
Articles
eBioMedicine
2025;113: 105612

Published Online xxx

https://doi.org/10.
1016/j.ebiom.2025.
105612
A pilot study of senolytics to improve cognition and mobility
in older adults at risk for Alzheimer’s disease
Courtney L. Millar,a,b,c,∗ Ike Iloputaife,a Kathryn Baldyga,a Amani M. Norling,a,b,c Afroditi Boulougoura,b,d Theodoros Vichos,b,d Tamara Tchkonia,e

Aaron Deisinger,f Tamar Pirtskhalava,e James L. Kirkland,e Thomas G. Travison,a,b,c and Lewis A. Lipsitza,b,c

aHinda and Arthur Marcus Institute for Aging Research, Hebrew SeniorLife, 1200 Centre St, Boston, MA 02131, USA
bHarvard Medical School, 25 Shattuck Street, Boston, MA 02115, USA
cDivision of Gerontology, Department of Medicine, Beth Israel Deaconess Medical Center, 330 Brookline Ave, Boston, MA 02215, USA
dDivision of Rheumatology & Clinical Immunology, Beth Israel Deaconess Medical Center, 330 Brookline Ave, Boston, MA 02215, USA
eDepartment of Medicine, Center for Advanced Gerotherapeutics, Cedars-Sinai Medical Center, 8700 Beverly Blvd, Los Angeles, CA
90048, USA
fDivision of General Internal Medicine, Department of Medicine, Mayo Clinic, 200 First St. SW, Rochester, MN 55905, USA

Summary
Background This single-arm study evaluates the feasibility, safety, and preliminary effects of two senolytic agents,
Dasatinib and Quercetin (DQ), in older adults at risk of Alzheimer’s disease.

Methods Participants took 100 mg of Dasatinib and 1250 mg of Quercetin for two days every two weeks over 12
weeks. Recruitment rate, adverse events, absolute changes in functional outcomes, and percent changes in bio-
markers were calculated. Spearman correlations between functional and biomarker outcomes were performed.

Findings Approximately 10% of telephone-screened individuals completed the intervention (n = 12). There were no
serious adverse events related to the intervention. Mean Montreal Cognitive Assessment (MoCA) scores non-
significantly increased following DQ by 1.0 point (95% CI: −0.7, 2.7), but increased significantly by 2.0 points
(95% CI: 0.1, 4.0) in those with lowest baseline MoCA scores. Mean percent change in tumour necrosis factor-
alpha (TNF-α), a key product of the senescence-associated secretory phenotype (SASP), non-significantly decreased
following DQ by −3.0% (95% CI: −13.0, 7.1). Changes in TNF-α were significantly and inversely correlated with
changes in MoCA scores (r = −0.65, p = 0.02), such that reductions in TNF- α were correlated with increases in
MoCA scores.

Interpretation This study suggests that intermittent DQ treatment is feasible and safe; data hint at potential functional
benefits in older adults at risk of Alzheimer’s disease. The observed reduction in TNF-α and its correlation with
increases in MoCA scores suggests that DQ may improve cognition by modulating the SASP. However, there was not
an appropriate control group. Data are preliminary and must be interpreted cautiously.
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Introduction
Abnormalities in cognition and mobility are common
accompaniments of ageing and predictors for the
development of Alzheimer’s disease.8–10 Recent evidence
suggests that the accumulation of senescent cells, which
can release a variety of pro-inflammatory, apoptotic, and
toxic by-products, called the senescence-associated
secretory phenotype (SASP), is one of the drivers of
deficits in both cognition11–16 and mobility.7,17–22
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Therefore, targeting the process of cellular senescence
may be a viable strategy to improve aspects of cognition
and mobility, possibly preventing the development of
Alzheimer’s disease and related disorders.

One way to target the process of cellular senescence
is through the use of senolytic compounds, which are
able to selectively eliminate senescent cells and their
toxic SASP components. Senolytic compounds include
Dasatinib, a chemotherapeutic Src/tyrosine kinase
arch, Hebrew SeniorLife, 1200 Centre St, Boston, MA 02131, USA.
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Research in context

Evidence before this study
Cellular senescence is one of the hallmarks of ageing that
theoretically contributes to the development of age-related
diseases. Senolytic agents such as Dasatinib and Quercetin
promote the elimination of senescent cells and may provide a
viable strategy for the prevention or treatment of diseases of
ageing.
Studies have demonstrated that co-administration of
Dasatinib and Quercetin improved aspects of both physical
and cognitive function in mice. However, to our knowledge,
the safety, feasibility, and preliminary efficacy of Dasatinib
and Quercetin to improve function in humans with mild
cognitive impairment (MCI) and slow gait speed is unknown.

Added value of this study
As a pivotal step, the feasibility, safety, and preliminary
efficacy of Dasatinib and Quercetin needs to be established
before conducting a large-scale study to evaluate definitive
efficacy for improving mobility and cognition. Thus far, only a
few studies administering Dasatinib and Quercetin have been
conducted in humans. One study of 14 patients with
idiopathic pulmonary fibrosis showed improvements in 6-min
walk distance, 4-m gait speed, and chair-stand time after 12
weeks of intermittent treatment. Another study of 5 patients
with early Alzheimer’s disease treated intermittently with
Dasatinib and Quercetin for 12 weeks, showed a favourable
safety profile, penetrance of Dasatinib into the cerebral spinal
fluid (CSF), increased levels of CSF interleukin-6 (IL-6) and
glial fibrillary acidic protein (GFAP), non-significant decreases
in senescence-related cytokines and chemokines, and non-
significant increases in Aβ42 levels. This small study
supported the safety, tolerability and feasibility of Dasatinib
and Quercetin treatment in patients with Alzheimer’s disease.
Our study is an evaluation of Dasatinib and Quercetin
specifically in a population of older adults with slow walking
speed and MCI who are at risk of developing Alzheimer’s
disease. This is a particularly common group of people who
often suffer from falls, frailty, dementia, and the subsequent
loss of independent physical function, and for whom
preventive interventions are critically needed.

