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Abstract The 50th Anniversary of the National
Cancer Act of 1971 is the opportune time to critically
reflect on the determinates of what the philosopher of
science Philip Kitcher calls “responsible biology”.
Responsible biology entails that scientists have an
obligation to reflect on the ends, and not just the
means, of scientific research and to conceive of
themselves as artisans working for the public good.
Taking stock of the successes and limits of the half a
century “war on cancer” reveals the importance of
attending to the most significant risk factor for cancer
and other chronic diseases- aging itself. The case is
made for considering the biology of aging, and the
aspiration to slow the rate of biological aging, as
critical components of responsible biology in an aging
world. As growing numbers of humans survive into
late life, the primacy the goal of disease elimination
occupies within biomedical research must be revised,
and greater effort should be directed towards the goal
of increasing the human healthspan and delaying and
compressing disease, frailty and disability in late life.
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Introduction

Scientific reasoning is... at all levels an interaction
between two episodes of thought—a dialogue between
two voices, the one imaginative and the other critical;
a dialogue, if you like, between the possible and the
actual, between proposal and disposal, conjecture and
criticism, between what might be true and what is in
fact the case.’

The year 2021 marks the 50th anniversary of the
National Cancer Act of 1971. In his state of the union
address, President Richard Nixon asked for an appro-
priation of an extra $100 million to launch an intensive
campaign to find a cure for cancer. In 2008 the
National Cancer Institute renewed this same aspiration
when it set the Challenge Goal to eliminate the
suffering and death due to cancer by 2015. And in
2016 the 21st Century Cures Act (Cures Act) was
signed into law, the purpose of which is to “accelerate
the discovery, development, and delivery of twenty-
first century cures, and for other purposes” (Public
Law 114-255).

Half a century since President Nixon’s original
launch of the “war on cancer” and unfortunately there
has not been a single cure for any of the 200 + types
of cancer that cause mortality in humans. Today
cancer still is, as it was half a century ago, the second
leading cause of death in the United States. The 50th
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Anniversary of The National Cancer Act is the
opportune time to reflect on how the heavily funded
half-a-century US national campaign to conquer
cancer matches up with the demands of what the
philosopher of science Philip Kitcher (2004) has
called “responsible biology”.

Kitcher argues that responsible conduct in science
extends beyond obvious professional ethics like
dealing honestly with colleagues, not misreporting
lab results, etc.; it also applies to critically scrutinizing
the underlying intellectual suppositions of scientific
research itself (e.g. what the appropriate “ends” of
basic science are) and science policy decision-making
(e.g. the investment and allocation of research funds).
More specifically, Kitcher argues that the following
three theses are an integral part of what he calls
“responsible biology”:

(1) Scientists have an obligation, individually and
collectively, to reflect on the ends—not just on
the means—of scientific research.

(2) scientists should conceive of themselves as
artisans working for the public good, whose
efforts are directed toward an ideal of well-
ordered science; and

(3) this ideal of well-ordered science should be
understood in a global and democratic fashion
(Kitcher 2004).

This essay examines the details of what is entailed
by responsible biology, as this ideal pertains to
biomedical research in a world of aging populations.
Since the rise of epidemiology in the nineteenth
century, the primary “ends” of biomedical research,
for both public health and clinical medicine, have been
the elimination of specific diseases (through both
prevention and treatment). In the early twentieth
century in the United States this end was successfully
applied to a wide variety of infectious diseases that
were responsible for early-life mortality. But in the
late twentieth century the focus on mitigating the
proximate causation of pathology had been expanded
to include targeting chronic diseases like cancer. The
question this article is concerned with is as follows:
Does responsible biology sanction the continued
fixation on disease control in today’s aging world?
The answer advanced—after considering (1) the
successes and limitations of the past half a century
of the war on cancer in the United States, as well as (2)
findings from the biology of aging (biogerontology)
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concerning the limits on human longevity and the
malleability of the inborn aging process- is “No”.
Rather than continue to prioritize the goal of extending
life via disease elimination for populations reaching
the upper limits of human lifespan, the more important
goal of public health, medicine, biotechnology, and
the health sciences should now shift toward delaying
and compressing the period of the lifespan when
frailty and disability increase substantially (Olshansky
2018).

