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ABSTRACT
Immune checkpoint inhibitors (ICI) have transformed 
the management of cancer, particularly for older adults, 
who constitute a majority of the global cancer patient 
population. This study aimed to assess the inclusion, 
characteristics, and reporting of older adults enrolled in 
Food and Drug Administration (FDA) registration clinical 
trials of ICI between 2018 and 2022. Clinical trials of 
ICI leading to an FDA approval in solid tumor oncology 
between 2018 and 2022 were included. Primary study 
reports and all available secondary publications were 
assessed. The availability and completeness of older 
subgroup data for protocol-defined clinical efficacy 
endpoints, health-related quality of life (HRQOL) and 
toxicity outcomes, and baseline characteristics were 
assessed according to predefined criteria which 
categorized reporting completeness hierarchically in 
relation to the availability of published data, including 
effect size, sample size, and measures of precision. 
53 registration trials were included, involving a total 
of 37,094 participants. Most trials (64.2%) were of ICI 
combination therapy. 42.3% of patients were aged≥65 
years; 11.1% were aged≥75. No trials specified an upper 
age limit for eligibility. 98.1% of trials excluded patients 
with European Cooperative Oncology Group performance 
status>1. 87.2% of primary efficacy endpoints and 
17.9% of secondary efficacy endpoints were reported 
completely for older adults. Five studies (9.4%) reported 
baseline characteristics, three (6.1%) reported HRQOL 
assessments, and four (7.5%) reported toxicity outcomes 
completely among older subgroups. No trials conducted 
baseline geriatric assessments or reported geriatric-
specific symptoms or quality of life scales. This analysis 
highlights significant deficits in the enrollment and 
reporting of older subgroups in pivotal trials of ICI therapy. 
The findings highlight an urgent need for improved 
reporting and inclusion standards in clinical trials of ICI to 
better inform treatment decisions for older adults.

INTRODUCTION
Immune checkpoint inhibitors (ICI) have 
transformed the treatment landscape for 
many cancers, and are approved for use 
in as many as 44% of patients with cancer.1 
Older adults (broadly defined as those aged 
65 and above) already comprise a majority 

of patients diagnosed with cancer,2 and will 
likely represent an ever-greater proportion 
of patients receiving ICI therapy over the 
coming decades, in line with global aging, the 
rising prevalence of cancer among this age 
cohort,3 and the rapidly expanding number 
of indications for this class of therapy.

Immunosenescence4 refers to age-related 
changes in the immune system, including 
both structural and functional decline of 
immune organs, and is associated with 
increased susceptibility to infections, age-
related diseases, and malignancy. Aging is 
associated with gradual thymic involution 
and atrophy, a reduction in CD8+naïve T-cell 
populations,5 increases in terminally differen-
tiated memory T-cells, and impaired migra-
tion of naïve T-cells to peripheral tissues. 
Aging is also associated with changes in the 
proportion and activity of CD4+naïve T-cells, 
B-cells, and antigen-presenting cells including 
dendritic cells.4 The reduction in naïve T-cell 
populations reduces the immune system’s 
capacity to respond to novel antigens, while 
chronic activation of the innate immune 
system6 and the accumulation of autoreactive 
T-cells7 contributes to a state of chronic low-
grade inflammation termed “inflammaging”.8 
Furthermore, the loss with age of the costim-
ulatory molecule CD28,9 which is required 
for complete T-cell activation and cytokine 
production, results in an attenuated response 
to vaccines and pathogens.

These factors have led to preclinical 
concerns that such age-related changes in 
the immune system may impair the ability 
of older patients to respond to checkpoint 
inhibitors.10 These concerns are corrobo-
rated by recent clinical evidence suggesting 
a response rate of 0% to ICI for older 
patients with non-small cell lung cancer with 
a senescent immune phenotype.11 Despite 
these concerns, much clinical evidence and 
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multiple recent meta-analyses appear to suggest that 
older patients derive at least equal benefit from immu-
notherapy, relative to their younger counterparts.12–15 
This discordance may be at least partially explained by 
the significant heterogeneity in immune profiles of “fit” 
older patients, who typically comprise the older popula-
tion enrolled to clinical trials, relative to phenotypically 
frail individuals.

