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ABSTRACT

The Intrinsic Capacity, Frailty and Sarcopenia Research (ICFSR) Task Force convened in March 2025 to discuss geroscience-oriented pre-clinical and clinical trials
aimed at promoting healthy aging. Key topics included the use of aging biomarkers in clinical trials, senotherapeutics, metabolism-targeting medications, and
therapeutic strategies beyond pharmacological approaches. The discussions highlighted the growing interest in, and accumulating evidence for, geroscience in-
terventions. Several future challenges were identified, including the need for a deeper understanding of the biology of aging and the validation of aging biomarkers
against relevant clinical outcomes, such as frailty and intrinsic capacity. Furthermore, to accelerate innovation in the field, there is a need to enhance clinical trial
methodologies and harmonization—for example, by defining a minimum common dataset of biological, physiological, and clinical factors for geroscience clinical
studies—and to foster a paradigm shift, particularly among regulatory authorities.
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1. Introduction

The increase in life expectancy observed in the most recent decades is
largely attributed to significant societal and scientific transformations,
particularly in public health measures and, to a lesser extent, to im-
provements in the prevention and treatment of chronic diseases [1].
Such a rise in life expectancy is an extraordinary accomplishment of the
human race, but has been accompanied by an expansion of the period at
the end of life characterized by diseases and disability [2]. Notably,
gains in life expectancy have not been matched by equivalent im-
provements in healthspan. Without targeted and sustained public health
interventions, this trajectory is likely to result in a significant escalation
in the burden of disease and disability across individuals, families,
communities, and health care systems.

Latest epidemiological cohorts indicate that fostering such im-
provements is feasible. For instance, research from the English Longi-
tudinal Study of Ageing (ELSA) and the China Health and Retirement
Longitudinal Study (CHARLS) reveals that recent cohorts of older adults
exhibit higher levels of intrinsic capacity, the composite of physical and
mental capacities, compared to prior generations [3]. In addition, recent
data from the Health and Retirement Survey suggest that those in-
dividuals who experience a longer healthspan also ultimately benefit in
terms of survival [4]. Despite these encouraging projections, large-scale,
effective preventive strategies have yet to be incorporated into public
health policies or research.

The geroscience hypothesis speculates that interventions that slow
down the biological processes of aging can result in enhanced health-
span, promotion of healthy longevity, and compression of disability in
the population [5]. If found to be effective, the geroscience strategy
would revolutionize medicine through the identification of people at
increased risk of chronic diseases before they become symptomatic and
clinically identifiable.

However, some obstacles should be overcome. Any intervention that
claims to slow down the pace of aging should be based on measures of
aging that have been extensively validated in large, diverse populations.
In this line, the current literature shows a growing body of research on
biomarkers of aging, encompassing mainly molecular, physiological or
functional, and digital indicators that serve diverse functions, especially
relevant for geroscience clinical trials. These include:

— Predictive biomarkers, which identify individuals more likely to
benefit from or be harmed by a treatment or exposure, or to expe-
rience certain outcomes without intervention;

— Prognostic biomarkers, which are associated with the worsening of
clinical trajectories and outcomes in persons already experiencing
specific aging-related conditions;

— Response biomarkers, which reflect the biological reaction of an
individual to an exposure or intervention;

— Surrogate biomarkers, which can be used in clinical trials as sub-
stitutes for direct clinical measures; and

— Discovery biomarkers, which can be linked to biological pathways
and may provide practical utility for identifying novel therapeutic
targets and longevity interventions [6].

This rapid expansion of research on biomarkers will soon become the
norm in clinical trial applications in multiple medical specialties [7,8].
However, it is important that the outcomes of these trials do not rely
only on biomarkers but also include the broader clinical characteriza-
tion of aging phenotypes in the recruited participants, including mea-
sures of functional status, frailty, mobility, and cognitive outcomes. The
inclusion of these measures will provide robustness and credibility to the
results of these trials, offering a biological face validity to the findings.

It is also important to recognize that existing literature already offers
various preventive interventions that could significantly influence these
outcomes, such as physical activity and dietary patterns [9]. Beyond
education and raising public awareness of the importance of these
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lifestyle approaches, a crucial aspect lies in identifying the biological
transducers responsible for their effects. Understanding the underlying
mechanisms may reveal novel therapeutic targets to extend healthspan
and improve quality of life.