The emerging field of geroscience, which has discovered
fundamental mechanisms of ageing such as the accumulation
of senescent cells and their toxic by-products, offers exciting
promise to extend health longevity through senolytic
therapies. Such therapy has been highly successful in rodent
models of diseases related to ageing processes where it has
improved physical function and reduced vascular stiffness,
fatty liver, osteoporosis, and neurodegenerative changes in
models of Alzheimer’s disease. Our study is testing the
geroscience hypothesis in humans. Additionally, senolytics do
not need to be present continuously to reduce senescent cell
abundance because: 1) Preclinical studies have shown that
Dasatinib and Quercetin appear to be as or more effective if
administered intermittently as continuously1,2; 2) Dasatinib
has an elimination half-life <4 h3 and Quercetin <11 h4; 3)
Senescent cells are in a state of replicative arrest; 4) It
generally takes cells 1 to >6 weeks to become senescent and
develop a pro-inflammatory secretory phenotype5,6; and 5) A
brief exposure (<3 h) of susceptible senescent cells to
senolytics is sufficient to initiate irreversible apoptosis.7

Hence, intermittent dosing schedules of short-acting
senolytics, as in the current study, may reduce toxic off-target
effects related to continuous drug presence when, for
example, Dasatinib is administered frequently for treating
leukaemias or lymphomas.

Implications of all the available evidence
Our study findings suggest that administering Dasatinib and
Quercetin to older adults with slow walking speed and MCI
appears feasible and safe. Furthermore, the preliminary data
suggest that Dasatinib and Quercetin may improve memory/
cognition by modulating specific markers of senescence (i.e.,
tumour necrosis factor alpha). However, the sample size of
the study is very small and there was not a control group for
the assessment of functional outcomes. Thus, these results
are preliminary and should be interpreted with caution.
Future studies of larger size are needed to confirm our initial
findings.
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inhibitor, and Quercetin, a plant-based flavonol.13,23 In
preclinical studies, co-administration of Dasatinib and
Quercetin (DQ) improved aspects related to physical
function (e.g., endurance and speed) and cognition (e.g.,
reduced neurofibrillary tangle density/neuron loss).7,15,24

Given that senolytic administration has demonstrated
physical and cognitive benefits in mouse models,15,16,24–26

these effects may translate to humans.14,27,28

To date, four human studies administering DQ as a
combination senolytic therapy have been completed in
various populations, including idiopathic pulmonary
fibrosis,29 diabetic kidney disease,30 age-related osteopo-
rosis,31 and Alzheimer’s disease.32 Yet, no studies have
evaluated the impact of DQ on individuals with age-
related deficits in mobility and cognition unrelated to
specific disease states. These conditions are very com-
mon precursors of frailty, dementia, and functional
decline that may in part be related to the accumulation
of senescent cells and their toxic by-products. Confir-
mation of feasibility and safety in new populations is
paramount when applying an existing treatment (i.e.,
DQ) for a new indication before a large-scale efficacy
trial can be considered. Furthermore, pilot research is
essential to identify potential intermediate outcomes
and biomarkers that may provide targets for future
large-scale therapeutic trials.
www.thelancet.com Vol 113 March, 2025
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Thus, this pilot study aimed to evaluate feasibility,
safety, and the preliminary effect of a DQ intervention
in older adults with slow gait and mild cognitive
impairment (MCI), who are at risk of Alzheimer’s dis-
ease. The study aimed to generate preliminary data on
functional (i.e., cognitive outcomes such as the Montreal
Cognitive Assessment (MoCA) and mobility outcomes
such as gait speed) and blood biomarker outcomes
necessary to help motivate a larger, subsequent trial of
DQ. We hypothesised that the intervention is feasible,
safe, and demonstrates preliminary efficacy.
Methods
Study design
The STAMINA (Senolytics To Alleviate Mobility Issues
and Neurological Impairments in Ageing) study is a 12-
week, single-arm, open-label, pre-post pilot study
implementing intermittent doses of DQ in 12 older
adults aged ≥65 years with slow gait speed and MCI,
which are both precursors to the development of Alz-
heimer’s disease.8–10 A full description of the study
rationale and design has been published elsewhere.33 All
participants in this study provided informed consent.
Participants were asked to take 100 mg of Dasatinib and
1250 mg of Quercetin orally once a day for two
consecutive days every two weeks, for six cycles over 12
weeks. DQ was administered under Investigational New
Drug (IND) 157920. The rationale for the dose and
treatment schedule were based on previous studies.29,30

The study was conducted from 2022 to 2024 in the
greater Boston area in Massachusetts, USA.

Recruitment and eligibility
Inclusion and exclusion criteria
The majority (∼60%) of individuals were recruited
through a recruitment firm that utilises online targeted
advertisements based on an individual’s browsing his-
tory as previously described.34 Additional recruitment
methods included senior housing presentations, study
flyers at clinical practices, and invitations to previous
research volunteers who agreed to be in our participant
registries. Older adults (age ≥65 years) were first
screened by phone to confirm the presence of MCI
(defined as telephone MoCA scores between 10 and 20
points, but able to perform all Katz Activities of Daily
Living [ADLs]).35 If they passed this screen, they were
invited to an in-person screening where they were
confirmed eligible for this study if they had slow gait
speed (<1 m/s). At any point in the screening process,
individuals were excluded if they had reported being
non-ambulatory, had unstable heart disease, heart fail-
ure, stroke, or hospitalization within the last six months,
liver disease, neurodegenerative disease, advanced renal
disease, pulmonary hypertension, fluid retention, self-
reported drug or alcohol use disorder, QTc prolonga-
tion (>450 ms), anaemia, thrombocytopaenia,
www.thelancet.com Vol 113 March, 2025
neutropenia, prothrombin time >13 s or International
Normalized Ratio >1.1, use of anti-arrhythmic medica-
tions, antipsychotics and anxiolytics, anti-platelet or anti-
coagulant medications other than aspirin, quinolone
antibiotics, or drugs metabolised by the same liver en-
zymes as Dasatinib or Quercetin. The majority of the
exclusion criteria were proposed out of an abundance of
caution to ensure safety. Volunteers were also excluded
if we were unable to insonate the middle cerebral artery
through a temporal bone window on at least one side of
the head using transcranial Doppler ultrasound (TCD),
which was necessary for another aspect of the study not
reported here. There were 3 individuals excluded for
this reason and 6 for minor deviations from our inclu-
sion criteria, including fast gait speed (n = 2), compli-
ance concerns (n = 1), low white blood cells and high
cystatin C levels (n = 2), or due to closed enrolment
(n = 1). These 9 individuals and one other individual
who was unwilling to take the study medications were
invited to participate in a control biomarker assessment
(total n = 10, referred to as Biomarker Control)
described below. A full list of exclusion criteria and
corresponding definitions is provided elsewhere.33

