
therapeutics that have increased safety and selectivity for addressing senescence-associated pathologies.

In partnership with Scripps Molecular Medicine in Florida, Atropos developed its proprietary FATES™ 
technology (First ATRX-based Therapeutics to Elucidate Senescence), a drug discovery platform powered 
by rapid and quantitative high content screening. FATES identifies cells that are embarking on the pathway 
to senescence and screens for chemical matter that can modulate the formation of senescent cells for 
aging applications (senosupressors) as well as oncology applications (senostimulators). The compounds 
identified by FATES alter the distribution of ATRX foci in senescent cells, an event that Atropos has found 
to be early, ubiquitous and essential for  SAGA.  This phenotypic screen tells you that the compound 
interferes with senescence without allowing continued cell proliferation as the foci are the readout of a 
stable senescent state. The company’s proprietary technologies, expertise and partnerships allow them 

Company profile

Atropos Therapeutics
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to discover large sets of compounds and deeply characterise their mechanism of action and influence on 
senescent biology at a rapid pace. The team at Atropos has already identified several candidate synthetic 
and natural compounds validated for senosupression in multiple systems and is identifying appropriate 
degenerative disease-related models to generate preclinical proof of concept.

Atropos is using its proprietary FATES high-throughput screening platform to develop a growing IP 
portfolio in collaboration with Estée Lauder and Atomwise. A patent has been filed for its drug screening 
methodology, and composition of matter patents are being considered for compounds identified with 
FATES. Although still an early-stage company, Atropos is in an excellent position to capitalise on its 
partnerships by using state of the art technologies and multi-disciplinary expertise to complete lead 
optimisation and select a candidate for clinical trial evaluation. Atropos believes that its unique promise 
resides in a robust R&D strategy that involves developing its drug pipeline by searching for efficacious 
targets based on high resolution screens, characterising mechanism of action in specific senescent cell 
types and having a high degree of redundancy built into its scientific framework. 

Moving forward, Atropos seeks $1m in seed funding to initiate structuere activity relationship (SAR) 
studies on existing hits, identify an indication to initiate preclinical studies and continue expanding its IP 
through drug discovery with FATES. Atropos is also formalising strategic partnerships with MSKCC to 
acquire additional IP from research conducted at Andrew Koff’s lab. Pioneering insights into the nature of 
geroconversion has led to the development of a state-of-the-art screening system allowing for the discovery 
and development of novel senotherapeutic compounds that modulate the rate of senescence accumulation. 
Atropos strongly believes that its sound scientific and business strategy, driven by world-renowned advisors 
and an experienced team with a track record of success, will generate novel senosupressors that slow age-
related diseases such sarcopenia and macular degeneration.

Longevity Potential: 
Atropos is concentrating its efforts on discovering senotherapeutics that target molecular processes 
specific to senescent cells that decelerate the cellular pathways that drive senescence, drugs called 
senosupressors. Critical to their approach is the FATES high-content screening platform that provides 
single-cell resolution of the pathways that drive senescence in various cell types. This presents a novel 
strategy compared with other companies in the senotherapeutics industry as it includes carefully studying 
and characterising senescent phenotypes to identify robust targets before discovering therapeutics that are 
tailored to selectively interfere with them to delay the process of geroconversion. 

The company’s lead indication under consideration is sarcopenia, a disease of muscle loss that affects 
at least 10% of the world’s elderly population and is responsible for countless deaths due to falls and 
the eventual consequences of impaired mobility. There are currently no therapeutics in the market that 
can slow disease progression. The primary treatment for sarcopenia is exercise, but that serves a more 
preventative role as the probability of efficacy is low and injury is high in individuals with the disease. A 
growing body of preclinical evidence in the field suggests that senescent cells play a driving role towards 
fibrosis and loss of skeletal muscle mass and strength. By selectively slowing down the process of 
senescence in muscle cells, Atropos hopes that its therapies have the potential to expand the therapeutic 
window for interventions such as exercise and provide the immune system more time to clear away 
senescent cells that drive the degenerative process.

By meticulously screening for therapeutics that decelerate the senescent cell specific ATRX foci signature, 
Atropos has potential to find drug candidates with increased selectivity, safety and efficacy. Further, by 
capturing high resolution information of downstream events that follow this ubiquitous ATRX signature in 
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different cell types, the company expands its scope of targets as well as candidate drugs for its pipeline. 
This can include targets that play a role in multiple steps of the senescence process, including apoptosis 
resistance, contextual regulatory elements that allow the activation of the inflammatory senescence 
associated secretory profile (SASP), and generation of specific SASP molecules that promote inflammation 
and/or propagate senescence phenotype. This opens the door to targeting multiple age-related diseases, 
at different stages of disease progression, and has excellent longevity potential.

Atropos already has twenty compounds identified and validating the most promising candidates for 
senosupression and senolytic activity in multiple systems including those of therapy-induced senescence 
and DNA damage-induced senescence. By characterising and targeting the process of geroconversion 
with their FATES platform, Atropos can decelerate, halt or even accelerate the senescence process to fit 
its therapeutic purposes. For example: delaying geroconversion may be the optimal strategy for individuals 
with chronic diseases in which the immune system is healthy enough to “catch up” and clear the excess 
senescence burden that is driving disease. But this same strategy may not be sufficient in severely 
immunocompromised individuals, in which case halting senescence would become necessary. In some 
cases, even stimulating senescence is an important therapeutic pathway for tumour suppression. With 
their unique discovery platform and scientific strategy, Atropos has the opportunity to develop a diverse 
therapeutic portfolio that includes drugs for prophylactic use as well as disease treatment and that can 
synergise well with other therapeutic strategies while minimising the probability of side effects. Recent 
partnerships enable new opportunities for drug discovery in senescence, different clinical indications and 
facilitating pipeline expansion beyond senotherapeutics.

Pre-Clinical and Clinical Studies

Basic target 
research and Drug 
Discovery
• The company’s drug 

screen has generated 20 
candidate compounds 
that have strong 
senosupressor activity, 
including in-house tested 
compounds (from the 
Maybridge library) as 
well as naturally 
occurring botanicals

• Atropos is constantly 
seeking to generate new 
hits using its FATES 
platform and is currently 
utilising AI to discover 
senosupressor
molecules in partnership 
with Atomwise

Preclinical 
• Preclinical studies are 

being developed within 
fly and mouse models 
and endpoints will be 
reducing senescent 
burden to levels that 
reduce systemic 
inflammation and enable 
natural tissue repair

• Specific preclinical 
disease models have not 
yet been established

Clinical trial 
Phase 1

Clinical trial 
Phase 2

Clinical trial 
Phase 3

FDA Approval for 
target indication
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Andy Koff has built his company’s strategy upon the belief that true progress in addressing senescence-
associated pathologies will come from a rigorous characterisation of the molecular processes driving 
geroconversion and the various senescent phenotypes that subsequently emerge. Such a comprehensive 
characterisation of senescence has set the foundation for discovering therapeutics with a new level of 
mechanistic insight and, therefore, potential for “next-level” therapeutic efficacy. But the process of doing 
so requires significant investment of time and effort. Due to its robust drug screening platform, Atropos is 
rapidly moving through the discovery phase of drug development. The company initiated its high content 
screening development in May 2019, obtained its first senonsupressors in June 2020 and is in the process 
of validating their efficacy in preclinical models as they move forward to a SAR campaign. 

The company’s initial NIA supported drug screen generated 20 candidate compounds that have strong 
senosuppressor activity of which several are being followed further in-house (from the Maybridge library) 
as well as three naturally-occurring botanicals from their original compilation of 39 (in partnership with 
Estée Lauder). Atropos is constantly seeking to generate new hits using its FATES platform, and is 
currently using AI to discover molecules that will directly interact with ATRX preventing foci formation during 
cellular senescence through its partnership with Atomwise, a complementary approach to using ATRX foci 
formation as a phenotypic screening modality which can identify those as well as upstream formation and 
downstream stabilisation regulatory inputs. 

Using proprietary technologies for multi-omics analysis, Atropos has mapped out the quiescence to 
senescence (geroconversion) transition across time as well as the SASP factors that catalyse this transition 
in surrounding cells. For example, Atropos founders have already identified an extracellular, paracrine-
secreted factor that is responsible for SASP mediated inflammation and propagating cell cycle arrest that 
transforms pre-senescent cells to senescent cells in a number of physiologic contexts. This discovery 
holds monumental potential in terms of discovering compounds that inhibit the system-wide spread of 
senescence and effectively diffuse its pathological cascade of events. This SASP factor (yet to be revealed) 
has been used to identify inflammation producing senescent cells in humans with CDK4/6 inhibitor treated 
cancer patients (liposarcoma) and found that presence of this biomarker is linked to clinical trial outcomes. 
Further, they showed that it is not only linked to therapeutic senescence but also biological senescence, as 
it is necessary for wound healing in a geriatric mouse model.

By investing its efforts in robust screening for high efficacy candidate senosuppressor compounds, Atropos 
has set the stage for rapid movement through preclinical and clinical studies. Preclinical data will be 
developed within fly and mouse models and their endpoints will be reducing senescent burden to levels 
that reduce systemic inflammation and enable natural tissue repair. Beyond this, Atropos is working on 
defining a clinical path for its lead candidate senosupressor while optimising for end points and efficacy 
parameters that can be quantitatively measured to demonstrate efficacy. Accordingly, the initial indication 
under consideration for its lead candidate is sarcopenia. Possible endpoints will include mobility, balance 
and grip. Due to its team’s unique expertise and experience at MSKCC, Atropos is also interested in 
pursuing oncology applications early on in its pipeline. Upon initial proof of concept, Atropos will pursue 
additional age-related indications driven by the accumulation of senescent cells.

The company’s strategy has the potential to address multiple senescence-associated diseases 
simultaneously in a safe and efficacious manner by slowing the rate of a ubiquitous and conserved 
regulator of senescence and allowing the body’s natural immune functions to clear them away. Atropos 
has the potential to transform the industry by establishing a novel target mechanism (geroconversion) 
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and therapeutic class (senosupressor) of senotherapeutics that addresses many issues that seno-lytics, 
-blockers and –modulators face today.

Technological (Platform) Analysis
Atropos has built a high-throughput screening platform that allows for high content imaging and 
characterisation of the molecular and biochemical phenotypes of senescent cells with single cell resolution. 
This breakthrough platform has led to the development of a multi-pronged screening strategy for the 
discovery of novel senosuppressor candidates that target the process of geroconversion. The FATES 
platform operates based on the detection of a conserved ATRX foci signature that emerges within 2-3 days 
after cells begin the transition from pre-senescent to senescence and is believed to be the first detectable 
step in the process. This allows for rapid screening of compounds that influence the formation of this 
signature pattern that eventually leads to senescence. 

Atropos has shown that ATRX foci formation occurs across multiple tissue types and in response to 
therapeutically induced, replicative and DNA damage induced senescence in vitro. Further they have 
shown an increase in these foci in both geriatric mice and in fibroblasts isolated from geriatric human skin. 
Although ATRX is a major component of the screening technology, it can simply be used as a biomarker for 
studying more downstream pathways of senescence and does not limit Atropos to discovering compounds 
only revolving around the role of ATRX in geroconversion. In fact, the platform itself is quite flexible and 
Atropos plans to deploy it to determine what molecular markers are conserved across senescence and 
use these markers as reporters for high content screens to find chemical matter that targets them. The 
company’s multi-pronged approach used for lead discovery included an initial proof of concept, in which 
nearly 4000 compounds in the Maybridge library were screened, leading to nearly 20 compounds that 
are in the process for validation for robust and consistent senosuppressor activity in multiple contexts for 
preclinical testing. In parallel, it is using AI-mediated drug design, in collaboration with Atomwise, to develop 
therapeutics that safely and effectively directly target ATRX to delay geroconversion. It is also using its 
platform and multi-omics approach in collaboration with Estée Lauder to discover natural compounds that 
have a similar effect. This approach at Atropos can uniquely advance the drug discovery process and lead 
to the generation of novel senotherapeutics that have improved selectivity, safety and efficacy.
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Technology Platform Analysis Description Atropos

Class of Senotherapeutic Senolytic, Senomodulator, SA-
immunomodulator, Senoblocker.

Senoblocker (-suppressor): Targeting cellular 
pathways that delay progression from pre-
senescence to senescent cell.

Target specificity

Features of therapeutic that 
facilitate targeting of senescent 
cells without off-target effects; 
dependent on senescent 
biomarkers.

Atropos develops therapeutics that target a 
conserved mechanism of senescent cells called 
geroconversion, which is the critical transition 
point from pre-senescence to senescent cell. 
Senosupressors work by delaying this transition.

Delivery

Approaches (local or systemic), 
technologies (delivery vehicle), 
and formulations needed to 
safely and reliably deliver 
therapeutic to its target.

Atropos is still in the discovery phase and testing 
candidate senonsupressors in vitro. Hence, it has 
not optimised in vivo delivery. Atropos intends its 
therapeutic to be amenable for systemic delivery.

Adaptability

Foundational technology that 
can be utilised to systematically 
improve, or build upon, 
robustness of therapeutic.

FATES is a high throughput screening platform 
that allows for high content imaging and 
characterization of the molecular and biochemical 
phenotypes of senescent cells with single cell 
resolution. This breakthrough platform facilitates 
discovery of small molecules with different 
molecular targets in different cell types, in the 
context of multiple tissues and diseases. 

Regulation

Context specific control over 
therapeutic action once 
it has reached its target 
(spatial, temporal, sensitivity, 
degradation).

Atropos develops senosupressors with molecular 
targets present in a senescent specific pathway, 
that is activated at specific time points, when 
pre-senescent cells transition to senescent 
cells. Based on in vitro data, Atropos expects 
its therapeutics to be activated with high 
spatiotemporal precision.

Toxicity

Level of damage that therapeutic 
can cause to organism; Can 
include, but not limited to: off-
target effects, on-target side 
effects, immunogenicity, etc.

Atropos does not see toxicity within in vitro studies 
and is yet to test its senonsupressor candidates 
within in vivo model systems.
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Safety and Risks
The field of senotherapeutics is still relatively new and there are multiple challenges to overcome, such 
as elucidating reliable and conserved biomarkers of various populations of senescent cells as well as 
further characterising the biology of senescence, how this biology eventually leads to pathology and 
how senotherapeutics can be safely used for disease treatment and prevention. Atropos has developed 
a drug discovery platform and strategy that utilises multi-omics information to characterise the process 
of geroconversion and find therapeutics that effectively slow the conversion from pre-senescence to 
senescence, so-called senosupressors. Thus, Atropos uses a novel information-based approach to 
minimise risks that can arise from killing, blocking or modulating cells once they are already influencing their 
environment as a senescent cell. This approach allows Atropos to more deeply study how senosupressor 
candidates influence the senescence response in an effort to find an optimal lead candidate with increased: 
1) specificity – to senescent cells, 2) selectivity – at an early time point before intervention becomes more 
complex and problematic 3) safety – allows the process of senescence to proceed but gives time for the 
immune system to naturally clear away those that are contributing to pathology. 

Atropos has engaged in unique partnerships to further mitigate risk. This includes collaboration with 
Atomwise, which uses advanced AI technologies to synthesise therapeutics that interfere with the assembly 
of ATRX foci without affecting its activity in other biological contexts (telomere formation, formation of 
heterochromatin) as well as Estée Lauder, which focuses on naturally occurring and GRAS botanicals. The 
company does not have preclinical data yet to support the compounds validated from its screen, but Atropos 
has built a sound strategy that anticipates and accounts for many safety concerns in the field. This includes 
a novel class of senotherapeutics and many layers of redundancy and comprehensive characterisation built 
into its framework in order to limit the risks of side effects, off-target effects and poor selectivity that limits that 
efficacy of candidate senotherapeutics. 

Target Market
There are multiple reasons why Atropos is considering targeting sarcopenia for its lead indication. Sarcopenia 
is the progressive loss of skeletal muscle mass and strength that occurs with age and results in increased 
risk of adverse outcomes such as poor quality of life, physical disability and death. After the age of 60, muscle 
mass declines at an annual rate of 1.5% to 3.0% per year. The prevalence of sarcopenia among people aged 
65 years and above is estimated to be 15%, while for those 80 and above it climbs to 50%. According to the 
National Institutes of Health (NIH), the global population of people aged 80 and above is expected to grow 
from $126.5 million to $446.6 million between 2015 and 2050. The global sarcopenia treatment market is 
projected to reach $3.3 billion by the end of 2026 and grow at a CAGR of 4.2% during the forecast period.

Likely clinical end points for assessing therapeutic efficacy include mobility, gait, balance and grip. Metrics 
such as these can be quantitatively assessed by a physical therapist with intermittent visits over a modest 
period of time. Therefore, the effectiveness of a given senosupressor in subjects with sarcopenia would 
prove to be relatively fast, easy and cheap. Beyond sarcopenia, Atropos is interested in pursuing oncology 
applications for candidate senotherapeutics (suppressors and stimulators) that emerge from its robust 
screens as they are in the optimal environment and have the support of world-renowned experts in this space. 
Due to the unique advantages of senosupressors, the conserved nature of its signature ATRX target and the 
comprehensive nature of Atropos’s screening and multi-omics approach, the company has great potential to 
address a vast array of age-related diseases.
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Success Factors
Team and Reputation

● Atropos Therapeutics has a strong team to support its science and technology platforms. This includes 
expertise in aging, senescence, drug development and clinical trial design. Its C-suite covers multiple other 
aspects of a successful start-up including entrepreneurship, business development and intellectual property 
expertise;

● Andrew Koff, is founder and director of Atropos and is a leading expert in oncology and molecular biology. 
Koff has over 25 years of research within Sloan Kettering, where his studies have resulted in over 90 peer-
reviewed papers and 12 patents. Andrew has also ranked amongst the top 250 molecular biologists by the 
Institute for Scientific Information. Koff’s research in characterising the process of geroconversion has led 
to an entirely new class of senotherapeutics and opens up a new realm of possibility for senotherapeutics 
research and drug development;

● William Tap is a medical oncologist and chief of the Sarcoma Medical Oncology Service at MSKCC as well 
as co-founder and director at Atropos. Tap is an expert at developing therapeutic strategies for disease and 
has extensive expertise in translational medicine as it applies to early drug development. Tap has world-
renowned expertise in clinical trial design for rare diseases and is focusing his efforts on incorporating 
basic and correlative science, clinical medicine and health outcome tools to translate the understanding of 
cellular geroconversion into a clinical medicine application;

● Pauline Jen Ryan brings her extensive expertise in corporate development, business operations and 
management into her role of CEO and director at Atropos. Pauline has served C-level roles for multiple 
small and mid-size biotech companies including ZielBio, Proteostasis Therapeutics, Harbour Antibodies 
and ImmunoGen. She has a range of skill sets that are critical for the growth of Atropos including investor 
relations, business development strategy, corporate development and operations, human resources 
management and communication. Ryan has served as an advisor on the Delta V accelerator program 
advising start-ups, such as Revivemed and Lumio, and has played a substantial role in building the 
company’s business and operations strategy which is critical during early-stage growth of a start-up;

● Nathanie Trisnadi helped establish the lab and is the director of laboratory operations at Atropos. She is a 
major player that helped develop the FATES screening platform for senosupressor candidates and uses 
her experience in imaging and assay development for drug discovery;

● Atropos boasts a world-renowned advisory board with expertise in aging, senescence, business operations 
and product development within biotech and pharma. This includes John Petrini (chair of department of 
molecular biology at MSKCC), John Sedivy (senescence and aging), Oliver Stauch (product development) 
and Jan Vijg (chair department of genetics at Albert Einstein College of Medicine);

● Atropos is very collaborative and currently has a joint development agreement with Estée Lauder 
to discover senomodulators, with Atomwise for AI-driven discovery of senescence modulating small 
molecules for cancer patients, as well as the Scripps Research Institute for the development of its FATES 
platform. Atropos is open to collaborative opportunities to enhance its drug screening platform and expand 
its pipeline of potential senosupressor candidates to target various aspects of senescence biology;

● The current team has a strong scientific foundation that has helped in the development of its FATES 
platform, novel characterisation of the geroconversion process, and initial screening and validation of 
senosupressor candidates. Acquisition of pre-seed funding and progression to Series A would benefit 
from recruitment of an experienced leader to head the research team and organise efforts in generating 
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the necessary preclinical data for its lead candidate. Beyond this, Atropos would benefit from acquisition of 
clinical operations expertise in order to generate clinical trial data and drive sustainable growth with their drug 
pipeline.

Intellectual Property

● Atropos has filed a patent for the FATES platform which is used to track the process of geroconversion and 
screen for therapeutic candidates that influence its progression; 

● The ability to rapidly screen candidates and attain single cell resolution of effects on senescent phenotypes, 
combined with multi-omics analysis of relevant senescent biology, gives the company great potential for 
multiple composition of matter patents for validated senosupressors;

● Composition of matter patents are being considered for the senosupressor candidates validated from their 
proof-of-concept screen. Any compounds that are generated from their FATES screen (in-house or through 
partnerships) will be wholly owned by Atropos;

● Atropos owns the IP on any compounds identified within the Estée Lauder, natural botanicals, collaboration 
and will provide exclusivity to Estée Lauder for any intended applications. Atropos will share the right to any 
compounds developed in its collaboration with Atomwise; 

● Due to their comprehensive discovery approach, the therapeutic candidates that emerge from this screening 
process should have higher selectivity for senescent cells, precision targeting of relevant senescent biology 
and overall increased safety;

● The first proposed indication, sarcopenia, is expected to be the initial step in a series of different possibilities 
to expand the label to include senosupressors and stimulants with new biologic targets emerging from their 
ongoing scientific discovery process with FATES;

● By characterising and targeting the fundamental process of geroconversion, Atropos has many opportunities 
for patenting novel drugs that target age-related diseases as well as oncology applications that drive cancer 
cell cycling into senescence for removal.

