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Background: Immune checkpoint inhibitor (ICI) therapy has improved patient survival in advanced cancers; however,
the efficacy of ICIs in elderly patients is still elusive. This study assessed the efficacy of ICIs in elderly patients with
advanced cancer in terms of overall survival (OS) and progression-free survival (PFS).
Materials and methods: We carried out a systematic review and identified 30 head-to-head phase II/III randomized
controlled trials that compared immunotherapy with the standard of care in advanced solid tumor patients. The
data on patients younger or over 65 years of age were indexed from PubMed-Medline, Embase, and Scopus and
obtained for meta-analysis. The subgroup analyses were stratified by primary tumor type, line of treatment, or type
of immunotherapy, and a meta-regression analysis was carried out after adjusting for all other variables.
Results: The study included 17 476 patients, comprising 58% (10 119) younger (<65 years old) and 42% (7357) elderly
(�65 years old) patients. The hazard ratio (HR) for OS was 0.77 [95% confidence interval (CI) 0.70-0.85] and 0.77 (95% CI
0.70-0.85) in the younger and elderly groups, respectively, suggesting similar efficacies of ICIs in these two age groups.
The subgroup analyses revealed no significant relationship between age and treatment outcomes, except for the PFS
benefit in younger patients with melanoma than in elderly patients (HR 0.44 in younger patients versus 0.65 in elderly
patients, P ¼ 0.04). These results were further supported by meta-regression analysis, which showed no statistically
significant difference in OS (P ¼ 0.954) and PFS (P ¼ 0.555) between the two age groups.
Conclusions: The findings suggest that age-associated impairments of the immune system did not affect the efficacy of
ICIs in elderly patients compared to younger patients. Therefore, the choice of ICIs for elderly patients can be
considered, regardless of chronological age.
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INTRODUCTION

Immune evasion is one of the hallmarks of cancer, and
targeting the immune checkpoint protein on T cells that
hamper immune activation has shown promising clinical
efficacy in various cancers.1-3 Initially, immune checkpoint
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inhibitors (ICIs) that target cytotoxic T-lymphocyte antigen-4
(CTLA-4), such as ipilimumab and programmed cell death
protein 1 (PD-1) and programmed death-ligand 1 (PD-L1),
including pembrolizumab and nivolumab (anti-PD-1) and
durvalumab (anti-PD-L1), have gained wide attention as the
standard of treatment across a wide range of tumors, most
notably in lung cancer and melanoma.4 Furthermore, anti-
PD-1 and anti-PD-L1 agents, including atezolizumab and
avelumab, have been approved in metastatic and recurrent
solid tumors.4,5

Despite the feasibility of ICIs, little is known about the
effect of age on the efficacy of ICIs.6 The immune system
weakens with aging, a phenomenon known as immunose-
nescence.7 Age-associated decline in immune functions in-
cludes reduced T-cell activation, decreased interleukin 2, and
increased myeloid-derived suppressor cells and regulatory T
cells.8-12 Several pre-clinical studies have shown that aging is
associated with impaired antitumor immune responses.7-12
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Recently, two retrospective studies have reported the
efficacy of immunotherapy in elderly patients,13,14 and
showed that patients aged >60 years had a better response
to anti-PD-1. Further, these studies have also shown that
the resistance to pembrolizumab dropped by 13% with
every 10-year increase in the age of patients. In another
single-center retrospective cohort study, older patients with
melanoma retained responsiveness to ICIs, such as pem-
brolizumab, nivolumab, and ipilimumab.13 Contrary to
these results, a recent meta-analysis by Elias et al.
demonstrated no difference in the hazard ratio (HR) of
multiple tumors treated with PD-1 and PD-L1 inhibitors
across age groups.14

As described, these reports report conflicting conclu-
sions. Therefore, to address the discrepancies and have a
consensus on the role of age in response to immuno-
therapy, we carried out a comprehensive meta-analysis and
subgroup and meta-regression analyses of ICIs using the
data obtained through an updated search and including the
trials of anti-CTLA-4.
MATERIALS AND METHODS