Building on this, the Intrinsic Capacity, Frailty and Sarcopenia
Research (ICFSR) Task Force met on March 12, 2025, in Toulouse,
France, to discuss these issues as well as recent advances in pre-clinical
and clinical studies in geroscience. Following on insights from prior
meetings, the Task Force confirmed its continued commitment to
fostering collaboration, disseminating emerging evidence, and aligning
global initiatives to accelerate innovation in the field [10-14].

The present manuscript highlights evidence from recent and ongoing
pre-clinical and clinical trials focused on fundamental aging processes,
based on the main topics discussed at the 2025 Task Force meeting.
While this article does not aim to provide a comprehensive state-of-the-
art of the field, it seeks to contextualize the results presented at the
meeting by drawing on current literature, thereby offering a clearer
understanding of these findings. For this reason, in addition to the
studies presented during the meeting and their scientific background,
we also incorporated other relevant articles from the PubMed and Sco-
pus databases into this manuscript’s references, when appropriate, to
better interpret the proposed findings. The primary issues faced in the
design and execution of these research efforts are also discussed in the
paper. Finally, future directions are proposed to enhance and accelerate
the translation of basic research findings into effective, evidence-based
therapies. Fig. 1 illustrates a potential framework for pre-clinical and
clinical studies in geroscience, based on the meeting results and
discussions.

2. Key topics
2.1. Biomarkers of aging in clinical trials

As already mentioned, biomarkers play a crucial role in geroscience
clinical trials. Surrogate biomarkers are essential because the direct
assessment of healthspan, lifespan, and long-term functional status is
impractical/unfeasible due to the time and costs involved. To be
meaningful, surrogate biomarkers must correlate with clinical out-
comes, predict them reliably, and demonstrate responsiveness to
interventions.

Various generations of epigenetic aging clocks have shown promise
in this sense [15]. They have proven to be dynamically responsive to
non-pharmacological and pharmacological interventions while also
possessing predictive power from a geroscientific perspective. This ev-
idence supports their use also as surrogate biomarkers in clinical trials
[16]. Interestingly, biomarkers such as the epigenetic clocks were
originally developed to track biological aging. Recent literature suggests
that they can also capture the effects of specific clinical conditions or
treatments, such as schizophrenia or the antipsychotic drug clozapine
[17]. This responsiveness, occurring both at the organismal level and
within specific tissues, could be crucial not only for identifying benefi-
cial treatments but also for detecting those that may require careful use,
adjustment, or even avoidance from a geroscientific perspective. For
instance, in the future, especially for individuals identified at higher risk
of accelerated biological aging, this approach could guide the selection
of therapeutically equivalent treatments, for example, in oncology,
based on their differential impact on biological aging trajectories [18].
To accomplish this, there is a need for a broader use of these biomarkers
not only in geroscientific clinical trials but also in those targeting
age-related diseases, together with other clinical parameters in this line.

Another pertinent example of a potentially relevant biomarker in
clinical trials is the novel blood-based epigenetic clock for intrinsic ca-
pacity, developed from the INSPIRE-T cohort. This clock, based on a
DNA methylation (DNAm) predictor, correlates with both first- and
second-generation epigenetic clocks, predicts all-cause mortality, and is
associated with several relevant biological and clinical outcomes [19].
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Fig. 1. Proposed paradigm for pre-clinical and clinical trials in geroscience.

The figure shows the key findings of the meeting report, with a focus on the hallmarks of aging, biomarkers, and clinical outcomes. It specifically shows the intimate
connection between clinical outcomes, lifespan, healthspan, frailty, and intrinsic ability and the growing understanding of aging biology. In this context, some
biomarkers are valuable tools, as they can serve a dual purpose: they may be discovery biomarkers, thereby improving our understanding of the biology of aging and
identifying potential therapeutic targets, and, conversely, insights into the biology of aging can guide the identification of biomarkers useful across various clinical
contexts and diseases. Moreover, biomarkers can thus be employed not only as diagnostic, predictive, and prognostic indicators but also as surrogate markers for
meaningful outcomes, an aspect particularly relevant in the geroscience field. In this overall scenario, pre-clinical research offers mechanistic insights in this overall
context by evaluating the ways in which interventions affect aging hallmarks and related biomarkers and starting to assess their possible effects on specific outcomes.
Clinical trials then use validated biomarkers but also measurement of the aging phenotype and clinical evaluation to confirm these results in human populations.
Therefore, single or multifactorial interventions could influence hallmarks and biomarkers of aging, together with clinical outcomes. Created in https://BioR

ender.com.