Funding 

● Atropos received funding from the NIH, SBIR phase I grant, as well as capital support from Incite and LC 
Global Partners;  

● The company is currently seeking $1m in seed funding which will be used over the next 9-12 months to build 
company IP and generate sufficient preclinical data to set the stage for clinical trials;

● Funding will support initiation of an SAR campaign on existing senosupressor hits, identifying relevant target 
indication and disease related models and generate preclinical proof of concept data;

● Funding will also support continuous expansion of IP portfolio and to strengthen partnerships with MSKCC to 
attain additional IP from the Koff lab that will include addition oncology and age-related disease targets;

● Initial seed investment will enable the company to set the stage for a substantial Series A round in 2022;

● Early-stage growth of the company depends on initial seed funding followed by substantial investment 
in Series A. It is expected that Series A investment will depend on successful validation of a lead 
senosupressor candidate and the generation of significant preclinical data that supports the initial findings 
within the discovery phase and shows these effects are linked to health improvement in the context of their 
target indication;
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● Atropos has built a strong foundation to set the stage for future success. Attracting the necessary 
investment will reside in establishment of a lead candidate and a strong foundation of preclinical data. 
Significant investment can be expected upon filing of IND and initial validation of safety and efficacy in 
Phase 1/2 clinical trials. Once senosupressor therapeutics are on the map, there is no end to the number of 
senescence associated diseases it can help remediate.
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Intellectual property:
Patent has been filed for its 
FATES platform and several 
composition of matter patents 
are being considered for 
senosupressor hits from its proof 
of concept (POC) screen. 
Established collaborations for 
testing candidate molecules using 
the FATES platform provides 
opportunity for novel patents 
addressing multiple indications.

Team:
World renowned expertise in 
molecular biology and senescence 
has led to the development of 
a drug screening platform for a 
novel class of senotherapeutics. 
As they transition from the 
discovery to validation phase, 
the team would benefit from 
an experienced leader to head 
preclinical research and a 
seasoned clinical manager.

Unique value proposition:
Atropos has characterised a 
previously unknown mechanism 
that drives senescence and are 
using their FATES platform to 
develop an entirely novel class 
of senotherapeutics. The use 
of senosupressors to delay 
the process of senescence 
overcomes many of the safety 
and selectivity challenges 
present for other classes of 
senotherapeutics and may be 
well tolerated in clinical trials.

Competitive advantage:
Atropos benefits greatly from its 
partnership with MSKCC including 
access to an expansive network, 
technologies and reputation. 
Carrying forward this collaborative 
spirit with companies developing 
leading-edge technologies, like 
Atomwise, offers increased 
opportunities for growth and 
success.

Runway:
Atropos has received some 
investments from the NIA, Incite, 
and LC global partners to help 
with development of its FATES 
platform and POC studies. 
Atropos seeks $1m in seed 
funding to support preclinical 
studies. Positive results here are 
critical for future investment.

Efficacy:
To date, Atropos has validated 20 candidate compounds that have 
strong senosupressor activity in vitro. They have yet to generate 
preclinical data supporting disease modifying effects with these 
compounds. Atropos is at the critical juncture of developing a lead 
candidate and disease model to test the safety and efficacy of the 
promising senosupressor compounds from its FATES platform.

Target:
Atropos has yet to officially decide on a target market for its 
senosupressor drugs, but it is strongly considering sarcopenia. 
Senescence has a strong link to sarcopenia and measurement of 
clinical endpoints are fast, easy, and cheap. If its lead candidate proves 
effective, Atropos has access to a market valued at $3.3 billion by 2026.

Inflection point:
Atropos is currently raising money in seed rounds to establish a lead candidate and perform initial POC in 
degenerative disease model. These results will set the stage for a substail Series A round in 2022. Series 
A investment will enable IND filing and potentially entry into clinical trials. With positive results from clinical 
trials Atropos can IPO or strike a major M&A deal.

Platform analysis:
FATES identification of 
molecules that delay the process 
of geroconversion holds promise 
for increased selectivity and 
safety by allowing natural 
clearance of senescent cells by 
the immune system. 

Channels:
The company’s main focus for 
its senonsupressor candidates 
is age-related diseases. But 
Atropos has also partnered 
with Estée Lauder for cosmetic 
applications and is developing 
senostimulators for adjuvant 
therapy in oncology.

Atropos: success grid

= Positive progress = Work-in-progress = Needs attention
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Cleara Biotechnology is a R&D company that prides itself in being at the very forefront of the 
senotherapeutics field due to its unique expertise and deep understanding of the different types of 
“senescence subpopulations’’ and how they contribute to disease pathology. Cleara operates under the 
belief that due to the inherent heterogeneity of different types of senescent cells and their wide range of 
roles in physiology, a very targeted approach to the selective elimination of the most detrimental types of 
senescent cells is required. Therefore, Cleara’s mission is “the precise elimination of the most ‘scarred’ 
(or deleterious) subtypes of senescent cells”. Cleara is discriminatory in its senotherapeutic approach 
due to its founders’ experience studying the mechanisms and roles of different subtypes of senescence. 
Deep structural insights into the molecular targets enabled Cleara to design subtype-specific compounds 
that target these cells. Cleara recognises that a major challenge in the field today is the elucidation of 
accurate biomarkers to validate the efficacy of senotherapeutics within clinical trials. For this reason, the 
company leverages advanced structural, molecular and cellular biology, for a detailed understanding of 
the mechanisms of action of senescence heterogeneity to establish specific biomarkers that may serve to 
select the right patients and measure target engagement for safe and effective clinical development. 

Using know-how on the subtypes of senescent and scarred cells, Cleara develops cell-penetrating peptides 
and accompanying biomarkers against senescence-driven chronic diseases and cancer. Cleara has 
elucidated relevant biomarkers and generated preclinical data showing their developmental candidate 
is especially effective in targeting particular types of aggressive, late-stage cancer and certain chronic 
diseases. While there is evidence that Cleara’s drug candidates target a number of age-related diseases, 
the lead indication is in biomarker-driven oncology applications with a high unmet medical need that may 
allow for accelerated clinical proof of concept. Besides the oncology program, Cleara is also generating 
preclinical date for age-related chronic diseases.

Cleara’s ecosystem is a productive mix of academic infrastructure and know-how combined with pharma-
expertise in peptide design, drug development and (pre-)clinical development. This provides the company 
with a comprehensive range of skill sets and partnerships that aids balanced progress in R&D and 
preclinical development. During their postdoctoral fellowships, Peter de Keizer and Marco Demaria trained 
in the lab of the senescence pioneer Judith Campisi (Buck Institute, CA, USA), before starting their own 
labs in the Netherlands and founding Cleara together with founding investor Apollo Health Ventures in 
2018. Demaria was the first to show that senescence-elimination in mice ablates cancer metastasis in 
2016 and de Keizer designed the first anti-senescence compound, FOXO4-DRI, which restored tissue 
homeostasis during aging a year later. With the guiding philosophy that “not all senescence is equal, 
but there are important discriminatory subtypes”, Cleara continues to develop new optimisations and 
applications of FOXO4-based compounds to target and eliminate specifically damaging sub-populations of 
senescent cells.

Cleara operates as an umbrella organisation that serves a leading role as the main industrial partner in 
multiple independent consortia on aging, cancer and senescence, providing the company with valuable 
know-how. Cleara’s flagship product is a FOXO4-based cell-penetrating peptide that is structurally and 
chemically optimised to be active against a specific deleterious subtype of senescence. Cleara has also 
accomplished the critical step of identifying a unique set of senescence-associated biomarkers that predict 

Company profile

Cleara Biotechnology
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sensitivity to these peptides and guide patient selection as well as confirm effective treatment. Cleara filed 
a composition-of-matter patent for its modified FOXO4-based peptides and has a patent for the first surface 
marker of senescent cells, TSPAN13, which the company is developing for “method of isolation” purposes 
for pre- and post-treatment detection of senescent cells. 

Furthermore, Cleara is identifying new subtypes of senescence, associated pathways and targets, as well 
as selective compounds that target these pathways to eliminate the senescent subtypes. 

Longevity Potential: Targeting FOXO4:p53 interaction to eliminate 
“highly damaged” subtypes of senescent cells that drive cancer and 
other age-related pathologies
Cancer is a major public health problem globally and is the second leading cause of death in the US. Late-
stage cancers are particularly troublesome as they are typically unresponsive to therapeutics and have an 
abysmal five-year survival rate of typically under 5%.

Cells with irreversible damage to DNA are likely to be the most undesirable type of cells, and need to be 
eliminated to prevent tumorigenesis and broader tissue dysfunction (including senescence). Therefore, 
the company’s lead program is specifically targeting this subset of cells to prevent and reverse chronic 
diseases including cancer and fibrosis. Upon persistent damage, the transcription factor FOXO4 is 
upregulated and binds to p53, a key molecular player that mediates apoptosis (programmed cell death). 
This prevents damaged cells from undergoing apoptosis and maintains them in a senescent state. Cleara’s 
lead program is a targeted “peptidomimetic” that is specifically designed to interfere with the interaction 
between FOXO4 and p53, which induces apoptosis selectively in “scarred” sub-populations of senescent 
cells with this sort of damage. Cleara used its advanced structural, molecular and cell-biological platform to 
optimise distinct areas on the protein that contributes to its advanced efficacy in preclinical studies.

Cleara has been utilising its platform and intellectual know-how to iterate on the design and function of its 
peptide-based senolytics, leading to the development of the fourth generation of peptides based on the 
FOXO4 sequence that is optimised for enhanced binding to p53, particularly in a state of persistent DNA 
damage. One of the unique advantages of Cleara’s formulation is its chemical structure, a D-Retro-Inverso 
Cell-penetrating peptide (FOXO4-DRI), which is based on a particular domain in the FOXO4 sequence. 
Cell-penetrating peptides have the unique advantage of being able to specifically target larger domains in 
proteins than small molecules and can be designed in such a way that they steer, rather than fully block, 
protein function. Importantly, the fourth generation peptides have significantly superior stability and plasma 
half-life than natural L-peptides or the original FOXO4-DRI. The fourth generation of FOXO4 peptides has 
a striking mode of action that lends it unique efficacy in preclinical models and Cleara has also developed 
biomarkers that can be used to predict sensitivity of senescent cells to their peptides. 

Cleara has generated preclinical evidence revealing that their therapeutics can target a range of 
diseases driven by this particular sub-type (FOXO4:p53) of scarred senescent cells and developed a set 
of biomarkers that predict efficacy. These results place Cleara in an excellent position to penetrate the 
longevity market with their flagship products.

https://www.longevity.technology/?utm_source=bottomrightwebsite&utm_medium=senotherapeuticsreport&utm_campaign=reports
https://www.longevity.technology/?utm_source=ltlogo&utm_medium=senotherapeuticsreport&utm_campaign=reports
https://www.longevity.technology/analysis/?utm_source=senotherapeuticslogo&utm_medium=senotherapeuticsreport&utm_campaign=reports


Copyright 2021: First Longevity Limited. All rights reserved. Report version 1.1 www.Longevity.Technology 87

Basic target 
research and Drug 
Discovery
• Cleara has been 

utilising advanced 
structural, molecular 
and cellular biology to 
develop targeted 
molecules for selective 
elimination of the most 
deleterious senescence 
subtypes

• Further research is 
guiding the discovery of 
compounds that 
selectively affect 
additional disease-
associated senescence 
subtypes

Preclinical 
• Cleara is currently 

selecting and 
validating its 
candidate based on 
safety and efficacy in 
oncology models

• In parallel, Cleara is 
also testing the 
efficacy of their 
compounds in models 
of other age-related 
diseases

Clinical trial 
Phase 1

Clinical trial 
Phase 2

Clinical trial 
Phase 3

FDA Approval for 
target indication

Pre-Clinical and Clinical Studies

Cleara’s drug candidates have been found to be efficacious in several independent oncology models using 
sensitive biomarkers that reflect the burden of target senescent subtypes and pharmacokinetic experiments 
to validate target occupation at desired location. 

The third generation of FOXO4-based anti-senescence drugs has shown efficacy in counteracting signs 
of chemotoxicity and restoring healthspan in mouse models for fast and natural aging (www.cell.com/
cell/fulltext/S0092-8674(17)30246-5). Metrics included fur density, behaviour, renal function and reducing 
senescent cell burden. A major improvement of Cleara’s fourth generation FOXO4 peptides is improved 
on-target binding, biomarker engagement and shelf-life (from days to months), as well as improved plasma 
stability after administration. Cleara is currently in the process of selecting and validating its 4th generation 
candidate based on safety and efficacy readouts in oncology models.

Given the strong association between the markers of the “scarring” subtype of senescence cells and 
cancer cells, particularly in surviving cancer cells post chemo- or radiation therapy, there is the potential 
for stratifying oncology indications based on such markers and it also provides an opportunity for an ultra-
targeted cancer therapy. Cleara is considering several endpoints for their clinical trials that are dependent 
on the type of cancer they ultimately target. This ranges from reduction in primary tumour volume to the 
prevention of metastases.

Cleara’s strategy facilitates identification of novel senescent sub-population and disease relationships that 
can then be molecularly dissected to develop novel compounds (or iterate on existing ones) that target 
various disease states. Further, its biomarker discovery efforts will provide them with valuable data that can 
be used to optimise senotherapeutic strategies to ensure clinical trial success. In summary, Cleara is taking 
the necessary steps to improve the safety profile and potency of their flagship candidates in the efforts of 
translating results to individuals with therapy-resistant cancer and other chronic diseases.
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Technology Platform Analysis Description Cleara

Class of Senotherapeutic Senolytic, Senomodulator, SA-
immunomodulator, Senoblocker.

Senolytic: Targeting a specific cellular mechanism 
that prevents apoptosis in damages senescent 
cells to restore induction of apoptosis in these cells 
selectively.

Target specificity

Features of therapeutic that 
facilitate targeting of senescent 
cells without off-target effects; 
dependent on senescent 
biomarkers

Cleara Biotechnology utilises its advanced 
structural, molecular and cellular biology know-
how to identify mechanisms specific to senescent 
subtypes and design compounds to specifically 
target these mechanisms.

Delivery

Approaches (local or systemic), 
technologies (delivery vehicle), 
and formulations needed to 
safely and reliably deliver 
therapeutic to its target.

Cleara utilises a special chemical formulation 
(D-Retro-Inverso cell penetrating peptides) with 
significantly superior stability and plasma half-life, 
that is administered via subcutaneous injection.

Adaptability

Foundational technology that 
can be utilised to systematically 
improve, or build upon, 
robustness of therapeutic.

Cleara’s deep know-how enables identification 
and characterization of new senescence subtypes, 
underlying mechanisms, and development of 
targeted modulators.

Regulation

Context specific control over 
therapeutic action once 
it has reached its target 
(spatial, temporal, sensitivity, 
degradation).

Cleara’s flagship product targets a particular 
protein-protein interaction which is specific to 
damaged senescent cell subtypes, ensuring 
exclusive activity in the target cell type.

Toxicity

Level of damage that therapeutic 
can cause to organism; can 
include, but not limited to: off-
target effects, on-target side 
effects, immunogenicity, etc.

Cleara is focused on specifically designing and 
developing compounds that selectively target 
mechanisms that are exclusively altered in distinct 
senescent cell subtypes. The selective targeting, 
which is limited to senescent subtypes, reduces 
the potential for on-target side effects that may 
contribute to toxicity, while the specific design for 
a particular target limits the potential for off-target 
side effects.
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Cleara’s platform technology is dependent on deep biomarker analysis of various senescent sub-
populations that drive disease followed by the synthesis of novel compounds that target and clear these 
sub-populations based on biomarker profiles. It is Cleara’s belief that their strongest and most important 
differentiator is the ability for patient selection based on a defined set of biomarkers. Cleara uses multiple 
biomarkers for efficacy, e.g. by advanced image-based mass cytometry, amongst others, on tissues and 
tumours. This greatly improves the power of senescent subtype-detection and patient selection which is 
critical for optimising efficacy and improving clinical trial outcomes. 

Safety and Risks
Many of the senolytic drugs used to clear senescent cells cause profound toxic side effects due to lack of 
specificity toward senescent cells or pathogenic senescent cell sub-populations. A large part of the issue 
is the challenge of characterising senescence heterogeneity and the overall lack of sensitive biomarkers 
for senescence. Cleara’s founders built their technological and business strategy with the knowledge that 
there are no “golden bullets” that can target pathogenic senescent sub-populations for every single chronic 
disease. More personalised, niche directed approaches are required for the development of drug pipelines 
that are destined for clinical success. 

Cleara uses high resolution biomarker characterisation to design senolytic drugs that target pathogenic 
subsets of senescent cells that accumulate a high amount of damage and are “precisely the type of cell 
that needs to be removed” for a given pathology (in this case, oncology applications). One major benefit 
of Cleara’s therapeutic strategy is that the compounds in the drug pipeline are rigorously designed and the 
mechanism of action is carefully elucidated. This means Cleara can use biomarkers to predict senescent 
cell specific sensitivity to their therapeutics. This has been successfully achieved with in vitro models, in 3D 
organoids and in mice.

According to Cleara, “markers that are being targeted by most other senotherapeutics are associated 
with phenotypes and processes in cells that may not need to be eliminated”. This could lead to off-target 
effects and deleterious effects on physiology over time, especially if administered frequently. With their 
advanced biomarker imaging and bioinformatic technologies, Cleara aims to create a comprehensive and 
personalised senotherapeutic strategy that is optimised for patient safety and therapeutic success. 

Target Market
Cleara’s flagship products are focused on targeting late-stage cancer which had a market size valued at 
$63.18 billion in 2020 and is expected to reach $161.67 billion by 2027, a CAGR of 12.3% from 2021 to 
2027. Late-stage cancer is one of the major concerns in the healthcare sector due to its fast progression 
and high mortality rate. Treatment of late-stage cancer, which often involves metastasis, is often not 
curable and is mainly focused on providing palliative care. Market growth is driven by the rising incidence 
of cancer and the unmet medical needs of patients that are eager for more promising therapeutic options. 
Cleara’s technological strategy which includes personalised biomarker profiling and precision targeting 
of senescent populations driving late-stage cancer pathology holds promise to have a big impact within a 
disease demographic that has had a very poor prognosis to date. 

Given that damage-induced senescent cells have been identified in several tissues associated with age-
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related pathologies, particularly in cancer and fibrosis, Cleara has the potential to focus on several different 
target groups. In the near term, the company is focusing its efforts on patients with tumours that display 
a specific damage associated signature. Once this shows clinical success, the company can use its 
advanced bioinformatics approaches and imaging technologies to expand their market and design novel 
peptides (or iterate on existing FOXO4 peptides) to target additional indications and mechanisms that are 
associated with various senescent sub-populations that drive disease.

Success Factors
Team and Reputation

● Cleara Biotech has a strong team with proven expertise on understanding and targeting subtypes of 
senescence within the fields of structural biology (NMR, FA), molecular biology (protein-protein binding), 
cell biology, animal studies and pharmacology. Its C-suite covers multiple aspects of a successful 
senotherapeutic start-up including entrepreneurship, senescence subtype expertise, peptide design and 
optimisation, as well as business insights; 

● Cleara operates as an umbrella company and greatly benefits from its relationship with founding 
investor Apollo Health Ventures and Cambrian BioPharma which remain deeply involved in guiding the 
company’s overall strategy, R&D strategy and connecting with potential co-investors;

● Peter de Keizer is scientific founder and a leading expert in the field of aging and cellular senescence. 
Peter trained in the lab of Judith Campisi where he gained pioneering experience in the field of 
senescence. Peter is an associate professor of “Senescence in Cancer and Aging” at the University 
of Utrecht in Netherland and has several high impact and highly cited papers (Cell, Cancer Research, 
Oncogene, etc.) on senescence in cancer and aging. Peter’s work has been featured in over 100 
mainstream international media channels and he is a recurring guest on aging and senescence podcasts 
and panel discussions;

● Marco Demaria is co-founder of Cleara Biotech and a leading scientist in cellular and molecular biology, 
aging research, cancer and cellular senescence. Marco trained in the lab of Judith Campisi, along 
with Peter de Keizer, and has several high impact and highly cited papers (Cancer Discovery, Nature 
Medicine, Cell) that have been largely influential in the field of senescence and cancer. Marco has 
served several roles as: scientific advisor to Deep Knowledge Life Sciences, consultant at Unity, editorial 
board member at Aging Cell, and associate professor at the European Research Institute for the Biology 
of Aging. Marco has an extraordinary track record in academic publications and his insights played a key 
role in the development of Cleara’s scientific platform;

● Tobias Madl is a cofounder at Cleara and a leader in structural biology with expertise in biophysics, 
bioinformatics, metabolomics and molecular biology. Tobias is an associate professor and faculty 
member at multiple institutes across the globe where he studies and teaches about age related diseases 
and molecular medicines. Tobias has played a key role in the development of Cleara’s drug design 
platform and therapeutic strategy;

● Cleara biotech benefits from a stellar advisory board, including Dr Yvonne Angell (pharmaceutical leader 
in synthetic and analytical chemistry), Professor Boudewijn Burgering (key opinion leader in the field 
of FOXO therapeutics), and Professor Onno Kranenburg and Dr Jeanine Roodhart, MD (experts in 
preclinical and clinical oncology, respectively).  
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● Cleara’s key partnerships are a crucial component driving its success within the senotherapeutics field. 
Cleara has partnerships with three academic centres as well as being the industrial leader of three 
academic consortia. These partnerships play a critical role in Cleara’s business and scientific strategy 
and help promote their mission, ensure capital and attract skilled experts into the company. Cleara’s 
scientific founder Peter de Keizer regularly speaks at scientific and partnering conferences to promote 
the therapeutic potential of Cleara’s programs;

● The current team has a strong breadth of knowledge (especially within the field of senescence) that has 
aided development of its therapeutic pipeline and technological platform. Given that Cleara is beginning 
to expand into medically defined areas (i.e. oncology) with its lead candidate, the company would benefit 
from new team members that can support its preclinical development, manufacturing, as well as medical 
translation manager to lead clinical development (IND, clinical trial design, etc.). Alternatively, Cleara is 
open to out licencing its oncology program to a strategic partner.

Intellectual Property

● Cleara Biotechnology’s advanced know-how including mechanistic and structural insights into the biology 
of distinct senescence subtypes and dense network of partnerships gives it plenty of opportunities for 
developing intellectual property based on the design of innovative therapeutic candidates and discovery 
of novel senescent biomarkers based for senescence subtype specific molecular characteristics;

● Cleara recently optimised its flagship FOXO4 peptides and attained significant new IP which is fully 
owned by Cleara. These peptides were modified to improve potency and stability to address key 
requirements for clinical translation. The company also owns IP on surface biomarkers for senescent 
cells. This allows Cleara to detect senescent cells pre- and post-therapy;

● Cleara is filing additional IP based on novel “mechanism of action” discoveries made when testing its 
fourth generation FOXO4 peptides as well as IP on new biomarkers of senescence; 

● Cleara plans to expand its label towards several other oncology applications and iterate on its technology 
to create new IP for therapeutics that address other chronic diseases of aging, such as fibrosis;

● Cleara is currently performing additional efficacy studies on its flagship product to narrow down which 
patient segment is most responsive to its therapeutic for oncology applications;

● Due to the company’s rigorous approach of defining biomarkers that are indicative of senotherapeutic 
success in defined patient segments, they will have unique insights for clinical trial design. This provides 
Cleara great potential of not only attaining clinical trial success with their flagship product, but also 
generating IP for a range of oncology and chronic disease applications.