Two Strategies to Promote Human Longevity

The argument advanced in this essay is based on
scientific insights that pre-date President Nixon’s
“war on cancer” in 1971. Writing in The New Scientist
in 1969, the gerontologist and Head of UCL’s MRC’s
Group of Ageing Alex Comfort proposed a radically
different approach to human longevity than the
strategy of disease elimination. The latter dominated
the biomedical sciences for the past half a century after
the developed countries mitigated the most serious
early-life mortality risks from infectious diseases like
small pox, typhoid fever, malaria, polio, diphtheria,
dysentery, etc. Comfort describes the two approaches
to human longevity as follows:

Science can be expected to affect human long-
evity favourably in two quite distinct ways. It
already does so by suppressing causes of
premature death, through the repertoire of
applications which now render our lives less
nasty, brutish and short than they would other-
wise be. It could also affect longevity by
postponing the process which causes our liability
to disease and death to increase logarithmically
with time. The first of these two influences
already means that in privileged countries more
and more people reach the so-called “specific
age” (75~ 80 years), but it has not altered that
age appreciably. The second, which is now in the
stage of active research, would aim at postpone-
ment or slowing of ageing itself. (Comfort 1969)

The war on cancer has been at the forefront of the
campaign to suppress premature death via disease
elimination. And while real success has been made in
terms of reducing cancer mortality, the longer people
live, the more important aging biology becomes as a
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primary risk factor in determining both length and
quality of life (Olshansky 2018). As Comfort had
already observed more than 50 years ago, there is a a
biological”wall” against further human life-prolon-
gation which cannot be shifted very far by further
improvements in medicine or living conditions (Com-
fort 1969). A critical reflection on the successes and
limits of the half a century campaign to conquer cancer
in the US reveals how sage Comfort’s predictions
were. Thus the primary goal for biomedical research
today should not be preoccupied with increasing
longevity per se, but rather with increasing the human
healthspan. That is, the period of time humans can
enjoy healthy living by delaying and compressing the
disease, frailty and disability of late life.

Following Comfort (1969) and many other
biogerontologists (e.g. Neugarten and Havighurst
1977; Holliday 1999; Butler et al. 2008; Rae et al.
2010; Kennedy et al. 2014; Crimmins 2015; Kaeber-
lein et al. 2015; Olshansky 2018), this opinion essay
makes the case that responsible biology in an aging
world must strive to improve the quality of life for
older people (i.e. increasing the healthspan) vs
preventing death by helping older populations survive
by managing multi-morbidity. Responsible biology
today requires the concern for rate control (of the
aging process) to replace the prominence currently
enjoyed by disease control in the biomedical sciences.
In the conclusion it is suggested that the tragedy of the
recent COVID-19 pandemic is a vivid illustration of
the consequences of the multi-decade campaign to
prevent premature deaths via disease elimination vs
attending to increasing the human healthspan. The
Centers for Disease Control and Prevention
(2020a, b, ¢) estimates that 80% of the deaths that
have involved COVID-19 have occurred among
persons age 65 and older and thus some have argued
that COVID-19 is an emergent disease of aging
(Santesmasses et al. 2020).

The Origins of Responsible Biology: The Battle
Against Infectious Disease

Before President Nixon declared a war on cancer in the
early 1970s, the United States had already waged a
successful, multi-decade campaign against infectious
disease. And it was both the success, and general
strategy employed, in the campaign against infectious

disease that lead to the same goal (i.e. disease
elimination) and means (identifying and mitigating
the proximate causation of pathology) being adopted
to try (with much less success) to conquer the chronic
diseases of late life.

In the early twentieth century the goal of disease
elimination helped reduce early-life mortality by
significantly reducing the threats from different
viruses and bacteria. Contaminated food, milk and
water could cause many serious infections, ranging
from polio and typhoid fever to botulism and
Salmonella. By identifying the proximate causation
of infectious disease, health innovations like the
sanitation revolution, pasteurization, food inspection
and immunizations helped dramatically reduce early-
life mortality in the twentieth century.