Search strategy and selection criteria

We conducted the meta-analysis and meta-regression
analysis following the guidelines of the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis
(PRISMA).15 A checklist of PRISMA is presented in
Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2022.100577. The study protocol had been
registered with PROSPERO (CRD42019127199).16

A comprehensive literature search was conducted in
PubMed-Medline, Embase, and Scopus to identify the
relevant articles. The dates searched were from the incep-
tion of each database to 31 December 2018. Abstracts and
presentations were also reviewed from significant confer-
ence proceedings, including the American Society of Clinical
Oncology (ASCO) and European Society for Medical
Oncology (ESMO) from 2010 to 31 December 2018.

Search terms included the following keywords: ‘CTLA-4’,
‘cytotoxic T-lymphocyte-associated protein 4’, ‘ipilimumab’,
‘tremelimumab’, ‘PD-1’, ‘programmed death receptor 1’,
‘immune checkpoint inhibitor’, ‘pembrolizumab’, ‘nivolu-
mab’, ‘avelumab’, ‘durvalumab’, ‘atezolizumab’. Randomized,
controlled phase II/III trials with immunotherapy alone or in
combination with other non-immunotherapy treatments to
specifically address the role of age in immunotherapy were
included. Single-arm phase I trials and trials that compared
immunotherapy regimens were excluded.17

Two investigators (JBL and HSK) independently searched
the databases, extracted data from the studies, and con-
ducted independent verifications to resolve discrepancies.
Data analysis

We identified the studies by the first author, year of pub-
lication, study design, phase, line of therapy, underlying
malignancy, and type of immunotherapies (anti-CTLA-4,
2 https://doi.org/10.1016/j.esmoop.2022.100577
anti-PD-L1, anti-PD-1). Only trials with solid tumors were
included, wherein those with hematologic malignancy were
excluded from the analysis. Data of metastatic and recur-
rent solid tumors with the palliative aim of treatment were
included. Studies that included immunotherapy in adjuvant
settings were excluded. Additional information, including
mean age and median follow-up time, was included.

We utilized data of HR with 95% confidence interval (CI)
of progression-free survival (PFS) and overall survival (OS)
by age. Elderly patients were defined as �65 years old. In
addition, studies with a cut-off age value of �75 years were
included in the further analysis. Studies that did not report
HR by age group18 or excluded elderly patients were not
included in the analysis.19,20 To analyze the effect of age on
immunotherapy, we carried out a subgroup analysis by tu-
mor types [non-small-cell lung cancer (NSCLC), melanoma,
other tumor sites], lines of therapy (first line and beyond),
and types of immunotherapy (anti-CTLA-4, anti-PD-1, anti-
PD-L1).

Quality of evidence

We used the Cochrane highly sensitive search strategies to
identify randomized trials. The five-point Jadad ranking
system was used to assess the methodological quality of
studies to identify whether the study was (i) randomized,
(ii) double-blinded, and (iii) included description of drop-
outs and withdrawals.21 A score of 0-2 was considered low,
whereas a score of 3-5 was defined as high quality.

Statistical analysis

The patients were divided into two groupsdyounger age
group: patients aged <65 years and elderly group: patients
aged �65 years. A meta-analysis was carried out to identify
the effect of immunotherapy on OS and PFS, and HR with
95% CI was estimated in two groups. PFS was defined as the
time from the start of palliative immunotherapy to the date
of progression or death. OS was defined as the period of
diagnosis of the metastatic or recurrent solid tumor until
the date of last follow-up or death. Random-effects models
were used to summarize log (HR) and its variances for each
age group (<65 years old and �65 years old). The between-
study variance s2 in the random-effects model was esti-
mated using the DerSimonianeLaird method, and the
studies were considered substantially heterogeneous when
Higgins’ I2 >50%.22 We tested the heterogeneity between
the two age groups to assess the differences in immuno-
therapy efficacy. The forest plot was used to visualize and
summarize the HR and 95% CIs for each study and the
aggregated estimates from the random-effects model.