Funding 

●  Cleara’s founding investor is Apollo Health Ventures, and Cambrian BioPharma is a co-investor;  

● The company will begin raising Series A funding in Q3 2021 to progress their oncology program into the 
clinic, and is also considering strategic partnership for its programs;

● After validation of Cleara’s flagship product for the first oncology application, there is vast potential 
for expansion to other types of cancer and age-related diseases. The Series A funding will enable the 
company to explore additional preclinical animal efficacy models to validate patient selection and efficacy 
for their oncology indications and additional models for chronic disease application.
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Intellectual property:
With advanced bioinformatic 
approaches and biomarker 
discovery imaging technology, 
Cleara has opportunities for 
a number of patents. Cleara 
already holds IP for its flagship 
FOXO4 peptides and has an 
additional patent in preparation for 
“mechanism of action” discoveries 
and a further for new biomarkers 
of senescence. 

Team:
The current team has a strong 
breadth of knowledge, particularly 
in the field of senescence itself, 
that has aided the development 
of a strong therapeutic pipeline 
and technological platform. The 
company would benefit from 
team expansion that can support 
clinical development.

Unique value proposition:
Cleara’s strongest and most 
important differentiator is the 
ability to design precision 
therapies targeting senescent 
subtypes that drive disease. 
Through advanced bioinformatics 
and imaging, Cleara is able to 
design personalised therapies 
targeted for different patient 
demographics. This precision 
approach has potential to 
increase efficacy and allows the 
company to expand their pipeline 
to address multiple disease.

Competitive advantage:
Cleara has key partnerships with 
three academic centres, in addition 
to key relationships with founding 
investors Apollo Health Ventures 
and Cambrian. These types of 
relationships will bring Cleara 
dedicated support in both R&D and 
further investment rounds.

Runway:
The growth and aims of the 
company is dependent on raising 
sufficient additional capital in 
series A funding. If the team 
can validate its flagship product 
for its first oncology application 
then there is vast potential for 
extrapolation to other types of 
cancer. 

Efficacy:
Cleara has evidence that its third generation of FOXO4 based anti-
senescence drugs have signs of efficacy in counteracting signs of 
chemotoxicity and restoring healthspan in mouse models for fast and 
natural aging. Metrics included fur density, behaviour, renal function 
and reducing senescent cell burden. Evidence is yet to be release on 
its fourth generation candidate based on safety and efficacy readouts in 
oncology models.

Target:
Cleara hope to target late stage cancer, with a market size value of 
$63.18 billion in 2020, with a growth prediction of $161.67 billion by 
2027 due to rising incidence in cancer cases. Cleara’s personalised 
biomarker profiling and precision targeting of senescent populations 
driving late stage cancer pathology has promise to have a large impact 
in this demographic.

Inflection point:
Cleara’s first program (oncology) is ready for clinical translation. Cleara plans to seek an IPO or partnership 
with a Pharma company once trials are proven successful. Cleara’s platform technology allows them to 
recycle this strategy future candidates, as they are doing with their two other programs.

Platform analysis:
Cleara’s advanced bioinformatic 
approach detects and 
characterises senescence 
subtypes to design therapeutic 
candidates that have high 
target specificity and whose 
mechanism of action is carefully 
elucidated. This reduces the 
chances of off-target side effects.

Channels:
Companies that target 
secondary markets can gain 
early traction by leveraging 
success within the niche cell 
and adjuvant therapy markets 
to help garner attention, 
investment and data to tackle 
the larger chronic disease 
markets.

Cleara: success grid

= Positive progress = Work-in-progress = Needs attention
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Insilico Medicine, founded in 2014, focuses on generative models, reinforcement learning (RL), and 
other modern machine learning techniques for the generation of new molecular structures with specified 
parameters, generation of synthetic biological data, target identification, prediction of clinical trial outcomes, 
and applications in aging research. Since its inception, Insilico Medicine has raised over $310 million from 
expert biopharmaceutical and technology investors, established R&D centres in 6 countries or regions, 
nominated preclinical candidates for novel targets for major diseases, published over 130 peer-reviewed 
scientific papers, applied for over 30 patents, generated millions in revenue from partnerships with 
pharmaceutical companies and received multiple industry awards.

Alex Zhavoronkov, the founder and CEO of Insilico Medicine, comes from a computer science background 
specializing in graphics processing unit (GPU) and neuroscience. Since 2004, Alex switched his focus to 
aging research and drug discovery receiving a Master’s degree at Johns Hopkins University, a PhD from 
Moscow State University, and managing the regenerative medicine and sequencing and bioinformatics 
laboratories at the Centre for Paediatric Haematology, Oncology, and Immunology. At the dawn of the deep 
learning revolution in 2013-2014, Alex Zhavoronkov with a co-founder, Alex Aliper (Endpoints top 20 under 
40 biotechnology executives), refocused on the applications of deep neural networks to target identification, 
chemistry and clinical trial prediction problems. Currently, the company has a wide geographical presence 
in multiple countries and regions with headquarters based in Hong Kong and over 160 scientists worldwide. 

Insilico’s technology platform, Pharma.AI, uses AI to link together generative chemistry and biology to cover 
every step of target discovery and expedite the drug discovery process. Traditional drug discovery starts 
with the testing of thousands of small molecules, followed by further testing and synthesis of hundreds of 
molecules in order to get to just a few lead-like molecules appropriate for preclinical studies, of which only 
about one in ten of these molecules pass clinical trials in human patients. Incredibly slow and expensive, 
the overall process on average often totals over ten years of development and billions of dollars, with 
each of the processes costing millions of dollars. Further compounding the hurdles in bringing a new 
drug to market are the massive number of R&D steps involved – each costing millions of dollars – often 
disconnected and conducted by different companies or different business units in the pharmaceutical 
ecosystem.

Insilico’s technology platform, Pharma.AI, starts with PandaOmics, a proprietary target discovery system 
designed to identify therapeutic targets through deep feature selection, causality inference and de novo 
pathway reconstruction. Then Insilico’s generative chemistry platform for drug discovery, Chemistry42, 
generates hit compounds from scratch for the chosen target of interest. By using Pharma.AI, Insilico can 
assess the probability of success for a given clinical or preclinical program. Taken together, this forms a 
unique ecosystem of AI tools that is able to significantly accelerate the drug discovery process, specifically 
in the field of chronic age-related diseases.

Insilico’s team firmly believes that AI has transformative potential in the process of discovering and 

Company profile

Insilico 
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validating new drugs and is confident its platform can make the pharmaceutical drug discovery and 
development process more efficient. Insilico has multiple milestones for integrating more AI engines 
into its end-to-end pipeline as well as plans to expand its collaborations with the robotics drug discovery 
companies and to build its own robotics facility. 

Through its AI platform, Insilico has developed a rich pipeline of therapeutic programs including several 
antifibrotics, anti-cancer, and metabolic disease programs as well as programs targeting CNS diseases, 
and the basic process of senescence. In addition, Insilco has multiple collaborations with pharmaceutical 
companies where it is identifying new targets and pathways implicated in senescence or supports novel 
chemistry generation efforts.  In the next few years, Insilico plans to progress more of these programs into 
human clinical trials. 

Insilico’s flagship program is a novel antifibrotic targeting senofibrosis. In the context of senescence, the 
company developed a target and pathway discovery engine and consequently a multi-step combination 
therapy. Senescent cells and the SASP have been identified in multiple pathologies of skin, liver and lung 
and in experimental models. For the first time, using many interconnected deep learning models and other 
advanced AI approaches, Insilico has managed to link biology and chemistry to build a platform for novel 
biological target discovery and novel small molecule generation for multiple modalities of senescence-
related therapeutics. Insilico proposes a 5R (Rescue, Remove, Replenish, Reinforce, Repeat) strategy 
for managing cellular senescence (a driving cause of multiple pathologies) by selectively rescuing pre-
senescent cells, removing senescent cells, replenishing and reinforcing with new healthy cells and 
repeating the procedure. The platform itself and the 5R approach related IP is protected. 

One of Insilico’s most important key partnerships for senolytic drug discovery is that with Taisho 
Pharmaceutical from Japan, announced in October of 2020. This collaboration brings together
Insilico’s state-of-the-art AI technologies with Taisho’s expertise in drug development. Insilico Medicine will 
be responsible for early research phase target identification and molecular generation and Taisho will work 
collaboratively with Insilico in validating the results in various in vitro and in vivo assays.

Insilico’s first published work in senescence-related target discovery dates back to 2016 and consisted 
of basic experimental validation with a company called BioTime (now AgeX Therapeutics). Insilico also 
has a long story of collaboration with one of the leading nutraceutical companies in longevity field – Life 
Extension Foundation with two products on the market since 2017. These collaborations allowed Insilico to 
scale up its internal capabilities in the development of therapeutics targeting senescence. Currently, Insilico 
has a variety of internal drug development programs in pre-clinical stage with 3 IND-enabling studies 
planned in 2022. The major area of those studies is fibrosis. The distinct feature of the majority of the 
current programs is that they rely on novel molecules and novel targets identified by Insilico’s proprietary AI 
platform. The platform itself generates licensing deals resulting in a decent revenue and aids in engaging 
with the leaders of the industry potentiating the future licensing and co-development deals. 
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Longevity Potential: Senolytic compounds for Idiopathic Pulmonary 
Fibrosis     
Insilico has applied its end-to-end AI platform to tackle Idiopathic Pulmonary Fibrosis (IPF). IPF is a broad 
medical condition that is limited to the lungs and primarily affects older adults. As the disease progresses, 
the health of the patient gradually deteriorates leading to a potentially life-threatening condition. 

Fibrosis is one of the main aging-associated disease processes, and often the term senofibrosis is used 
to describe the development of fibrous connective tissue under influence of senescent cells. Through its 
AI platform, Insilico used deep neural networks trained on age, and different types of fibrosis, to identify 
a range of targets and small molecule therapies. Its flagship product for IPF works through a completely 
novel target regulating the progression of senofibrotic condition by clearing senescent cells and reducing 
the SASP. In essence, the compound targets the pathological consequences of the senofibrotic effect 
by mitigating the accumulation of senescent cells in lung tissues which normally leads to increased 
inflammatory signalling (driven by SASP) and the progression of fibrotic transformation in lungs. The effect 
of targeting this novel pathway is that of a combined senolytic and senomorphic that eliminates senescent 
cells from lung tissue and at the same time reduces the levels of SASP markers. This ensures that not only 
is the disease process halted, but the effects of inflammatory signalling are remediated so the tissue has 
the energy and resources to recover.

Basic target 
research and Drug 
Discovery
• Utilising its proprietary 

AI-driven platform, 
Insilico has discovered a 
novel senescence 
pathway that drives 
senofibrosis in IPF and 
designed several small 
molecule candidates 
with novel chemistries 
that exert high target 
specificity

• Insilico has chosen IPF 
as its target. The 
company is targeting the 
senofibrotic process that 
is a well known driver of 
disease progression 

Preclinical 
• Insilico validated its 

novel small molecule 
inhibitors within in vitro 
studies showing high 
selectivity in enzymatic 
assays, senolytic
activity in senescent 
lung fibroblasts, and 
high potency in 
managing epithelial to 
mesenchymal 
transition compared to 
nintedanib (standard of 
care for IPF)

• Within in vivo studies, 
In silico’s small 
molecule improved 
fibrosis and lung 
function in a mouse 
model of IPF and 
showed superior 
safety index in 
toxicology studies

Clinical trial 
Phase 1
• Insilico has begun IND-

enabling studies and is 
currently in the scale-
up/process 
development phase for 
its lead candidate

• The company plans to 
complete IND-enabling 
studies by the end of 
2021 and start Phase I 
clinical trials by early 
2022

Clinical trial 
Phase 2

Clinical trial 
Phase 3

FDA Approval for 
target indication

Pre-Clinical and Clinical Studies
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Insilico utilised its platform AI technologies to generate a set of small molecules that were validated 
to be selective, bioavailable, metabolically stable, capable of oral administration, safe, and effective.  
Within in vitro studies their molecules were proven to be highly selective and potent against the novel 
target identified in enzymatic assays. Further, the company confirmed senolytic activity in a mitomycin-c 
(MMC) induced senescence model within lung fibroblasts. As part of their in vitro preclinical data, Insilico 
utilised cell-based assays to confirm lower IC50 in Collagen 1 and alpha-SMA readouts in comparison 
to Nintedanib (standard of care for IPF). These results indicate increased potency in reducing tissue 
fibrogenesis. Overall, Insilico’s compounds showed a 5-to-16-fold greater potency managing fibroblasts-to-
myofibroblasts and epithelial mesenchymal transition, a major driver of fibrotic diseases, in comparison to 
Nintedanib.

In follow-up in vivo studies, Insilico’s molecules were shown to improve fibrosis in a Bleomycin-induced 
mouse lung fibrosis model, leading to further improvement in lung function. These compounds also 
demonstrated a good safety profile in a 14-day repeated mouse dose range-finding (DRF) study. No 
significant adverse effects were observed in mice and the therapeutic had a safety index of 8-10 (in non-
GLP, 2-week toxicity studies), indicating the therapeutic dose is much lower than the toxicity threshold. 
Greater tolerability is planned to be confirmed in pivotal toxicology studies.

The best-performing molecule from their AI-generated set of compounds was nominated as a preclinical 
drug candidate in December 2020 for IND-enabling studies that will lead to clinical investigations. IND-
enabling studies have started, and currently, the scale-up/process development of the candidate is 
ongoing. Insilico plans to complete the IND-enabling studies by the end of 2021 and start phase I clinical 
trials by the end of the year or early next year.
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Technology Platform Analysis Description Insilico

Class of Senotherapeutic Senolytic, Senomodulator, SA-
immunomodulator, Senoblocker.

Senolytic: Targeting cellular pathways that make 
senescent cells vulnerable to death.

Senomodulator: Modulating the aberrant signalling 
cascade driven by SASP.

Target specificity

Features of therapeutic that 
facilitate targeting of senescent 
cells without off-target effects; 
dependent on senescent 
biomarkers

Insilico utilises a proprietary AI-driven platform 
technology to discover senescence specific target 
pathways and design therapeutics with a high level 
of specificity towards the target. Their platform 
technology has the capabilities of designing novel 
molecules with desired “targeting” properties that 
may not exist in the known chemical space.

Delivery

Approaches (local or systemic), 
technologies (delivery vehicle), 
and formulations needed to 
safely and reliably deliver 
therapeutic to its target.

Insilico utilises its AI-driven platform technology 
to design its small molecule therapies to optimise 
molecular structure and chemical properties for 
increased stability and bioavailability for oral 
delivery.

Adaptability

Foundational technology that 
can be utilised to systematically 
improve, or build upon, 
robustness of therapeutic.

Insilico’s AI driven platform technology, Pharma.AI, 
was developed to constantly optimise senescence 
target discovery and therapeutic development 
based on evolving data within the field. The 
company’s  proprietary technology can even make 
novel inferences to discover target pathways and 
design therapeutics that are unprecedented in the 
field.

Regulation

Context specific control over 
therapeutic action once 
it has reached its target 
(spatial, temporal, sensitivity, 
degradation).

The nature of Insilico’s flagship product and target 
pathways within senescent cells has not been 
revealed, so there is not enough information to 
evaluate regulatory capabilities. That being said, 
Insilico’s AI-platform has every capability to confer 
regulatory capabilities through novel chemistries 
and target identification.

Toxicity

Level of damage that therapeutic 
can cause to organism; can 
include, but not limited to: off-
target effects, on-target side 
effects, immunogenicity, etc.

Insilico’s AI driven platform allows them to discover 
senescence specific target pathways and design 
therapeutics with a high level of specificity. This in 
turn helps avoid undesired toxic and side effects.
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Insilico’s AI-driven drug discovery platform is powered by Pharma.AI which combines the synergistic 
activity of the PandaOmics novel target discovery engine with Chemistry42 deep generative reinforcement 
learning system. PandaOmics can elucidate novel senescence associated therapeutic targets through deep 
feature selection, causality inference, and de novo pathway reconstruction and Chemistry42 allows for de 
novo design of novel molecules that can target these pathways. Chemistry42 has the added advantage 
of designing molecules with desired properties that do not exist in the known chemical space. Both of 
these systems are combined with the InClinico engine which predicts the probability of success for a given 
preclinical / clinical program. Together, Insilico’s AI-powered platform forms a powerful end-to-end system for 
the generation of promising clinical candidates for senescence associated chronic diseases.

Significantly, Insilico utilised its platform technology to complete its therapeutic discovery and validation 
process, from hypothesis to preclinical drug candidate, in just under 18 months and at a budget of around 
2 million dollars. This accomplishment is several orders of magnitude faster and cheaper when compared 
to the traditional drug discovery process. With AI tools like our PandaOmics and Chemistry42, combined in 
one integrated workflow, organizations can streamline their efforts and accelerate the translation of ideas 
into actual clinical candidates and further on. Insilico is receptive to strategic partnerships and collaborations 
with companies seeking to enhance their drug pipelines and accelerate their therapeutic candidates through 
preclinical and clinical trials. Beyond its senotherapeutic candidate, Insilico achieved an incredible validation 
milestone by being able to identify a completely new target out of an automatically generated hypothesis and 
a drug candidate that is a first-in-class molecule, all in under 18 months.

Safety and Risks
Insilico’s AI-driven platform allows them to discover senescence specific target pathways and design 
therapeutics with a high level of specificity. This in turn helps avoid undesired toxic and side effects. The 
ability to validate their preclinical candidates with InClinico allows the company to include an extra layer of 
evaluation to ensure their therapeutic has increased potential for superior safety and efficacy when tested in 
humans within clinical trials.

Insilico’s AI-generated molecules demonstrated a good safety profile in a 14-day repeated mouse DRF 
studies and no significant adverse effects were observed in mice. This combined with a superior safety index 
is a promising sign for the safety of Insilico’s therapeutic candidates. The company plans to further build on 
this safety data in further within more comprehensive toxicology studies throughout the year.

The company’s lead candidate acts through the combined effect of clearing senescent cells (senolytic) and 
mitigating the consequences of chronic SASP signalling (senomodulatory). This holds potential to lead to both 
significant reductions in the accumulation of senescent cells throughout the system and halt the pathogenic 
cascade of effects driven by senescent signalling. More comprehensive than either senotherapeutic modality 
alone, this holds potential to improve senotherapeutic regimens as well as long term safety and efficacy for 
patients with senescence associated chronic diseases.
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Target Market
Idiopathic Pulmonary Fibrosis (IPF) is a broad medical condition that has a market size valued at $2 billion in 
2018 and is estimated to expand at a CAGR of 12.7% over the forecast period, amounting to $5.2 billion by 
2027. The growing burden of IPF is further accelerated by the global impact of the pandemic as data shows 
that SARS-Cov2 preferentially targets senescent lung tissue and drives further cellular senescence in the 
lungs. This makes individuals with IPF more vulnerable to getting infected by SARS-Cov2 as well as having 
more severe COVID-19 outcomes.  

IPF pathology is typically limited to the lungs and primarily affects older adults. As the disease progresses, the 
health of the patient gradually deteriorates leading to a potentially life-threatening condition. Fibrosis is one of 
the main aging-associated disease processes that drives disease progression. The heterogeneity of fibrosis 
also means that IPF can be stratified based on disease subpopulations with specific metabolic subtypes. 
Through the process of validating INS001 to target senofibrosis, Insilico is also developing a companion 
diagnostic biomarker strategy facilitating the identification of patients projected to be susceptible to their 
therapy. IPF is associated with significant costs covered by both families and healthcare systems. Novel anti-
fibrotic therapies, such as the one Insilico is developing, may result in both direct and indirect savings for the 
affected populations.  

Success Factors
Team and Reputation

●  Alex Zhavoronkov is founder and CEO of Insilico and has extensive experience in longevity, AI, oncology, 
bioinformatics and entrepreneurship. Alex is the founder and/or C-suite executive of several successful 
companies including Deep Longevity, The International Aging Research Portfolio, and NeuroG;

●  Alex Aliper is President of Insilico and is an expert in oncology, bioengineering, and bioinformatics;

●  Insilico founders Alex Zhavoronkov and Alex Aliper spent years building and integrating hundreds of AI 
models to generate what they believe is the most comprehensive drug design platform on the market. 
Together, they have over 100 peer-reviewed publications overall with about 25% specifically related to 
aging and senescence;

●  Dr. Feng Ren is recently appointed CSO of Insilico and is in charge of leading a team of over 20 expert 
drug hunters and developers responsible for taking the AI-discovered drugs into human clinical trials and 
creating a broad portfolio of preclinical assets. Dr. Ren was former Senior VP of biology and chemistry at 
Medicilon and Head of chemistry at GSK before joining Insilico;

●  Insilico has a strong record of previous and current partnerships in the longevity and pharmaceutical space 
including collaborations in senescence-related target discovery with AgeX as well as collaborations with 
Life Extension Foundation which led to the launch of two nutraceutical products;

●  In 2020, Insilico announced three big pharma collaborations in the field of target discovery including Pfizer, 
Boehringer Ingelheim, and Taisho Pharmaceutical. The collaboration with the latter brings together Insilico’s 
state-of-the-art AI technologies in drug discovery with Taisho’s expertise in drug development to develop 
novel senolytic treatments that extend human healthspan;

●  The company’s team expanded significantly over the years and is planning on further expansion 
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after the coming financing round. Insilico plans to utilize this financing to further develop its pipeline in 
senotherapeutics, fibrosis, NASH, immunology and CNS for the purposes of partnering with pharmaceutical 
companies on specific therapeutic programs.