In the year 1900 life expectancy at birth in the
United States (for all races, both sexes) was age 47.3
(CDC 2010). In the 50 years from 1900 to 1950 US
life expectancy at birth had risen from 47.3 to age 68.2
(a 44.2% increase). Nearly all the mortality decline in
the first half of the twentieth century is accounted for
by reductions in infectious disease, which today is
only a small share of total mortality (Cutler and Miller
2005). The determinates of responsible biology are
provisional; that is, they are subject to change as a
result of alterations in the health challenges facing
human populations and new empirical insights and
discoveries concerning the most effective strategies
for preventing and treating disease, frailty and dis-
ability. The primary health need of the US population
in the early twentieth century was the need to combat
infectious disease and prevent early-life mortality.
And a dedication to public health measures meant that,
by the middle of the twentieth century, the United
States was close to realizing that end as life
expectancy had risen by over 44% in just half a
century, from age 47.3 to 68.2.

Success in mitigating the proximate causation of
infectious diseases was then extended to other health
challenges, such as to automobile and workplace
safety, and to the chronic diseases of late life. But
unlike reducing the threats to early-life mortality,
which can confer decades of additional health to the
persons saved from polio, malaria, smallpox and
tuberculosis, adding more health by eliminating the
chronic conditions more prevalent in late life (like
cancer, heart disease, stroke, Alzheimer’s etc.) is
impeded by the limits of the human lifespan.

@ Springer



432

Biogerontology (2021) 22:429-440

The 44.2% increase in life expectancy from 1900 to
1950 dwarfs the 11.3% increase from 1970 (age
70.8 years) to just before the COVID-19 pandemic in
2019 (age 78.8) (CDC 2020b). The presumption of the
war on cancer, and the disease elimination paradigm
of the biomedical sciences more generally, was that
the strategy deployed to combat the infectious diseases
responsible for early-life mortality should be applied
in the same way to combat the chronic diseases that are
most prevalent in late life, like cancer.

50 Years of the War on Cancer

The National Cancer Institute (2020) estimates that
approximately 606,520 Americans died of cancer in
2020, and the associated costs of cancer care is
estimated to have risen 27% from 124.57 billion to
157.77 billion 2010 US dollars from 2010 to 2020
(Mariotto et al. 2011). Even with the COVID-19
pandemic, the chronic diseases of late life like cancer
continue to be the most prevalent diseases and cause of
death in the United States. And like the pandemic,
chronic diseases such as cancer have significant
economic costs. Economic models using the human
capital approach estimated the annual productivity
cost from cancer mortality to be approximately $115.8
billion in the year 2000; and the projected value was
$147.6 billion for 2020 (Bradley et al. 2008). And the
NIH Report (2020) investment in cancer research was
$7.1 billion. Despite the magnitude of the problem of
cancer today, the last half a century has witnessed a
significant improvement in our understanding of
cancer, an understanding that has translated into new
preventative measures, diagnostics and improved
cancer treatments.

Over the past half a century, the focus on the
proximate causation of cancer has revealed many
modifiable risk factors, such as smoking and obesity.
However both remain significant public health chal-
lenges today. Despite decades of promoting smoking
cessation public health campaigns, the CDC estimates
that smoking accounts for more than 480,000 deaths
every year, with about 15 of every 100 adult men
(15.3%) and nearly 13 of every 100 adult women still
smoking (CDC 2020c). And obesity, defined in adults
as a body mass index (BMI) > 30, is associated with
higher incidence of a number of cancers (Lauby-
Secretan et al. 2016) and has become increasingly
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prevalent over the past three decades. The prevalence
of obesity doubled between the 1976-1980 and the
1999-2000 National Health and Nutrition Examina-
tion Surveys. And between 1999 and 2000 through
2017-2018 the prevalence of obesity increased from
30.5 to 42.4% (and the prevalence of severe obesity
increased from 4.7 t0 9.2%) (CDC 2020d). The CDC’s
NCHS Data Brief “Prevalence of Obesity and Severe
Obesity Among Adults: United States, 2017-2018”
estimates that the age-adjusted prevalence of obesity
in adults is 42.4% (CDC 2021).