This uncertainty underscores the need for a greater 
understanding of the characteristics of older patients 
enrolled in major immunotherapy trials. Although 
prospective randomized clinical trials remain the gold 
standard evidence base on which treatment paradigms 
should be based, most data relating to toxicity and health-
related quality of life (HRQOL) outcomes among older 
adults undergoing ICI treatment come from retrospec-
tive and observational studies, which have acknowledged 
bias16 and often poor internal validity.17 Recent trends 
towards the use of checkpoint inhibitors as part of multi-
drug combination treatment regimens, and in adjuvant 
settings, further underscore the need for greater under-
standing and reporting of older patients enrolled in 
pivotal trials, since real-world and observational data is 
particularly sparse for these treatment approaches.18

Older adults remain significantly under-represented 
and under-reported in oncology clinical trials gener-
ally,19–22 however, their enrollment and reporting have 
not been systematically assessed in trials of ICI. Substan-
tial barriers to the recruitment and retention of older 
adults in clinical trials remain.23 The underlying causes 
for this are complex, but include systemic factors (such 
as trial design and eligibility criteria), provider concerns 
(including apprehension regarding toxicity, the perceived 
burden of study participation, and a bias towards estab-
lished treatments), and both patient and caregiver factors 
(such as individual preference, and the perception of 
additional burdens associated with study participation).23 
Therefore, evidence on the efficacy, safety and impacts 
on quality of life and aging-related health domains of 
immunotherapy in older individuals is often limited, and 
dedicated reporting of this subgroup in registration trials 
is especially necessary.

This paper aims to describe the inclusion, characteris-
tics, and reporting of data relating to older adults enrolled 
in recent registration clinical trials of ICI.

METHODS
The study methods were prospectively registered at ​
protocols.​io.24 US Food and Drug Administration (FDA) 
approvals (n=63) between 2018 and 2022 for checkpoint 
inhibitor immunotherapy (anti-programmed cell death 
protein-1, anti-programmed death-ligand 1 (PD-L1), 
anti-cytotoxic T-lymphocytes-associated protein-4, anti-
lymphocyte-activation gene 3 (LAG-3) in solid tumor 
oncology were retrieved from FDA Drugs Approvals and 
Databases records.25 Approvals based on umbrella/basket 
studies, and approvals based on subgroups of multiple 

clinical trials were excluded (n=10, online supplemental 
S1). A total of 53 drug approvals were included, each 
corresponding to an individual clinical trial.

Individual trial-level PubMed searches, according to 
trial name, National Clinical Trial registration number, 
and drug name, were conducted on December 31, 2023, 
for all publications relating to included trials. Individual 
trial search terms are presented in online supplemental 
S2. Search results were assessed using Covidence by pairs 
of reviewers, according to trial of origin, for inclusion 
and exclusion by title and abstract, followed by full-text 
and reference review for included publications. Conflicts 
were resolved by the corresponding author (CME). Study 
efficacy endpoints were extracted from the most recent 
available study protocol or statistical analysis plan (online 
supplemental S3), and cross-referenced with ​Clinical-
Trials.​gov registry data and published descriptions of trial 
endpoints.

Primary and secondary clinical efficacy endpoints 
were included; exploratory endpoints, those relating 
exclusively to pharmacokinetics and basic science, and 
primary/secondary endpoints relating to toxicity, safety, 
and HRQOL, were excluded. HRQOL and toxicity data 
were examined separately.

Where individual endpoints were assessed both as 
primary and secondary endpoints (ie, primary endpoint: 
Overall survival (OS) in the intention-to-treat population; 
secondary endpoint: OS in the PD-L1 positive population), 
these endpoints were assessed separately. Conversely, 
where individual endpoints were assessed according to 
multiple definitions as a primary or a secondary endpoint 
(ie, secondary endpoint: Progression-free survival (PFS) 
at 12, 24 and 36 months), these were considered as a single 
endpoint, and considered assessable where data was avail-
able for any component of the aggregate definition.