Intellectual Property

●  Since its inception in 2014, Insilico has published over 130 peer-reviewed papers and has applied for over 
30 patents;

●  Insilico’s proprietary technology platform, Pharma.AI, can reveal novel wide-indication targets and 
corresponding drug candidates in under 18 months and at roughly 1/10th of the typical cost associated with 
similar compounds; ● This platform and Insilico’s 5R strategy for managing senescence (Rescue, 
Remove, Replenish, Reinforce, Repeat) are IP protected and can be utilised to generate a rich pipeline of 
therapeutic programs – both in-house and through strategic collaborations;

●  The company already demonstrated the first case of AI identifying a novel target for IPF, generating novel 
molecules for that novel target, and completing preclinical experiments to nominate a preclinical candidate 
(INS001) for IND-enabling studies that will lead to clinical investigations;

●  INS001 operates via a combinatorial effect of senolytic and senomodulatory activity that has been shown to 
effectively clear senescent lung fibroblasts in vitro and mitigate progression of disease pathology within in 
vivo models;

●  IND-enabling studies have commenced and the company is currently engaging in the scale-up/process 
development of the candidates. Insilico plans to complete IND-enabling studies and start phase I clinical 
studies by early 2022 and welcomes collaborations with pharmaceutical companies to co-develop the drug 
candidate after phase II;

●  The company is working on optimizing its candidates for additional routes of delivery (on top of oral 
administration) as well as additional indications. These endeavours are inspired by the observation that 
they observe pan-fibrotic effects of their flagship product;

●  Insilico is also making its technologies available for licensing for the leading pharmaceutical and 
biotechnology companies looking to gain a head start in AI and accelerate their drug discovery programs. 
One such collaboration that holds particular promise is the partnership with Taisho Pharmaceutical that 
aims to develop novel senolytic targets and compounds that extend human healthspan;

●  Insilico’s AI-powered platform technology combined with its prolific partnerships with large pharmaceutical 
and small, innovative biotech companies alike sets the company up to be an IP generating machine;

●  The company’s platform technology facilitates the designing of molecules with desired properties that 
do not exist in the known chemical space setting them up for a rich pipeline of therapeutic programs and 
technologies within the senotherapeutics space.

https://www.longevity.technology/?utm_source=bottomrightwebsite&utm_medium=senotherapeuticsreport&utm_campaign=reports
https://www.longevity.technology/?utm_source=ltlogo&utm_medium=senotherapeuticsreport&utm_campaign=reports
https://www.longevity.technology/analysis/?utm_source=senotherapeuticslogo&utm_medium=senotherapeuticsreport&utm_campaign=reports


Copyright 2021: First Longevity Limited. All rights reserved. Report version 1.1 www.Longevity.Technology 102

Funding 

●  Since its inception in 2014, Insilico medicine has raised over $310 million from expert pharmaceutical and 
technology investors;

●  The company completed a $37 million funding series B round and recently closed a $255 million series 
C financing round led by Warburg Pincus and joined by Eight Roads Ventures, BOLD Capital Partners, 
Formic Ventures, Qiming Venture Partners and Sage Partners among others;

●  The series C funding will be used to commercialize the validated generative chemistry and target 
identification technology. The company will also build up a senior management team with pharmaceutical 
experience and further develop its pipeline in senotherapeutics, fibrosis, NASH, immunology and CNS for 
the purposes of partnering with pharmaceutical companies on specific therapeutic programs;

●  Insilico’s AI drug discovery platform facilitates generation of revenue through software licensing and service 
projects but the highest growth potential relates to the development of internal programs;

●  Insilico’s platform technology facilitates the discovery of novel, wide-indication targets and corresponding 
therapeutic candidates in under 18 months and at roughly 1/10th of the typical cost associated with similar 
programs;

●  The company’s ultimate exit strategy is IPO which they plan to implement within a 2-3 year time scale.
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Intellectual property:
Insilico’s proprietary technology 
platform, Pharma.AI, can generate 
novel wide-indication targets and 
corresponding drug candidates 
in a proven unprecedented 
18 months. This platform, and 
Insilico’s 5R strategy for managing 
senescence, are IP protected and 
can be utilised in a rich pipeline of 
therapeutic programs. 

Team:
The current team has a strong 
breadth of knowledge, covering 
computer science, senescence, 
chemistry and drug discovery. 
The team has expanded to 
over 160 scientists and drug 
developers, in multiple countries, 
to take AI-discovered drugs into 
human clinical trials. Further 
expansion is planned following 
the coming round of financing.

Unique value proposition:
Insilico’s technology platform, 
Pharma.AI, uses AI to link 
together generative chemistry 
and biology to cover every step 
of target discovery and expedite 
the drug discovery process. This 
comprehensive drug design 
platform significantly cuts the 
costs and time taken to get a 
drug candidate to market.

Competitive advantage:
Insilico has 3 big pharma 
collaborations in the field of 
target discovery including Pfizer, 
Boehringer Ingelheim and Taisho 
Pharmaceutical. The collaboration 
with the latter brings together 
Insilico’s state-of-art artificial 
intelligence (AI) technologies 
in drug discovery with Taisho’s 
expertise in drug development.

Runway:
Insilico has over $310 million in 
funding to date. Its June 2021 
$255M Series C round was led 
by Warburg Pincus to progress 
the company’s current therapeutic 
programmes into human clinical 
trials, initiate multiple new 
programmes for novel and difficult 
targets and further develop its AI 
and drug discovery capabilities.

Efficacy:
Insilico states its lead candidate, an AI-generated small molecule 
inhibitor of a novel biological candidate, has shown the ability to 
regulate the fibroblast-to-myofibroblast transition. Further, in vivo 
studies showed evidence the candidate can improve fibrosis in a 
Bleomycin-induced mouse lung fibrosis model, leading to further 
improvement in lung function. Currently progressing the candidate for 
IND-enabling studies and phase I clinical trials, Insilico is targeting 
clinical studies by early 2022, which will provide further evidence.

Target:
IPF had a 2018 market size valuation of $2 billion and is predicted 
to expand at a CAGR of 12.7% until 2026. This forecast does not 
consider COVID-19, which is likely to heighten IPF cases further. IPF is 
associated with significant costs covered by the families and healthcare 
systems. Insilico’s small molecule has shown 5-to-16 fold greater 
potency in comparison with the standard care drug for IPF. 

Inflection point:
IND-enabling studies have started, and currently, the scale-up/process development of the candidate is 
ongoing. IND-enabling studies are to be completed by the end of this year and phase I clinical trials to begin 
in late 2021 or early 2022. IPO is an ultimate exit strategy and is planned on a 2-3 years time scale.

Platform analysis:
Insilico’s AI-powered platform facilitates 
discovery of novel senescent targets and 
the design of potent therapeutic candidates 
at a fraction of the time and cost of the 
conventional process. Importantly, Pharma.
AI can make de novo inferences to design 
pipelines that are unprecedented in the field.

Channels:
Insilico is focused 
on clinical 
endpoints and is not 
currently focused 
on addressing 
alternative markets.

Insilico: success grid

= Positive progress = Work-in-progress = Needs attention
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Founded in 2014, Oisín Biotechnologies is a platform drug development company that had an initial goal 
of producing a senolytic platform that could kill senescent cells without using toxic drugs and causing 
significant collateral damage. Most senolytics are repurposed chemotherapeutics that kill cells rather 
indiscriminately based on certain metabolic characteristics. “The challenge in the field is to develop drugs 
that selectively kill aberrant cells without causing unacceptable harm to the patient.” Oisín’s lodestar is that 
the essence of life is information – chemistry is just a substrate. “For the bulk of human history we have 
treated illness with plants and prayers, small molecule drugs and rituals. It is only relatively recently that 
science and medicine have really endeavoured to treat diseases by manipulating information in life, and the 
results have already been astounding. In the case of senolytics, using genetic approaches to take targeting 
out of the realm of chemistry and into the realm of information allows for a degree of selectivity that has 
thus far been impossible.”

Oisín seeks to demonstrate that the solution to mitigating the effects of age-related diseases is to address 
the damage created by the aging process itself. To accomplish this, Oisín is building genetic medicines to 
treat diseases of old age via their underlying causes. “Our approach is based on the notion that senescent 
cells “know” they are senescent, they are transcriptionally aberrant, and we can exploit this to selectively 
kill them with what amounts to a simple computer program written in DNA.”

Its first therapeutic candidate, OB-001, is currently the only viable senolytic that can kill senescent cells 
based on genetic activity. OB-001 contains a non-integrating DNA plasmid that encodes a potent inducible 
suicide gene which targets senescent cells with elevated p16 transcriptional activity. Multiple high-profile 
published animal studies have shown the profound benefits of removing high p16 expressing cells, but no 
one has been able to eliminate these cells efficiently and selectively in humans. “Our technology effectively 
kills senescent cells based on what they are “thinking” or, more technically speaking, based on their 
transcriptional activity” says Matthew Scholz, CEO of Oisín Biotechnologies. “Our unique approach and 
delivery technology allows us to target multiple causes of aging in a way that would be impossible using 
traditional small molecule drugs.”

Oisín Biotechnologies is currently performing studies required to take their lead candidate, OB-001, 
into the clinic where its first application will be in kidney disease. Oisín is also developing therapeutics 
for targets other than p16 and senescence. These include programs in oncology, through their spinout 
OncoSenX, and programs in cellular reprogramming, hTERT (telomerase), cardiovascular disease, frailty, 
sarcopenia, fibrosis and several other targets they cannot disclose at this time. The company’s mission 
is to target aging broadly, and its strategy is to go after targets related to multiple hallmarks of aging. 
Oisín Biotechnologies is advancing some of these programs internally and partnering with academic and 
commercial entities for others.

Oisín Biotechnologies was started when co-founders Matthew Scholz & Gary Hudson met at a health 
extension salon where Judy Campisi (Founder of Unity Biotechnology) was presenting some of the early 

Company profile

Oisín Biotechnologies 
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data from the Mayo Clinic’s transgenic mouse studies. Matthew was impressed by the clear benefits 
of eliminating senescent cells and had an idea for how to accomplish this in humans in a way that was 
clinically viable. Elaborating his idea to Gary at the bar after the conference, they decided that the idea had 
to be pursued.

A key aspect of their strategic approach is the use of a unique non-viral delivery platform for encapsulation 
and systemic delivery of their genetic medicine. They employed the Entos Fusogenix, proteo-lipid vehicle 
(PLV) technology developed by John Lewis (now CSO of Oisín Biotechnologies). This technology allows for 
high efficiency delivery of their therapeutic candidate with an unparalleled toxicity profile. 

Oisín’s flexible, low cost, and scalable gene delivery platform has shown promising results in preclinical 
testing and holds immense potential. It can quickly be adapted in response to novel R&D discoveries and 
can efficiently support multiple clinical pipeline applications in parallel.

Moving forward, Oisín (and its OncoSenX spinoff) is primarily focused on reaching Phase 1 & 2 clinical 
milestones for their lead candidates as expeditiously as possible and then broadening the label to address 
other senescence-mediated age-associated diseases.

Oisín Biotechnologies is already engaged in active pharma licensing discussions and their goal is to 
position themselves for major licensing deals and a potential IPO within the next few years. The two 
main components of Oisín’s proprietary platform, the PLV delivery system and highly programmable DNA 
payloads, synergise to address the primary challenges present in the senotherapeutics industry today.
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Longevity Potential: Senolytic compounds for chronic kidney disease
Oisín will validate the clinical efficacy of its genetic medicine to address the senescence-induced 
nephropathy that drives the deterioration of kidney function and eventually leads to end-stage renal 
disease, or kidney failure. There has been little innovation in kidney disease over the past 30 years; the 
current standard of care consists of measures to help control signs and symptoms (medications to lower 
blood pressure and cholesterol) but kidney damage can continue to worsen even when these underlying 
conditions have been controlled. This ultimately leads to end-stage renal disease which requires drastic 
measures such as dialysis and kidney replacement and has poor overall prognosis for subsequent lifespan 
and healthspan.

A growing body of preclinical and clinical evidence suggests that the progression of kidney disease is 
driven by cellular senescence, both locally and throughout the body. The current state of care for kidney 
disease represents an unmet clinical need for innovative senotherapeutic technologies like the one Oisín 
is developing. Globally, millions of lives and several billions of healthcare dollars can be saved by halting 
the progression of kidney disease at early stages which has been shown to drastically improve health 
outcomes.

Chronic kidney disease is a wonderful clinical model for their technology for many reasons, but Oisín 
makes it clear that it is just the beginning. Senescent cells are present in every organ in the body and 
are not monolithic by any stretch of the imagination. “There are more than one hundred age-associated 
indications that are driven by senescent cells, meaning that huge untapped markets for many different 
versions of our therapeutics are available.” Upon completion of proof-of-concept with their lead indication, 
Oisín plans to expand their portfolio to a number of chronic disease indications including diseases of 
fibrosis in the liver and the lungs.

Oisín’s senotherapeutic platform technology possesses many qualities that make it an ideal candidate 
within a growing longevity market. The company’s PLV nanoparticle delivery technology is amenable for 
systemic delivery without dose-limiting toxicity so it can be optimised to target a number of senescent 
driven co-morbidities in parallel and drive systemic rejuvenation. Further, their payload is essentially 
software written in DNA. This means it can be programmed to target a number of transcriptional profiles 
and molecular signaling pathways representative of the various hallmarks of aging (senescence, 
dysfunctional nutrient sensing, mitochondrial damage, etc.). Further promise stems from the prospects of 
precision targeting of cells using multiple promoters which allows for increased targeting specificity and 
potentially increased efficacy. This is exemplified by studies in which Oisín showed targeting senescent 
cells with their platform using both p16 and p53 pathways had synergistic effect on lifespan extension. This 
makes the potential applications of their platform technology virtually limitless.

Oisín can use this approach to kill cells, as it does with senolytics, modify cells (partial reprogramming, 
extending telomeres, altering metabolic function, etc.), or even produce proteins in specific tissues. Oisín 
already has several partnerships and is uniquely suited to address most of the underlying causes of aging. 
“In my mind senescent cells are just the tip of the iceberg. It’s the first meaningful intervention that we can 
go after in aging. But it’s not the only meaningful target by a long shot.”
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Due to its unique safety profile and platform flexibility, Oisín’s technology is perfectly suited for prophylactic 
use. Once delivered within cells, the OB-001 payload is designed to remain inert within cells until multiple 
regulatory switches are activated. The DNA transgene only gets turned on when a specific transcriptional 
milieu is detected and, for added safety, a separate chemical is orally ingested to activate the “killing” 
enzyme. This allows unparalleled specificity of action across space and time. Matthew Scholz envisions 
a future in which individuals take their therapeutics every year or so, starting at age 30, for disease 
prevention. “Once senescent cells start accumulating exponentially, cellular damage and dysfunction start 
spiraling out of control and this makes it harder to achieve rejuvenation. As a general rule, you are going to 
want to start addressing senescence before the damage becomes apparent.” 

Flagship Product Deep Dive
OB-001, is a genetic medicine consisting of plasmid DNA encapsulated in a novel proteo-lipid vehicle (PLV) 
that is highly penetrant within cells but has low toxicity and immunogenicity. OB-001 has been classified as 
a third-generation senolytic, killing cells selectively based on their genetic activity as opposed to surface 
markers or metabolic attributes and without the need for chemotherapeutic poisons.

In other words, instead of targeting cells with chemistry or surface markers, they are targeted based 
on genes that are being read inside cells – effectively killing cells based on what they are thinking. The 
delivery technology consists of a neutral, proteo-lipid vehicle (PLV) that incorporates parts of the p14 
fusion-associated small transmembrane (FAST) protein from a reptilian reovirus and the p15 FAST protein 
from a baboon virus. This unique fusogenic polypeptide (developed by Entos Pharmaceuticals) allows 
the nanoparticle to be administered without dose limiting toxicity where it seamlessly melds with cell 
membranes throughout the body and unloads its genetic payload directly into the cytoplasm without any 
vesicular intermediates.

In the case of OB-001, the DNA payload is a plasmid encoding a inducible caspase-9 suicide gene 
under a synthetic version of the p16 promoter, causing cells with elevated p16 transcriptional activity to 
activate expression of the suicide gene. p16 is a key mediator of the irreversible cell cycle arrest that 
is characteristic of senescent cells. The PLVs are infused into the patient’s veins via IV administration, 
circulates throughout the body, fuses to the membranes of any cells it encounters (healthy or unhealthy) 
and delivers the payload directly into the cell’s cytoplasm. The key aspect of the technology is that the DNA 
payload is in essence a small computer program that is activated based on transcriptional activity. The 
presence of a secondary, dimerizing molecule at low concentrations that activates the suicide gene. This 
provides multiple regulatory switches for precise control over when and where cell death is induced. 
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Technology Platform Analysis Description Oisin Biotechnologies

Class of Senotherapeutic Senolytic, Senomodulator, SA-
immunomodulator, Senoblocker.

Senolytic: killing senescent cells via targeting 
cellular pathways that are specific to senescence.

Target specificity

Features of therapeutic that 
facilitate targeting of senescent 
cells without off-target effects; 
dependent on senescent 
biomarkers.

Although systemic delivery, senolytic will only 
activate in the presence of precise transcriptional 
profiles within a cell rather than surface membrane 
proteins or targeting specific structure of proteins. 
This allows for unparalleled systemic penetration 
and targeting of not only senescent populations, 
but also senescent sub-populations. 

Delivery

Approaches (local or systemic), 
technologies (delivery vehicle), 
and formulations needed to 
safely and reliably deliver 
therapeutic to its target.

Unique nanoparticle has high penetrance, efficient 
payload delivery and unparalleled safety profile; 
tunable circulation time and targeting.

Platform

Foundational technology that 
can be utilised to systematically 
improve, or build upon, 
robustness of therapeutic.

The programmable, DNA plasmid platform also 
allows for flexible adaptability for a wide array of 
senescent biomarkers as more are discovered 
from basic research into senescent biology; also 
the possibility of targeting cells with multiple 
biomarkers (p16-p53 therapy).

Precision regulation

Context specific control over 
therapeutic action once 
it has reached its target 
(spatial, temporal, sensitivity, 
degradation).

Multiple regulatory switches that allows for 
spatiotemporal specificity of activity; physiological 
switches (intrinsic) as well as orally administered 
switches (extrinsic).

Toxicity

Level of damage that therapeutic 
can cause to organism; can 
include, but not limited to: off-
target effects, on-target side 
effects, immunogenicity, etc.

DNA plasmid is non-integrating, remains inert and 
when activated, is cleared within hours/days of 
activation; PLV vector has low immunogenicity and 
only activates in cells with target transcriptional 
profile.
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Pre-Clinical and Clinical Studies

Basic target 
research and Drug 
Discovery
• Discovery of OB-

001 plasmid to
activate upon
recognition of
transcriptional
activity in
senescent cells

• Clinical Trial
endpoint chronic
kidney disease
due to well
documented role
of senescent
cells in pathology
and progression
of CKD

Preclinical 
• Rapid and

significant
improvements in
reducing the
disease burden
by destroying a
variety of
senescent cell
types in mice

• Mice lived with a
20% increase in
median lifespan
upon monthly
treatment

• Toxicology and
tolerability
studies have
been performed
in non-human
primates, pigs,
rodents and
companion
animals

Clinical trial 
Phase 1
• Putative

endpoints include
safety,
improvement in
kidney function
and delay of
disease
progression

Clinical trial 

Clinical trial 
Phase 3

FDA Approval for 
target indication

Phase 2

For companies in the senolytics market the rate limiting step to success resides within transitioning through 
the stringent regulatory phases of the clinical trial process. Oisín Biotechnologies’ near-term objective is 
to gain approval to implement body-wide delivery of its flagship product, OB-001, to target chronic kidney 
disease within the next 18 months. The putative clinical milestones will be safety, improvement in kidney 
function, and delay of disease progression.

The role of senescent cells in the pathology and progression of chronic kidney disease is well documented. 
Oisín aims to break the “inexorable cycle of inflammation and damage that drives chronic kidney disease” 
by killing senescent cells throughout the body. This is key to their strategy as they believe efficaciousness 
is contingent upon killing senescent cells body-wide and not just in the kidneys. “We also expect that body-
wide treatment

will provide other benefits to the patient’s overall health during the recovery process.”

The preclinical evidence that inspired confidence to enter clinical trials is substantial. Oisín’s targeted 
SENSOlytic therapy has demonstrated rapid and significant improvements in reducing disease burden 
by destroying a variety of senescent cell types (including senescent kidney cells) in mice, as well as 
conferring a 20% increase in median lifespan with monthly treatments. Significantly, the mice were 2 years 
old (equivalent to 75-80-year-old humans, according to Jackson labs) when the senolytic therapy was 
administered – indicating substantial effects even when therapy is started in old age.
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Oisín also has promising preclinical data demonstrating safe and efficient delivery of their construct into 
cells throughout the body using their Fusogenix™ PLV delivery platform. As opposed to most companies 
in the current pandemic environment, COVID-19 has offered a unique opportunity to attain government 
support in accelerating their transition through the regulatory process. Oisín is currently acquiring valuable 
data on the efficacy of their exclusively licensed delivery platform through Entos Pharmaceuticals’ recent 
efforts in using it as a COVID-19 vaccination within Phase 1/2 clinical trials.

Toxicology and tolerability studies have been performed for OB-001 in non-human primates, pigs, rodents, 
and companion animals. Through clinical trials, they hope to gain clarity on how their senolytic therapy 
translates in humans including what percentage of senescent cells are cleared upon initial dosing, how long 
it will take the kidneys to reach pre-clearance levels and accordingly, how frequently patients would receive 
maintenance dosing. If human trials are successful and the technology receives regulatory approval, 
Oisín’s flagship senolytic therapy could “potentially be available within five years”.

Safety and Risks
Many senolytic drugs are repurposed chemotherapeutics originally designed to “kill cancerous cells 
before they kill the patient”. They have significant safety concerns due to lack of specificity towards 
senescent cells and off-target effects that compromise the immune system and elicit systemic toxicity. 
These specificity issues have limited the application of some senolytic drugs to local delivery which 
detrimentally affects therapeutic efficacy. Local delivery of senolytics has a distinct disadvantage because 
in many instances, pathologies are driven by system wide senescence and SASP mediated inflammation 
and cellular damage. Therefore, senolytics that can both be administered systemically and selectively kill 
senescent cells while minimising off-target effects is of utmost importance for therapeutic efficacy.