We further conducted the subgroup analyses to deter-
mine possible sources of heterogeneity of the effects of
immunotherapy efficacy. Tumor types (NSCLC, melanoma,
other tumor sites), lines of therapy (first line and beyond),
and types of immunotherapy (anti-CTLA-4, anti-PD-1, anti-
PD-L1) were used for subgroup analyses. Funnel plots were
used to assess the presence of publication bias. Meta-
regression was also carried out to investigate the effect of
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8259 Studies identified

6679 Studies screened

1580 Duplicates removed

6546 Excluded based on review of title,
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age differences on immunotherapy efficacy after adjusting
for the other factors and the result was summarized using
the bubble plot.

All statistical analyses were carried out using the R
environment (http://www.r-project.org; release version
3.5.2) with meta-package.23,24 A P value <0.05 was
considered statistically significant.
103 Studies excluded
3 retrospective studies

64 non-randomized perspective trials
26 missing data on hazard ratio for

death according to patients’ age
1 IO combination versus IO
0 incorrect intervention
0 wrong outcomes
0 incorrect study design

133 Full-text articles evaluation

abstract, or both

30 Eligible randomized trials included
in qualitative synthesis
8 pembrolizumab
8 nivolumab
3 atezolizumab
2 avelumab
1 durvalumab
4 ipilimumab
2 tremelimumab
2 nivolumab + ipilimumab

30 randomized trials in quantitative
synthesis (meta-analysis)

Figure 1. Study selection flow diagram.
IO, immunotherapy.
RESULTS

Patient characteristics

Our initial database search retrieved a total of 8259 refer-
ences, of which 133 potentially relevant articles that ful-
filled the inclusion criteria were evaluated in this study
(Figure 1). We identified a total of 30 randomized controlled
trials (RCTs) that reported the data of OS (25 RCTs) and
PFS (14 RCTs) suitable for further analysis (Figure 1,
Supplementary Tables S2 and S3, available at https://doi.
org/10.1016/j.esmoop.2022.100577).3,25-53

Among the 30 trials included in the meta-analysis, 16
trials used PD-1 inhibitors (8 used nivolumab and 8 used
pembrolizumab), 6 used PD-L1 inhibitors [avelumab (n ¼ 2),
atezolizumab (n ¼ 3), durvalumab (n ¼ 1)], and 6 used anti-
CTLA-4 [tremelimumab (n ¼ 2), ipilimumab (n ¼ 4), and
combination of nivolumab with ipilimumab (n ¼ 2)]. Most
of the trials compared immunotherapy versus standard of
care (SOC), whereas seven trials compared immunotherapy
and SOC versus SOC.

Of the 30 RCTs, 28 were conducted as phase III trials, 1 as
phase II trial,50 and 1 as phase II/III trial.44 Fourteen RCTs
were conducted in first-line settings, and the remaining 16
RCTs evaluated treatment after the previous failure to sys-
temic therapies. NSCLC and melanoma accounted for 39%
and 20%, respectively. Twelve of the trials were done with
patients with NSCLC, six trials for melanoma, three trials for
gastric or gastroesophageal cancer, and two trials for small-
cell lung cancer, clear-cell renal cell carcinoma, head and
neck squamous cell carcinoma (HNSCC), and one trial for
breast cancer, urothelial cancer, and mesothelioma,
respectively (Supplementary Tables S2 and S3, available at
https://doi.org/10.1016/j.esmoop.2022.100577).