Study procedure
A thorough description of the assessments that were
performed at each study visit is provided elsewhere.33

Safety assessments, including vital signs, electrocardio-
gram, self-reported symptoms, and safety blood tests
were also performed before each drug administration.
Participants were then asked to take the first day dose of
the study medications in the study clinic, while being
monitored for any acute effects. They were then pro-
vided with their second day dose to take at home, which
was confirmed by telephone the following day and re-
turn of pill bottles at the subsequent visit. Symptoms
were evaluated by telephone on the day of their at-home
dosage and 3–5 days after their visit. Functional out-
comes were measured after 6 and 12 weeks of DQ.
However, to minimise participant burden, urine and
blood were only collected at screening (approximately 2
weeks prior to baseline) and 2 weeks after all 12 doses of
DQ, for a total time of 14 weeks between blood draws.

Feasibility and safety outcomes
Feasibility
Throughout the study, the ratio of the number of par-
ticipants who were eligible for and/or completed the
study to the number screened was carefully tracked. The
protocol deviations that were reported to the IRB were
logged, counted, and documented. Compliance with
study medication was monitored for each dose. Based
on the number of pills that were returned in the
medication bottles, a compliance score (i.e., the number
of taken doses/the number of dispensed doses) was
calculated. If a participant returned an empty pill bottle,
it was assumed that the dose was taken.
3
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Drug safety and tolerance
The frequency of adverse events (AEs) was evaluated by
symptom questionnaires and blood safety values during
each visit. The blood tests included a complete blood
count with differential, prothrombin time/International
Normalized Ratio, and a comprehensive metabolic
panel (including glucose, calcium, sodium, potassium,
bicarbonate, chloride, blood urea nitrogen, creatinine,
albumin, total protein, alkaline phosphatase, alanine
aminotransferase, aspartate aminotransferase, total and
direct bilirubin, glomerular filtration rate, and cystatin
C), which were all measured by Quest Diagnostics. The
QTc interval, body temperature, heart rate, breathing
rate, oxygen saturation, seated blood pressure, postural
change of blood pressure, and heart rate were also
measured at each visit. Laboratory results or vital signs
that deviated from a pre-determined safety range
(described in full elsewhere33) were considered AEs if
they appeared for the first time at any visit following the
screening visit or if they had more than a 20% change
from baseline.

Functional outcomes
Cognitive assessments
The cognitive assessments included the Trail Making
Test (TMT)36,37 to assess executive function and the
MoCA38 to assess global cognition. These assessments
were measured at baseline, mid-point, and follow-up by
a trained research coordinator. A different version of the
TMT and MoCA was used at each visit to avoid a
learning effect.

Physical assessments
The physical assessments included the short physical
performance battery,39 the timed up and go test,40 and
maximum grip strength (by handheld dynamometer).
These assessments were measured at baseline, mid-
point, and follow-up.

Dual task assessment
To assess the impact of a cognitive task on mobility and
balance while walking, a dual task assessment was
performed. Participants underwent walking trials of
32 m during the following two conditions in a rando-
mised order: (1) Single task (ST): walking without a
cognitive distraction and (2) Dual task (DT): walking
while performing a serial subtraction task. Dual-task
cost in gait speed was calculated as the absolute differ-
ence in gait speed while performing the DT compared to
the ST (i.e., [VelocityST - VelocityDT]). Similar calcula-
tions were performed for stride length. Dual task out-
comes were measured at baseline, mid-point, and
follow-up.

Biomarker outcomes
Blood biomarkers included cytokines and chemo-
attractants, matrix metalloproteinases (MMP), tissue
inhibitors of MMPs (TIMPs), adhesion molecules,
growth factors, and their binding proteins.20,23,29

Expression of senescence markers (e.g., ARF, p16, p21,
p16INK4a)41–44 in CD3 positive T lymphocytes was
measured by rt-PCR. All markers that were measured
are listed in Supplementary Table S1. All immunoassay
kits were purchased from R&D Systems (Bio-Techne,
Minneapolis, MN) and the corresponding catalogue
numbers are provided in Supplementary Table S2, while
catalogue numbers and suppliers of primers are pro-
vided in Supplementary Table S3. The markers origi-
nally hypothesised to be affected by DQ are described in
the main body of this report. Although this was a single-
arm study, we compared biomarker changes to those in
a small comparison group of similar subjects with slow
gait and MCI (n = 10) who were excluded from the trial
for the reasons above, in order to determine the varia-
tion in biomarkers over a similar time period (∼14
weeks). This biomarker control group did not complete
any of the follow-up physical or cognitive assessments.

CD3 T cell isolation
Blood draws were conducted at screening and 2 weeks
after their last dose of DQ (i.e., a total of 14 weeks in
between blood draws). T cell populations expressing
CD3 as a surface marker were isolated by negative
depletion using RosetteSep Human T cell enrichment
cocktail (STEMCELL Technologies, Cat#: 15061).
Viability was measured by Trypan blue staining all
samples to ensure cell viability was in the range of
95–100%. Purity was evaluated in the first 5 samples
and every new bottle of RosetteSep Human T cell
enrichment cocktail to ensure purity of CD3+ cells was
>90%. The PE-conjugated anti-CD3 monoclonal anti-
body, RRID: AB_395740, was used to confirm purity of
cell isolation. RNA was extracted using TRIzol (Invi-
trogen, Ref#: 15596018). RNA quantity and purity were
confirmed with a Nanodrop spectrophotometer
(Thermo Scientific, Wilmington, DE). One μg of RNA
was reverse transcribed using the High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems by Life
Technologies, Foster City, CA). PCR reactions were run
using the ABI Prism 7900HT Real Time System
(Applied Biosystems, Carlsbad, CA) with TaqMan
primer-probe sets (Applied Biosystems, Carlsbad, CA).
See Supplementary Table S3 for information on
primers. Expression of target genes was normalised to
the expression of TATA-box binding protein. The ab-
solute and percent change of the expression of target
genes between screening and final follow-up values
were calculated.