Oisín has used a multi-factorial approach to address many of the pressing safety concerns that emerge 
when developing and using senolytic therapies for clinical testing. Preclinical evidence has shown that 
Oisín’s Fusogenix LNP delivery platform can be delivered systemically, without dose limiting toxicity and 
with low immunogenicity. In toxicity studies within a heterogenous population of African Green Monkeys, 
they delivered a dose of OB-001 LNP and dimerizer that was 10x the expected therapeutic dose to be 
used in humans, equivalent to up to ⅓ of the monkeys’ blood volume. “At this point there is likely more 
exogenous DNA in the monkey than endogenous DNA”, says Matthew Scholz. When they analysed 
histology of tissues (liver, lung, etc.) they not only found that there were no abnormalities, the blinded 
independent pathologist could not distinguish the experimental monkeys tissues from the controls. The 
Fusogenix platform is currently being tested in Phase 1/2 clinical trials for its efficacy as a COVID-19 
vaccination (Covigenix™ VAX-001) to safely deliver DNA encoding the SARS-CoV-2 spike protein in 
humans.

OB-001 has many tuneable safety switches in place to ensure that the senolytic activity takes place 
when and where is determined appropriate. For one, the caspase-9 suicide gene is activated only in the 
presence of the specific transcriptional profile of targeted senescent cells. This allows for added precision 
due to targeting of the cells internal cellular environment rather than cell surface markers. Once expressed, 
the caspase-9 protein is only functional in the presence of a secondary (dimerization) molecule that is 
taken orally at the will of the patient and clinician. Any remaining serum DNA from the PLV has been shown 
to be naturally degraded within the span of hours. OB-001 has demonstrated safety, wide biodistribution 
and repeatable delivery in multiple preclinical models including mice, rats, dogs, and non-human primates 
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at a dose of up to 20 mg/kg. The ability to re-dose safely is extremely important for senolytic therapies as 
it allows for repeated senescent cell clearance as they inevitably accumulate over time. Oisín is currently 
finishing up GLP toxicology studies in preparation for IND approval.

Target Market
Oisín Biotechnologies is optimising its lead candidate, OB-001, to target the substantial chronic kidney 
disease market which approaches US$120b annually in the US alone. One third of adults are at risk 
for kidney disease and it is estimated to affect 37 million people in the US alone. The American Society 
of Nephrology has reported that one third of patients who are hospitalised with acute kidney injury will 
progress to chronic kidney disease within a year, with a significant proportion of those progressing to end 
stage renal failure. Without increased investment in prevention, the total number of patients with kidney 
failure will exceed one million by 2030. To make matters worse, the current pandemic environment is 
revealing that individuals with kidney disease are at increased vulnerability to adverse outcomes and death 
from COVID-19.

The role of senescent cells in the progression of kidney disease is well established; a growing body of 
preclinical data in mouse and primate models are showing that senescent cells drive progression of 
disease and clearing away senescent cells halts disease progression. “It’s the positive feedback loop of 
SASP that drives progression of this disorder,” says Matthew Scholz. “If you can target senescent cells, 
you can arrest the progression of disease. If you target kidney disease at the acute stage you may be able 
to prevent it all together. In fact, even if you can halt disease at stage 3, before the end stage, it’s a huge 
accomplishment, you would potentially save the patient or at the very least buy valuable time.”

This is one of the reasons that a significant proportion of senolytic companies are targeting this disorder. 
Oisín Biotechnologies is taking advantage of the safety and regulatory features of its SENSOlytic platform 
to address chronic kidney disease in a unique way. “We’re not trying to kill senescent cells locally in one 
area of the body, we are providing a body wide aging treatment with the goal of improving kidney function. 
Pick off senescent cells everywhere, not just the kidney. We think that the primary reason senolytic 
therapies fail is because the senescent burden across the body is so substantial that local delivery is just 
not enough.”

Success Factors
Team and Reputation

●  Oisín Biotechnologies is built upon a foundation of decades of expertise contained within its C-suite 
team including entrepreneurship, immunology, nanotechnology, business strategy, aging therapies and 
senescence biology;

● Matthew Scholz is CEO and co-founder of Oisín Biotechnologies and it’s oncology-focused spin-off 
OncoSenX. He is a serial entrepreneur with a background in computer security and immunology. 
Matt was also the founder and CEO of Immusoft, a biotech firm that reprograms B cells into miniature 
drug factories. Matthew is also a passionate communicator and mentor that has given dozens of 
presentations and served as a mentor to recipients of the Thiel Fellowship, a program that awards grants 
to brilliant minds under the age of 20;
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● Dr John Lewis is the CSO and founder of Oisín’s oncology spin-off OncoSenX and heads its platform 
technology development and clinical research. Dr Lewis has also founded three biotechnology 
companies: Entos Pharmaceuticals, Aegis Life, and Nanostics. Dr Lewis uses his extensive knowledge 
in nanotechnology, imaging and oncology to expand Oisín’s lead candidate (OB-001) label and entire 
pipeline to target a range of chronic diseases. He is also the creator of the Fusogenix nanoparticle 
delivery platform that delivers OB-001 and boasts an unparalleled safety profile and excellent systemic 
delivery efficacy, two major obstacles for the efficacy of gene therapy;

● Gary Hudson is Executive Chairman and co-founder of Oisín Biotechnologies. Gary is also a prolific 
investor that has shown excellent foresight by providing initial seed funding for SENS Research 
Foundation. Gary is a major philanthropist with great “business know-how” and serves as an advisor of 
several non-profits focusing on age-related diseases. This includes the Methuselah Foundation which 
is dedicated to extending the healthy human lifespan by advancing tissue engineering and regenerative 
medicine therapies;

●   Stephen Hilbert is Chief Business Officer at Oisín Biotechnolgies and has served on several 
biotechnology company advisory boards specialising in business strategy and capital formation. Prior 
to Oisín, Stephen served as corporate advisor to Immusoft and Kineta where he served as VP of 
corporate development. His career spans over a decade of experience in biotech advisory and nearly 
two decades of experience in private banking where he served as VP creating investment strategies for 
accredited investors such as JP Morgan Chase and Charles Schwab. With his unique set of skill sets, 
Stephen helps generate and align Oisín’s technological prowess with its business strategy and corporate 
ecosystem;

● Eric Garcia is the Chief Operating Officer and Treasurer of Oisín Biotechnologies. He is responsible 
for crafting and stewarding the company’s business operations. Eric is a start-up veteran who enjoys 
navigating the complex challenges of company formation and team building. He helped found 
OncoSenX, an Oisín spin-out using genetic medicine to eliminate cancerous tumours. Prior to Oisín 
Biotechnologies Eric was the first Chief Financial Officer for the immunotherapy biotech, Immusoft 
Corporation; 

●   Oisín benefits from an experienced scientific advisory board that includes Kevin Perrott who has had an 
invaluable impact on the longevity field. Kevin is a director of the Methuselah Foundation, cofounder of 
the SENS Research Foundation, and founder and CEO of OpenCures, a data driven research platform 
that uses individual’s health data to accelerate the development of cures for disease. Kevin deploys his 
extensive experience and network within the longevity field to drive scientific progress and investment 
for Oisín Dr. Bonventre is another scientific advisor who is a premier researcher and clinician for chronic 
kidney disease. He is the Samuel A. Levine Professor of Medicine at Harvard Medical School. He is 
Chief of the Renal Unit and Chief of the Engineering in Medicine Division at Brigham and Women’s 
Hospital, Director of Health Sciences and Technology at Massachusetts General Hospital, and professor 
at the Harvard-MIT Health Sciences and Technology, Brigham and Women’s Hospital. Bonventre is a 
member of the Kidney Cancer Program at the Dana-Farber / Harvard Cancer Center. He has extensively 
investigated the role of senescence in chronic kidney disease and has helped Oisín’s pre-clinical efforts 
towards kidney disease;

●  The management team is primarily focused on reaching Phase 1 & 2 clinical milestones for its 
lead candidate as expeditiously as possible, and then using its flexible SENSOlytic and Fusogenix 
platforms to broaden its label to address other senescent cell driven age-associated diseases. Oisín’s 
collaborations and network of partnerships is proving to be very valuable for the company’s prospects. 
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Entos Pharmaceuticals (lead by Dr. John Lewis) is currently using the Fusogenix platform to deliver 
SARS-CoV2 DNA as a vaccination for COVID-19 within Phase 1/2 clinical trials. Success within these 
clinical trials have potential to accelerate clinical trial progress for Oisín’s lead candidate;

● Oisín’s management team has a diverse range of skill sets and a vast breadth of knowledge that 
has helped them develop a technology and business strategy that makes them stand out from other 
competitors developing senolytic technologies. Progression to Series A funding, before clinical trials, 
will benefit from building a core team with strong clinical trial experience. Long term progress, label 
expansion and profit will be dependent on recruiting a strong support staff of scientists to drive progress 
of the Aging R&D division.

Intellectual Property

●  The Oisín SENSOlytic platform can target senescent cells based on any promoter/transcriptional activity 
currently known to be unique to SnCs, but also can easily be adapted to future discoveries of newly 
identified SnC biomarkers and gene targets, unlike most small molecule senolytic approaches. Oisín’s 
SENSOlytic platform has potential to generate a wide variety of patents, but this will depend on recruiting 
a strong support staff of scientists to drive R&D progress;

● Oisín currently has patents on its core platform as well as patents in national phase covering specific 
applications of its platform. Oisín’s efforts to expand and protect its technology in national phase is a 
reflection of its mission to collaborate with experts across multiple different countries in the pursuit to 
improve its platform technology and transform the global senotherapeutics market;

● Entos Pharmaceuticals has patented the platform delivery method, Fusogenix PLV, of Oisín’s lead 
candidate and further patents on improved elements of the technology are in patent-pending status. 
Oisín has obtained exclusive rights to the Fusogenix technology for broad use in the field of aging and 
longevity. This is a critical feature that can lend to the company’s success as “delivery is the Achilles heel 
of gene therapy”;

● Oisín is continuously working to improve and enhance both the delivery method as well as the payload. 
This includes improving the efficacy of its product and expanding its label to treat other age-related 
diseases by reprogramming and adapting the gene expression targeting feature of its SENSOlytic 
platform based on the latest research in the senotherapeutic field;

● Oisín has active pharma licensing discussions in progress for its SENSOlytic platform and plans to 
position its company (and related spinoffs) for either IPO or M&A exits within the next five years.
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Funding

● To date Oisín has raised approximately US$10m via equity, convertible notes and SAFE rounds. Early 
investors include Kizoo Technology Ventures, Methuselah Foundation and MFund along with SENS 
Research Foundation. Additional well-known angels active in the longevity space are also private 
investors;

● A current Series equity round is underway and expected to close soon. Proceeds will fund further 
preclinical studies, GLP Tox, and GMP manufacturing, and take them through a pre-IND regulatory 
interaction;

● A subsequent late 2021 Series A round of at least US$25m will be raised to conduct Phase 1 & 2 clinical 
trials in 2022;

● Clinical trial success will depend on a well-designed and comprehensive trial that is dependent on raising 
sufficient capital in series A funding. Oisín will need to further strengthen its preclinical results with strong 
animal pharmacology, safety and efficacy data in non-human primates before IND regulatory interaction 
to help instill confidence in investors as they raise additional capital.
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Intellectual property:
Oisín has several patents issued 
for its SENSOlytic® platform, 
including some in national phase 
covering therapeutic applications. 
Oisín also has exclusive rights to 
the Fusogenix delivery system 
for age-related applications. The 
product is well protected and has 
excellent expansion potential for 
broad use addressing a range of 
age-related diseases.

Team:
Oisín’s management team 
has an impressive track 
record of launching successful 
biotech companies. The team 
consists of a diverse range 
of expertise including genetic 
engineering, business strategy 
and nanotechnology. Continued 
progress will be dependent 
on building a strong scientific 
support staff for data generation.

Unique value proposition:
OB-001 has unique target 
specificity, multiple regulatory 
switches for precise control of 
senolytic activity, and can be 
reprogrammed as needed for 
greater specificity and complexity. 
Within preclinical trials, the 
Fusogenix delivery system has 
demonstrated superior safety and 
efficacy. This provides unique 
potential for future iteration and 
customisation.

Competitive advantage:
Entos Pharmaceuticals granted 
Oisín exclusive licensing of their 
delivery platform (for age-related 
applications) which is currently 
being tested in clinical trials. Oisín’s 
strategic partnerships has the 
potential to place OB-001 on the 
fast-track for clinical trial success 
and on the forefront of gene 
therapy technology.

Runway:
To date, Oisín has raised $10m 
and a current series equity round 
is underway. Proceeds will fund 
further data collection necessary 
for filing IND. A subsequent late 
2021 Series A round of $25-30M 
will be raised to conduct Phase 1/2 
clinical trials in 2022. Continued 
positive results in preclinical trials 
and Fusogenix clinical trials will 
help secure future investments.

Efficacy:
OB-001 demonstrated safety, wide biodistribution, and repeatable delivery 
in multiple model organisms including non human primates. It has also 
demonstrated effective clearance of senescent kidney cells and reduced 
disease burden when administered to old mice. The Fusogenix delivery 
platform is currently being tested as a COVID-19 vaccine in clinical trials. 
Oisín will benefit from emerging clinical trial data in informing optimal 
dosing and regimen for OB-001 in treating chronic kidney disease.

Target:
Evidence suggests that the progression to end-stage kidney failure is 
driven by systemic senescence. Current standard of care is ineffective at 
treating early stages of acute kidney injury. Oisín’s systemic therapy holds 
particular potential for halting the progression of chronic kidney disease.

Inflection point:
Upon completing pre-IND preparations, Oisín will raise money to have OB-001 in clinical trials by 2022. Oisín’s 
technology can be reprogrammed to target a range of biomarkers. Oisín can go for IPO and realise major 
financial growth by investing in AI-driven biomarker discovery to expand their pipeline and address a range of 
senescence-associated diseases. Alternatively, they can strike a major biopharma M&A or licensing deal.

Platform analysis:
OB-001 targets a unique 
biomarker of senescence 
transcriptional activity within 
the cell to increase specificity 
and reduce toxicity. It can also 
be reprogrammed to address 
specific combinations of factors 
present in the transcriptional 
milieu. Thus, their technology 
is optimised to evolve based on 
new information.

Channels:
Oisín is primarily focused 
age-related diseases but is 
also developing a program for 
veterinary or companion animal 
applications which is dependent 
on key partnerships.

Oisín: success grid

= Positive progress = Work-in-progress = Needs attention
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Rockfish Bio is the latest member of a series of successful start-ups in the field of cellular senescence and 
aging emerging from the research groups around Regina and Johannes Grillari. Rockfish Bio is planning to 
launch in Q2 of 2021 with the mission to develop senolytic therapies. The Rockfish team is convinced that 
senolytic therapies have an enormous potential for the treatment of age-related diseases and the extension of 
the human healthspan. Its senolytic compounds are based on a recently discovered druggable pathway that 
is associated with many age-related diseases and will enable Rockfish Bio to develop senolytics with high 
efficacy and a favourable safety profile.

The idea for Rockfish Bio was born in 2019 when co-founders Johannes Grillari, Otto Kanzler and Ingo 
Lämmermann were inspired by the potential of a newly discovered pathway for the development of senolytics. 
At that time, the enormous potential of senolytics and the concomitant lack of suitable drugs with high efficacy 
and good safety profiles became obvious. 

“We knew that we were on to something big the moment we saw that the pathway we discovered played a 
pivotal role in so many age-related diseases, and that existing drugs targeting our pathway were associated 
with only mild side effects,” says Johannes Grillari.

Rockfish Bio will benefit from synergies formed with its two predecessors Evercyte and TAmiRNA. Evercyte 
provides know-how on cultivation of human cell lines for in vitro screening of senolytic compounds, whereas 
TAmiRNA is currently developing a blood sample-based method for quantification of the senescent cell 
load – an essential companion diagnostic, prognostic and treatment monitoring tool for future clinical trials. 
Additionally, Johannes Grillari is the director of Ludwig Boltzmann Institute for Experimental and Clinical 
Traumatology which is located at the AUVA Trauma Center, Vienna thereby providing a close connection with 
clinicians and real-life patients. He is also an associate Professor at the University of Natural Resources and 
Life Sciences, Vienna (BOKU).

After clarifying the molecular mechanism of its senolytics, identifying renal epithelial cells as a promising 
therapeutic target (therapeutic index of ~ 700) and successfully testing the first generation of self-designed 
small molecule senolytics, Rockfish Bio now aims to secure sufficient funding from investors to verify the 
in vivo efficacy of its approach and commence senolytic drug development with chronic kidney disease 
as its lead indication. Rockfish Bio projects its exit point in six and a half years from now (clinical Phase 2 
completion), where it plans to cooperate with, or out-license its asset to, the pharmaceutical industry. It will 
then switch focus to its next indication.

The senolytic compounds Rockfish Bio uses are based on the elevated formation rate of arachidonic acid 
(AA) in senescent cells due to increased enzymatic hydrolysis of membrane lipids by phospholipases. By 
inhibiting the conversion of AA with its compounds, the team at Rockfish Bio can increase the intracellular 
content of pro-apoptotic AA selectively in senescent cells, thereby inducing a senolytic effect. Downstream 
metabolites of AA and key enzymes involved in their biogenesis are associated with many age-related 

Company profile

Rockfish Bio 
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diseases including chronic kidney disease. Further, inhibition of AA-converting enzymes by existing drugs, 
such as NSAIDs, is associated with only mild side effects especially when only used for a short period. This 
senolytic pathway is protected by Rockfish Bio with a patent (WO2020084105A2) and it is currently in the 
process of filing an additional patent for the protection of novel small molecules in collaboration with med 
chem experts (2nd generation molecules are currently synthesised) targeting this pathway.

Besides chronic kidney disease as the first lead indication, Rockfish Bio plans to develop a medical product 
for the improvement of kidney transplants during normothermic reperfusion. The quality of transplant organs 
was shown to be closely correlated to the senescent cell load and recent reports suggest that senolytics can 
be used to improve their performance (Iske et al., 2020). The team at Rockfish Bio are in contact with leading 
scientists in the field of normothermic perfusion of kidney transplants who are willing to test its senolytic 
drugs in human kidney transplants declined by the transplant centres, thereby providing ex vivo data of the 
efficacy of the chosen senolytic drugs and the feasibility of their use to combat the chronic shortage of kidney 
transplants. In parallel, Rockfish Bio are screening its senolytic compounds in several human cell types to 
identify additional promising lead indications to pursue, thereby mitigating risk of failure.

Longevity Potential: Senolytic compounds for chronic kidney disease
The use of senolytics in mouse models was shown to prevent, delay or attenuate the development and 
progression of numerous age-related diseases, and disorders, and first clinical trials in humans are ongoing. 
Yet, most of the investigated senolytics are not effective in all cell types and some are associated with severe 
side effects. The senolytic compounds discovered by Rockfish Bio proved senolytic capacity in all tested cell 
types encompassing mesenchymal, endothelial and epithelial cells from skin, lung, kidney, fat and cartilage. 
In addition, existing drugs inhibiting Rockfish Bio’s target enzymes are in daily use and are associated with 
only mild side effects.

The compounds chosen inhibit the conversion of the pro-apoptotic arachidonic acid (AA). The formation 
rate of AA is elevated in senescent cells, thereby making them more susceptible to the toxic effect of 
Rockfish Bio compounds. As the compounds also inhibit the synthesis of downstream metabolites, which 
are involved in pro-inflammatory signalling pathways, Rockfish Bio also expects a transient senomorphic 
effect by suppression of the SASP. After verifying its target pathway, with existing inhibitors of AA conversion, 
the team at Rockfish Bio successfully tested the 1st generation of novel small molecule inhibitors and are 
currently synthesising 2nd generation molecules. Based on existing drugs, and the molecular structure of its 
compounds, Rockfish Bio expects a high bioavailability after oral administration. For specific indications, such 
as osteoarthritis, Rockfish Bio plans to use non-systemic routes of administration (e.g. local injection) to result 
in a better safety profile.

So far, extensive testing on human cell cultures have been performed indicating that inhibition of the targeted 
pathway allows for therapeutic windows of up to 700-fold differences in the drug concentrations which are 
in the nanomolar range. The difference of 700-fold refers to elimination of senescent human cells of non-
senescent primary control cells of different tissue origins including kidney, lung, cartilage, skin or vasculature. 
Pre-clinical studies in rodents are currently planned, using naturally aged c57BL/6 mice. Due to the extensive 
data on inhibitors of AA-converting enzymes, which are in daily clinical use, Rockfish Bio expects a favourable 
safety profile of its senolytic compounds in these studies.
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Pre-Clinical and Clinical Studies

Basic target 
research and 
Drug Discovery
• Extensive testing on 

human cell cultures 
revealed that tested 
compounds are 
effective in all tested 
cell types (therapeutic 
index up to 700 fold) at 
concentrations in the 
nanomolar range

• 1st generation of novel 
small molecule 
inhibitors were 
successfully tested and 
2nd generation 
compounds are 
currently being 
synthesised 
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Clinical trial 
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FDA Approval for 
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The market volume of chronic kidney disease (CKD) and end stage renal disease (ESRD) is enormous with 
around 10% prevalence worldwide and over US$120 billion spent yearly in the US alone. Progression of the 
disease through the various stages of CKD not only reduces the quality of life, but also increases the cost per 
patient drastically. The number of ESRD patients undergoing transplantation is relatively low compared with 
dialysis, although transplantation is associated with the lowest costs and the highest quality of life. This can 
be explained by the chronic shortage of eligible transplant organs. Rockfish Bio aims to bring in five years 
a senolytic perfusion solution (approved as a medical device) for the improvement of otherwise discarded 
kidney transplants to the market. The Phase 2a clinical trial for the use of its senolytic compounds in CKD is 
envisaged to be completed in six and a half years.

As senolytics are expected to work in several age-related conditions, choosing the right lead indication is a 
key aspect in starting drug development in the senolytics field. Thus, Rockfish Bio scored around 40 age-
related indications in seven categories (medical need, market size, competition, scientific network, senolytic 
fit, time to market, screening data) using pre-defined objective key point indicators. Chronic kidney disease 
and kidney transplant failure were the top ranked indications on this list.
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Technology/platform analysis
One key aspect of studied senolytics is their cell type/tissue dependent efficacy which makes comprehensive 
screening data obtained from cells of different tissue a vital part of the scoring process for identifying the most 
promising lead indication. Rockfish Bio established a broad in vitro screening platform using normal human 
cells from adult donors. Lead compounds will then additionally undergo an in vivo screening in naturally aged 
mice to verify the target tissue. This will greatly mitigate the risk of choosing an inferior candidate as lead 
indication.