The median age of patients was 63 years, and median
follow-up ranged from 5.1 months to 54 months. Of the 17
476 patients evaluated in this study, 58% (n ¼ 10119) were
younger (<65 years old) and 42% (n ¼ 7357) were older
(>65 years old). Most trials distributed patients equally
among age groups, except for the earlier trials, and those
evaluated certain malignancies, such as HNSCC and breast
cancers, which included a lower proportion of elderly
patients.
Risk of bias

The mean Jadad score was 3.8 (range, 3-5). No trials had a
low-quality score. Of the 30 RCTs, 12 RCTs were double-
blinded. Information regarding randomization, blinding, and
accounting is presented in Supplementary Table S4, available
at https://doi.org/10.1016/j.esmoop.2022.100577.
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The HRs of studies based on random-effects models are
represented in Figure 2. The meta-analysis demonstrated no
statistically significant difference in PFS and OS for patients
across age groups who received immunotherapy. The HR for
OS was 0.77 (95% CI 0.70-0.85) in the younger age group
and 0.77 (95% CI 0.70-0.85) in the older age group, sug-
gesting that elderly patients showed comparable efficacy to
ICIs as younger patients (Table 1). The HR for PFS was 0.75
(95% CI 0.57-0.99) in the younger age group and 0.82 (95%
CI 0.67-1.01) in the older age group (Table 2). The overall
estimated HR for PFS and OS were 0.79 (95% CI 0.63-0.98,
P ¼ 0.60) and 0.76 (95% CI 0.70-0.82, P ¼ 0.99), respec-
tively (Tables 1 and 2).

In addition, we analyzed different age cut-offs (age <65,
age �65, and age �75) as shown in Supplementary
Figure S1, available at https://doi.org/10.1016/j.esmoop.
2022.100577. The subgroup difference among three
different age groups based on random-effects models was
not statistically significant in terms of OS (P ¼ 0.095) and
PFS (P ¼ 0.613), respectively.

Next, we evaluated the HR of clinical trials, which
revealed positive results and changed the SOC. We identi-
fied trials with positive outcomes in terms of OS (16 out of
26 trials) and PFS (12 out of 15 trials), respectively
(Supplementary Figure S2, available at https://doi.org/10.
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Figure 2. Forest plots of (A) overall survival (OS) and (B) progression-free survival (PFS) by age <65 years and ‡65 years.
CI, confidence interval; HR, hazard ratio.
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1016/j.esmoop.2022.100577). The HR for OS was 0.67 (95%
CI 0.64-0.71) in the younger age group and 0.68 (95% CI
0.62-0.74) in the older age group, showing a comparable
efficacy to ICIs between different age groups (P ¼ 0.85;
Supplementary Table S5, available at https://doi.org/10.
1016/j.esmoop.2022.100577). The HR for PFS was also
comparable between the two age groups (HR for PFS, 0.60
4 https://doi.org/10.1016/j.esmoop.2022.100577
versus 0.71, P ¼ 0.11; Supplementary Table S6, available at
https://doi.org/10.1016/j.esmoop.2022.100577).
Subgroup analysis

The subgroup analysis was carried out according to primary
tumor type (NSCLC, melanoma, and others), line of
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Table 1. Subgroup analysis of immunotherapy efficacy in terms of overall survival (OS) between younger age (<65 years) and older age (‡65 years)

Variables Number
of studies

Number of participants Pooled HR (95% CI) Test for
difference

All Age <65 years Age �65 years All Age <65 years Age �65 years P value

All 26 14 511 8344 6167 0.76 (0.70-0.82) 0.77 (0.70-0.85) 0.77 (0.70-0.85) 0.99
Primary disease site
NSCLC 10 6008 3139 2869 0.74 (0.65-0.84) 0.71 (0.61-0.84) 0.78 (0.68-0.90) 0.39
Melanoma 6 2792 1828 964 0.71 (0.58-0.86) 0.76 (0.63-0.92) 0.72 (0.60-0.87) 0.68
Other tumors 10 5711 3377 2334 0.80 (0.72-0.89) 0.83 (0.72-0.97) 0.78 (0.65-0.94) 0.61

Type of immunotherapy
Anti-PD-1/PD-L1 antibody 18 9421 5256 4165 0.74 (0.67-0.81) 0.77 (0.68-0.87) 0.71 (0.64-0.79) 0.36
Anti-CTLA-4 antibody 7 4243 2564 1679 0.82 (0.74-0.92) 0.82 (0.71-0.94) 0.93 (0.80-1.07) 0.23
Combination treatment 1 847 524 323 d d d d