Over the past 50 years passive modes of trans-
portation like driving (vs walking) to work have
become more popular (Hoehner et al. 2012), the nature
of work has become more sedentary and less physi-
cally demanding, and inactive leisure activities
beyond watching television have expanded with the
advent of the internet in the 1990s and, more recently,
social media use (which can start as early as infancy
(Trinh et al. 2019)). Prolonged periods of sitting can
have adverse health outcomes (Owen et al. 2009).
Approximately 80% of US adults and adolescents are
insufficiently active, based on the Physical Activity
Guidelines for Americans (Piercy et al. 2018). And the
COVID-19 pandemic has exacerbated this problem,
leading to a decline in daily step count (Tison et al.
2020). This is a significantly worrying trend as
evidence suggests that higher levels of physical
activity are associated with lower cancer incidence
(Rezende et al. 2008; Keimling et al. 2014; McTiernan
et al. 2019; Patel et al. 2019).

The preventative measures for combating cancer
have been a mixed story of success and failure. The
same is true of cancer diagnostics and treatments.
While no cancer has been cured in the past half a
century war on cancer, an early diagnosis can signif-
icantly alter the prognosis when it comes to cancer
mortality. For colorectal cancer, for example, screen-
ing measures like colonoscopy and stool tests can help
detect abnormal colon growths (even before they are
cancerous). Skin cancer is the most commonly diag-
nosed type of cancer in the US and early screening can
be a life saving intervention. The 5-year relative
survival rate for melanoma is 93%, ranging from 99%
for cases diagnosed at a localized stage to 27% for
distant-stage (American Cancer Society 2021).

But there have also been challenges with screening
for cancer. There are the problems of false negatives
and false positives, which can result in delayed
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treatment or unnecessary further testing and proce-
dures that may be harmful. And there can be harms
from cancer screening, including complications from
biopsies and subsequent treatment, as well as the risk
of overdiagnosis and overtreatment.

Cancer treatments have improved significantly
since the early 1970s. Endocrine therapies such as
tamoxifen have revolutionized the treatment of breast
cancer, resulting in significant decreases in cancer-
related mortality (Tremont et al. 2017). In the 1980s
Breast-Conserving Surgery was also utilized, a surgi-
cal option that provided an acceptable oncological
outcome but also diminished the psychological bur-
den, offered better cosmetic results, and reduced
postoperative complications (Rahman 2011). Che-
motherapy, surgery and radiotherapy are the most
common types of cancer treatments available today.

While the annual death toll from cancer in the US
exceeds half a million people per year, there are an
estimated 16.9 million individuals with a history of
cancer that were alive on January 1, 2019 (American
Cancer Society 2019). That number is a testament to
the progress in cancer treatment. Cancer treatments
have saved lives. But at the same time it is important to
acknowledge the reality that the standard cancer
treatments all have potential adverse side-effects,
sometimes severe effects. Chemotherapy has adverse
side effects because it works on active cells. These
include the cancer cells, but also potentially healthy
cells in the mouth, digestive system, blood and hair
follicles. Radiation therapy is a common treatment
option for cancer, but early and late side effects limit
radiation dose and might affect the long-term health-
related quality of life of the patient (Bentzen 2006).

Well-Ordered Science in an Aging World

Kitcher’s account of “well-ordered science” stipulates
that the inquiries science pursues must be in accor-
dance with the agenda that would have been set by a
group of discussants that meet the following ideal
requirements:

(1) They are fully informed of the scientific
opportunities,

(2) They are fully informed of one another’s needs,
and

(3) They are dedicated to doing the best they can to
accommodate the needs of all. (Kitcher 2001)

The primary health needs of the US population in
the early twentieth century was the need to combat
infectious disease and prevent the early-life mortality
it often caused. By the middle of the twentieth century
that need was beginning to be realized. As such, two
novel needs began to emerge as early-life mortality
was abated: (1) the need to continue to suppress causes
of premature death that are more prevalent in later life
(like cancer) AND (2) the need to promote health in
late life (“adding life to years vs simply years to life”).

The fixation on tackling the proximate causation of
diseases like cancer lead to the prioritization of (1), but
responsible biology mandates that (2) be just as much
(if not more of) a priority because attaining (1) without
(2) brings about the unsettling predicament that is now
manifest in the United States. Despite unprecedented
amounts of investment in biomedical research, US life
expectancy has (as Comfort predicted in 1969)
plateaued, and even declined. Between 1959 and
2016, US life expectancy increased from 69.9 years to
78.9 years but declined for 3 consecutive years after
2014 due to midlife mortality increases across all
racial groups, caused by drug overdoses, alcohol
abuse, suicides, and a diverse list of organ system
diseases (Woolf and Schoomaker 2019). And the
increase in life expectancy between 2017 and 2018 for
the total population was only 0.1 year, of which
approximately 30.2% of the positive contribution can
be attributed to decreases in cancer mortality (CDC
2020e). The COVID-19 pandemic is estimated to have
reduced US life expectancy in 2020 by 1.13 years
(Andrasfay and Goldman 2021).