Immature efficacy endpoints, and studies not reporting 
older subgroup HRQOL endpoints by design (ie, where 
such data was not measured according to the trial 
protocol, n=4), were excluded from relevant analyses. 
Interim OS data was considered unavailable if reported 
for the full study cohort but not for the older subgroup. 
Conversely, where OS data was not reported at all, it was 
deemed immature, and excluded from relevant analyses.

Assessment of data completeness
Reporting of data completeness was appraised according 
to hierarchical criteria for the assessment of subgroup 
reporting established by Chan et al and further devel-
oped by Mac Eochagain and Battisti.21 26 Data complete-
ness was categorized as complete, partial, qualitative, or 
unreported, according to the availability of data relating 
to effect size and measure of precision, sample size, and 
includability in meta-analysis, the criteria for which differ 
according to the statistical characteristics of the data type 
(paired, unpaired, continuous, etc) (table 1).

Multidimensional domains, including baseline data, 
HRQOL, and toxicity, were assessed with reference to 
minimum data thresholds (table  2) so that data with 
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complete reporting of a single component dimension (ie, 
statistically full reporting of a single baseline character-
istic or individual toxicity domain) would not meet the 
threshold for aggregate full reporting. Unidimensional 
domains, including all primary and secondary efficacy 
endpoints, were assessed for completeness without the 
application of minimum data thresholds.

Data extraction
Data relating to older subgroups (defined as subgroups 
with a minimum age of 65) was extracted individually 

for each included trial by two reviewers using Microsoft 
Forms and imported into Excel (Microsoft, V.16.16.27). 
Conflicts were resolved by the corresponding author 
(CME). Briefly,24 data was collected with respect to the 
following domains: Trial characteristics and enrollment, 
baseline patient characteristics, performance status, 
primary and secondary efficacy outcomes, HRQOL assess-
ments, toxicity, and conduct and reporting of baseline 
geriatric assessments or geriatric-specific patient-reported 
outcomes.

Studies (n=2)27 28 reporting performance status (PS) 
data using the Karnofsky Performance Status (KPS) scale 
rather than the European Cooperative Oncology Group 
(ECOG) scale were approximated according to European 
Society of Medical Oncology guidelines as follows: KPS 
90–100=ECOG 0; KPS 70–80=ECOG 1.29

RESULTS
Trial characteristics
53 FDA approvals, corresponding to 53 clinical trials, in 
solid tumor oncology ICI immunotherapy were included. 
Across all trials, a total of 1576 search results were assessed 
in duplicate by paired reviewers according to title and 
abstract. Inter-rater reliability was high (Cohen’s kappa 
0.82). 310 publications were included following title/
abstract review (median: 5 publications per trial; online 
supplemental S4). 1266 publications were excluded 
(median: 19 publications per trial; online supplemental 
S5); reasons for exclusion are shown in figure  1. Two 
further publications identified through a review of refer-
ences from included publications were included. A total 
of 312 publications and 53 ​ClinicalTrials.​gov registry data-
sets were included in the final analysis.

Trial characteristics are shown in table 3. Most included 
studies were phase 3 trials (n=44, 83.0%); most studies 
were in the palliative setting (n=45; 84.9%). A total of 
37,094 participants were enrolled across all trials. Median 
overall trial enrollment was 713 (IQR 501–970). 19 
(36.1%) trials were of single-agent checkpoint inhibitor 
therapy; a further 7 (13.1%) trials were of dual checkpoint 
inhibitor therapy. The remaining trials (n=27, 50.9%) 
involved combination therapy with chemotherapy, tyro-
sine kinase inhibitors, monoclonal antibodies, or v-raf 
murine sarcoma viral oncogene homolog B1 (BRAF) 
inhibitors.