Line of treatment
1 11 7094 3994 3100 0.73 (0.64-0.85) 0.74 (0.62-0.89) 0.81 (0.69-0.95) 0.49
�2 15 7417 4350 3067 0.77 (0.71-0.83) 0.79 (0.71-0.87) 0.74 (0.66-0.83) 0.45

CI, confidence interval; CTLA-4, cytotoxic T-lymphocyte antigen-4; HR, hazard ratio; NSCLC, non-small-cell lung cancer; PD-1, programmed cell death protein 1; PD-L1,
programmed death-ligand 1.
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treatment (first line and subsequent), and type of immu-
notherapy (anti-PD-1 or anti-PD-L1, anti-CTLA-4, combina-
tion of both) (Figure 2, Tables 1 and 2). Regarding the
primary tumor types, OS data were available from 10 trials
for the NSCLC subgroup, 5 trials for the melanoma sub-
group, and 11 trials for the other tumors subgroup,
respectively. The analysis demonstrated no relationship
between age and treatment outcome when classified ac-
cording to primary tumor type.

Next, we evaluated the effects of the type of ICIs on OS.
OS data were available from 18 trials for the anti-PD-1/anti-
PD-L1 subgroups and 7 trials for the anti-CTLA-4 subgroup.
The HR for OS in the anti-PD-1/anti-PD-L1 subgroup was
0.77 (95% CI 0.68-0.87) in the younger age group and 0.71
(95% CI 0.64-0.79) in the older age group. In the anti-CTLA-4
subgroup, the HR for OS was 0.82 (95% CI 0.71-0.94) in the
younger age group and 0.93 (95% CI 0.80-1.07) in the older
age group. These findings revealed no relationship between
age and treatment outcome when classified according to
the type of immunotherapy.
Table 2. Subgroup analysis of immunotherapy efficacy in terms of progression-fr

Variables Number
of studies

Number of participants

All Age <65 years Age �65

All 15 7606 4298 3308
Primary disease site
NSCLC 10 5211 2764 2447
Melanoma 2 716 404 312
Other tumors 3 1676 1130 546

Type of immunotherapy
Anti-PD-1/PD-L1 antibody 14 7280 4142 3138
Anti-CTLA-4 antibody 0 d d d
Combination treatment 1 326 156 170

Line of treatment
1 7 3652 2044 1608
�2 8 3954 2254 1700

CI, confidence interval; CTLA-4, cytotoxic T-lymphocyte antigen-4; HR, hazard ratio; NSCL
grammed death-ligand 1.
*P < 0.05.
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OS data were available from 11 trials for the first-line
treatment and 15 for the subsequent treatment. In the
first-line treatment subgroup, the HR for OS was 0.74 (95%
CI 0.62-0.89) in the younger age group and 0.81 (95% CI
0.69-0.95) in the older age group. In the subsequent
treatment subgroup, the HR for OS was 0.79 (95% CI 0.71-
0.87) in the younger age group and 0.74 (95% CI 0.66-0.83)
in the older age group. Like the primary tumor type and
type of immunotherapy, the line of treatment subgroup
analysis revealed comparable antitumor response to ICIs in
elderly patients as younger patients.

PFS data were obtained from 10 trials for the NSCLC
subgroup, 2 trials for the melanoma subgroup, and 3 trials
for the other tumors subgroup. For NSCLC, the HR for PFS
was 0.75 (95% CI 0.52-1.08) in the younger age group and
0.85 (95% CI 0.64-1.12) in the older age group. For other
tumors, the HR for PFS was 1.07 (95% CI 0.63-1.80) in the
younger age group and 0.88 (95% CI 0.66-1.30) in the older
age group. Of note, younger patients with melanoma (<65
years old) had significant PFS benefits from immunotherapy
ee survival (PFS) between younger age (<65 years) and older age (‡65 years)