Other relevant biomarkers potentially useful in clinical trials focus
on blood-based proteins [20]. For instance, a 12-year follow-up study
involving 54,306 UK Biobank participants evaluated 1459 plasma pro-
teins for their ability to predict all-cause mortality [20]. Fourteen pro-
teins emerged as strong predictors and were linked to various
age-related diseases [20]. Notably, participants in the highest quintile
of mortality risk prediction experienced approximately 25 times more
health events compared to those in the lowest quintile [20]. This plat-
form could serve as another foundation for clinical trials aimed at
improving health outcomes for patients.

There are several examples of practical applications of possible sur-
rogate biomarkers in clinical trials [21-23]. A first example is the use of
multi-omics biomarkers, ranging from epigenome to proteome,

metabolome, glycome, immune cytokines, iAge, and immune cell
composition, to show the effect of therapeutic plasma exchange com-
bined with intravenous immunoglobulin on biological age, especially in
individuals with poorer initial health status [22].

Regarding multifactorial interventions, an excellent instance is the
DO—HEALTH clinical trial, which assessed the effects of vitamin D,
omega-3 supplementation, and exercise in older adults [23]. In this trial,
omega-3 alone was found to slow several next-generation DNAm mea-
sures of biological aging, while the three treatments combined demon-
strated additive benefits on PhenoAge, a second-generation epigenetic
clock [24].
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2.2. Cellular senescence and Senotherapeutics

Starting with basic research on the biology of aging, there is
mounting evidence in the literature that cellular senescence, a relevant
hallmark of aging, is not universally detrimental, playing also an
essential role in processes such as tumor suppression [25]. In this line,
senescent cells exhibit molecular heterogeneity that is context-, tissue-,
and single-cell-dependent, which can influence their overall effects on
organismal fitness [26], and can adopt either a beneficial helper
phenotype, which supports tissue homeostasis and repair, or a harmful
phenotype that contributes to tissue damage and age-related diseases
[27]. For instance, regarding the first phenotype, polyploid bladder
urothelial cells represent a long-lasting, helper form of senescence, as
they adapt to chronic stress and maintain barrier integrity, resisting also
several senolytic drugs, medications designed to selectively target and
eliminate senescent cells [28]. Conversely, there are several examples of
the detrimental role of senescence in various tissues and diseases,
including osteoarthritis, Alzheimer’s disease, and sepsis, showcasing the
potential benefits of senotherapeutics in these contexts [29-32].

An overarching hypothesis that emerges from these data suggests
that as we age, beneficial senescence tends to diminish while mal-
adaptive senescence becomes more prevalent, ultimately undermining
health [28].

Concerning interventions, senolytics, aimed at eliminating senescent
cells, and senomorphics, focusing on modulating the production of
senescent-associated secretory phenotype molecules, therefore reducing
their deleterious effects on the organism, are starting to appear in the
literature to treat a wide range of age-related diseases in clinical trials
[33]. To guarantee that senotherapeutics have a major clinical impact, a
critical assessment of the existing landscape of their clinical trials is
paramount. To gain insight into the potential use of senotherapeutics in
geroscience clinical trials, it is important to critically evaluate both
design and processes. A prominent example is a phase 2 randomized
controlled trial that examined the effects of intermittent senolytic
therapy, based on dasatinib and quercetin, on bone metabolism in
postmenopausal women [34]. Although no overall reduction in bone
resorption was observed across the entire patient cohort, a potential
therapeutic response was noted among a subsample of individuals with a
high burden of senescent cells [34]. Additionally, subsequent analyses
from this study pointed out the critical importance of identifying the
most informative senescence-associated predictive biomarkers for pa-
tient selection in clinical trials, with, in this case, T-cell p16_variant 5
and various components of the senescence-associated secretory pheno-
type being the most informative biomarkers to anticipate clinical
response [35].

These findings strongly suggest that the success of these trials will
depend heavily on our ability to target a study population of patients
with diseases linked to cellular senescence, as indicated by proper bio-
markers associated with senescence burden, since they are most likely to
benefit from senotherapeutics, with a personalized approach to ger-
oscience clinical trials [36]. Moreover, it is crucial to consider
patient-specific characteristics, such as gender, in responses to seno-
therapeutic treatments, as highlighted by emerging pre-clinical data
[31,37].