Three trials presented unpooled older subgroup 
findings in a dedicated secondary publication.30–32 Two 
further trials reported pooled data in dedicated secondary 
publications among older populations with non-small cell 
lung cancer enrolled in studies of pembrolizumab,33 and 
nivolumab/ipilimumab34 respectively.

Efficacy endpoint reporting
A total of 79 primary endpoints, and 185 secondary 
endpoints were included across all studies. Data 
was immature for one primary endpoint and for 12 
secondary endpoints. The total number of evaluable 

Table 1  Efficacy endpoint assessment

Level of 
reporting Reported data

Sufficient for 
inclusion in 
meta-analysis*

Complete Number of participants per 
group
Effect size
Precision or precise p value 
for continuous data

Yes

Partial Effect size or precision (±p 
value+/−sample size)

No

Qualitative P value±sample size No

Unreported Not available No

Table adapted from Chan et al.26

*See online supplemental table 1 for detailed definitions according 
to data type.

Table 2  Baseline characteristics, toxicity, and HRQOL 
endpoint assessment

Domain Minimum threshold

Baseline 
characteristics

Performance status OR comorbidities
AND
≥1 key prognostic OR predictive 
factor(s)

Toxicity ≥3 key toxicity domain(s) by organ site
OR
Overall G3 toxicity AND ≽1 key toxicity 
domain

HRQOL ≥1 validated HRQOL instrument(s)

Level of reporting Reported data

Complete Meets minimum threshold; including 
numerical data sufficient for inclusion 
in meta-analysis*

Partial Meets minimum threshold; including 
numerical data insufficient for inclusion 
in meta-analysis*

Qualitative Meets minimum threshold; without 
numerical data

Unreported Does not meet minimum threshold

*See online supplemental table 1 for detailed definitions according 
to data type.
HRQOL, health-related quality of life.
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primary endpoints was 78. The total number of evaluable 
secondary endpoints was 173 (table 4, figure 2).

68 (87.2%) primary endpoints were reported 
completely, 4 (5.1%) were reported partially, and 6 (7.7%) 
were unreported among older populations (figure 2). 49 
trials (92.5%) reported at least one primary endpoint 
completely among older populations. 31 secondary 
endpoints (17.9%) were reported completely, 1 (0.6%) 
was reported partially, 2 (1.2%) were reported qualita-
tively, and 139 (80.3%) were unreported among older 
populations. Five studies (9.4%) completely reported all 
mature primary and secondary efficacy endpoints. Three 
trials (5.7%) did not report any primary or secondary 
endpoints completely among older populations.

51 trials assessed OS, of which 11 trials were immature 
for reporting. Of the 40 evaluable trials, OS among older 
populations was fully reported for 36 studies (90%), and 
unreported for 4 (10%). 43 trials assessed PFS. Of these, 
26 trials (60.5%) reported PFS completely, 1 (2.3%) 

reported PFS partially, and 16 (37.2%) did not report PFS 
among older populations.

Baseline characteristics
None of the included studies specified an upper age 
cut-off for eligibility. All included studies presented 
quantitative summaries of participant ages, using either 
mean and SD or median and range or IQR. The median 
size of older patient cohorts was 309 (IQR 185–374). 
48 studies (90.6%) provided age-stratified enrollment 
data according to at least one age cut-off (typically≥65 
years). Among the studies for which age-stratification 
was reported, 42.3% of patients were aged≥65. 10 studies 
(18.9%) additionally reported enrollment according to a 
stratification of age≥75. Among studies reporting data for 
this cohort, 11.1% of patients were aged≥75. One study 
additionally reported enrollment according to an age 
stratification of≥70; another additionally reported enroll-
ment according to age≥85.

Figure 1  Study flow diagram. FDA, Food and Drug Administration.
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Reporting of baseline characteristics was completed 
in five studies (9.4%). 48 studies (90.6%) did not report 
baseline characteristics of the older subgroup. None of 
the included studies conducted geriatric-specific baseline 
assessments or frailty screening.