Pooled HR (95% CI) Test for
difference

years All Age <65 years Age �65 years P value

0.79 (0.63-0.98) 0.75 (0.57-0.99) 0.82 (0.67-1.01) 0.60

0.79 (0.58-1.05) 0.75 (0.52-1.08) 0.85 (0.64-1.12) 0.60
0.53 (0.45-0.64) 0.44 (0.35-0.56) 0.65 (0.50-0.85) 0.04*
1.02 (0.64-1.63) 1.07 (0.63-1.80) 0.88 (0.66-1.30) 0.57

0.80 (0.64-1.02) 0.77 (0.58-1.03) 0.84 (0.68-1.03) 0.65
d d d d
d d d d

0.68 (0.54-0.86) 0.66 (0.50-0.86) 0.72 (0.58-0.89) 0.63
0.90 (0.62-1.31) 0.85 (0.53-1.36) 0.95 (0.68-1.33) 0.70

C, non-small-cell lung cancer; PD-1, programmed cell death protein 1; PD-L1, pro-
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Table 3. Meta-regression analysis to evaluate impact of covariates on the overall survival and progression-free survival

Covariates Overall survival Progression-free survival

Log HR estimate (CI bound) P value Log HR estimate (CI bound) P value

Age group �0.004 (�0.144 to 0.136) 0.954 0.099 (�0.229 to 0.427) 0.555
Line of therapy 0.010 (�0.147 to 0.167) 0.901 �0.463 (�0.836 to �0.089) 0.015*
Tumor type (NSCLC) 0.052 (�0.157 to 0.261) 0.624 0.639 (0.112 to 1.166) 0.018*
Tumor type (other tumors) 0.120 (�0.073 to 0.312) 0.223 0.917 (0.284 to 1.550) 0.005**
Type of immunotherapy 0.068 (�0.084 to 0.220) 0.382 �0.064 (�0.427 to 0.298) 0.729

CI, confidence interval; HR, hazard ratio; NSCLC, non-small-cell lung cancer.
*P < 0.05.
**P < 0.01.
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(HR 0.44, 95% CI 0.35-0.56) than older patients (�65 years)
(HR 0.65, 95% CI 0.50-0.85, P ¼ 0.04).

PFS data were obtained from 14 trials for the anti-PD-1/
anti-PD-L1 subgroup analysis. The HR for PFS was 0.77 (95%
CI 0.58-1.03) in the younger age group and 0.84 (95% CI
0.68-1.03) in the older age group. PFS data were obtained
from seven trials for the first-line treatment subgroup and
eight trials for the subsequent treatment subgroup. In the
first line, the HR for PFS was 0.66 (95% CI 0.50-0.86) in the
younger age group and 0.72 (95% CI 0.58-0.89) in the older
age group. In the subsequent treatment subgroup, the HR
for PFS was 0.85 (95% CI 0.53-1.36) and 0.95 (95% CI 0.68-
1.33), respectively. Comprehensively, none of the subgroups
except the melanoma subgroup showed significant differ-
ences for PFS between the younger and older patients.

Meta-regression

The meta-regression analysis showed no significant differ-
ence in the efficacy of immunotherapy between the two
age groups (Table 3). After adjusting for all other variables,
there was no statistically significant difference in OS (P ¼
0.954) and PFS (P ¼ 0.555) according to the age group. In
contrast, line of therapy (P ¼ 0.015) and tumor types
(NSCLC, P ¼ 0.018; other tumors, P ¼ 0.005) showed a
significant difference in meta-regression. There was no sig-
nificant difference in terms of OS (P ¼ 0.852) and PFS (P ¼
0.101) in clinical trials with positive outcomes and changed
the SOC, respectively (Supplementary Table S7, available at
https://doi.org/10.1016/j.esmoop.2022.100577). Addition-
ally, in the meta-regression analysis with different age cut-
offs (age <65, age �65, and age �75 years), there was
no statistically significant difference in OS (P ¼ 0.958 in the
age group �65 years; P ¼ 0.073 in the age group �75
years) and PFS (P ¼ 0.073 in the age group �65 years; P ¼
0.744 in the age group �75 years) according to the age
group as shown in Supplementary Table S8, available at
https://doi.org/10.1016/j.esmoop.2022.100577.

