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ABSTRACT

Background: Immune checkpoint inhibitors (ICls) represent a paradigm shift in the development of
cancer treatment. However, it remains to be clarified whether the benefits that they confer differ
according to patient age. We conducted a systematic review and meta-analysis to assess age differen-
ces in the benefits of ICI treatment.

Methods: We systematically searched the PubMed database for randomised controlled trials of ICls,
including PD-1, PD-L1 and CTLA-4 inhibitors across multiple cancer types, such as melanoma, lung
cancer and gastric cancer. We extracted trials including hazard ratios (HRs) for death stratified by
patient age (cut-off age, 65 years). The primary objective of this study was to assess the difference in
ICl efficacy between younger and older patients. We calculated pooled HRs and 95% confidence inter-
vals (Cls) for younger and older cancer patients, and assessed data heterogeneity.

Results: We identified 3999 studies in our search. Of these, 24 eligible randomised trials, including a
total of 8157 (57%) younger and 6104 (43%) older cancer patients, fulfilled the criteria for our study
and were thus further analysed. The pooled HRs of the younger and older patients were 0.76 (95% Cl:
0.69-0.84) and 0.80 (95% Cl: 0.71-0.86), respectively; the difference in ICl efficacy between younger
and older cancer patients was not significant (p =.82). Regarding the PD-1 and PD-L1 inhibitors, the
survival benefit was similar in both age groups (HR: 0.74; p =.96), whereas for the CTLA-4 inhibitors,
there tended to be less survival benefit for older versus younger patients (HR: 0.90 and 0.77, respect-
ively; p=.26).

Conclusions: The survival benefit conferred by ICI was not age-dependent, amongst patients aged
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65 years or younger. However, age-dependent benefits may vary amongst different types of ICls.

Introduction

Immune checkpoint inhibitors (ICls) have dramatic effects in
patients with various carcinomas, and have been described
as a paradigm shift in the development of cancer treatment
[1]. The considerable survival benefits of ICls were first
observed following the development of ipilimumab, a CTLA-
4 inhibitor, for patients with advanced melanoma [2].
Subsequently, PD-1 inhibitors, namely nivolumab, and pem-
brolizumab, were approved after demonstrating anti-tumour
activity, particularly against tumours with a high mutation
burden, such as melanoma and non-small cell lung cancer
(NSCLQ) [3,4]. Similarly promising results have been reported
extensively in several clinical trials investigating the efficacy
of PD-L1 inhibitors, such as atezolizumab and avelu-
mab [5-71.

Generally, clinical trials of novel anti-tumour agents
mainly target younger populations, resulting in a paucity of
data describing the effects of these agents in elderly patients
[8-11]. Therefore, in clinical practice, elderly patients are
rarely considered suitable candidates for anticancer thera-
pies. Several reports have also shown that cytotoxic chemo-
therapy treatments are less effective in elderly patients than
in younger patients [12,13]. As a result, treatment strategies
for advanced cancer in elderly patients remain controversial.

In older people, immune function is generally low com-
pared to that of younger people [14,15], such that elderly
patients may benefit little from ICls. However, ICls have been
reported to extend survival regardless of age [16,17] amongst
patients with certain types of cancers (e.g. melanoma and
NSCLC). One study also suggested that ICls may be more
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effective in the elderly, reporting different mechanisms of
action of ICls amongst age groups [18,19]. Therefore, the true
efficacy of ICls in elderly patients remains to be established.

In the context of these findings, we conducted a meta-
analysis of survival outcomes of younger and older patients
with various types of cancers treated using ICls.

Methods
Database search strategy

The analysis was performed in accordance with the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) statement (Supplementary Table S1) [20]. We inde-
pendently searched the PubMed database for phase 2 and 3
randomised controlled trials (RCTs) published between
January 2010 and September 2018. We also reviewed
abstracts and presentations from the proceedings of all rele-
vant major conferences, including those held by the
American Society of Clinical Oncology and European Society
for Medical Oncology, published between January 2010 and
June 2018. The database search terms used were 'CTLA-4,
‘cytotoxic  T-lymphocyte-associated protein 4, ‘PD-T/,
‘programmed death receptor 1, ‘PD-L1’, ‘programmed death
receptor ligand 1, ‘immune checkpoint inhibitor’,
‘ipilimumab’, ‘tremelimumab’, ‘nivolumab’, ‘pembrolizumab’,
‘atezolizumab’, ‘durvalumab’ and ‘avelumab’. When duplicate
publications were found, only the most recent complete
report was included.