ELISAs for exploratory blood biomarkers of senescence
Biomarkers were measured in blood samples collected
in serum separator, EDTA, and heparin tubes before
and after 14 weeks in the STAMINA and Biomarker
Control groups. Blood was centrifuged, aliquoted, and
www.thelancet.com Vol 113 March, 2025
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serum/plasma was temporarily stored in a minus 80-
degree freezer until batch analysis of all samples.
Circulating SASP associated proteins in plasma or
serum were measured at the Facility of Geoscience
Analysis, an analytical lab of the NIA funded Trans-
lational Geroscience Network. Duplicate samples were
analysed using either the FLEXMAP3D Machine
(Luminex) or the Ella Automated Immunoassays (Pro-
tein Simple, Bio-Techne) platforms with commercially
available immunoassay kits (R&D Systems, Bio-Techne,
Minneapolis, MN). Based on the abundance of the tar-
geted proteins bead region and antibody compatibility,
the targets were organised into 18, 10, or 6 plex plates.
To ensure linearity, very low abundance proteins were
measured using the ELLA Automated Immunoassay
(Protein Simple/Bio-Techne) with cartridges purchased
from Protein Simple/Bio-Techne. Values below the as-
say’s detection limit, resulting in the absence of a
matching paired sample, were excluded from the paired
t-test analyses. The range and specificity of the assays
are described in Supplementary Table S2. The absolute
and percent change of blood biomarkers between
screening and final follow-up values were calculated.

Statistics
Feasibility and safety outcomes were tabulated. Addi-
tionally, the frequency of clinical safety and symptom
AEs were tabulated by participant. Participant de-
mographics, functional outcomes, and biomarker out-
comes are reported as mean ± standard deviation or as n
(%), as appropriate. Within-person changes are reported
as mean with a corresponding measure of spread (e.g.,
standard deviation or 95% confidence interval [95% CI]).

For the functional outcomes, mixed linear models
were estimated to evaluate the change in the outcomes
over multiple visits. Within and between-group differ-
ences in biomarker concentrations were assessed using
paired and unpaired Student’s t-tests, respectively.
Markers considered a priori in our statistical analysis
plan (i.e., interleukin-1 alpha, IL-1α; interlekin-6, IL-6;
matrix metalloproteinase-9, MMP9; and cyclin-
dependent kinase inhibitor 2A/alternate splice variant
– exons 1 alpha-2, p16INK4a)23,44 and those identified post
hoc for their published roles in inflammation, cognition,
and senescence (tumour necrosis factor alpha; TNF-α,45
matrix metalloproteinase-3, MMP346 and programmed
death-ligand 2, PDL-247; respectively) are highlighted
here, while others are included in the supplement.
Spearman correlations were performed to assess the
association between percent changes in biomarker
concentrations and changes in functional outcomes.
Subgroup analyses were also performed based on
stratifications by age (pre-specified: < and ≥ median age
of the study population; data not shown), lower MoCA
scores at baseline (i.e., 18–25 points on MoCA, n = 8),
and the median expression of the senescent cell marker
p16INK4a at baseline in the study population (i.e., “Low
www.thelancet.com Vol 113 March, 2025
Senescent Cell Burden” vs. “High Senescent Cell
Burden,” respectively). The sample size was pre-
determined and motivated by the need to assess
resource needs for a subsequent randomized controlled
trial of DQ. Unfortunately, due to the limited sample
diversity and small sample size (n = 12), we were unable
to analyse the data by race. All analyses were performed
using SAS version 9.4 (SAS Institute, Cary, NC).

Ethics
This study was conducted at the Marcus Institute for
Ageing Research in Boston, MA, approved by the Advarra
IRB (#Pro00053594), registered at Clinicaltrials.gov
(Identifier: NCT05422885), and monitored by the FDA.
The biomarker control arm was also approved by the
Advarra IRB (#Pro00066895). All participants provided
informed consent prior to engaging in research activities.

Role of funders
The funding sources had no role in study design,
conduct, analysis, interpretation, or writing of the
manuscript or in the decision to submit the manuscript.
Results
Study participant Flow Chart and characteristics
The process of participant recruitment is shown in
Fig. 1. A total of 332 individuals expressed interest in the
STAMINA study. One hundred and fifteen individuals
were screened over the telephone, of which 60 were
found ineligible due to not meeting the definition of
MCI (n = 31), a medication contraindication (n = 11), an
exclusionary health condition (n = 6), or multiple rea-
sons (n = 12). In addition, 24 eligible individuals were
not enroled due to loss of interest (n = 12), loss to follow-
up (n = 10), or closed enrolment (n = 2). A total of 31
participants were screened in-person, of which 16 were
excluded due to inability or unwillingness to participate
in the study protocol (n = 5), fast gait speed (n = 5),
exclusionary health conditions (n = 4), a medication
contraindication (n = 1), or multiple reasons (n = 1). In
addition, after confirmation of study eligibility, one in-
dividual was lost to follow-up (n = 1) before starting DQ,
while two participants withdrew consent during medi-
cation administration due to pre-existing anxiety (n = 1)
and concerns about taking study medications (n = 1).
Thus, 12 participants completed the intervention.

The characteristics of those individuals who
completed the study (n = 12) are presented in Table 1.
STAMINA participants had a mean (SD) age of 77 (±8)
years and 58% self-reported as female (n = 7). They
primarily identified as white (n = 10) and were relatively
highly educated. Although not displayed in the table,
participants were on a variety of medications, but these
remained unchanged throughout the study. The char-
acteristics of the Biomarker Control participants are in
Supplementary Table S4.
5
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Fig. 1: Flow chart of recruitment for the STAMINA Study. MCI, mild cognitive impairment.
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Feasibility and safety
Table 2 shows the recruitment rate, the number of
protocol deviations, the number of AEs, and the partic-
ipants’ adherence, which are all indicators of feasibility.
Approximately 10% of all the individuals who were
screened by telephone and 39% who were screened in-
person completed the study. Twenty-one protocol de-
viations were primarily for minor schedule changes and
none necessitated reporting to the IRB or resulted in
AEs. Of the 81 AEs, only five (7%) were deemed
“possibly” related to the study medications and only one
(∼1%) was “probably” related to the study medications.
One serious adverse event (SAE) was reported (acci-
dental injury) during the intervention, however, it was
not related to the study. Of the 12 individuals who
completed the study, participants were 99% compliant
with Dasatinib and 100% compliant with Quercetin.