The quantification of senescent cells before and after treatment is one of the biggest challenges that clinical 
trials involving senolytics are facing. Methods currently employed are biopsies which are not suitable for most 
indications and quantification of SASP factors in blood samples which can be greatly influenced by signals 
derived from the immune system. Therefore, the use of a proprietary (EP17177840.0) and precise (AUC ~ 
0.9) quantification via circulating miRNAs with the senomiR system developed by TAmiRNA will be essential 
for monitoring the efficacy of the senolytic treatment in its clinical trials.
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Technology Platform Analysis Description Rockfish Biosciences

Class of Senotherapeutic Senolytic, Senomodulator, SA-
immunomodulator, Senoblocker.

Senolytic: Targeting cellular pathways that make 
senescent cells vulnerable to death.

Target specificity

Features of therapeutic that 
facilitate targeting of senescent 
cells without off-target effects; 
dependent on senescent 
biomarkers.

As AA converting enzymes already have inhibitors 
in daily clinical use, Rockfish Bio expects 
a favourable safety profile by targeting this 
pathway. Furthermore, due to its relationship with 
TAmiRNA,  effective targeting of senescent cells 
during treatment can be quantified by assessing 
circulating miRNAs with the senomiR system 
developed by TAmiRNA. 

Delivery

Approaches (local or systemic), 
technologies (delivery vehicle), 
and formulations needed to 
safely and reliably deliver 
therapeutic to its target.

Based on existing drugs, and the molecular 
structure of its compounds, Rockfish Bio expects 
a high bioavailability after oral administration. 
For specific indications, such as osteoarthritis, 
Rockfish Bio plans to use non-system routes of 
administration (e.g local injection) to result in a 
battery safety profile.

Adaptability

Foundational technology that 
can be utilised to systematically 
improve, or build upon, 
robustness of therapeutic.

Rockfish Bios senolytic target pathway still offers 
a huge chemical space free to explore and 1st 
generation of self-designed small molecule 
inhibitors were already successfully tested. The 
team at Rockfish Bio are currently synthesising 
2nd generation compounds and are in the process 
of filling an additional patent for the protection of 
this compound family.

Regulation

Context specific control over 
therapeutic action once 
it has reached its target 
(spatial, temporal, sensitivity, 
degradation).

Unknown for Rockfish Bio.

Toxicity

Level of damage that therapeutic 
can cause to organism; Can 
include, but not limited to: off-
target effects, on-target side 
effects, immunogenicity, etc.

Target is inhibition on AA converting enzymes, that 
are already used in daily clinical use with only mild 
side effects, suggesting favourable safety profiles 
when tested preclinicallly and clinically in vivo. 
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Safety and Risks
Preclinical trials in rodents are the next steps for Rockfish Bio and, as such, safety is yet to be determined. 
However, due to the extensive data on inhibitors of AA converting enzymes, which are in daily clinical use, 
Rockfish Bio expects a favourable safety profile of its senolytic compounds in these studies. 

Target Market
Current treatments for CKD slow the progression of the disease, but as it advances the only life-prolonging 
measurements for end-stage renal disease (ESRD) are dialysis and kidney transplantation, both of which are 
associated with high costs for the healthcare system and in the case of dialysis with poor quality of life. Thus, 
stopping or delaying the progression of CKD will drastically reduce patient suffering and costs by lowering 
the numbers of ESRD patients and keeping the patients in early stages of CKD with a still high quality of 
life. In addition, expanding the pool of transplantable kidney organs will more than half the patient costs from 
US$80,000 – 90,000 for dialysis to 35,000 for transplantation and greatly improve the quality of life for these 
patients. Rockfish Bio hopes its products will address both issues, CKD progression to ESRD and shortage of 
kidney transplants, thereby creating huge socio-economic benefits for this target market.

Success Factors
Team and Reputation

● CEO of Rockfish Bio, Otto Kanzler, combines extensive experience in the biopharmaceutical industry with 
proficiency in business development and finance background. Otto is a serial entrepreneur, who has co-
founded several successful start-up companies, including Evercyte and TAmiRNA. He also founded Innofly 
Management GmbH, providing high quality back-office resources to biotech and pharma start-ups. As CEO 
of Rockfish Bio, this connection will allow Rockfish Bio to benefit from cost savings by these shared services 
until critical mass within Rockfish Bio is reached. Furthermore, due to his experience in the pharmaceutical 
industry, Otto has numerous connections to pharma companies and investors that will aid Rockfish Bio in 
securing the necessary funds for the first growth phase;

● Designated CSO/COO, Dr Ingo Lämmermann, has accumulated more than seven years of experience in 
aging and senescence research. Dr. Lämmermann discovered the senolytic target pathway that Rockfish Bio 
has since patented. Another patent of one of Dr Lämmermann’s inventions has already been successfully 
translated into a product;

● Associate Professor Johannes Grillari is the designated head of the strategic advisory board at Rockfish Bio. 
Professor Grillari has over 25 years of experience in cellular and molecular aging. He has authored and co-
authored more than 170 scientific articles, has filed 14 patents, and was invited as a speaker over 100 times 
at international meetings. This brings vast scientific expertise and networks to Rockfish Bio’s strategic board. 
In addition, Grillari co-founded and holds advisory positions in Evercyte as well as TAmiRNA. Johannes 
Grillari is Associate Professor at BOKU and director of the Ludwig Boltzmann Institute (LBI) for Traumatology 
in cooperation with AUVA, Vienna, Austria;

● Rockfish Bio holds strong connections to leading scientists and clinicians in normothermic perfusion of kidney 
transplants who are willing to test the senolytic in declined kidneys. This is advantageous for Rockfish Bio’s 
strategy to use its senolytic for the improvement of otherwise discarded kidney transplants;
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● It also benefits from synergies formed with its two predecessors Evercyte and TAmiRNA. Evercyte provides 
know-how on cultivation of human cell lines for in vitro screening of senolytic compounds, whereas TAmiRNA 
is currently developing a blood sample-based method for quantification of the senescent cell load – an 
essential diagnostic tool for future clinical trials that could be utilised by Rockfish Bio;

● Rockfish Bios main focus is on reliable, high quality data regarding the pre-clinical and clinical results within 
a short, but realistic timeline. Therefore, the selection process of development partners has been identified 
as critical for the success of the company’s project. The team, including its scientific advisors, has extensive 
experience in selecting collaboration partners and legal framework for any type of collaborations.

Intellectual Property

● Rockfish Bio has created senolytics based on a completely novel target pathway;

● It currently holds a patent (WO2020084105A2) to protect this druggable pathway, which is based on elevated 
formation rates of AA in senescent cells; 

● The target enzymes in the pathway are AA-converting enzymes that have been extensively studied. 
Downstream metabolites of AA are associated with many age-related diseases;

● Inhibitors to these enzymes are already in daily clinical use with favourable safety profiles. Rockfish Bio states 
that these inhibitors showed superior senolytic activities in its in vitro screening platform when compared 
to the well-studied senolytics Navitoclax and the combination of Dasatinib and Quercetin. Furthermore, the 
inhibitors tested by Rockfish Bio showed senolytic activity in all tested cell types;

● Rockfish Bio is looking to complement its in vitro results and demonstrate in vivo efficacy by performing an in 
vivo screening in mice and ex vivo experiments in human tissues;

● Rockfish Bio’s senolytic target pathway still offers a huge chemical space free to explore and 1st generation 
of self-designed small molecule inhibitors were already successfully tested. The team at Rockfish Bio are 
currently synthesising 2nd generation compounds and are in the process of filling an additional patent for the 
protection of this compound family; 

● The target for Rockfish Bio’s senolytics was chosen by assessing medical need, market size, competition, 
scientific network, senolytic fit, time to market and screening data in age-related indications. From this 
assessment it has chosen to target CKD and kidney transplant failure. If effective, Rockfish Bio’s treatment 
could both prevent CKD from becoming ESRD and enhance the pool of kidney transplants for those that do 
progress; 

● Exit points for the medical device (perfusion solution) and for CKD are envisaged to be reached in 5 and 6 
and a half years, respectively;

● Depending on available funding and its data from the screening platforms (in vitro and in vivo) Rockfish Bio 
is also planning to extend its drug development activities on other high-ranking indications from its scoring 
system, thereby fuelling company growth and mitigating risk of failure.
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Funding 

● Rockfish Bio is expecting to close its seed financing round during Q2-Q3/2021 and negotiations are currently 
ongoing; 

● Raised capital from this round will allow further R&D activities, such as in vivo screening to support IND 
applications and validation of its 2nd generation compounds; 

● Rockfish Bio plans to seek for series A financing of €6 million in Q1 of 2022. This funding will further support 
the development of a therapy for CKD;

● Series B financing of €6 million is planned in Q1 of 2023, followed by a series C round of €12 million in Q1 of 
2024. Series D of €12 million in Q1 of 2026 will finance development activities until the end of clinical Phase 
2a at the end of 2027;

● Rockfish Bio expects to partner with a pharma company for further development (Phase 2b and Phase 3) and 
market supply in 2028;

● Rockfish Bio believes its approach may be suitable for many different indications. Therefore, we offer the 
development of additional applications which would lead to extended financial resources.
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Intellectual property:
Holds a patent to protect newly 
discovered druggable pathway 
pathway, based on elevated 
formation rates of AA in senescent 
cells. Downstream metabolites 
of AA are associated with many 
age-related diseases. Further, 
its currently filing an additional 
patent for the protection of its 
self-designed small molecule 
senolytics. 

Team:
The management team has 
an impressive track record of 
launching successful biotech 
companies and the scientific team 
hold extensive backgrounds in 
senescence and aging research. 
With extensive experience 
in selection of collaboration 
partners, successful relationships 
with development partners are 
already being formed.

Unique value proposition:
If effective, Rockfish Bios 
treatment could both prevent 
chronic kidney disease from 
becoming end-stage renal 
disease (ESRD) and enhance 
the pool of kidney transplants 
for those that progress to ESRD, 
indicating multiple channels to 
market. 

Competitive advantage:
Synergies with its two predecessors 
Evercyte and TAmiRNA provides 
Rockfish Bio with a wealth of 
knowledge on cultivation of 
human cell lines for screening 
senolytic compounds in vitro and 
a blood sample-based method for 
quantification of senescent cell 
load that will be invaluable in future 
clinical trials. 

Runway:
Rockfish Bio has a strategic 
funding route planned to help 
support developmental activities 
and movement through the clinical 
trial pipeline, with the ultimate 
aim to partner with a pharma 
company for end stage clinical 
trials and market supply by 2028. 
Seed financing negotiations are 
currently ongoing, the outcome 
of which will provide further 
information on sufficient capital to 
support further R&D activities.

Efficacy:
Tested AA inhibitors showed superior senolytic activity in vitro, in 
comparison with other well-studied senolytics. Further, the inhibitors 
showed senolytic activity in a range of different cell types of different 
origin including kidney, lung, cartilage, skin and vasculature. Data 
collected in preclinical in vivo models will further support efficacy.

Target:
Rockfish Bio scored age-related indications in seven categories 
(medical need, market size, competition, scientific network, senolytic 
fit, time to market and screening data) before deciding to target chronic 
kidney diseases and kidney transplant failure. The market volume of 
CKD and ESRD is large, with 10% prevalence worldwide and over $120 
billion spent yearly in the US alone. 

Inflection point:
With a strong target market for its senolytic, Rockfish Bio are preparing for preclinical in vivo data to support 
IND application. If successful through initial clinical trial stages, Rockfish Bio expects to partner with a 
pharma company for further development (Phase 2b and Phase 3) and market supply in 2028. 

Platform analysis:
Rockfish Bio’s senolytic target 
pathway still offers a huge chemical 
space free to explore and first 
generation of self-designed small 
molecule inhibitors were already 
successfully tested. Inhibition of AA 
converting enzymes are already in 
daily clinical use with only mild side 
effects. Further R&D will provide more 
information for platform analysis.

Channels:
Rockfish are not only 
planning to tackle CKD as 
its lead indication, but also 
create a medical product 
for the improvement of 
kidney transplants during 
normothermic reperfusion, 
thus also combating the 
chronic shortage of kidney 
transplants for ESRD patients. 

Rockfish Bio: success grid
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Rubedo Life Sciences is a biopharmaceutical company that prides itself on developing customised 
therapeutics to treat age-related diseases and extend health-span. Its investigational compounds are small 
molecule therapeutics that are selectively activated inside specific cell types, such as senescent cells. The 
company’s multi-disciplinary team includes leading scientists and experts in aging, regenerative medicine, 
drug discovery and chemistry combined with bio-informatics engineers from academia, life sciences and 
computer science. 

The company’s mission is to deliver safe, highly effective targeted therapeutics to treat age-related 
diseases in patients suffering from chronic degenerative diseases with multiple co-morbidities. Rubedo 
believes each of its team members adds unique expertise and incredible passion towards its exciting 
mission. By connecting leaders in multiple fields, Rubedo hopes to solve unmet issues of drug toxicity and 
selectivity for untreatable age-related diseases. 

The research conducted by Rubedo is powered by ALEMBIC™, a proprietary Bio&Chemo informatics 
platform that enables the proprietary synthetic and medicinal chemistry pipeline discovery. ALEMBIC™ can 
identity novel targets and unique cellular metabolic signatures to enable Rubedo’s proprietary chemistry. 
The novel composition of matter is based on engineered small molecules that are selectively activated 
in target cells. Rubedo’s unique synergy of proprietary technologies and expertise can quickly advance 
compounds from discovery to preclinical efficacy in vitro and in vivo, enabling strategic partnerships and an 
internal clinical pipeline. The team at Rubedo already has several senolytic lead compounds in preclinical 
optimisation for indications in fibrosis and oncology. 

These novel lead senolytic compounds were generated in less than two years, demonstrating efficacy 
both in vitro and in vivo. Going forward, Rubedo aims to complete lead optimisation to select a clinical 
candidate for IND-enabling studies ahead of clinical stage evaluation of its first program in lung fibrosis, 
targeting Idiopathic Pulmonary Fibrosis (IPF). Following this program, Rubedo aspires to file a second IND 
for indications in the oncology space. The company is considering out-licensing options once compounds 
reach the clinical development stage. It is also considering strategic partnerships for new indications, 
involving novel composition of matter, beyond senolytics.

Rubedo has developed a novel class of senolytic targeted small molecules, including prodrugs, designed 
to be selectively activated in specific senescent cells to induce their clearance from tissues while protecting 
other cell types. These molecules involve multi-step activation, taking advantage of novel druggable 
targets and of characteristic senescent cell functions discovered through ALEMBIC™, enabling its 
proprietary medicinal chemistry. Those prodrugs solve three problems: 1) selectivity - activating only in 
the rare pathological cells but sparing the other healthy cells; 2) tolerability, protecting elderly patents 
from side-effects caused by off-targets; 3) efficacy, generating potent active compounds acting on the 
selected targets. Rubedo prodrugs can be developed from novel molecules and also existing approved 
drugs resulting in novel composition of matter with superior or novel selectivity and safety, with intellectual 

Company profile
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property fully owned by Rubedo.

Rubedo’s intellectual property has entered the national phase in Canada, China, Europe, Israel, India, 
Japan, Korea, Mexico and Singapore via International Publication as of 2/11/21. Molecules are currently in 
lead optimisation ahead of IND-enabling studies. Rubedo’s first US patent was granted on the 8th of June, 
2021. 

Longevity Potential: Small molecular therapy for Idiopathic Pulmonary 
Fibrosis and more
Rubedo is developing a selective targeted therapy aimed to clear the burden of senescent and profibrotic 
cells in the lung tissue of patients with idiopathic pulmonary fibrosis (IPF), a life threatening degenerative 
disease. The standard of care for IPF includes two approved medicines, nintedanib and pirfenidone, 
each with limited efficacy in slowing disease progression in a subset of patients and with side effects that 
can diminish quality of life and patient compliance. A growing body of preclinical and clinical evidence in 
the field suggests that senescent cells play a driving role toward fibrosis in IPF. By selectively targeting 
senescent cell populations, Rubedo hopes that its therapies have the potential to revert the degenerative 
process with well tolerated therapeutics. To advance its IPF program toward the clinic, Rubedo established 
a collaboration with the Cedars-Sinai Medical Center in Los Angeles, joining forces with world-class 
preclinical and clinical experts in interstitial lung diseases (including IPF). 

To reduce the side effects that are associated with targeting senescence, and to increase selectivity, 
Rubedo’s proprietary therapeutics are small molecules designed to initially be inactive (such as prodrugs). 
By taking advantage of characteristic metabolic and cellular functions of senescent cells, these small 
molecules are then selectively activated in multiple steps by targeted senescent cell types. For example, 
senescent cells are characterised by a notable change in biological properties such as an increase in 
mitochondria levels, reactive oxygen species, lysosomal content and upregulation of lysosomal enzymes 
like senescence-associated β-galactosidase (SA-βGal). Using a drug that is selectively activated in 
senescent cells, by the hydrolase activity of SA-βGal and by other cell specific enzymes, creates the 
potential to remove senescent cells without any noticeable side effects. 

By using activated small molecules, the therapies can be delivered systemically. The portfolio of 
chemistries developed by Rubedo can be applied to different small molecules, targeting different cell types 
and different molecular targets, in the context of multiple tissues and diseases. (Further details on the small 
molecules used are still undisclosed.)

Rubedo’s portfolio of lead compounds includes developed small molecules that can selectively target both 
senescent and cancer cells, systemically and within the tumour environment, aimed to treat unmet needs 
in oncology. Additionally, recent breakthroughs in its chemistry resulted in novel intellectual property that 
enables new opportunities for drug discovery in senescence, enabling different clinical indications and 
facilitating new therapeutic opportunities for strategic partnerships beyond senolytics. 
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Pre-Clinical and Clinical Studies

Basic target 
research and Drug 
Discovery
• Rubedo has an advanced 

drug discovery process. 
After target identification, 
ALEMBIC™ enables the 
generation of proprietary 
novel composition of 
matter, starting from either 
completely novel 
compounds or rom existing 
clinically approved 
molecules

• Rubedo has chosen 
idiopathic pulmonary 
fibrosis as its target. A 
growing body of preclinical 
and clinical evidence 
suggests that senescent 
cells play a driving role 
towards fibrosis in IPF.

Preclinical 
• Early pharmacokinetic, 

efficacy and tolerability 
studies have been 
conducted in rodent and 
non-human primate animal 
models

• Ongoing lead compound 
optimisation are ongoing 
ahead of IND-enabling 
studies

Clinical trial 
Phase 1

Clinical trial 
Phase 2

Clinical trial 
Phase 3

FDA Approval for 
target indication

Standard models along with novel age-related preclinical 
rodent models have been developed at Rubedo, 
showing promising initial efficacy. Early pharmacokinetic 
(ADME/DMPK), tolerability and efficacy studies have 
been conducted in rodent and non-human primate 
animal models.

For example, reported initial studies using a tool prodrug 
targeting initially only SA-βgal activity in geriatric mice 
showed significant improvement in 1) frailty profile; 2) 
skeletal muscle function; 3) muscle stem cell function; 
4) cognitive function; and 5) survival . These studies 
are ongoing along with different lead compounds in the 
optimisation stage, ahead of IND-enabling studies. 

The initial indication for Rubedo’s technology is IPF, followed by additional age-related indications, possibly 
and similarly driven by the accumulation of senescent cells. A clinical endpoint for IPF will likely involve 
forced vital capacity. Rubedo’s strategy has the potential to address multiple conditions simultaneously by 
targeting a master regulator of the degenerative age-related process. Additionally, Rubedo therapeutics are 
designed to be well tolerated in individuals who are aged, frail and afflicted by several chronic conditions 
and co-morbidities.

Technological (Platform) Analysis
Rubedo has built a sophisticated bioinformatics and chemoinformatics platform named ALEMBICTM, 
driven by a combination of AI and other algorithms. ALBEMIC™ can analyse large datasets across different 
integrated dimensions, such as multi-omics data, age, patient populations, tissues and diseases. This 
allows identification of novel targets and cell “IDs”, or signatures, that enable application of proprietary 
chemistries to generate novel small molecules such as prodrugs. This approach at Rubedo can uniquely 
advance the drug discovery process: after target identification, ALEMBICTM enables generation of 
proprietary novel composition of matter, starting either from completely novel compounds or from existing 
clinically approved molecules, engineered for improved selectivity and safety profiles.  
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Technology Platform Analysis Description Rubedo Biotechnologies

Class of Senotherapeutic Senolytic, Senomodulator, SA-
immunomodulator, Senoblocker.

Senolytic: Targeting cellular pathways that make 
senescent cells vulnerable to death.

Target specificity

Features of therapeutic that 
facilitate targeting of senescent 
cells without off-target effects; 
dependent on senescent 
biomarkers.

The use of selective small molecules, designed to  
activate only under certain senescence conditions,  
creates the potential to remove senescent 
cells with increased selectivity and without any 
noticeable side effects.

Delivery

Approaches (local or systemic), 
technologies (delivery vehicle), 
and formulations needed to 
safely and reliably deliver 
therapeutic to its target.

Rubedo uses novel small molecules designed 
specifically for its target. Due to the small 
molecules only being activated by cellular functions 
of senescence, the therapeutic can be delivered 
systematically. 

Adaptability

Foundational technology that 
can be utilised to systematically 
improve, or build upon, 
robustness of therapeutic.

ALEMBIC™ can analyse large datasets to 
identify novel cell “IDs” that enable applications 
of proprietary chemistries to generate novel small 
molecules.  This platform has created a portfolio 
of chemistries that can be applied to different 
small molecules, targeting different cell types 
and different molecular targets, in the context of 
multiple tissues and diseases. 

Regulation

Context specific control over 
therapeutic action once 
it has reached its target 
(spatial, temporal, sensitivity, 
degradation).

Rubedo’s proprietary therapeutics are small 
molecules designed to initially be inactive (such as 
prodrugs). By taking advantage of characteristic 
metabolic and cellular functions of senescent 
cells, these small molecules are then selectively 
activated in multiple steps by targeted senescent 
cell types.

Toxicity

Level of damage that therapeutic 
can cause to organism; Can 
include, but not limited to: off-
target effects, on-target side 
effects, immunogenicity, etc.

The novel small molecules designed by Rubedo 
have not been disclosed.
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Safety and Risks
Many of the senolytic drugs used to deplete senescent cells cause profound toxic side effects due to lack 
of specificity toward senescent cells. This can lead to hematological toxicities including neutropenia and 
thrombocytopenia. The specificity issues of current senolytic drugs limits their application to local delivery 
and/or to acute treatments as opposed to chronic systemic administration. Creating a therapeutic that 
selectively kills senescent cells whilst sparing other cell populations remains a challenge.