DISCUSSION

Our study aimed at determining whether age-associated
changes in the immune system affect responses to immu-
notherapy. The analyses demonstrated no significant dif-
ferences in PFS or OS among younger and elderly patients.
Subgroup analyses of tumor type, line of treatment, and
type of immunotherapy showed PFS benefit only in younger
6 https://doi.org/10.1016/j.esmoop.2022.100577
patients with melanoma than in older patients. Melanoma
is a highly immunogenic tumor,54 and the observed PFS
benefits in younger patients with melanoma could be
attributed to the decline of function of immune cells.1,55

Pre-clinical studies have shown that PD-L1 expressions
increase with aging,56,57 and higher PD-L1 expressions
correlate with better responses to immunotherapy.58 Con-
trary to the multiple pre-clinical studies implicating immu-
nosenescence in immunotherapy outcomes,12 our study
showed that age has no role in predicting responses to
immunotherapy. This is similar to the conclusions drawn by
Elias et al.14 In their study, the meta-analysis of nine
RCTs17,37,42,44,46-49,59 suggested that PD-1 and PD-L1 in-
hibitors are comparable between younger (<65 years old)
and older patients (�65 years old).

This study reports meta-regression and more compre-
hensive analysis of ICIs using the data obtained from 30
RCTs with updated search (included recently published 17
trials3,25-36,38-41) and the inclusion of 6 trials of anti-CTLA-
4.29,35,41,45,52,53 Furthermore, data collected from >17 000
patients and robust quality of assessment by Jadad score
added strength to our analysis. However, our study
excluded two studies. One study (KEYNOTE-006) compared
pembrolizumab to ipilimumab in patients with melanoma,
since both arms included immunotherapy agents. The other
trial, phase II POPLAR study59 that tested atezolizumab
versus docetaxel in previously treated NSCLC, was excluded
because we included the phase III OAK study37 of the same
regimen in the meta-analysis.

Recently, two meta-analyses addressed the efficacy of ICIs
between age <75 and �75 years.60,61 The meta-analysis by
Nie et al. was based on eight trials involving patients treated
with anti-PD-1/PD-L1.60 The study showed that except for
melanoma, anti-PD-1 and PD-L1 did not benefit elderly pa-
tients aged �75 years in terms of PFS and OS. Another meta-
analysis of 34 studies by Huang et al. compared cancer pa-
tients treated with anti-PD-1/PD-L1 and anti-CTLA-4 based on
cut-off for both 65 and 75 years old.61 Similarly, no difference
in PFS and OS was seen between the <65- and �65-year age
groups. Concordant with these findings, our findings
demonstrated no significant differences in PFS or OS benefits
between the age groups. For patients aged <75 years, there
was a significant improvement in OS. In terms of PFS, pa-
tients aged <75 years tended to have favorable PFS but were
not statistically significant.
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This study has several limitations. Firstly, the age cut-off
of age 65 years is not predictive of determining immuno-
senescence. Although there is no consensus, most studies
chose 65 years as the cut-off value for age. We showed that
different age cut-off value (�75 years) was not associated
with the efficacy of ICIs in terms of OS and PFS, but a
limited number of trials were available for patients aged
�75 years. Further studies employing the emerging data on
ICIs that include �75 years elderly population are war-
ranted. Secondly, other factors such as comorbidities
associated with age could be the factors of confounding
variables and should be addressed as well. Furthermore,
there was no information regarding toxicity profiles across
age groups. Meta-analysis of incidence and severity of
adverse events across age groups may help assess the
tolerability of immunotherapy in elderly patients.

Conclusion

The meta-analysis, followed by subgroup and meta-
regression analyses conducted in this study, showed that
immunotherapy is effective across age groups. The choice of
ICIs for elderly patients can be considered, regardless of
chronological age. Future studies including older patients
(�75 years of age) and biomarkers for immunosenescence
may help provide further insights into understanding the
role of immunotherapy in the geriatric group.
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