The frequencies of both clinical blood safety and self-
reported symptom AEs are displayed in Figs. 2 and 3,
respectively. The most common clinical blood safety AE
was a mild reduction in white blood cell count (n = 6;
Fig. 2), but not to dangerous levels. Of the self-reported
symptom AEs, there were 9 AEs of “injury or pain,” 9
AEs of “fatigue/poor sleep/dizziness,” and 9 AEs of
“diarrhoea/loose stools” (Fig. 3).

Functional outcomes
The primary cognitive and mobility functional outcomes
during the STAMINA study are presented in Table 3. As
expected, due to the small sample size of the study, most
measures did not change significantly over time.
Nevertheless, 12-week change in mean scores of the
cognitive measures MoCA (mean change = 1.0 point,
95% CI: −0.7, 2.7) and TMT B minus A (mean
change = −17.2 s, 95% CI: −53.4, 19.0) appeared to non-
significantly improve after treatment. Individual level
pre- and post-data for change in MoCA for all partici-
pants is shown in Supplementary Fig. S1.

In the mobility outcomes, 12-week change in mean
scores of dual task gait speed (mean change = 0.03 m/s,
95% CI: −0.03, 0.07) and stride length (mean
change = 0.031 m, 95% CI: −0.003, 0.066) non-
significantly increased. There was also a non-
significant reduction in dual task cost of gait speed by
0.02 (95% CI −0.03, 0.06) and dual task cost of stride
length by 0.02 (95% CI: −0.01, 0.05) after treatment
when comparing baseline to follow-up values (p-range:
0.05–0.10). Individual level pre- and post-data for change
in stride length during dual task are shown in
Supplementary Fig. S2.

The pre-specified sub-group analyses showed that
those with lower baseline MoCA scores (i.e., 18–25
points) appeared to have a significant increase in MoCA
score by 2.0 points (95% CI 0.1, 4.0) at follow-up when
compared to baseline (p = 0.04). The group with lower
MoCA scores had similar mobility outcomes as the
entire STAMINA cohort (data not shown). An explor-
atory sub-group analysis was performed in High vs. Low
Senescent Cell Burden. Within the High Senescent Cell
Burden sub-group, there were non-significant im-
provements in dual task costs of stride length at the
mid-point (p = 0.08) and dual task gait speed at follow-
www.thelancet.com Vol 113 March, 2025
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Mean ±
SD or n (%)

Age (y) 77 ± 8

Sex (female) 7 (58)

Ethnicity

White 10 (83)

African American 2 (17)

Highest level of education

Associate’s degree 1 (8)

Bachelor’s degree 5 (42)

Graduate/Doctoral/Law Degree 6 (50)

Gait speed (m/s) 0.8 ± 0.1

Telephone MoCA score (range of instrument: 0–22
points, range of inclusion criteria: 10–20 points)

17 ± 2

BMI (kg/m2) 28 ± 4

Major adverse cardiovascular eventsa 1 (8)

High blood pressure 5 (42)

High cholesterol 6 (50)

Osteo- or degenerative arthritis 6 (50)

Depression 3 (25)

Diabetes 2 (17)

Kidney disease 2 (17)

Systolic seated blood pressure (mmHg) 124 ± 11

Diastolic seated blood pressure (mmHg) 68 ± 7

QTc interval (ms) 412 ± 24

Haemoglobin (g/dL) 12.9 ± 1.3

White blood cells (cells/mcL) 6.4 ± 1.6

Platelets (count/mcL) 251 ± 40

Haematocrit (%) 38.5 ± 3.4

ALT (U/L) 16.9 ± 7.2

AST (U/L) 21.9 ± 6.0

Alkaline phosphatase (U/L) 71.0 ± 12.2

Glucose (mg/dL) 97.9 ± 32.8

Estimated GFR (mL/min/1.73 m2) 61.9 ± 14.9

Total bilirubin (mg/dL) 0.5 ± 0.1

Creatinine (mg/dL) 1.1 ± 0.4

Blood urea nitrogen (mg/dL) 21.3 ± 9.4

Cystatin C (mg/dL) 1.4 ± 0.4

Prothrombin time (sec) 10.5 ± 0.5

ALT, Alanine aminotransferase; AST, aspartate aminotransferase; BMI, body
mass index; GFR, glomerular filtration rate; MoCA, Montreal Cognitive
Assessment. aDefined as having a myocardial infarction within 6 months, a
pacemaker, atrial fibrillation, or chronic heart failure.

Table 1: Characteristics of completed STAMINA participants (n = 12)
at time of screening.
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up (p = 0.07; Supplementary Table S5). The Low Se-
nescent Cell Burden sub-group demonstrated a non-
significant improvement in the TMT at mid-point
(p = 0.07), particularly on the B portion (p = 0.06;
Supplementary Table S5). The sub-group analyses by
age did not yield meaningful results in any of our
measured outcomes (data not shown).

Biomarker outcomes
The mean percent change of select biomarkers of
senescence for the STAMINA and Biomarker Control
www.thelancet.com Vol 113 March, 2025
groups are displayed in Table 4 and Fig. 4. Data for all
biomarkers are in Supplementary Tables S6 and S7
Baseline values of the SASP markers were relatively
similar between the STAMINA and Biomarker Control
groups. Although mean baseline p16INK4a expression
appeared lower in STAMINA participants (10.6 ± 5.2),
this was not significantly different from the Biomarker
Control group (20.4 ± 23.0) (Supplementary Table S6).
After DQ treatment, mean percent change in IL-6 and
TNF-α, which have prominent roles in inflammation,
declined by −15.5% (95% CI: −39.8, 8.8) and −3.0%
(95% CI: −13.0, 7.1), respectively. The mean percent
reduction in TNF-α was significantly different (p = 0.04)
than the mean percent change in the Biomarker Control
group (mean percent change = 16.8, 95% CI: −1.7, 35.4).
Compared to all STAMINA participants, those with
lower MoCA scores had larger percent changes in most
of the select biomarkers (Table 4). There were no sta-
tistical differences in the percent change of select bio-
markers between the Low and the High Senescent Cell
Burden groups (Table 4).