Decades of research dedicated to prioritizing the
goal of preventing premature death has now run into
the predicament of the biological limit to the average
(as well as maximum) lifespan. Based on hypothetical
reductions in mortality rates, Olshansky, Carnes and
Cassel (1990) estimated the upper limits to human
longevity, concluding that life expectancy at birth
would not exceed 85 years. And the age at death of the
world’s oldest person- Jeanne Calment at age 122- has
not increased since the 1990s (Dong, Milholland and
Vijg 2016). To continue to prioritize the goal of
preventing premature death for a population reaching
the limits of average lifespan has resulted in extending
the period of time older persons can survive while
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managing multi-morbidity, but it has not increased the
healthspan nor compressed disease and disability in
late life. Thus the continued war on specific diseases
like cancer is very costly in terms of the healthcare
expenditures needed to reduce late-life mortality, and
it has left older populations vulnerable to new health
risks, such as the COVID-19 pandemic.

The biomedical sciences have focused, dispropor-
tionately, on only one way of increasing human
longevity- pursuing the goal of disease elimination
by identifying and targeting the proximate causation
of pathology. This proved very sage when applied to
combating the infectious diseases responsible for
early-life mortality. But if has proved much less
successful when applied to the complex, chronic
diseases of late life, like cancer. There have certainly
been demonstrable successes over the past 50 years of
the war on cancer, such as the identification of the
cancer risks of smoking and obesity, and genetic
mutations which can increase the risks of certain types
of cancer, and improved diagnostics and treatments.
But as The American Cancer Society (2020) notes, as
many as 20% of people who die from lung cancer ev-
ery year have never smoked or used any other form of
tobacco and that lung cancer in people who have never
smoked is one of the most fatal cancers. And Tindle
et al. (2018) found that four of ten lung cancers
occurred in former smokers with more than 15 years
since quitting.

Progress against cancer is constrained by the reality
that the populations most at risk of cancer mortality
are older persons, and thus many cancer survivors are
still at high risk of disease, frailty and disability.
Eliminating the risk of prostate cancer, for example,
does not reduce the risks of every other type of cancer
older persons are at risk of, such as lung, liver or breast
cancer. The same is also true for the other prevalent
diseases of late life, like cardiovascular disease,
osteoporosis, type 2 diabetes, hypertension or Alzhei-
mer’s disease. Furthermore, as Olshansky notes,
finding a cure for one of the late onset diseases like
cancer can mean that more debilitating diseases can
become more prevalent:

The hazard in old age is not so much that one
disease displaces another but that the new
diseases are often much more debilitating. For
example, finding a cure for cancer may cause an
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unintended increase in the prevalence of Alzhei-
mer disease. (Olshansky 2018)

When reflecting on the limitations of the fixation on
the proximate causation of cancer, Mel Greaves
comments:

The lifetime risk of a clinical cancer diagnosis in
humans is around one in three. Each year more
than 10 million cases are diagnosed.

...Overall, these data suggest that cancer risk is
underpinned by intrinsic fallibility, and that risk
increases with increasing age and is greatly
exacerbated by some aspects of human activity.
....Any engineer confronted with a recurring
fault in a complex machine or plant would look
not only at the immediate source and cause of the
fault, but at system design, its compromises and
limitations. The engineer will resort to a blue-
print; we have evolutionary biology.

The essential tenet of the new discipline of
evolutionary or Darwinian medicine is that
susceptibility to malfunction and disease must
in part reflect historical or evolutionary legacies.
The corollary is that we might then benefit from
stepping back to take a broader look at human
history and our protracted evolutionary trajec-
tory. (Greaves 2007)

The field of scientific research known as “biogeron-
tology” (or “geroscience”) adopts this broader look at
human history, as it seeks to understand why we age
and why aging makes us more susceptible not only to
cancer, but to other chronic diseases, frailty and
disability in late life.