Study selection

We focussed on trials including patients with advanced or
recurrent cancer and evaluated the efficacy of ICls, including
PD-1, PD-L1 and CTLA-4 inhibitors, or combinations thereof.
Phase 2 and 3 RCTs evaluating the efficacy of these ICls in
patients with advanced or recurrent cancer were included in
this study. Trials without a non-ICI arm were excluded.
Hazard ratios (HRs) for death, with 95% confidence intervals
(Cls) or standard error (SE) and stratified by age (younger vs.
older patients), were extracted from the retrieved publica-
tions. Typically, older patients were defined as those aged
>65years. Trials in which older patients were defined as
those aged >70years were excluded. We included trials that
compared individual or combination ICl treatment with non-
immunotherapy, including cytotoxic chemotherapy.

Two investigators (KN, and KH who held the board certifi-
cate of Japanese Society of Medical Oncology) searched the
databases independently and took part in the trial selection
process. The quality of the included trials was assessed
according to the reportage of randomisation and blinding
methods, as well as withdrawals and dropouts, using the
five-point Jadad scale [21].

Statistical analysis

The primary objective of this study was to examine the dif-
ference in ICI treatment efficacy between younger and older

cancer patients. We derived HRs for death with 95% Cls for
both age groups, based on the data from all included stud-
ies. We calculated summary HRs using a random effects
model. We also extracted HRs for death and their 95% Cls
from eligible studies that examined ICI treatment efficacy in
younger and older patients. The HR and Cl values were com-
bined using the random effects model.

We evaluated the heterogeneity of the summary HRs
using the /* statistic, which yields the percentage of variabil-
ity in the effect estimate due to heterogeneity rather than
sampling error [22]. Publication bias was assessed using fun-
nel plots and Egger’s test [23]. All reported p values are two-
sided. All statistical analyses were conducted using STATA/SE
software (ver. 11.0; StataCorp, College Station, TX, USA).

Results
Trial selection

During our database search, we examined 3999 publications
(excluding review articles), and identified 55 relevant RCTs
following abstract or full-text review. Despite containing sur-
vival data, some trials were excluded for the following rea-
sons: two randomised trials with subgroup analysis had an
age cut-off of 70years [24,25], and three trials compared ICls
to each other, rather than to non-immunotherapy [26-28].
The review process (Figure 1) yielded 24 trials, including
14,261 advanced or metastatic cancer patients, which fulfilled
the criteria for inclusion in our analysis (Table 1). Because
one trial had three arms, we decided to consider it as two
separate RCTs, giving a final total of 25 trials [2].

Characteristics of the 25 included trials

The 25 trials included 7 on CTLA-4 inhibitors (ipilimumab,
n=2>5; tremelimumab, n=2), 13 on PD-1 inhibitors (nivolu-
mab, n=8; pembrolizumab, n=5), 4 on PD-L1 inhibitors
(atezolizumab and avelumab, both n=2) and 1 on CTLA-4
and PD-1 inhibitors used in combination (ipilimumab plus
nivolumab). Most of the 25 trials targeted patients with
NSCLC (9 trials including 5729 patients) or melanoma (6 trials
including 2792 patients); the remaining trials targeted
patients with gastric cancer (n=3), SCLC (n=2), renal cell
carcinoma (RCC; n=2), mesothelioma (n=1), head and neck
cancer (n=1), and urothelial carcinoma (n=1). Of the 25 tri-
als, 10 (40%) were in a first-line setting; 16 trials (64%) were
designed to compare ICI with standard treatment (head-to-
head design) and 9 (36%) evaluated the efficacy of adding
ICl to standard therapy (add-on design).