Rubedo’s proprietary therapeutics are designed to be well tolerated, selective and to be delivered via 
multiple routes of administration. The chemistry strategies invented at Rubedo enable the design and 
generation of different targeted therapeutics, such as complex prodrugs among other types of small 
molecules. Rubedo is developing targeted technologies to prevent or overcome limitations due to side 
effects, off-target effects and poor selectivity that typically limit the therapeutic development of small 
molecules. Moreover, considering the heterogeneity and tissue specificity of senescent cells, Rubedo aims 
to develop customised senolytic therapies along with different targeted therapeutics for other cell types, 
including cancer cells or dysfunctional stem cells.

Target Market
Rubedo’s first developed target therapy for IPF has a market size valued at US$2 billion in 2018 and is 
estimated to expand at a CAGR of 12.7% over the forecast period, amounting to US$5.2 billion by 2027. 
These projections do not include the global impact of the pandemic. As COVID-19 survivors appear to 
suffer from accelerated biological aging in the lung tissue, due to SARS-Cov2 driving cellular senescence in 
the lungs, this population is at an increased risk of developing IPF in the future. This is a factor potentially 
driving an increase in the IPF population over the next decade, with expected market growth surpassing 
initial predictions. Beyond IPF, Rubedo states that its senolytic compounds have been designed to tackle 
other pulmonary diseases, such as chronic obstructive pulmonary disease and to other indications related 
to fibrosis and to unmet oncology needs. Rubedo’s targeted therapies are designed to be “healthy” potent 
senolytic chemotherapies with the goal to enable efficacy with greater tolerability in selected therapies for 
aged populations with co-morbidities. 
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Success Factors
Team and Reputation

● Rubedo Life Sciences has a strong team. Its C-suite covers multiple aspects of a successful 
senotherapeutic start-up including entrepreneurship, senescence biology expertise, software engineer 
proficiency and big pharma insights; 

● Marco Quarta, the co-founder and CEO of Rubedo LifeSciences is a leading expert in aging and 
regenerative medicine from Stanford University. Marco is backed by over 15 years of research with 
an extensive track record of scientific publications in top tier journals. He also co-founded biotech 
companies in Europe and the US, including regenerative medicine biotech WetWare Concepts and 
longevity start-up Turn Biotechnologies; 

● The scientific team is headed by Mark Gallop, co-founder and a leading scientist in multiple chemistry 
fields, with world-class expertise in prodrug chemistry and development, and more than 30 years of drug 
discovery experience in the bio-pharmaceutical industry, including senior director role at Affymax. Mark 
has co-founded and led drug discovery companies such as Nurix and Xenoport and has multiple track 
records of IPOs, acquisitions and FDA approved drugs brought to market; 

● Julian Klein, co-founder, is an expert in senescence biology who trained under academic leaders and 
pioneers in the field, contributing to top tier scientific publications;

● The VP of drug discovery, Jeff Jasper, has over 25 years’ experience in the bio-pharmaceutical industry 
including positions at Merck, Roche, Theravance and Cytokinetics. He is co-founder of Altos Therapeutics 
(acquired by Takeda Pharmaceuticals). He has an extensive track record of approved medicines brought 
to market; 

● The drug discovery platform, ALEMBIC™, was built by the chief technology officer, Alex Laslavic, and 
his team. Alex is an experienced software engineer having been a former lead at Facebook and other 
IT companies. His unique skills in building infrastructure software, distributed systems, and pipelines 
for large-scale data analysis was fundamental to the design of ALEMBIC™. The team at Rubedo Life 
Sciences continues to grow rapidly. Currently a small, 18-person organisation, Rubedo aims to bring-on 
additional key members in the future including clinical and business development; 

● Rubedo Life Sciences also benefits from a compelling scientific and clinical advisory board, including Prof 
Cory Hogaboam from Cedars-Sinai (IPF and Senescence), Prof Mark Pegram and Prof Lidia Shapira from 
Stanford University Oncology) and Distinguished Prof.Paul Insel from UCSD (Pharmacology). Academic 
collaborators include Prof Thomas Rando and Prof Tony Wyss-Coray from Stanford University, leaders in 
the field of aging and the rejuvenation field; 

● Rubedo is very collaborative and is currently discussing strategic partnerships to expand its portfolio to 
other indications and is open to initiate new conversations. The company recently released a preprint 
publication (under review) of early proof of principle with leaders in the field from Stanford University. The 
work is based on a targeted senolytic prodrug in geriatric mouse models. The company aims to continue 
contributing to the scientific field with its own research and advancements;

● The current team has a strong breadth of knowledge that has aided product development and a strong 
senotherapeutic platform. Progression to Series A funding would benefit from a business development 
and clinical manager to ensure generation of long-term profit and sufficient clinical data.
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Intellectual Property

● Rubedo Life Sciences creation of the sophisticated bioinformatics and chemoinformatics platform, 
ALBEMIC™, that identifies novel targets for small molecule generation, gives the company a plethora of 
opportunity for patents; 

● As ALBEMIC™ will identify cell IDs associated with cellular senescence as targets, the small molecular 
therapies designed by Rubedo should have a higher selectivity and safety; 

● There is early proof of concept, released in a preprint publication, that validates a targeted prodrug 
senolytic strategy. This positive early work gives Rubedo’s scientific team confidence in its initial 
hypothesis. Rubedo hopes to advance these initial positive results to higher levels of sophistication, 
including new targets and new chemistry strategies; 

● Standard models, along with novel age-related preclinical rodent models, have been developed at 
Rubedo and have achieved initial efficacy results. Further, the company states it has achieved an 
improved safety profile in multiple species; 

● The first indication, IPF, is expected to be the initial step in a series of different possibilities to expand the 
label to other forms of interstitial lung diseases;

● The company has also stated that it has had recent breakthroughs in its chemistry efforts that have 
generated new IP and extended Rubedo’s capacity beyond initial expectations. Based on these efforts, 
Rubedo now has several new patent applications in construction;

● Rubedo has other compounds in the pipeline in development for different indications. It hopes to pursue 
these new drug discoveries by developing strategic partnerships. 

Funding 

● Rubedo Life Sciences has raised $12m in seed financing since incorporation, led by Khosla Ventures, 
including participation from Longevity Funds, Refactor Capitals, Shanda Group and others; 

● Rubedo Life Sciences is moving to Series A funding in the summer or 2021. This funding phase will help 
prepare the IND-ready package and submission for the first-in-human and move to Phase 1 clinical trial 
in IPF; 

● Funding will also support advancing a second indication to IND, expanding the current team, research 
facilities and IP portfolios; 

● The team also aims to secure strategic partnerships that will enable parallel drug discovery programs, 
expand the IP portfolio and licensing opportunities;

● The growth and aims of the company is dependent on raising sufficient additional capital in series A 
funding. Strong preclinical results, including efficacy and safety data, as well as regulatory and strategic 
planning for the path to the clinic (patient inclusion criteria and stratification, endpoints and biomarkers) 
and to market (competitive landscape, reimbursement strategies and market evolution), will help assure 
investors when raising additional capital.
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Intellectual property:
Patents have been issued for its 
core platform targeting its primary 
indication, IPF. By developing 
and using its exclusive platform 
ALBEMIC, the company has the 
opportunity to create a portfolio 
of new IP for different indications 
and has several new patent 
applications in construction.

Team:
A breadth of different specialities 
has enabled the creation of a 
drug discovery platform and 
senolytic compound for age-
related clinical endpoints. 
To ensure strategic planning 
for the path to the clinic and 
market, the team would benefit 
from business development and 
clinical management.

Unique value proposition:
The use of ALEMBIC can 
uniquely advance the drug 
discovery process. After target 
identification, ALBEMIC enables 
the generation of proprietary 
novel composition of matter, 
starting from either completely 
novel compounds, or from 
existing clinically approved 
molecules, engineered for 
improved selectivity and 
safety profiles. This strategy 
ensures generation of multiple 
therapeutics that are selective 
and well tolerated in clinical trials. 

Competitive advantage:
Rubedo has proven to be a prime 
choice for longevity venture capital 
firms such as Longevity funds and 
Khosla Ventures. Its exceptional 
team is uniquely primed to execute 
programs effectively and fast. 
The computational and chemistry 
technologies are primed for age-
related prodrug generation.

Runway:
Rubedo has raised $12m in seed 
financing since incorporation, 
providing substantial runway 
for research, development and 
preclinical findings. The company 
will need additional capital from 
series A funding to support their 
plans to initiate Phase 1 clinical 
trials and the advancement of a 
second indication to IND.

Efficacy:
Standard models, along with novel age-related preclinical rodent 
models developed at Rubedo, have shown promising initial efficacy 
and early proof of concept of the use of prodrugs as a senolytic 
strategy. Initial ADME/PK and tolerability studies have been conducted 
in rodents, and improved safety profiles shown in multiple species. 
Further efficacy data and safety data from human clinical trials will 
validate the initial findings in preclinical models.

Target:
The primary target, IPF, is the market entry point and has a growing 
body of evidence suggesting senescent cells drives its pathology, and 
current care has significant drawbacks. The use of prodrugs allows the 
targeted selection of only senescent cells in those with IPF. If effective in 
IPF, Rubedo’s small molecule lung therapeutic could have a market size 
of $5.2 billion by 2027 expanding to COPD with $14.8 billion. 

Inflection point:
Rubedo initiates series A funding in 2021, which will help prepare the IND package and submission for the 
first indication and initiation of the Phase I clinical trial in IPF. If outcomes of initial clinical trials are successful 
Rubedo could IPO or strike a major M&A deal. 

Platform analysis:
ALBEMIC identification of novel 
senescence IDs creates the potential 
to develop proprietary chemistries to 
generate activated small molecules 
prodrugs that can remove senescent 
cells with increased selectivity and 
without noticeable side effects. Rubedo 
applies the same strategy in other age-
related pathological cells building other 
verticals internally and with partners.

Channels:
Rubedo’s primary entry 
point market is age-related 
interstitial lung diseases. 
Rubedo is also developing 
an oncology program in 
preclinical efficacy stage 
for unmet clinical needs. 
Additional channels are 
considered with strategic 
partners.

Rubedo Life Sciences: success grid

= Positive progress = Work-in-progress = Needs attention
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TAmiRNA is a Biotech company which was founded in 2013 as a spin-off from the University of Natural 
Resources and Life Sciences Vienna (BOKU). TAmiRNA conducts research and development of 
microRNA-based diagnostic tests for several age-associated diseases including senescence-associated 
diseases (senomiR®), osteoporosis (osteomiR®), cardiovascular disease (thrombomiR®), and liver diseases 
(hepatomiR®). In addition, TAmiRNA serves as a CRO by providing R&D teams at universities and 
companies with RNA biomarker solutions for drug safety assessments (toxomiR®), as well as compelling 
solutions for the analysis of non-coding RNAs in biofluids, single-cells or tissue compartments in any 
research area. Utilising microRNAs as diagnostic and prognostic biomarkers for senescent burden offers 
unique opportunities to address many of the issues currently present in the field. This includes (but is not 
limited to) minimally invasive access to biomarker samples, aiding in resolving senescent cell heterogeneity 
and high translatability. TAmiRNA’s overall mission is to develop novel diagnostic solutions for unmet 
clinical needs and to offer high-quality analytical services in compliance with the high standards required by 
diagnostics development. Through doing this, they hope to prolong the stability, health and quality of life of 
individuals as they age.

At launch, the team (consisting of Matthias Hackl, Regina Grillari, Johannes Grillari and Otto Kanzler) had 
acquired compelling data in relation to secretory microRNA profiles of senescent cells. “The observation 
that senescent cells could exert a paracrine effect through release of specific microRNAs into the 
circulation showed us the huge potential of cell-free microRNAs as biomarkers of senescence, aging and 
age-related diseases.” Shortly after patenting and publishing the data on cross-talk between senescence-
associated microRNAs and bone-formation, TAmiRNA was founded to explore the use of microRNAs as 
osteoporosis biomarkers (osteomiR®) and subsequently also CVD, liver disease and senescence.

TAmiRNA collaborates with expert biostatisticians, bioinformaticians and epidemiologists in order to identify 
and validate microRNA biomarkers for diagnosis, prognosis, treatment monitoring and drug development. 
In this way TAmiRNA uses the full resources and expertise of its team to harness the power of microRNAs 
to create innovative tools that will drive the longevity field forward. The COVID pandemic has revealed 
the pervasive role and potential impact that RNA base innovations can have on our health and wellness, 
particularly in regard to disease prevention. Our world is rapidly changing, as is the rate of scientific and 
technological progress. In order to rapidly diagnose the diseases associated with an increased death rate, 
new and improved methods are necessary. MiRNAs have the required properties to constitute such a 
method. Through developing next generation technologies and talent, TAmiRNA is dedicated to constant 
growth and improvements in order to maintain its competitive advantage in this field.

To date, TAmiRNA has completed and patented the development of a transcriptomic landscape of cellular 
senescence. The company plans to continuously expand its senescence microRNA biomarker panel 
(through preclinical R&D efforts) with cell-type specific biomarkers based on newly generated data. 
TAmiRNA recognises that the development of accurate diagnostic and prognostic tests for senescence 
in humans is one of the major hurdles standing in the way of clinical trial success. Hence, it is focused 

Company profile

TAmiRNA 
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on continuously engaging in partnerships with companies that are developing and validating their novel 
senotherapeutics. TAmiRNA recognises high potential for mergers or acquisitions of their development 
projects in the next 3-7 years.

Longevity Potential – promoting the safe and efficacious use of 
senotherapeutics with miRNA biomarkers
There is a significant body of evidence supporting the role of senescent cell accumulation in driving a 
wide range of age associated chronic diseases. A major hurdle in the translation of preclinical results to 
humans is the lack of non-invasive, precision biomarkers for tracking senescent cell burden and validating 
efficacy of senotherapeutic candidates. Further, the inherent heterogeneity of senescent cell populations 
requires development of personalised biomarker strategies that are both tissue- and disease-specific. This 
poses a significant burden for emerging senotherapeutic companies dedicated towards developing and 
implementing their products within the resource intensive process of clinical trial validation.

It has been shown that microRNA expression is subject to change during the onset and progression of 
disease. This has led to the application of microRNAs as disease biomarkers. TAmiRNA’s mission is to 
promote the safe and efficacious use of senotherapeutics by developing sensitive and specific biomarkers 
for the selection of patients with high senescence burden and for treatment response monitoring. It is 
providing solutions for minimally-invasive testing of senescence burden using its senomiR® microRNA 
biomarker panel. To this end, TAmiRNA has developed and patented an extensive transcriptomic map of 
senescence and is continuously working to expand its senescence microRNA biomarker panel with cell-
type and chronic disease specific biomarkers based on established partnerships and newly generated data. 
This places TAmiRNA in a prime position to address multiple age-related diseases and partner with a wide 
range of companies to optimise the development of longevity interventions.

TAmiRNA has multiple products in its pipeline targeting a range of age-related diseases including 
cardiovascular disease, liver disease and osteoporosis. Further growing scientific evidence suggests 
that microRNA biomarker panels have great potential to target several other chronic diseases including 
cancer, sarcopenia and neurodegenerative diseases. One of the most intriguing opportunities for TAmiRNA 
within the longevity space is in the development of early diagnosis biomarkers for the prophylactic use 
of senotherapeutics in preventing age-related disorders. As part of its most advanced development 
project, TAmiRNA has identified circulating microRNA biomarkers, which can be used to predict fracture 
risk in post-menopausal women and aged men – the osteomiR® test. This novel biomarker is intended to 
facilitate early diagnosis and treatment of osteoporosis to prevent the risk of severe osteoporotic fractures. 
Through their investment in (and development of) highly sensitive, non-invasive technologies to detect 
tissue specific microRNA signatures of disease, TAmiRNA seeks to extend their competitive advantage to 
companies developing personalised therapeutics for disease prevention. Further, by establishing disease 
specific microRNA biomarker panels, TAmiRNA has significant potential to accelerate approval of the first 
longevity therapeutic to successfully traverse the clinical trial process.

Flagship Product Deep Dive
TAmiRNA is a molecular diagnostic company developing diagnostic tests based on the quantitative 
measurement of microRNAs, in tissues or biofluids. Using small RNA-seqin both in vitro and in vivo models, 
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TAmiRNA has created an extensive transcriptomic map of cellular senescence (senomiR®). This map can 
be used to identify novel, cell-type specific senescence biomarkers that can be used for the diagnosis 
of senescence load and senotherapeutic development for age-associated diseases. The biomarkers are 
“microRNAs”, short, non-coding RNAs that can be quantified in biofluids.

The expression of microRNAs is highly regulated and the expression of about 10% of all microRNAs are 
enriched or even restricted to a specific type of tissue or cell. MicroRNAs play important roles in gene 
regulation (through the degradation of mRNA and subsequent regulation of transcription and translation) as 
well as intercellular signaling. A large proportion of microRNAs, termed circulating microRNAs, are secreted 
out of the cell and circulate in blood, urine, saliva and other fluids with the help of transport proteins 
and within vesicles. It has been shown that microRNA expression is subject to change during the onset 
and progression of disease and this insight is what has led to the application of microRNAs as disease 
biomarkers.

SenomiR® stands for a microRNA-based signature of cellular senescence, which can be used for diagnosis 
of senescence burden and monitoring of senolytic therapies. A hallmark of senescent cells is their 
senescence associated secretory phenotype (SASP), which consists of secreted proteins and extracellular 
vesicles that drive a proinflammatory environment and promote further senescence. The scientific founders 
of TAmiRNA have helped characterise the microRNAs that are part of the SASP profile and their roles in 
senescence propagation through anti-apoptotic mechanisms, among others. During the development of 
senomiR®, a large catalogue of primary cell-types, tissues and biofluids were screened for senescence-
associated microRNA profiles using next-generation sequencing (NGS) with the aim to identify cell-type 
specific senescence biomarkers. The resulting senomiR® PCR assay will be offered as a product or service 
for targeted quantitative analysis of the senescence miRNA biomarker panel in liquid biopsies to diagnose 
senescence load and monitor treatment response. A patent has been filed for this application, and the 
signature is currently undergoing validation in various pre-clinical and clinical studies. TAmiRNA seeks 
partners for development of applications as companion-diagnostic or drug-development tools.

TAmiRNA aims to launch Europe´s first CE-IVD (in vitro diagnostic medical device) marked microRNA 
tests in 2021/2022 in two distinct age-associated disease areas. Beyond that, TAmiRNA is committed to 
support its clients from academia, pharma and biotech with best-in-class CRO services for RNA biomarker 
discovery, validation and implementation as diagnostic, companion-diagnostic or drug-development tools.

Technology platform analysis
TAmiRNA operates a fully equipped research and development laboratory for automated high-throughput 
screening of any type of RNA levels, in any type of biological sample, including cells, tissues and 
biofluids, as well as isolation of extracellular vesicles (exosomes). For untargeted analysis of microRNAs 
and other small RNAs, next-generation sequencing (NGS) is the gold standard platform, as it enables 
unbiased genome-wide characterisation of small RNAs in biological matrices. TAmiRNA uses a proprietary 
NGS workflow, using spike-in controls, allowing for high throughput screening of full miRNome (2500 
microRNAs) at unprecedented precision and accuracy. For RT-PCR analysis, TAmiRNA has implemented 
locked-nucleic-acid (LNA) based chemistry which has been shown to provide superior performance. In 
collaboration with Evercyte GmbH and Vivomicx, the company has access to relevant in vitro and in vivo 
models as well as space-resolved gene expression analysis in complex tissues. The combination of CRO 
and R&D activities ensures constant quality improvements and sustained growth.
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Technology Platform Analysis Description TAmiRNA Biotechnologies

Class of Senotherapeutic Senolytic, Senomodulator, SA-
immunomodulator, Senoblocker.

TAmiRNA’s product is a miRNA based biomarker 
assay for senescent cells (senomiR) that can be 
utilised as a diagnostic, companion diagnostic, or 
drug development tool for companies developing 
any class of senotherapeutics.

Target specificity

Features of therapeutic that 
facilitate targeting of senescent 
cells without off-target effects; 
dependent on senescent 
biomarkers.

TAmiRNA’s senomiR biomarker assay consists 
of microRNA’s that are specific to the SASP 
profile and allows for detection of senescent cells 
with high tissue specificity allowing for cell-type 
specific readouts and addressing senescent cell 
heterogeneity.

Delivery

Approaches (local or systemic), 
technologies (delivery vehicle), 
and formulations needed to 
safely and reliably deliver 
therapeutic to its target.

TAmiRNA detects senescence specific miRNA’s 
from a variety of biological fluids including plasma, 
saliva, and urine. This provides a systemic read-
out of senescent cell burden that can be stratified 
according to tissue specific miRNA composition.

Adaptability

Foundational technology that 
can be utilised to systematically 
improve, or build upon, 
robustness of therapeutic.

TAmiRNA utilises a proprietary Next Generation 
Sequencing  (NGS) workflow allowing for 
high throughput screening of full miRNome 
(2500 miRNA’s) at unprecedented precision 
and accuracy. This facilitates the potential for 
personalised, multi-marker panels that characterise 
specific senescent cell types, disease progression, 
etc. Allowing for iteration based on emerging data.

Regulation

Context specific control over 
therapeutic action once 
it has reached its target 
(spatial, temporal, sensitivity, 
degradation).

TAmiRNA’s NGS workflow coupled with its 
locked-nucleic-acid based RT-PCR technology 
allows for superior spatio-temportal sensitivity for 
detection of senescence specific miRNA’s. This 
includes detection before clinical symptoms appear 
and signatures that vary according to disease 
progression or response to treatment.

Toxicity

Level of damage that therapeutic 
can cause to organism; Can 
include, but not limited to: off-
target effects, on-target side 
effects, immunogenicity, etc.

The senomiR biomarker assay has a superior 
safety profile as miRNAs are easily accessible and 
involve minimally-invasive detection in biofluids (no 
tissue biopsies or radioactive markers required). 
senomiR has great potential to validate the safety 
and efficacy of emerging senotherapeutic drugs.
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In addition to senomiR®, TAmiRNA’s pipeline consists of microRNA biomarker tests for age-related 
diseases including osteoporosis (osteomiR®), cardiovascular diseases (thrombomiR®) and liver diseases 
(hepatomiR®) which have already been commercialised as RUO (research use only) tests; approval for 
in vitro diagnostic applications are currently being prepared. The osteomiR® test is used to determine the 
3-year risk of osteoporotic bone fractures in postmenopausal women. The thrombomiR® test measures 
platelet activation (in plasma samples from patients) to achieve risk stratification and for monitoring 
response to antiplatelet therapy. The hepatomiR® test is intended to determine liver function in patients with 
liver cancer before and after surgical treatment to determine the risk of liver failure.