49 studies (92.5%) conducted HRQOL assessments 
using a validated instrument, of which none were 

geriatric-specific HRQOL tools. Three studies (6.1%) 
reported HRQOL outcomes for at least one validated 
HRQOL tool completely among the older population. 
One study (2.0%) reported HRQOL data qualitatively. 
45 studies (91.8%) did not report HRQOL assessments 
among older populations.

Four studies (7.5%) reported toxicity outcomes 
completely among older populations. 49 studies 
(92.5%) did not report toxicity outcomes among older 
populations.

Performance status
52 studies (98.1%) excluded patients with ECOG PS>1. 
One study (n=1096 patients)35 reported KPS data dichot-
omized above and below KPS=70; this data could not be 
approximated to ECOG PS, and was excluded from PS 
analyses. ECOG PS data was unavailable or missing for a 
further 65 participants across the remaining 52 studies. 
Among the 35,936 assessable patients, ECOG was 0 in 
19,549 (54.4%), 1 in 16,340 (45.5%) and 2 in 44 (0.1%).

DISCUSSION
This analysis identifies significant deficits in the reporting 
of older populations enrolled in FDA registration trials 
of ICI therapy, particularly with regard to baseline char-
acteristics, toxicity, and HRQOL outcomes. Reporting 
of primary efficacy endpoint data, including OS, was 
generally good across the examined trials. Reporting of 
secondary efficacy endpoint outcomes was poor.

Although 42.3% of patients enrolled in the trials were 
aged≥65, the substantially lower numbers of patients aged 
75 and above (11.1%) suggest clustering or concentra-
tion of patients aged around 60 years in these trials. Older 
adults were under-represented among the included 
studies relative to global demographics of patients diag-
nosed with cancer among the majority of tumor types 
addressed by these studies, particularly with regard to 
patients aged≥75 years, who represent approximately 
25% of all patients diagnosed with cancer globally, and 
(for instance) 36.3% of patients diagnosed with lung 
cancer.2 36 37

Enrollment was restricted in 52 trials (98.1%) to patients 
with ECOG PS of 0–1, which implies a level of health, 
functional status, and general well-being frequently not 
seen in patients with cancer aged≥75 years. It is acknowl-
edged that older patients with equivalent objective func-
tional status are routinely ascribed to lower ECOG PS 
scores than their younger counterparts.38 This in prac-
tice likely results in the selection of only the fittest older 
patients for participation in registration studies, resulting 
in highly selected trial populations which are unlikely to 
be reflective of a significant proportion of older patients 
who ultimately receive these treatments. The use of age 
and ECOG PS as single measures of functional status or of 
aging phenotype in clinical trials has well-described limita-
tions,39 and these measures are known to perform poorly 
in the prediction of toxicity or treatment tolerability 