2.3. Metabolic targeting for healthy aging

Another significant theme in geroscience pre-clinical and clinical
trials is the targeting of metabolic pathways that appear to be altered
with aging. Among the most promising developments in this domain are
studies investigating nicotinamide adenine dinucleotide (NAD*). Age-
related declines in NAD* levels have been implicated in a range of dys-
functions and chronic diseases [38]. NAD+ is essential for multiple
resilience mechanisms that counteract damage accumulation with
aging, including DNA repair, mitochondrial function, bioenergetic
sensing, and other critical components of energetic metabolism [38].
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Strategies to restore NAD* levels include precursor supplementation,
such as nicotinamide mononucleotide (NMN), or the inhibition of
degradation [38]. Pre-clinical studies have shown that both approaches
can enhance insulin sensitivity, muscle endurance, and myocardial
resilience, collectively contributing to extended healthspan [38]. Early
clinical trials involving NAD* precursors, including the ones with NMN
formulations, demonstrated a dose-dependent increase in blood NAD*
and its metabolites. However, in both strategies, the resulting precursor
levels in plasma and tissue were variable, suggesting the involvement of
alternative metabolic pathways in their effects [39,40]. One study
linked NMN with reductions in total LDL cholesterol, body weight, and
diastolic blood pressure among obese middle-aged and older adults
[40]. Overall, NAD* precursors appear to be safe, with some positive
results in specific clinical contexts, such as in peripheral artery disease
[38,41]. Nevertheless, their effectiveness may diminish during periods
of high NAD* turnover, such as during severe COVID-19 infections [42].
Therefore, further large-scale and long-duration clinical studies are
essential to refine dosing strategies and confirm their efficacy, together
with a better understanding of their mechanism of action.

Ketone esters, molecules naturally produced when breaking down
fatty acids for energy, especially during low carbohydrate intake, fast-
ing, or prolonged exercise, have recently raised great interest because
they may serve as alternative energy sources by being oxidized in
various tissues, including the brain [43]. This role is well established and
particularly relevant in geroscience, as impaired bioenergetics is central
in many age-related diseases [43,44]. Emerging evidence underscores
that ketone esters are nutrient sensors and key participants in cellular
signaling, both of which are critically involved in the aging process [43,
44]. Building on this background, pre-clinical studies have demon-
strated that a ketogenic diet in mice can reduce midlife mortality and
enhance memory in older age, thereby extending overall longevity and
healthspan [45,46]. B-hydroxybutyrate, a well-known ketone ester, has
been shown to regulate protein solubility and selectively target mis-
folded proteins, including amyloid-p, which is implicated in neurode-
generative disease pathology [43,44]. Translating these findings into
clinical practice, the Buck Institute’s Ketone Ester (BIKE)
proof-of-concept trial has confirmed the safety and tolerability of ketone
esters in healthy older adults [47]. Further validation of these findings is
currently underway in the BIKE study, along with larger clinical trials,
such as Targeting Aging with a Ketone Ester for Function in Frailty
(TAKEOFF, NCT06645847).

Studies in model organisms have demonstrated that rapamycin, an
inhibitor of the mechanistic target of rapamycin (mTOR), extends life-
span and improves cognitive function, cardiac health, and physical
performance. However, its clinical application in humans is constrained
by notable adverse effects, including hyperglycemia, infection, and
cataract [48,49]. To mitigate these risks, one proposed strategy involves
the use of acute doses of rapamycin, which mainly inhibit mTORCI,
thereby conferring healthspan benefits, while avoiding chronic treat-
ment that may also suppress mTORC2 and disrupt metabolic regulation
[50]. Indeed, intermittent or alternative rapamycin dosing schedules
that selectively target mTORC]1 extend lifespan in animal models while
minimizing side effects [49]. A clinical trial in humans showed that
weekly dosing of a rapamycin analog improved influenza vaccine re-
sponses in older adults and was well tolerated [51]. Building on this
background, the phase 2 clinical trial, Everolimus Aging Study (EVER-
LAST) aims to determine whether 24 weeks of low-dose daily or weekly
everolimus, a rapamycin analog, can safely enhance markers of meta-
bolic, cardiac, cognitive, and physical aging in insulin-resistant adults
aged 55-80. This study will also incorporate multi-omics profiling,
comparing results with a young reference cohort [49].