Percent changes in TNF-α and PDL-2 were negatively
correlated with change in MoCA scores such that in-
creases in MoCA scores correlated with reductions in
these biomarkers (r = −0.65, 95% CI: −0.88, −0.09,
p = 0.02 and r = −0.78, 95% CI: −0.93, −0.34, p < 0.01,
respectively) (Fig. 5a and b). Additionally, reductions in
PDL-2 was non-significantly correlated with increases in
SPPB scores (r = −0.51, 95% CI: −0.84, 0.09, p = 0.08).
Discussion
The goal of this study was to assess the feasibility and
safety of a senolytic DQ intervention and to provide
preliminary estimates for functional and biomarker
outcomes of interest in older adults with slow gait and
MCI. To establish feasibility and to reach our goal of 12
completed participants, we screened 115 people by
telephone and among these, 31 older adults were
screened in-person. Adherence to intended doses of the
study medications was excellent (≥99%) and there were
no serious adverse effects. Although this study was
underpowered to determine efficacy, DQ treatment
appeared to improve some aspects of cognition and
mobility, and elicited hypothesised improvements in
some biomarkers of senescence, particularly in partici-
pants with the lowest MoCA scores. However, it is
important to note that the estimates of change in the
functional and biomarker data are intended strictly as
hypothesis generating.

Senolytic trials may be burdened by significant
recruitment challenges due to the added complications
of concomitant medication use and comorbid health
conditions, both of which may exclude individuals from
participation. Thus, before implementing a large-scale
trial to determine efficacy of DQ in older adults with
slow gait and MCI, it is crucial to determine the
7
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Outcome Brief description Rate or n

Telephone Screen Recruitment Rate (# of
participants completed study/# of telephone
screened participants)

The proportion of all of the volunteers
screened by telephone that completed the
study.

10% of all individuals telephone screened,
eventually completed the study.

In-person Screen Recruitment Rate (# of
participants completed study/# of in-person
screened participants/)

The proportion of all of the volunteers
screened in-person that completed the
study.

39% of all individuals screened in person,
eventually completed the study.

Protocol Deviations The frequency of protocol deviations that
were reported to the IRB and/or resulted in
AEs.

0

Total Adverse Events The frequency of all adverse events during
the study.

81

Clinical Safety Adverse Events The frequency of adverse events specifically
defined by our study clinical safety labs.

21

Adverse Events Possibly Related to Study
Activities

The frequency of adverse events related or
possibly related to the study activities.

6

Serious Adverse Events The frequency of serious adverse events. 1

Serious Adverse Events Possibly Related to
Study Activities

The frequency of serious adverse events
related or possibly related to the study
activities.

0

Dasatinib Medication Compliance of
Completed STAMINA Participants (n = 12)
(% of intended doses consumed)

Compliance with Dasatinib medication
administration. Includes clinic-administered
and self-administered at-home intake of
study drugs (assessed by self-report and
returned pill containers) divided by the
number of intended pills over the period of
study participation.

143/144 = 99%

Quercetin Medication Compliance of
Completed STAMINA Participants (n = 12)
(% of intended doses consumed)

Compliance with Quercetin medication
administration. Includes clinic-administered
and self-administered at-home intake of
study drugs (assessed by self-report and
returned pill containers) divided by the
number of intended pills over the period of
study participation.

720/720 = 100%

AE, adverse event; IRB, institutional review board.

Table 2: Feasibility outcomes of the STAMINA study.
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recruitment rate to help inform the necessary duration
and cost of the study. In our trial, approximately 10% of
individuals who were telephone screened actually
Fig. 2: The frequency of clinical safety adverse events in the STAMINA
administration of the 2-day dose of Dasatinib and Quercetin. If the Labora
full elsewhere33) by more than 20% and/or newly appeared, they were con
(n = 12). AE, adverse events; ALT, alanine-aminotransferase; GFR, glome
completed the study. Although this percentage is in
range with estimates from other studies of older
adults,48,49 more than half of the volunteers screened by
study. Clinical blood safety measures were evaluated prior to each
tory results deviated from a pre-determined safety range (described in
sidered adverse events. Each colour represents a different participant
rular filtration rate.
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Fig. 3: The frequency of self-reported symptoms adverse events in the STAMINA study. Self-reported symptoms were evaluated once before and
two times after each 2-day drug treatment of Dasatinib and Quercetin. If the symptom newly appeared or was reported to be more severe than
usual, then it was considered an adverse event. Each colour represents a different participant (n = 12). AE, adverse events.

Baseline
(Week 2)

Mid-point
(Week 8)

Follow-up
(Week 14)

Mean ± SD

Cognitive outcomes

MoCA (range: 0–30 points) 23 ± 2 25 ± 3a 24 ± 2

MoCA in participants with low baseline MoCA
scores (≤25 points, n = 8)

22 ± 3 25 ± 3a 24 ± 2a

Trail Making Test: A (sec) 52.0 ± 29.0 45.6 ± 23.1 43.1 ± 12.7

Trail Making Test: B (sec) 132.6 ± 86.6 120.6 ± 79.2 106.5 ± 51.9

Trail Making Test: B – A (sec) 80.6 ± 80.2 75.0 ± 61.4 63.4 ± 44.6

Mobility outcomes

SPPB (range: 0–12 points) 9 ± 1 9 ± 2 9 ± 2

TUG (seconds) 14.2 ± 2.6 13.9 ± 3.1 13.6 ± 2.4

Maximum grip strength (kg) 23.5 ± 7.2 22.7 ± 5.8 23.6 ± 5.3

Normal walk stride length (m) 1.01 ± 0.13 1.00 ± 0.12 1.02 ± 0.14

Dual task stride length (m) 0.93 ± 0.13 0.93 ± 0.13 0.96 ± 0.14b

Dual task cost of stride length (m) −0.08 ± 0.08 −0.07 ± 0.06 −0.06 ± 0.05b

Normal walk gait speed (m/s) 0.87 ± 0.15 0.85 ± 0.16 0.87 ± 0.14

Dual task gait speed (m/s) 0.76 ± 0.13 0.75 ± 0.16 0.78 ± 0.14

Dual task cost of gait speed (m/s) −0.11 ± 0.11 −0.11 ± 0.09 −0.09 ± 0.08

MoCA, Montreal Cognitive Assessment; SPPB, short physical performance battery; TUG, timed up and go.
aIndicates a p-value < 0.05 when compared to baseline. bIndicates a p-value between 0.05 and 0.10 when
compared to baseline.