Table 3  Characteristics of included studies

n %

Disease site

 � Lung 17 32.1

 � Skin 7 13.2

 � Renal 6 11.3

 � Upper GI 6 11.3

 � Liver/hepatobiliary 5 9.4

 � Breast 3 5.7

 � Urothelial/bladder 3 5.7

 � Colorectal 2 3.8

 � Cervical 1 1.9

 � Endometrial 1 1.9

 � Head and neck 1 1.9

 � Sarcoma 1 1.9

Phase

 � Phase 1/2 1 1.9

 � Phase 2 7 13.2

 � Phase 2/3 1 1.9

 � Phase 3 44 83.0

Setting

 � Adjuvant 8 15.1

 � Palliative 45 84.9

Enrollment

 � N (Median, IQR) 713 501–970

 � Age>65 (% Median, IQR) 46.5 38.2–53.4

 � ECOG 0 (% Median, IQR) 50.7 39.7–62.4

 � ECOG 1 (% Median, IQR) 49.3 37.5–60.1

Intervention

 � ICI monotherapy 19 35.8

 � ICI/chemotherapy 16 30.2

 � ICI/ICI 7 13.2

 � ICI/TKI 5 9.4

 � ICI/MAb/chemotherapy 2 3.8

 � ICI/ICI/chemotherapy 2 3.8

 � ICI/BRAF 1 1.9

 � ICI/MAb 1 1.9

BRAF, v-raf murine sarcoma viral oncogene homolog B1; ECOG, 
Eastern Cooperative Oncology Group; GI, Gastrointestinal; ICI, 
Immune checkpoint Inhibitor; MAb, monoclonal antibody; TKI, 
tyrosine kinase Inhibitor.
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among patients undergoing other systemic therapies, 
particularly chemotherapy.40 The adequacy and perfor-
mance of ECOG as a predictor of toxicity or of clinical 
benefit in ICI therapy specifically remains inadequately 
described, in large part due to the low numbers of ECOG 
PS≥2 patients enrolled to prospective trials,41–43 and its 
widespread use as an exclusion criterion among these 
trials substantially limits the external validity of these 
studies among older real-world populations.

Reporting on the baseline composition of older 
patients recruited to these studies, including the distri-
bution of clinical stage and prognostic biomarker data 
(ie, PD-L1 status), was poor, making it difficult to reliably 
interpret and contextualize older subgroup efficacy data 
either individually or in meta-analyses. Although base-
line oncogeriatric assessment is considered a standard of 
care for patients aged≥65 years commencing a new line 
of systemic anticancer therapy,44–46 and is supported by 
major international societies including the American 
Society of Clinical Oncology (ASCO),44 the International 
Society of Geriatric Oncology46 and the National Compre-
hensive Cancer Network,45 no trials reported undertaking 
such assessments. Such assessments have been demon-
strated to reduce toxicity and healthcare resource use, 
and to improve quality of life in multiple large random-
ized control trials,47–49 and should be undertaken both 
within and outside of clinical trial settings.

Reporting of OS was generally good across the exam-
ined trials. However, reporting of other key efficacy 
outcomes, toxicity, and HRQOL data for older adults was 
poor across a significant majority of studies. Although ICIs 
are acknowledged to have a generally favorable risk and 
toxicity profile relative to many alternative treatments, 
particularly chemotherapy,50 64.2% of immunotherapy 
approvals between 2018 and 2022 were of combination 
therapy, the tolerability and HRQOL impacts of which 
are significantly less clear among older adults.18 51 Given 
the large body of evidence suggesting that HRQOL and 
toxicity outcomes are of equal or greater significance to 
older adults compared with survival outcomes,52 53 the 
utility and validity of reporting OS as an isolated endpoint 
among older patients, particularly those treated in 
the palliative setting, remains unclear. Similarly, in the 
adjuvant setting, where the intention of treatment is 
to prevent the future relapse of cancer following cura-
tive surgery, the number needed to treat to avert one 

cancer-related mortality event is likely to be substantially 
greater among older patients due to competing causes of 
mortality. Primary data describing the relative risks and 
benefits of such approaches among older patients are 
sparse, but much needed, since the risk of fatal toxicity 
from ICI is significantly higher among older patients,54 
and recovery from any-grade toxicity is generally slower 
and less complete.55

Dedicated publications relating to outcomes for older 
adults enrolled to the included studies were available for 
just three trials (5.7%). By contrast, in an exploratory 
analysis, 24 (45.3%) of the examined trials published 
dedicated reports relating to the characteristics and 
outcomes of subgroups differentiated by demographics, 
ethnicity, or geographical location; the median size of 
these analyses was n=72 (IQR 58–143) (online supple-
mental S6). This demonstrates the value and validity of 
detailed reporting on study subgroups, even where popu-
lation sizes are modest and findings can be regarded as 
only exploratory in nature, and suggests that similar anal-
yses among older subgroups should be feasible.