Amongst all 14,261 patients, 8157 (57%) were aged
<65years, and 6104 (43%) were aged >65 years. The median
age of the patients ranged from 55 to 67 years amongst all
studies, which was consistent with the tumour types. Eight
trials evaluated combination therapy of ICls involving 2931
patients, 41.8% of whom were elderly. This proportion was
equivalent to that in the whole 25 trials evaluated in this
current meta-analysis (42.4%). Randomised treatment alloca-
tion was performed properly in all trials. A double-blind
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3,999 studies identified by PUBMED search

Additional search for proceedings of annual meetings

3,778 or more studies excluded with full-length

221 potentially relevant prospective studies
identified for screening

screening

166 non-randomized controlled studies excluded
91  Phase I trials

55 randomized controlled trials assessed for
eligibility

11 Phase 1/2 trials
62 Phase 2 trials
2 unknown trials

31 trials excluded

24 trials included in qualitative synthesis
4 ipilimumab, 2 tremelimumab
8 nivolumab, 5 pembrolizumab,
2 atezolizumab, 2 avelumab
1 ipilimumab plus nivolumab

24 randomized trials included in quantitative
synthesis (meta-analysis)

5 Not for advanced disease
13 Subgroup analysis by age of OS-
HR data unpublished
4 Missing data on 95% CI of OS-HR
by subgroup analysis
4 Trial design evaluated the addition of
new drugs with ICI as control
3 Trial design compared to ICIs each other
2 Not match by subgroup analysis
cutoff of age

Figure 1. Flowchart of study selection. HR: hazard ratio; ICl: immune checkpoint inhibitor; OS: overall survival.

design was used by 11 trials. Jadad scores for each trial are
listed in Supplementary Table S2; the mean score was 4
(range: 3-5). No trial had a Jadad score indicative of low
quality (i.e. 1-2). Funnel plots of the whole population and
each of the young and older populations, shown in
Supplementary Figure S1, suggested potential existence of
publication bias.

Meta-analysis of ICI efficacy in younger and
older patients

In younger patients, ICI use was associated with a lower
risk of death compared to control treatment (pooled HR:
0.76, 95% Cl: 0.69-0.84). Elderly patients also exhibited lower
risk of death following ICI treatment (pooled HR: 0.80, 95%
Cl: 0.71-0.86). The difference in ICI treatment efficacy
between younger and older patients was not substantial
(pheterogeneity =.82; Figure 2).

We detected substantial inter-study heterogeneity in risk
estimates in both younger patients (>=66%) and older
patients (I>=43%). This result indicated potential differences
in ICl efficacy amongst the trials included in our analysis.
Therefore, we conducted a subset analysis stratified by ICI
type (anti-CTLA-4 antibody or anti-PD-1/PD-L1 antibody),
type of carcinoma, line of treatment and trial design
(Figure 3). Notably, the sub-analysis of CTLA-4 inhibitor
treatment showed that its survival advantage in younger
patients was similar to that in the whole population (pooled
HR: 0.77, 95% Cl: 0.66-0.91); however, this effect was weaker
in older patients (pooled HR: 0.90, 95% Cl: 0.80-1.01),
although the difference was not statistically substantial
(Pheterogeneity = -258). In contrast, the efficacy of PD-1/PD-L1

inhibitors was similar between younger and older groups
(HR: 0.74, 95% Cl: 0.65-0.84; and HR: 0.74, 95% Cl: 0.66-0.83,
respectively; Pheterogeneity =-963). The other three sub-analy-
ses (carcinoma type, line of treatment and trial design) indi-
cated that ICl yielded the same substantial survival benefit in
both age groups (Figure 3).

Discussion

In this analysis, the pooled HRs for death of the younger and
older patient groups were almost identical, at 0.76 (95% Cl:
0.69-0.84) and 0.80 (95% Cl: 0.71-0.86), respectively. This
age-independent survival benefit of ICls was also reproduced
in sub-groups stratified by carcinoma type, line of treatment
and trial design. Despite no substantial difference, this effect
appeared to vary across the type of ICl, being weaker in eld-
erly patients in trials of CTLA-4 inhibitor treatment (pooled
HR: 0.90, 95% Cl: 0.80-1.01).

In general, the healthy young will live longer than elderly.
On the other hands, it has hardly been clear as to whether
the survival effects of anticancer agents including ICls in are
similar in the young and elderly patients, although ICls have
shown a log-tail survival effect in cancers patients without
any age-restriction [52,53]. Here, our analysis showed that
the survival benefit of ICI for elderly was substantially equal
to that of young.