2.4. Innovative therapeutic strategies beyond pharmacological approaches
in geroscience

With an emphasis on improving healthspan and treating age-related
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disorders, pre-clinical and clinical studies in geroscience are progres-
sively investigating a variety of strategies outside of pharmacological
approaches. The application of cell-based treatments, especially
mesenchymal stem cells, is one such example. These stem cells are being
explored for their immunomodulatory and regenerative properties,
especially in osteoarthritis [52]. Pre-clinical studies have shown
encouraging results, and clinical trials have also reported positive out-
comes. However, uncertainties remain regarding, for example, the
optimal cell source and dosage, and large-sample, multicenter ran-
domized clinical trials may be needed to address these issues [53,54].
Moreover, new strategies, such as engineered constructs (e.g.,
TissueGene-C) [55] and placenta-derived stromal cells [56], aim to
enhance the efficacy of cell-based therapies. However, further studies
are needed to establish their clinical relevance in age-related diseases
and clinical issues.

Another significant area of research in this line involves non-
pharmacological interventions, particularly physical exercise, which
has been shown to affect various hallmarks of aging, especially mito-
chondrial dysfunction [57]. Addressing mitochondria is particularly
promising because physical performance in older adults strongly cor-
relates with mitochondrial oxidative phosphorylation [58,59]. More-
over, these biological processes potentially reflect differences in
patients’ fitness, and they appear to be strongly associated with lifestyle
habits such as physical exercise itself [60,61]. In fact, both pre-clinical
and clinical evidence support the notion that exercise can help miti-
gate aging processes linked to mitochondrial dysfunction and reduced
muscle energy capacity but also modulates the
gut-microbiota-metabolite axis, ultimately enhancing functional status
and overall health [60,62-64].

Exercise improves not only physical performance and mitochondrial
function but also several age-related conditions, including lower urinary
tract symptoms (LUTS), which are strongly linked to frailty and func-
tional decline in men [65]. The relationship between frailty and LUTS
appears bidirectional, with physical inactivity and sarcopenia as po-
tential mediators [66]. Moreover, frailty also raises the risk of benign
prostatic hyperplasia (BPH) progression and treatment-related adverse
events [67]. Based on this, the PROUD clinical trial (NCT06225479) is
investigating the effects of a 12-week remote exercise intervention in
sedentary older men with LUTS attributed to BPH.

Nutritional interventions also represent a compelling non-
pharmacological strategy [68]. Dietary restriction, particularly calorie
restriction and intermittent fasting, in pre-clinical studies has shown
promise in extending lifespan and healthspan by targeting aging hall-
marks such as cellular senescence and mitochondrial dysfunction [69].
For instance, dietary interventions may modulate levels of inorganic
polyphosphate, a key regulator of mitochondrial function that appears
to decline with age in the brain and has been implicated in neurode-
generative processes [70,71].

As highlighted in the introduction, despite the growing clinical evi-
dence supporting these non-pharmacological approaches, further
investigation into their underlying molecular mechanisms is necessary
before these discoveries are widely translated to prevention and care. A
deeper understanding of the mediators of their effects is essential not
only to identify the patient populations in which such interventions may
be most biologically effective but also for laying the groundwork for
developing future targeted therapies inspired by their modes of action.

Because of the multifactorial nature of aging, there is a growing in-
terest in integrating diverse strategies, particularly some of the
mentioned non-pharmacological interventions, to enhance healthspan.
One notable example is the DO—HEALTH clinical trial [23], which was
referenced earlier.

Another example is the Integrated Care for Older People (ICOPE)
Intense pilot trial. This trial aims to address all six domains of intrinsic
capacity (i.e., vitality, psychological, cognitive, locomotor, vision, and
hearing) to enhance physical function and mitigate the biological
mechanisms of aging, also incorporating the previously mentioned
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treatment with ketone esters. The primary outcomes will assess the ef-
fect size on muscle, cognitive, and immune function [72,73].