Regulatory authorities and major societies, including 
the EMA (European Medicines Agency), FDA and ASCO, 
have advocated for the increased recruitment of older 
adults in oncology clinical trials and the establishment 
of reporting standards for older adult subgroups in regis-
tration trials.56–59 These initiatives are in line with the 
broader goals of precision medicine, health equity and 
research inclusivity, and the development of an evidence 
base which both reflects real-world populations and 
which examines and reports endpoints that are mean-
ingful to patients.60 However, our findings indicate that 
adherence to such voluntary reporting standards is poor 
and underscores the necessity for mandatory reporting of 
older patients, particularly in trials that lead to licensing 
approvals with major regulatory bodies.

Limitations
This analysis has some limitations. Four studies (Keynote 
017, CheckMate 743, Keynote 629, and Keynote 057) 
included high proportions of older patients (≥70% aged 
over 65, median age over 70, or both). Although these 
studies did not report subgroup analyses according to 
age across all examined endpoints, it may be reasonable 
to accept these data as being generally reflective of (fit) 
older populations. This study did not assess real-world or 

Table 4  Reporting of older adult subgroups

n Complete Partial Qualitative Unreported

Primary endpoints 78 68 (87.2) 4 (5.1) 0 (0.0) 6 (7.7)

Secondary endpoints 173 31 (17.9) 1 (0.6) 2 (1.2) 139 (80.3)

Baseline characteristics 53 5 (9.4) 0 (0.0) 1 (1.9) 47 (88.7)

HRQOL 49 3 (6.1) 0 (0.0) 0 (0.0) 46 (93.9)

Toxicity 53 4 (7.5) 0 (0.0) 0 (0.0) 49 (92.5)

HRQOL, health-related quality of life.
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Figure 2  Completeness of reporting of older subgroups according to individual trials. APF, alive and progression-free; 
BOR, best overall response; CRR, complete response rate; DCR, disease control rate; DFS, disease-free survival; DMFS, 
distant metastasis-free survival; DOR, duration of response; DRSS1, disease recurrence-specific survival 1; DRSS2, disease 
recurrence–specific survival 2; DSS, disease-specific survival; EFS, event-free survival; HRQOL, health-related quality of life; 
Max%, maximum percent change from baseline in the sum of diameters of the target lesion; MPR, major pathological response; 
NUTRFS, non-urothelial tract recurrence-free survival; ORR, objective response rate; OS, overall survival; pCR, pathologic 
complete response; PFS, progression-free survival; PFS2, progression-free survival 2; RFS, recurrence-free survival; TTDM, time 
to distant metastasis; TTP, time to progression; TTR, time to response.
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retrospective data, as this was not the focus of this analysis. 
Similarly, this study did not include unpublished findings 
that may be available to FDA at the time of licensing nor 
abstract or conference proceedings data which were not 
otherwise available as a peer-reviewed publication. Finally, 
intended future publications of older subgroup data may 
not yet have been completed among more recent trials, 
although all included studies were assessed at a minimum 
of 1 year following licensing approval.

CONCLUSION
This analysis underscores significant deficits in the 
reporting of older adults enrolled in registration clin-
ical trials of cancer immunotherapy. Enrollment of older 
adults, particularly those aged≥75 years, was not reflective 
of global cancer patient demographics. With the excep-
tion of OS, reporting on older subgroups with regard to 
key secondary efficacy endpoints, baseline characteristics, 
toxicity, and HRQOL outcomes was poor. 98.1% of trials 
excluded patients with ECOG>1. No studies conducted 
oncogeriatric assessments or examined geriatric-specific 
HRQOL scales. Dedicated secondary publications 
reporting on older adults enrolled in the included trials 
were available for only 5.7% of studies.

The significant limitations of these data should be 
considered in the interpretation of meta-analyses which 
are derived from this evidence base. The clinical utility of 
such evidence to guide treatment decisions among older 
adults with frailty or geriatric syndromes remains limited. 
Considering the aging of the global general population 
and the rising incidence of cancer among older indi-
viduals, there is a compelling need for mandatory regu-
latory guidelines to ensure comprehensive reporting 
on older adult subgroups in clinical trials of cancer 
immunotherapy.
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