TAmiRNA´s test kits include all reagents required for the analysis of microRNAs in blood samples, as 
well as specially developed software for data analysis and reporting. This analysis is supported using 
proprietary normalisation strategies and machine learning to discover and validate multivariate biomarker 
signatures with robust diagnostic performance. Using its leading-edge technologies, TAmiRNA is committed 
to building exceptional partnerships for customer-tailored microRNA biomarker discovery and validation.

The field of miRNAs itself is relatively new, and therefore, traits such as detection limits, range of 
concentrations in body fluids, modulation depending on various parameters (age, gender, health/disease) 
are still being established. TAmiRNA sets itself apart from direct competitors because of the quality of 
experience of its founders and staff as well as its leading-edge technologies and platforms.

Pre-Clinical and Clinical Studies

Basic target 
research and Drug 
Discovery

• During the development 
of senomiR, a large 
catalogue of primary cell 
types, tissues, and 
biofluids were screened 
for senescence associate 
miRNAa profiles using 
NGS with the aim to 
identify cell-type specific 
senescence biomarkers

• Both in vitro and in vivo 
models have been 
utilised in the construction 
of TAmiRNA’s senomiR 
biomarker panel

Preclinical
• TAmiRNA’s key 

preclinical advance 
resides in the generation 
of a significant amount of 
data on the cell-type 
specific level

• In vivo models ineclude 
wildtype and transgenic 
mice to phenotype tissue 
and plasma-based 
microRNA profiles during 
aging, stress-induces 
senescence treatment, 
and senescence 
clearance

• Tissues analysed include 
plasma, skin, lung, 
kidney, and liver

Clinical trial 
Phase 1
• Regulatory approval of

biomarkers depends on
the intended-use as
either diagnostic,
companion diagnostic or
drug-development tool

• TAmiRNA is currently in
the position to start either
route for approval by
entering co-development
partnerships with
senotherapeutic drug
development companies
that face a need for
minimal-invasice high-
performing senescence
biomarkers

Clinical trial 
Phase 2

Clinical trial 
Phase 3

FDA Approval for 
target indication
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Both in vitro and in vivo models have been used in the development and validation of TAmiRNA’s SenomiR® 
biomarker panel. In vitro models include senescent human: skin fibroblasts, adipose-tissue derived stem-cells, 
renal proximal tubular epithelial cells, dermal microvascular endothelial cells, umbilical vein endothelial cells. All 
cell types have been deeply phenotyped for their intra- and extra-cellular RNA profiles in both quiescence and 
senescence. In vivo models include wildtype and transgenc mice (p16 responsive suicide gene) to phenotype 
tissue and plasma-based microRNA profiles during aging (replicative and chronological), stress-induced 
senescence treatment (used doxorubicin) and senescence clearance. Tissues analysed include plasma, skin, 
lung, kidney and liver.

TAmiRNA’s key advance resides in the generation of a significant amount of data on the cell-type specific level. 
This allows TAmiRNA to link systemic changes (plasma) of their biomarker levels to specific organs, tissues and 
cell types. Regulatory approval of biomarkers depends on the intended use as either diagnostic, companion-
diagnostic or drug-development tool. TAmiRNA is currently in the position to start either route for approval by 
entering co-development partnerships with senolytic drug-development companies that face a need for minimal-
invasive high-performing senescence biomarkers.

With the advancement of the senomiR® project in 2020, TAmiRNA is now aiming to participate at various 
subject-specific expos, partnering meetings and conferences to gain visibility and establish partnerships. 
The signature is currently undergoing validation in various pre-clinical and clinical studies. TAmiRNA believes 
that senescence biomarkers could be used for several medical diagnostic applications in addition to drug 
development applications. The next milestone will be development of a product for a specific senescence 
biomarker panel to support drug development. TAmiRNA is dedicated to continually expanding their 
senescence microRNA biomarker panel with cell-type specific biomarkers based on newly-generated data, both 
in-house and from partnerships.

Safety and Risks
The safe and efficacious use of senolytic drugs requires sensitive and specific biomarkers for drug 
development, diagnostics and treatment response monitoring. This has proven to be a significant roadblock to 
success for senotherapeutic companies, especially in the application of such biomarkers within human beings 
in clinical trials. TAmiRNA’s senomiR® biomarker panel is a comprehensively-generated and minimally-invasive 
test that can be performed on an individual’s biofluids (plasma, saliva, urine, etc.) to gauge senescence burden. 
TAmiRNA believes that the use of senomiR® to validate the safety and efficacy of emerging senotherapeutic 
drugs can play a significant role in risk mitigation, clinical trial success and market approval for companies 
within the senotherapeutics industry.

Target Market
As a contract research organisation and B2B entity, the primary target market for TAmiRNA’s senomiR® product 
is companies and institutions conducting preclinical and clinical studies on senotherapeutics and senescence 
associated diseases. The field of senescence research is still in its infancy; as such, reliable clinical biomarkers 
of senescent cells (and their sub-populations) are yet to be discerned. This is a critical barrier that stands in the 
way of success for many promising senotherapeutic companies that have invested significant time and financial 
resources in developing their drug candidates. TAmiRNA’s senomiR® panel seeks to appeal to the substantial 
global longevity and anti-senescence therapies market which is projected to grow from US$329.8 million in 
2018 to US$644.4 million by 2023 with a compound annual growth rate (CAGR) of 14.3% from 2018-2023.
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TAmiRNA has just recently completed the “discovery” phase of their biomarker pipeline and are preparing to 
transition into the “validation” phase. As such, they are yet to focus on a specific disease or target indication 
for their senomiR® biomarker panel. The company’s strategic approach involves generating a foundational 
dataset that represents a broad transcriptomic landscape of cellular senescence. Based on this map, 
individual microRNAs or panels can be selected for specific diseases, organs and tissues.

TAmiRNA is currently working on validating senomiR® as a diagnostic, companion diagnostic and drug 
development tool in partnership with companies and academic institutions conducting preclinical and clinical 
trials for their senotherapeutics. Although no target disease market has yet to be announced, its founders 
share a strong interest in musculoskeletal disorders, especially osteoporosis, and cardiovascular disease. 
Given the comprehensive nature of the senomiR® biomarker panel, the state-of-the-art technology being used 
to develop it and the advantages of using miRNA biomarkers, the senescence-associated disease market 
is wide open. The company is also dedicated to continual expansion of its transcriptomic map to include 
additional cell-types in cooperation with project partners.

Success Factors
Team and Reputation

● TAmiRNA’s C-suite consists of multiple serial entrepreneurs with extensive experience building successful 
biotechnology companies based on innovative technologies. Together, the team brings together a diversity 
of skill sets including business development, supply chain optimisation, molecular gerontology, miRNA and 
senescence biology;

● Matthias Hackl, the CEO and cofounder of TAmiRNA is a leading expert in miRNA biology and has more 
than 8 years of experience in entrepreneurship and business development; Hackl has an extensive track 
record of scientific publications and has won two private company grants for developing applications 
of PCR and Flow Cytometry-based microRNA quantification tools. For his accomplishments, he was 
honored by the Austrian Association of Molecular Life Sciences and Biotechnology. Hackl has studied 
miRNA function and utility from experts across the globe and uses his technological prowess to develop 
and optimise the senomiR® senescent biomarker panel among other miRNA biomarker assays within 
TAmiRNA’s pipeline. He is also co-founder of Remute Bio, founded in 2016;

● Otto Kanzler is a serial entrepreneur with more than 30 years’ experience in process- and business 
development in the biotech industry. This includes over a decade of consulting experience in strategic and 
economic optimisation for technology development in the pharmaceutical industry. Kanzler has founded 
several companies including Remute Bio, Phoenestra, DirectSens, Syconium Lactic Acid, Evercyte and 
Chorus GmbH. Kanzler uses his extensive experience in economic and process development within the 
biopharmaceutical industry to support TAmiRNA’s business strategy and development;

● TAmiRNA boasts a strong scientific advisory board of serial entrepreneurs with significant scientific 
backgrounds. Johannes Grillari is a cofounder of TAmiRNA and an expert in molecular gerontology. Grillari 
has published more than 140 peer reviewed articles, holds 14 patents and has been invited speaker 
to more than 130 international conferences and departmental seminars. In addition to his academic 
background, he is director of the Ludwig Boltzmann Institute of Experimental and Clinical Traumatology in 
Vienna and is confounder of Evercyte. Grillari has received several awards including the Walter-Doberauer 
award for aging research;
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● Regina Grillari serves as scientific advisor to TAmiRNA and uses a strong scientific background in 
senescence in vitro and in vivo models to help in pipeline development. She is the owner of 4 patents, 
cofounder of Phoenestra and Remute Bio and has received several awards for her work in the field 
including the “Phoenix Award” for successful academic entrepreneurship. Grillari merges her significant 
academic knowledge and entrepreneurial skill sets to help optimise the senomiR® technology and business 
strategy for market success;

● TAmiRNA is committed to constant growth which is reflected in its numerous strategic partnerships and 
collaborations including Vivomicx, SimplicityBio, Cardiolinc and academic institutes including the Vienna 
Institute of Biotechnology and Ludwig Boltzmann Institute of Experimental and Clinical Traumatology. 
These partnerships are critical to TAmiRNA’s business and technological growth as they are actively 
expanding their R&D pipeline and developing competitive advantage through new RNA detection 
technologies;

● TAmiRNA is a Best of Biotech Awardee and awardee of several non-dilutive grants for the discovery of 
senescence associated biomarkers. With the advancement of the senomiR® project in 2020, TAmiRNA is 
now aiming to participate at various subject-specific expos, partnering meetings and conferences to gain 
visibility;

● TAmiRNA initiated a collaboration with the Ludwig Boltzmann Institute for experimental and clinical 
traumatology in the beginning of 2021 to study senescence in skin. Since the beginning of 2021, TAmiRNA 
has established a collaboration with a European senolytic therapy company as part of a European funding 
project;

● TAmiRNA has established a number of CRO and academic partnerships that are used to strengthen its 
network as well as validate and optimise its technologies. This is evident in the success of its osteomiR® 
biomarker technology. Since TAmiRNA is largely a B2B service driven by CRO partnerships and non-
dilutive grant funding, success with their senomiR® technology will depend on continued cultivation of such 
partnerships and the generation of novel preclinical and clinical data using its biomarker assay.
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Intellectual Property

● TAmiRNA deploys a proprietary Next Generation Sequencing (NGS) workflow for high throughput 
and comprehensive analysis of full miRNome in various cell types and pathophysiological contexts at 
unprecedented precision and accuracy. This technology has the potential to generate multiple patents 
through the construction of miRNA biomarker panels for various disease processes;

● The use of miRNA’s as biomarkers is a novel space that TAmiRNA has pervasively occupied with its expert 
team, strategic collaborations and state of the art technology. Intellectual property that has already arisen 
from their platform technology include biomarker panels for osteoporosis (osteomiR®), cardiovascular 
diseases (thrombomiR®), liver diseases (hepatomiR®) and for drug safety assessment (toxomiR®);

● Finding senescence specific biomarkers is a major challenge for the senotherapeutics field. TAmiRNA 
has learnt about the importance of seeking cell-type specific senescence biomarkers since the molecular 
changes that occur during senescence are highly cell-type specific. With this understanding, they have 
patented senomiR®, a miRNA cellular senescence signature;

● Since completing the development of a transcriptomic landscape of cellular senescence, TAmiRNA’s next 
milestone is the development of specific senescence biomarker panels for diagnostic and senotherapeutic 
development applications to treat age-related diseases;

● TAmiRNA seeks to continually expand its senescence microRNA biomarker panel with cell-type specific 
biomarkers based on newly-generated data from R&D efforts, strategic collaborations and novel projects 
through its CRO service;

●   TAmiRNA sees high potential for mergers or acquisitions of their senomiR® development project in the next 
3-7 years. The company can accelerate the development and potential impact of its senescence biomarker 
panel by distributing its efforts through strategic licensing agreements with senotherapeutic companies that 
have platform technologies for the development of diverse drug pipelines that target a range of senescence 
associated clinical indications.

Funding

● TAmiRNA is a privately-held company with 100% of its shares owned by the co-founders;

● The strategy of TAmiRNA is to fund its biomarker development through its contract research services and 
non-dilutive funding;

●  Non-dilutive funding is received from multiple sources including grants from Horizon 2020 (ITN-Fidelio, 
Frailomic), EUREKA (Eurostars), IMI2 (TransBioLine), FFG, Austria Wirtschaftsservice (AWS) and Vienna 
Business Agency, among others;

● Revenues from CRO services have increased from EUR 550k in 2019 to EUR 1.8m in 2020 and are 
projected to grow further in coming years;

● TAmiRNA’s company strategy is to continuously invest earned revenue back into its R&D pipeline, including 
the senomiR® project. For this reason, the growth and aims of this small biotech company is contingent 
upon strong marketing efforts, a well-established network of collaborations and a continued track record of 
project success.
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Intellectual property:
Multiple patents have been issued 
for miRNA biomarker signatures 
of senescent cells and a range 
of chronic diseases. TAmiRNA’s 
proprietary NGS workflow 
discovers and validates miRNA 
biomarkers from a range of fluid 
samples and disease types which 
opens the door to generating 
an expansive IP portfolio for 
senescence associated diseases.

Team:
Extensive entrepreneurship 
experience and a diverse skill 
set ranging from business 
development to molecular 
biology has facilitated the 
commercialisation of multiple 
miRNA biomarker assays.
TAmiRNA will benefit from 
building a strong marketing team 
to help build relationships within 
the senotherapeutics industry.

Unique value proposition:
TAmiRNA’s NGS workflow can 
identify unique miRNA biomarker 
panels to characterise a range of 
senescent cell types associated 
with chronic disease. MiRNAs 
can be easily extracted from 
bodily fluids and are specific 
to SC sub-populations. This 
gives sensomiR® great potential 
as a diagnostic and drug 
development tool.

Competitive advantage:
TAmiRNA’s biomarker 
development is funded through 
CRO services and grants. 
Revenues from CRO services 
have increased from EUR 
550k in 2019 to EUR 1.8m in 
2020. They will have to invest 
more in marketing efforts to 
strengthen their network within the 
senotherapeutic market.

Runway:
TAmiRNA’s biomarker 
development is funded through 
CRO services and grants. 
Revenues from CRO services 
have increased from EUR 550 
K in 2019 to EUR 1.8 M in 
2020. They will have to invest 
more in marketing efforts to 
strengthen their network within 
the senotherapeutic market.

Efficacy:
Both in vitro and in vivo models have been used to validate the 
sensomiR® biomarker panel. This includes miRNA analysis across 
stress and aging induced senescence as well as clearance. Initial 
studies suggest excellent safety, feasibility, and specificity of the assay. 
Promising preclinical data will have to be validated for translation within 
human clinical trials to achieve next level business success.

Target:
TAmiRNA is developing sensomiR® for companies and institutions 
conducting clinical trials for their senotherapeutics. TAmiRNA will benefit 
greatly from validating their assay within the context of a senescence 
associated disease as the anti-senescence therapies market is 
projected to grow from $329.8 million in 2018 to $644.4 million by 2023.

Inflection point:
TAmiRNA is yet to define the optimal disease target market for sensomiR®. Once defined, they will need to 
continue generating revenue with CRO efforts and build their assay through strategic partnerships within the 
senotherapeutics industry. Success of their senescent cell biomarker assays will depend on senotherapeutic 
outcomes within clinical trials. This will support their overall goal of striking a major M&A deal.

Platform analysis:
MiRNAs have several advantages over 
existing senescent biomarkers including 
improved sensitivity, tissue specificity 
and minimally invasive detection. 
TAmiRNA’s NGS workflow facilitates 
characterisation of senescent cell 
specific miRNA biomarker panels with 
precision and relative ease.

Channels:
TAmiRNA is focused 
on commercialising its 
biomarker panels via 
B2B and CRO services 
that cater to companies 
focused on age-related 
diseases as well as 
alternative markets.

TAmiRNA: success grid

= Positive progress = Work-in-progress = Needs attention
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This report has been produced by the Market Intelligence Unit of Longevity.Technology – the 
number one online destination for daily news on the growing longevity market.

As a brand of First Longevity Limited, we bring together innovators and investors to commercialise the 
companies that will form the longevity economy.

There are already 100+ rejuvenation biotechs working on unique therapies and building R&D pipelines to 
increase healthspan and lifespan.

At the same time, all around the world, innovators are releasing nanobots, reprogramming nerve signals 
and applying AI to create exciting and scalable contributions to human longevity. As a team we look beyond 
rejuvenation therapies to embrace other technologies that participate in the longevity investment category: 
agetech, xenotransplantation, biomarkers, AI, bioprinting, neuroceuticals, GRAS supplements … over the 
coming period we will be publishing regular reports. 

There are multiple technologies that contribute to the reduction of morbidity and the extension of lifespan: 
they will provide investors and innovators with both risks and returns. We’re here to help analyse, report 
and educate.

You can find information about our next reports by visiting: https://longevity.technology/product-category/
analysis/
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Information on the Hallmarks of Aging

Primary hallmarks of aging
The primary hallmarks of aging involve macromolecular damage to the components of the cell. The 
hallmarks are not independent, and one often impacts the others. For instance, epigenetic alterations can 
impact protein stability and thus contribute to loss of proteostasis.  Stopping these hallmarks will, in theory, 
reduce further antagonistic and integrative hallmarks of aging: 

1. Genomic instability: The first of these hallmarks, genomic instability, refers to the accumulation 
of genetic damage throughout life. DNA damage occurs constantly due to internal and external 
environmental triggers. Our cells can correct these errors using repair mechanisms, however, as we age 
these mechanisms fail to correct this damage and mutations accumulate, leading to aging and disease. 
Cumulative DNA damage leads to genomic instability;

2. Telomere attrition: Telomeres are known as “protective caps” on the ends of our chromosomes and 
consist of repeated patches of DNA. These caps become shorter with each cell replication, and it is 
believed once these caps reach a certain length, the cell will undergo programmed cell death (termed 
apoptosis) or become senescent. If telomeres wear away due to aging and/or environmental stresses 
the DNA becomes vulnerable to degradation, genomic instability and could contribute to oncogenesis. 
To enhance telomere length, researchers attempt to enhance an enzyme called telomerase which 
rebuilds the caps, hoping that longer telomeres will result in longevity; 

3. Epigenetic alterations: the epigenome can be thought of as a master programmer for the genetic 
code: using DNA methylation, chromatin remodelling and histone modification, genes can be turned on 
and off and protein production controlled. Our environment influences our epigenome and modifies it via 
epigenetic changes. As we grow older, our cells are constantly engaged with toxins and stressors which 
change epigenetic patterns. These changes accumulate over time, and geroscientists believe these 
changes are associated with the dysfunction and decline linked with aging;

4. Loss of proteostasis: Proteins are the building blocks of our cells: a cell contains millions of proteins. 
Proteostasis involves mechanisms that help stabilise or degrade proteins, in a co-ordinated fashion to 
restore the building blocks of proteins or completely remove them to prevent a build-up of the damaged 
component. Many studies have demonstrated that this co-ordination is altered with aging and the 
chronic expression of unfolded, misfolded, or aggregated proteins becomes almost a “protein toxicity” 
which contributes to age-related pathologies such as Alzheimer’s, Parkinson’s and cataracts. 

Appendix
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Antagonistic hallmarks of aging
These are also known as the “response” hallmarks and are the physiological changes that occur due to 
changes in the primary hallmarks described above:

5. Deregulated nutrient sensing: We have multiple nutrient-sensing pathways that ensure we take 
in the correct amount of nutrients. However, due to changes in the primary hallmarks, as we age 
these pathways become damaged. Consistent with the relevance of deregulated nutrient-sensing as 
a hallmark of aging, dietary restriction increases lifespan or healthspan in all investigated eukaryote 
species and multiple genetic manipulations that attenuate signalling intensity extend the lifespan in 
worms, flies and mice;

6. Mitochondrial dysfunction: As our cells age, the mitochondria begin to lose their integrity due to a 
build-up of free radical damage. This results in a decline in our cells and tissues and an increase in 
apoptosis (cell death). Furthermore, these damaged mitochondria produce even more free radicals 
which damage the mitochondria even further. This has a noticeable impact on tissues with high energy 
demand, such as the heart and brain; 

7. Cellular senescence: Cellular senescence is a fundamental mechanism activated by cells in response 
to the primary hallmarks of aging. During the process of senescence, cells undergo a massive genomic 
reprogramming that is characterised by three major features that drive its pathology: irreversible cell 
cycle arrest, death (apoptosis) resistance, and aberrant signalling driven by its unique senescence 
associated secretory profile (SASP). The SASP consists of > 100 factors that increase inflammation, 
induce fibrosis, inhibit stem cell function, and propagate further senescence of surrounding cells and 
tissues. The irreversible cell cycle arrest and death resistance translates to a reduction in regenerative 
capacity of tissues as well as a compromised ability to terminate the cascade of destruction and further 
senescence brought on by SASP signalling. The combination of the above three features is what has 
earned senescent cells the infamous reputation of “zombie cells”.

Integrative hallmarks of aging
The integrative hallmarks of aging incorporate the first two groups and ultimately lead to the functional 
decline we all observe in aging: 

8. Stem cell exhaustion: The decline in the regenerative potential of tissues is one of the most obvious 
characteristics of aging. For example, the production of the cellular components of blood and plasma 
declines with age, resulting in diminished production of adaptive immune cells, a process termed 
immunosenescence. Stem cell exhaustion unfolds as the integrative consequence of multiple types of 
aging-associated damage and likely constitutes one of the ultimate culprits of tissue and organismal 
aging. Stem cell rejuvenation might reverse the aging phenotype at the organismal level; 

9. Altered intercellular communication: Intercellular communication is how our cells talk to each 
other. As they grow older, communication becomes dysfunctional, resulting in an increase in chronic 
inflammation and unhealthy hormonal changes. The aging cells in the organs play havoc with the body, 
changing the quality and quantity of hormone instructions they transmit throughout the body. Senescent 
cells also produce large amounts of inflammatory molecules that can damage tissues, a process called 
inflammaging. Unlike acute inflammation, inflammaging is persistent, low-level inflammation which 
increases dysfunction and is disease causative. 
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