Targeting the Aging Process

Many scholars from different disciplines (e.g. kinesi-
ology, sociology, gerontology and biology) study
aging and thus “aging” itself is somewhat of a
contested concept in that different scholars often refer
to different things when they refer to aging. The
scientists that study the biology of aging function with
something like the following, specific, understanding
of what biological aging is: the progressive loss of
function accompanied by decreasing fertility and
increasing mortality with advancing age (Kirkwood
and Austad 2000). Children, for example, are
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developing, but not biologically aging. The reduction
or elimination of infectious disease risks that cause
high rates of early-life mortality thus improve the
probability of children surviving into adulthood, at
which time they will begin to senesce. The vast
majority of persons saved from early-life mortality can
enjoy decades of healthy life as a result of a reduction
of the extrinsic health risks of infectious disease.

However adults already in late life (age > 70), who
develop one particular type of cancer, have already
survived decades with an exponential rise in their
mortality risk. Eliminating the specific cancer they
have developed does not, unfortunately, reduce their
risks of developing other types of cancer or chronic
conditions. Nearly 200 years ago the British actuary
Benjamin Gompertz made the important observation
that there is a law of progression describing the
exponential rise in death rates between sexual maturity
and old age (Gompertz 1825; Olshansky and Carnes
1997; Kirkwood 2015; Ledberg 2020). Saving persons
of advanced age from cancer mortality obviously
yields diminished health dividends compared to the
benefits reaped in the early twentieth century by
reducing the mortality risks of early-life. This does not
mean it is not possible to increase the human
healthspan, only that focusing on the proximate
causation of pathology is a much more limited strategy
to prioritize in a world of aging populations.

The probability of developing (all sites) cancer
within the first 5 decades from birth to age 49 is only 1
in 29, but this rises to 1 in 3 by age 70 (Siegel et al.
2021). Why does our risk of cancer and other chronic
diseases increase as we age? To answer this question
the evolutionary (or ultimate) causation of disease
must be examined which is the focus of the field of
study known as biogerontology.

A dominant account of the evolution of aging is
known as the disposable soma theory (Kirkwood
1977; Kirkwood and Holliday 1979), which posits that
the winning evolutionary strategy for sexually repro-
ducing species- species that have had to find ways to
survive the extrinsic risks of the hostile environments
of life on this planet- is to prioritize health during the
“essential lifespan”. The “essential lifespan” of a
species is defined as the time required to fulfill the
Darwinian purpose of life, that is, successful repro-
duction and continuation of generations (Rattan 2000).
Bruce Carnes (2007) usefully describes the disposable
soma account of aging as follows: The world is a

dangerous place. Death is, for all living things on this
planet, inevitable. In order for any species’ existence
to persist over time a solution to death must be found.
And that solution, for us and for other sexually
reproducing species, is reproduction. There is thus a
real race between reproduction and death, and all the
species alive today are, at least for the moment,
winning this race. But for all the species that are now
extinct, like the Mammoth and Neanderthal, the race
was lost.

The upshot of the disposable soma account of aging
is that aging is the product of evolutionary neglect.
Rather than focusing so intensely on the goal of
eliminating each specific disease of aging, responsible
biology should also aspire to redress the evolutionary
neglect which limits the opportunities for health in late
life (especially as populations age). This is what
Comfort (1969) had proposed over half a century ago
when he argued that the priority should be to improve
the quality of life for older people vs increasing the
lifespan of the human species by suppressing causes of
premature death.

Comfort argued for this conclusion based on the
following three points:

1. Longer vigorous adult life can probably not be
achieved in any other way.

2. The project appears on present evidence to be
feasible.

3. Most important, it ought to be easier to affect a rate
than to rewrite a programme. Accordingly, if we
want to postpone death, it should be very much
easier to postpone cancer or atheroma than to
prevent or cure these conditions when established.
(Comfort 1969)

Half a century of the “war on cancer” and the other
diseases in late life show Comfort was correct about
his first point. US life expectancy has not continued to
increase despite enormous investments in biomedical
research expenditures as well as significant scientific
advances like the sequencing of the human genome.
This is the outcome one would expect if Comfort was
correct when he predicted that there is a biological
“wall” against further human life-prolongation which
cannot be shifted very far by further improvements in
medicine or living conditions (Comfort 1969).