Several reports have examined the effects of age on ICI
treatment efficacy. Nishijima et al. [16] reported that ICls pro-
longed overall survival similarly in both younger and older
patient groups (HR: 0.747 and 0.734, respectively); however,
the different age cut-offs were applied and only one trial
was assessed for the efficacy of CTLA-4 inhibitor in their
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Cancer type Intervention Control HR (95% ClI)
CTLA-4 inhibitor
Hodi (2010) Melanoma Ipilimumab plus gp100 gpl100 —a— 0.70 (0.54-0.90)
—— 0.69 (0.47-1.01)
Ipilimumab gp100 —— 0.64 (0.49-0.84)
—.— 0.65 (0.47-0.90)
Rovert (2011) Melanoma Ipilimumab plus dacarbazine Placebo plus dacarbazine . 0.72 (0.59-0.87)
. 0.70 (0.55-0.88)
Ribas (2013) Melanoma Tremelimumab Chemotherapy* — 0.88 (0.71-1.08)
—a 0.87 (0.62-1.20)
Govindan (2017) NSCLC Ipilimumab plus CBDCA/PTX Placebo plus CBDCA/PTX —a 0.82 (0.64-1.04)
(Squamous) —m— 1.06 (0.81-1.37)
e ] 0.85 (0.51-1.43)
Reck (2016) SCLC Ipilimumab plus platinum/ETP  Placebo plus platinum/ETP HE— 1.08 (0.90-1.31)
I—— 1.14 (0.87-1.49)
—_— 0.70 (0.40-1.20)
Maio (2017) Mesothelioma Tremelimumab Placebo e 0.87 (0.64-1.20)
—— 0.99 (0.77-1.26)
PD-1 plus CTLA-4 inhibitors
Motzer (2018) Renal cell carcinoma Nivolumab plus ipilimumab Sunitinib i 0.53 (0.40-0.71)
e 0.86 (0.58-1.27)
— 0.97 (0.48-1.95)
PD-1 inhibitor
Robert (2015) Melanoma Nivolumab Dacarbazine —a 0.52 (0.32-0.85)
— 0.44 (0.24-0.81)
S 0.25 (0.10-0.61)
Larkin (2018) Melanoma Nivolumab Chemotherapy* - 1.17 (0.84-1.63)
—a—y 0.62 (0.41-0.94)
Brahmer (2015) NSCLC Nivolumab DTX —— 0.52 (0.35-0.75)
(Squamous) —a 0.56 (0.34-0.91)
—— = 1.85(0.76-4.51)
Borghaei (2015) NSCLC Nivolumab DTX — 0.81 (0.62-1.04)
(Non-Squamous) —a— 0.63 (0.45-0.89)
— e 0.90 (0.43-1.87)
Herbst (2016) NSCLC Pembrolizumab DTX —a— 0.63 (0.50-0.79)
—a—| 0.76 (0.57-1.02)
Carbone (2017) NSCLC Nivolumab Chemotherapy* 1 1.13 (0.83-1.54)
—— 1.04 (0.77-1.41)
Gandhi (2018) NSCLC Pembrolizumab Placebo —e— 0.43 (0.31-0.61)
(Non-Squamous) plus platinum/PEM plus platinum/PEM —a— 0.64 (0.43-0.95)
Paz-Ares (2018) NSCLC Pembrolizumab Placebo —— 0.52 (0.34-0.80)
(Squamous) plus CBDCA/PTX or nPTX plus CBDCA/PTX or nPTX —a— 0.74 (0.51-1.07)
Motzer (2015) Renal cell carcinoma Nivolumab Everolimus —a— 0.78 (0.60-1.01)
—a— 0.64 (0.45-0.91)
—a— 1.23 (0.66-2.31)
Ferris (2016) HNSCC Nivolumab Chemotherapy* —a— 0.64 (0.45-0.89)
i 0.93 (0.56-1.54)
Bellmunt (2017) Urothelial carcinoma Pembrolizumab Chemotherapy* —a— 0.75 (0.53-1.05)
—— 0.76 (0.56-1.02)
Kang (2017) Gastric cancer Nivolumab Placebo —a— 0.76 (0.58-1.00)
—a— 0.53 (0.38-0.74)
Shitara (2018) Gastric cancer Pembrolizumab PTX —a— 0.77 (0.58-1.02)
i 0.90 (0.63-1.29)
PD-L1 inhibitor
Rittmeyer (2017) NSCLC Atezolizumab DTX i 0.80 (0.64-1.00)
o 0.66 (0.52-0.83)
Barlesi (2018) NSCLC Avelumab DTX —a 0.84 (0.63-1.13)
—— 0.98 (0.71-1.34)
Horn (2018) SCLC Atezolizumab plus CBDCA/ETP  Placebo plus CBDCA/ETP —a— 0.92 (0.64-1.32)
—a— 0.53 (0.36-0.77)
Bang (2018) Gastric cancer Avelumab Chemotherapy* - 1.22 (0.89-1.65)
—a 0.95 (0.65-1.38)
E<65 Pooled estimate in patients under 65 years » 0.76 (0.69-0.84)
W65 Pooled estimate in patients over 65 years @ 0.80 (0.71-0.86)
T T T T )