A further example is the PREDIMED-Plus trial, a randomized,
controlled, parallel-group study involving adult and older adult partic-
ipants. The intervention group received a Mediterranean diet, physical
activity promotion, and behavioral support for weight loss. A relevant
objective was to improve HDL cholesterol efflux capacity and address
immunosenescence [74]. In the intervention group, a significant
enhancement in HDL cholesterol efflux capacity was observed, partic-
ularly among obese participants categorized by body mass index (BMI).
Additionally, there was a reduction in the senescent T cell profile,
especially in non-obese individuals [74]. Furthermore, cluster analysis
identified three distinct response groups: late responders,
non-responders, and early responders. Various factors influenced these
responses, including sex, age, HDL cholesterol levels, body composition,
and the previously mentioned BMI [74]. This last study, which incor-
porated evaluations of the biological effects of multicomponent in-
terventions, underscores the importance of such analyses, echoing the
considerations previously discussed regarding non-pharmacological
approaches.

3. Future directions

Geroscience is rapidly emerging as a pivotal interdisciplinary field,
driven by its potential to address the growing burden of chronic diseases
and disability associated with increased life expectancy. As highlighted
throughout this manuscript, recent advances in pre-clinical and clinical
research have laid a promising foundation for translating aging biology
into actionable strategies for prevention and care. However, the path
forward is marked by several interconnected challenges. First of all,
there is a need to further deepen our understanding of the biological
processes that underlie aging, particularly those contributing to the
onset of frailty and the maintenance/enhancement of intrinsic capacity.
Even well-characterized processes such as cellular senescence require
further investigation through diverse and integrative perspectives to
enable meaningful clinical translation [28].

Biomarkers are essential for validating mechanistic hypotheses
derived from pre-clinical models in humans, assessing the efficacy of
treatments in clinical trials, and selecting the most appropriate patients
for personalized therapies in alignment with the principles of precision
medicine in geroscience. Additionally, to maintain comparability and
reproducibility in this field, it is imperative to increase standardization
in their use across studies, together with improving validation of these
biomarkers on clinically significant outcomes, such as older individuals'
physical and cognitive function [75]. Moreover, the use of multi-omics
data combined with artificial intelligence models will definitely be
paramount to further implement this field [6].

There is a strong need to conceptualize and develop a minimum
dataset of biological, physiological, and clinical factors, as well as bio-
specimens that are widely accepted by the scientific community, to
make progress in the design and interpretation of geroscience clinical
trials. By encouraging standardization across clinical trials, enhancing
data integration, and guaranteeing that significant biological materials
are retained for upcoming analysis, the establishment of such a system
would expedite translational efforts. In this line, frailty and intrinsic
capacity are perfect candidates for a common clinical evaluation
method. In fact, their multidimensional nature offers the opportunity for
capturing the heterogeneity of the individual’s health status and sup-
porting the definition of age-related trajectories, as already highlighted
in a previous edition of the ICFSR Task Force [12]. Other potential
candidates for inclusion in a minimum dataset may include epigenetic
clocks as biomarkers of biological aging and blood pressure variability,
gait speed, VO: max, isokinetic strength, and body composition as
physiological factors, as already partially highlighted in the existing
literature [76]. Moreover, the so-called “social hallmarks of aging” are
becoming increasingly prominent in the geroscience literature, as they
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may influence key clinical domains such as intrinsic capacity and frailty
and, more broadly, other relevant outcomes in this field [77]. This un-
derscores the need to incorporate these factors into standardized eval-
uations of geroscience clinical trials, including parameters such as low
socioeconomic status, minority status, adverse life events, adverse psy-
chological states, and adverse health-related behaviors [77].

Furthermore, to strengthen the paradigm of geroscience, aging bio-
markers developed within this field should be incorporated into a
broader spectrum of clinical trials targeting age-related diseases, always
accompanied by a common biobanking infrastructure and with the
mentioned clinical evaluations.

As previously noted, the areas of geroscience that have gathered the
most evidence from pre-clinical and clinical studies are senotherapeutics
and metabolism-targeting therapies. A critical revision of the design and
conduct of these studies is essential to inform and guide future research.
Specifically, it is pivotal to learn from the processes that underpin these
clinical studies, not only from the achievement of the outcomes, as
exemplified previously in the development of senotherapeutic
strategies.

Moreover, considering the complex and multisystem nature of aging
[12,78], multifactorial interventions hold significant potential. The
literature provides several successful examples of this type of clinical
trial in adults and older adults, targeting specific aspects of healthspan
such as cognitive function, as in the case of the FINGER study and the US
POINTER randomized clinical trial [79,80]. Building on these examples
is pivotal to designing geroscience clinical trials with multifactorial in-
terventions. Furthermore, to ensure their effectiveness, it is crucial to
adopt a personalized approach to patient stratification and to pursue
mechanistic validation informed by biomarkers, strategies that are
equally vital for non-pharmacological interventions, as they can help in
identifying novel therapeutic targets.