Comfort’s second point, that the prospects of
altering human aging appear feasible, has been shown
to be a defensible (though still unproven) hypothesis.
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For nearly a century, experiments in rats and mice
showed that aging was malleable. Research in the
1930’s (McCay et al. 1935) showed that rats and mice
that are given about 40 percent less food than they
would eat on their own live about 40 percent longer
than do fully fed controls (Miller 2002). Caloric
restriction in rodents delays many of the chronic
conditions associated with aging and thus can be
considered an “anti-aging” intervention. There is
debate about whether these anti-aging effects are due
to caloric restriction or dietary restriction (Solon-Biet
et al. 2014) and how far the evidence in animal studies
can be extrapolated to humans (Demetrius 2005; Le
Bourg and Redman 2018).

Caloric restriction induces stress response path-
ways in organisms, and while it is too burdensome an
intervention to be pursed as a gerontological inter-
vention for human populations, the prospect of
developing a drug that retards the aging process might
be a viable way to safely and effectively retard aging,
thus reducing not only the risks of cancer, but many of
the other risks of disease, frailty and disability in late
life.

Over the past decade a number of potential
molecules have been identified as have anti-aging
properties. Metformin, for example, has been safely
utilized as a pharmacological intervention to help
control type 2 diabetes for decades. In experiments on
animals, metformin has been shown to slow aging
(Novelle et al. 2016). And now researchers are hoping
a similar effect can be shown in humans. Because of its
low cost and proven safety over many decades,
metformin is among one of the top candidates for a
likely first generation of applied gerontological inter-
ventions. TAME (Targeting Aging with Meformin)
(Barzilai et al. 2016) is a clinical trial to test the drug
metformin as a safe and effective intervention against
several age-related diseases. Some believe that a
fertile source for therapies slowing aging is FDA
approved drugs whose safety has been investigated
(Snell et al. 2018).

Rapamycin is a drug that was developed from soil
on Easter Island and is currently used as a drug to help
prevent the rejection of transplanted organs for
patients undergoing organ transplant. Recent experi-
ments have found that consuming rapamycin can
extend lifespan, including in mammals. In a study of
mice (Harrison et al. 2009) that were already 600 days
old (which is roughly equivalent to a 60 year-old
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human) before being fed rapamycin, this intervention
increased the median and maximal lifespan of both
male and female mice. The initial study concludes that
rapamycin may extend lifespan by postponing death
from cancer, by retarding mechanisms of aging, or
both. Since this initial report in 2009, there have been
fourteen additional studies showing that rapamycin
increased the lifespans of male and female mice and
these studies on mouse data demonstrate that this
molecule is effective in preventing, even reversing, a
broad rage of age-related conditions and thus warrants
being described as an “anti-aging” intervention (Sel-
varani et al. 2020).

Comfort’s third point- that it is easier to prevent
disease via rate control than treat and cure diseases
after they are manifest- is one that the next half of
century of biomedical research will hopefully reveal to
be true if greater efforts are invested in making age
retardation a reality of preventative medicine. But
what is true at this stage is that 50 years of a “war on
cancer” has not eliminated cancer. Cancer prevention
through slowing the aging process would have the
added benefits of delaying the onset of other age-
related conditions and compressing the period of time
humans experience frailty and disability in late life.

Conclusion

In 1969 Alex Comfort made the following three
predictions:

1. That direct experiment on the delaying of ageing
in Man is virtually certain to be in hand some-
where by 1975, using battery techniques, and
probably at more than one centre.

2. That if by good luck one of the currently fancied

rodent techniques proves directly applicable,
some agent colorably reducing the rate of human
ageing is likely to be known within 15 years. (It
would not be fully proven until most of the
untreated controls had aged.)

3. That the increase from such a technique could be
as much as 20 per cent, possibly more, and would
be worth while if it were less. (There is, of course,
a staircase effect here-the greater the success, the
greater the further investment, from which the
beneficiaries might in turn live to benefit: this is
quite unforeseeable.) (Comfort 1969)
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These predictions did not come to fruition, at least
not on the timescale Comfort had expected. Biogeron-
tology remained a relatively marginal field of scien-
tific research through the 1970s to the early 2000s. The
bulk of research funding continued to be targeted
towards research on specific diseases like cancer. And
the design of human clinical trials to test the efficacy
and safety of drugs, required to be granted approval
from the Food and Drug Administration, have been
designed around the paradigm of disease prevention,
management and treatment.