Table 3: Phenotypic outcomes before, during, and after STAMINA.

Articles
telephone were ineligible due to medication contrain-
dications, not meeting entry criteria, exclusionary health
conditions, or a combination of those reasons. The
exclusion criteria for this study were relatively stringent
in order to satisfy FDA requirements that ensure the
safety of participants who were receiving an established
chemotherapeutic agent (i.e., Dasatinib) for a new
indication. Therefore, the lengthy list of exclusions likely
contributed to a large proportion of individuals being
deemed ineligible. Furthermore, a substantial portion of
the telephone screens did not meet our definition for
MCI or slow gait. In our recent paper describing our
recruitment methods and results, we reported that the
study cohort was predominately white and well-
educated,34 which is a limitation of this work. Therefore,
the study cohort is not representative of the larger
population of older adults with MCI and slow gait, and
generalizability of the results of our exploratory study
for this new indication is limited.

Another important aspect of study feasibility is
safety, which is necessary to establish prior to initiating
a larger-scale clinical trial. The most common clinical
safety event in our pilot study was a reduction in white
blood cell count, which was reported six times across all
possible blood draws (∼90 draws). Regardless, there
were only six AEs that were possibly/probably related to
the intervention, and no SAEs. Other trials with DQ also
reported relative safety of the treatment.29,30,32 Our data
add to the existing literature and support the tolerance
and safety of DQ in older adults with slow gait and MCI.

Our study design was not adequately powered to
confidently detect statistically significant changes in the
functional and biomarker outcomes. Rather, the goal of
www.thelancet.com Vol 113 March, 2025
the current trial was to collect data on the variation of
these measures, which would be used to inform a power
analysis for a larger trial. Thus, an emphasis was placed
on directionality of the change in the outcome mea-
sures. After treatment with DQ, the cognitive outcomes
(i.e., MoCA and TMT scores) appeared to improve
9
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Biomarker Function Mean % change ± SD

STAMINA
(n = 12)

Low Baseline
MoCA Scores
(n = 8)

High
senescent
cell burden
(n = 5)

Low senescent
cell burden
(n = 5)

Biomarker
controls
(n = 10)

Inflammatory markers

IL-1α Pro-inflammatory cytokine 7.0 ± 31.6 13.0 ± 36.6 −4.8 ± 40.2 20.2 ± 25.1 −8.7 ± 34.7

IL-6a Pro-inflammatory cytokine −15.5 ± 38.3 −24.6 ± 38.0 −22.5 ± 33.4 −8.7 ± 43.2 1.6 ± 35.0

TNF-α Central role in immune and inflammatory responses −3.0 ± 15.8b −7.4 ± 9.6b −4.8 ± 11.2 1.5 ± 22.6 16.8 ± 25.9

Matrix metalloproteinases

MMP3 Degrades extracellular matrix proteins 9.4 ± 44.8 17.6 ± 53.2 0.50 ± 20.8 22.2 ± 68.7 −5.9 ± 25.7

MMP9 Degrades ECM proteins and is upregulated during
inflammation

14.3 ± 62.0 16.0 ± 73.3 −16.1 ± 24.7 37.5 ± 89.3 1.1 ± 33.1

Other markers of senescence

PDL-2 Regulates immune responses and triggers
tumorigenesis/progression

2.9 ± 10.9 0.97 ± 10.8 1.7 ± 4.7 4.8 ± 15.9 −7.5 ± 21.8

p16INK4aa Marker of senescent cells −4.1 ± 25.9 −13.7 ± 27.1 −14.2 ± 21.0 6.0 ± 28.4 −6.6 ± 24.5

IL, interleukin; MMP, matrix metalloproteinase; p16INK4a, a genetic marker of senescent cells; PDL-2, programmed cell death-ligand 2; TNF-α, tumour necrosis factor alpha.
aIndividuals with extreme percent changes were excluded from this table (i.e., n = 1 for IL-6, % change = 600; n = 1 for p16INK4a, % change = 1306). bIndicates a p-value <
0.05 when compared to the Biomarker Control group.

Table 4: Percent change of select markers of senescence.
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(MoCA, higher scores indicate better cognition and
lower TMT scores indicate better executive function). In
all participants, MoCA scores increased by only 1 point,
Fig. 4: Percent change of select senescence biomarkers. The percent cha
calculated for each biomarker in STAMINA (n = 12, blue circle) and Biom
displayed on the figure with the mean expressed as the larger shape and
MMP, matrix metalloproteinase; p16INK4a, a genetic marker of senescent c
factor alpha.
which may not be clinically meaningful. However, the
TMT scores improved by 17 s, which was primarily
driven by a reduction in the Trails B time by ∼25 s.
nge between screening and final follow-up values (∼14 weeks) was
arker Control (n = 10, red square) participants. All data points are
80% confidence intervals expressed as the solid line. IL, interleukin;
ells; PDL-2, programmed cell death-ligand 2; TNF-α, tumour necrosis
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Fig. 5: (a and b) Spearman correlations between change in cognitive scores and biomarkers. The absolute change of MoCA scores after
treatment was correlated with percent change of TNF-α (a) and PDL-2 (b) in 12 participants. MoCA, Montreal Cognitive Assessment; PDL-2,
programmed cell death-ligand 2; TNF-α, tumour necrosis factor alpha.

Articles
Changes in Trails B by 20 s was suggested to be a
clinically meaningful change in a cohort of older adults
with MCI.50 Furthermore, those with lower cognitive
scores at baseline and thus with the most potential to
improve, had a significant increase of approximately 2
points in MoCA scores at final follow-up compared to
baseline. Although a 2-point increase in MoCA scores is
considered clinically meaningful,51 other studies have
suggested that larger changes may be required for
clinically meaningful outcomes.52 Additionally, we
cannot exclude the possibility that the changes in MoCA
scores or TMT are simply a regression to the mean. To
unequivocally determine if DQ improves cognition,
future trials will need a larger sample size and the in-
clusion of a placebo control group.