Lastly, we believe a paradigm shift by international drug regulatory
authorities is a crucial element that might actually accelerate the
advancement of geroscience clinical trials, in line with the discussions at
the previous ICFSR Task Force [8]. In particular, this would consist of
moving beyond the approach of only evaluating treatments for specific
illnesses and acknowledging the benefits of interventions that target the
biological processes of aging to prolong healthspan and enhance

Box 1
Key proposals emerged from ICFSR Task Force meetings.
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patients' functional status, both of which are, in our view, critical pri-
orities at both the population and individual levels.

Box 1 summarizes the key proposals derived from the previous dis-
cussion, offering seven main guiding points for advancing research in
geroscience.

4. Conclusions

The significant advancements made in the translation of geroscience
to clinical practice are highlighted in this meeting report. However,
there is still a substantial amount of work to be done in the field in this
regard. Creating geroscientific frameworks that take into account as-
sessments of frailty and intrinsic capacity is crucial for directing the
development and use of successful interventions, which will ultimately
enhance older persons' overall health. Based on these fundamental ideas,
the ICFSR Task Force is committed to working with the larger scientific
community to further this agenda over the next several years. This
dedication guarantees the growing adoption of geroscience insights and
their significant influence on clinical practice.
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1. Enhance understanding of the biology of aging

Research on the biology of aging, with a focus on the fundamental mechanisms of frailty and intrinsic capacity, must be emphasized. Expanding our knowledge of well-known aging
processes, like cellular senescence, and reevaluating their consequences is also essential. In order to provide an effective connection between laboratory discoveries and practical
applications, clinical research should also study biomarkers to validate results from pre-clinical studies.

2. Advancement in the development and validation of aging biomarkers

The implementation of predictive, response, and surrogate biomarkers linked to key outcomes for older adults, such as frailty and intrinsic capacity domains, should be prioritized.
Moreover, the application of large-scale omics data could be fundamental for the identification of discovery biomarkers associated with new targets for the meaningful clinical

outcomes described before.
3. Biobanking and open-access data in geroscience clinical trials

To improve reproducibility, comparability, and cooperation in geroscience clinical trials, it is paramount to set up centralized biobanking and open-access data repositories. This
could not just improve methodological issues of geroscience clinical trials but could really accelerate the achievement of evidence-based treatments.

4. Minimum dataset in geroscience clinical trials

A minimum dataset of standardized measures is highly relevant to improving methodology and design issues of geroscience clinical trials. It should include biological markers (such
as epigenetic clocks), physiological measures (such as blood pressure variability, gait speed, VO2 max, isokinetic strength, and body composition), and clinical parameters associated
with aging. In this regard, a particular emphasis should be placed on frailty and intrinsic capacity as a shared outcome, due to their multicomponent and multifactorial nature and
significance in the individual’s health trajectories. Moreover, growing attention in this regard should be paid to the so-called “social hallmarks of aging.”

5. Accelerate innovation in geroscience clinical trials
It is crucial to publish negative findings to promote innovation in the area by learning from research processes rather than concentrating only on the achievement of outcomes. To
speed up geroscience clinical trials and their implementation in clinical practice, international drug regulatory entities should also move on from the conventional single-disease
model and start assessing therapies meant to prolong healthspan and enhance patients' functional status.

6. Include the geroscience method in more comprehensive clinical research
Clinical trials for age-related disorders should incorporate aging biomarkers and clinical outcomes like intrinsic capacity and frailty. This integration would facilitate, for example,
the identification of both potentially harmful and beneficial therapies from a geroscientific perspective, also allowing for the strategic repositioning of treatments.

7. Implement customized and biomarker-guided multifactorial interventions
Customized and multifactorial interventions, encompassing both pharmaceutical and non-pharmacological treatments, should be further developed, utilizing biomarkers for patient
stratification and confirmation of mechanism of action. This approach may guide future pre-clinical research and the development of novel treatments by leveraging biomarkers to
identify specific biological pathways involved in multifactorial interventions’ efficacy.

The key considerations outlined in this box are designed to address critical aspects of advancing geroscience pre-clinical and clinical trials, drawing on discussions from
previous Intrinsic capacity, Frailty and Sarcopenia Research Task Force meetings [10-14] and building upon insights from the most recent session.
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