An applied gerontological intervention would bring
to fruition the vision of the biomedical sciences
Comfort endorsed back in 1969. Because aging is a
major risk factor for many chronic conditions, not just
cancer but also heart disease, Alzheimer’s, etc., an
aging intervention would be the ultimate form of
preventative medicine. Comfort was correct in his
assertion that evidence available in the 1960’s indi-
cated that there is a clock or clocks, and that by
tampering with this mechanism the timing of degen-
erative changes could be altered, not just piecemeal,
but across the board.

Biogerontology is an integral part of responsible
biology for today’s aging populations. The chronic
diseases of late life are not just a threat to the health of
the populations living in rich, developed countries.
Low and middle income countries (like China) have
among the world’s largest aging populations. Glob-
ally, there were 703 million persons aged 65 or over in
2019 (United Nations 2020). The significance of
keeping aging populations healthy is even more vital
in countries where older persons cannot rely on
advanced healthcare systems or extensive state pen-
sions. Healthy aging is a concern of economic
development, as well as a concern for preventing
disease, frailty and disability. And finally, achieving
healthy population aging can also help redress gender
inequality as it is typically daughters that are expected,
in most cultures, to contribute more to the care of older
parents.

Responsible biology prescribes that scientists con-
ceive of themselves as artisans working for the public
good, whose efforts are directed toward an ideal of
well-ordered science. This ideal needs to transcend the
limitations of the disease elimination paradigm of the
biomedical sciences. If the aspiration to alter the rate
of biological aging becomes a reality it would be
among the most significant public health advancement

of the twenty-first century, potentially offering more
health to the estimated 2 billion people alive by the
year 2050 who will be over age 60 (World Health
Organization 2018).

The upheaval of the COVID-19 pandemic of
2020-2021 has revealed the fragilities of the dec-
ades-long disease-elimination approach to human
longevity. Infectious diseases are typically more lethal
for developing countries than developed countries, as
the latter can rely on more advanced, well-funded
healthcare systems to reduce infectious disease mor-
tality for their populations. So when the developed
countries- like the US, the UK, Italy and Spain-
reported significantly higher COVID-19 mortality per
100,000 people than poorer countries in the continent
of Africa, for example, researchers were puzzled
(Maeda and Nkengasong 2021). Given Africa’s
weaker health systems, and the fact that the continent
also faces significant challenges with other infectious
diseases such as HIV and malaria, one would expect
the developed countries to fare much better with
respect to COVID-19 mortality than developing
countries in Africa. But that does not appear to be
the case. And for biogerontologists one major
explanatory factor stands out as an obvious explana-
tion for this- the median age of a population determi-
nes its mortality risk to COVID-19 because age is the
biggest risk factor for death. Africa has a compara-
tively young population, with a median population age
of 19.7 years for the continent versus 38.6 years for
the United States (Moustapha, Bertrand and Simon
2020). The developed world’s success in postponing
death towards the upper limits of the human lifespan
has left their aged populations vulnerable to COVID-
19 mortality, a disease which can be described as an
“emergent disease of aging” (Santesmasses et al.
2020). One of the most important lessons to be learned
from this recent pandemic is the need to therapeuti-
cally address degenerative aging processes to prevent
aging-related ill health as a whole (Barzilai et al. 2020;
Farrelly 2021).

An important part of the story of a population’s
vulnerability to infectious (and chronic) disease is the
story of our evolved biology. The half a century
campaign to eliminate cancer has not prioritized the
study of our evolved biology and how aging leaves us
susceptible to multi-morbidity, frailty and disability in
late life. The goal of disease elimination, and the
strategy of prioritizing the identification and
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mitigation of the proximate causation of pathology,
have extended life expectancy but not the human
healthspan. To promote the health of today’s aging
populations the next half a century of responsible
biology must heed Comfort’s call to improve the
quality of life for older people. Attempts to develop
preventive measures against individual conditions
related to aging have been, for the most part,
frustrating and unsuccessful (Butler et al. 2008). By
successfully modulating the most significant risk
factor for most chronic diseases, an applied geronto-
logical intervention would yield a much more signif-
icant health dividend for today’s aging population than
a cure for a specific disease of late life.
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