Although not statistically significant, our results
indicate that participants experienced improved mobility
following DQ as reflected by non-significant reduction
in time (approximately 1 s) to perform the TUG test,
which included several aspects of mobility (e.g., walking,
turning, rising from a chair). However, such a small
magnitude of change is unlikely to be clinically mean-
ingful. Furthermore, dual task gait speed appeared to
improve after DQ by approximately 0.02 m/s. However,
changes of 0.05 m/s are reported to represent clinically
significant changes.53 Interestingly, we saw a non-
significant reduction in dual task cost of stride length
and gait speed (i.e., less shortening of stride length and
less slowing of gait speed while performing a serial
subtraction task), which suggests that executive control
of gait was improved. The improvement in stride length
during dual tasking is potentially of clinical value, since
short stride length has been reported as a particularly
robust predictor of life-threatening events (defined as
major adverse events, physical disability, and mortality)
in older adults.54 Furthermore, participants with the
www.thelancet.com Vol 113 March, 2025
highest burden of senescent CD3+ cells in the periph-
eral circulation had the largest change from baseline in
dual task gait speed and dual task cost of stride length.
Future trials should consider recruiting participants
with a high burden of senescent cells and examine
whether the effects of reducing senescent circulating
CD3+ cells are limited to the peripheral musculature,
rather than central nervous system. Although these
findings suggest that DQ may improve mobility, they
are preliminary and mainly hypothesis generating in
nature. Therefore, they must be confirmed in a future
larger trial.

Single-arm pilot studies administering DQ have
shown reductions in IL-1α, IL-6, and MMP9 after DQ
treatment.29,30 Despite a similar percent reduction in IL-6
following DQ treatment in the current study, this
change was not statistically different from changes in
the Biomarker Control group. Interestingly, the STA-
MINA participants experienced a significant reduction
in TNF-α compared to Biomarker Controls. TNF-α is a
prominent immune and inflammatory regulator
involved in cellular senescence.55,56 However, it is un-
clear whether this magnitude of change in TNF-α seen
in the STAMINA participants is of biological relevance.
We did not observe a similar trend in p16INK4a, which is
the most widely used marker of senescent cells. Our
study examined expression of a splice variant of
p16INK4a in CD3+ T cell populations isolated from pe-
ripheral blood. Genetic or pharmacological clearance of
p16 positive cells in different tissues has shown efficacy
in more than forty disease models, including models of
neurodegenerative diseases.1 Although, circulating
CD3+ T cells expressing p16INK4a was identified as one
the first markers linked to senescent cells that correlates
with chronological ageing,44,57 sensitivity of it to seno-
lytics has not been tested previously. We observed mean
11
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percent reduction of p16INK4a expression in the STA-
MINA participants. However, data were highly variable,
which could be due to the heterogeneity of the cell
population, chance, small numbers, medications,
metabolic status, or the study time window between DQ
treatment and when blood samples were collected. It is
also possible that p16INK4a CD3+ senescent cells in cir-
culation are not sensitive to DQ due to the absence of
anti-apoptotic pathways that DQ targets. Unexpectedly,
there was a larger reduction in p16INK4a in the
Biomarker Controls, suggesting that changes in this
marker may not have been a result of DQ. Other studies
have shown reductions in p16INK4a in adipose tissue
following senolytic treatment.20,30 Unfortunately, we
were not able to obtain tissue from study subjects. The
percent changes in IL-6, TNF-α, and p16INK4a were
larger in magnitude in the individuals with the lowest
MoCA scores, suggesting that these may be the in-
dividuals most likely to benefit from a senolytic
intervention.

Further supporting the potential clinical implications
of our study is the observation that changes in MoCA
scores were negatively correlated with changes in TNF-α
and PDL-2 (a recently proposed serum marker of
senescence47), such that larger reductions in these bio-
markers were strongly and significantly correlated with
larger improvements in MoCA scores. Additionally,
changes in the SPPB scores were negatively correlated
with changes in PDL-2, such that improvements in
SPPB were correlated with reductions in PDL-2. A
similar observation was found by Justice et al. who re-
ported that select SASP markers (e.g., IL-10 and IL-18)
correlated with aspects of physical function (e.g., chair
stands and 4 m gait speed) after an intervention with
DQ.29 However, there was inconsistency in the specific
biomarkers that correlated with physical function be-
tween our study and those by Justice et al.29 Together
these results help support our hypothesis that DQ tar-
gets senescence and may mediate aspects of cognition
and physical function.

The findings of our study must be considered in light
of several limitations and results must be interpreted
with caution, particularly our sub-group analyses. As a
pilot study aimed at determining feasibility and safety,
we did not include a placebo control group and are
largely underpowered to determine efficacy of DQ.
Therefore, we cannot unequivocally determine whether
the functional changes were a result of regression to the
mean, chance, or DQ treatment. Future studies that
include a placebo control group are critical to confirm
our findings. Furthermore, the generalizability of our
results is limited to primarily white, highly educated,
older adults with slow gait and MCI. Unfortunately, our
small study has very limited racial diversity. Addition-
ally, the preliminary impact on functional and
biomarker outcomes could be due to chance and/or
regression to the mean. Furthermore, it is important to
note that 14 weeks is a relatively short time to determine
changes in physical function or cognition. Given the
limitations of a single arm trial, we included
the Biomarker Control group to provide a reference for
the changes in biomarkers over approximately 14 weeks.
Since this group was recruited from individuals excluded
from the STAMINA study, it may not be representative of
the actual STAMINA study participants. Finally, both
functional and biomarker outcomes were evaluated two
weeks after the last dose of DQ, which may have
impacted our estimates and leaves us unable to discern
whether the changes seen were a result of the interven-
tion or discontinuation of DQ. However, since changes in
cognition and mobility typically take time to occur, we
surmise it is more likely that changes are a result of DQ
rather than its discontinuation. Future studies may
benefit from a longer DQ treatment period and follow-up
visits after DQ discontinuation.

This preliminary study provides evidence that
administering the combined DQ senolytic intervention
is feasible and well tolerated in a select population of
older adults who are at risk of developing Alzheimer’s
disease. It further supports continued investigation of
DQ as a potential treatment for individuals with slow
gait and MCI.
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