FavorICl 0.125 0.25 0.5 1 2 4 Favor control

Figure 2. Results of meta-analysis of immune checkpoint inhibitor (ICl) efficacy: HRs for death in younger and older patients. NSCLC: non-small-cell lung cancer;

SCLC: small-cell lung cancer. *investigator’s choice of regimen.

meta-analysis. Elias et al. [17] also showed significant efficacy
of PD-1 and PD-L1 inhibitor treatment in the elderly; how-
ever, agent assessed as PD-L1 inhibitor amongst ICls was lim-
ited to atezolizumab, and most of the trials included in their
study concerned only NSCLC. In contrast to our main results
(Figure 2), Wu et al. [19] showed that patients aged 65 or
over benefited better from ICI as compared with younger
patients did; it might be partly because of increased cancer-
related somatic mutations by aging [54]. However, tumor
mutational burden but not age could influence the effect of

ICI on OS in other reports [55]. Thus, the potential causal
relationship of aging, high tumor mutational burden and
treatment outcome remains unresolved, which warrants fur-
ther investigations. Our study included more types of carci-
nomas and ICls, which might better reflect the true nature of
the variation in ICl efficacy by age.

This study also revealed a potential age difference in
the efficacy of CTLA-4 inhibitor treatment between two sub-
populations (Figure 3). Inhibition of the CTLA-4 pathway in
the priming phase of immunity increases naive T cells in the
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Figure 3. Subgroup analysis of the effects of ICl and cancer type on HRs for death.

peripheral blood [56]. Furthermore, CTLA-4 inhibitor treat-
ment can deplete the levels of regulatory T cells via anti-
body-dependent cellular cytotoxicity [57,58]. In the elderly,
(1) the naive T cells produced from the thymus are depleted
[59], so it is difficult to increase the levels of immature lym-
phocytes [60,61], and (2) intratumoral infiltration of regula-
tory T cells is poor [18]. These characteristics may explain the
relatively weak survival effect of CTLA-4 inhibitor treatment
seen in elderly patients. Furthermore, CTLA-4 inhibitors are
more toxic than PD-1 inhibitors [62], suggesting that it
may have been poorly tolerated for elderly patients with co-
morbidities. In our data-set, unfortunately, toxicity assess-
ment by age sub-groups is not available, and further study
will be required.

This meta-analysis had some limitations. First, as shown in
Figure 2, there was a large degree of heterogeneity. Patient
age distribution, type of treatment used as standard, and ICl
efficacy vary inherently depending on the cancer type. We
attempted to address this variation by performing subgroup
analyses (Figure 3), and detected an age-independent sur-
vival effect of ICl that was consistent with that observed in
the whole cohort, suggesting that the influence of age on ICI
efficacy was small. Furthermore, this meta-analysis revealed a
publication bias, as demonstrated by funnel plots
(Supplementary Figure S1), which implies the presence of
unreported negative trials on ICl treatments. Therefore, our
results should be interpreted cautiously, and highlight the
need to review published studies for concealed unfavour-
able results.

In conclusion, we detected no difference in the impact of
ICls on overall survival between elderly and young patients in

this meta-analysis. However, treatment efficacy may differ by
ICI type. Individual or combination ICI therapy with existing
chemotherapy is currently recognised as a standard treatment;
future studies should clarify whether and how the efficacy of
such combination therapies is influenced by patient age.
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