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ABSTRACT

Objective: There is uncertainty about how age affects the efficacy of immunotherapy due to the natural process of
immunosenescence. The aim of this systematic review and meta-analysis is to assess whether age over 65 years
affects the efficacy, in terms of overall survival, of immunotherapy treatments in combination with chemother-
apy or double immunotherapy, used in first-line metastatic non-small cell lung cancer without molecular
alterations.
Methods: A systematic review and meta-analysis were performed. A systematic search of PubMed and Cochrane
Library until April 30, 2024 was conducted to identify randomized clinical trials comparing an experimental
treatment with immune checkpoint inhibitors plus chemotherapy versus a platinum-based chemotherapy dou-
blet in patients with locally advanced or metastatic non-small cell lung cancer, without molecular mutations and
with any level of programmed death ligand 1 expression. The primary endpoint was the difference in efficacy be-
tween those older and younger than 65 years, measured in terms of difference in overall survival hazard ratio. We
calculated the hazard ratio for overall survival with its 95% confidence interval in both age groups and assessed
heterogeneity using an interaction test.
Results: A total of 1,505 publications were identified, of which 7 clinical trials were included. In addition, the
European public report evaluating pembrolizumab in combination with platinum and nab-paclitaxel was incor-
porated. In total, the analysis included 5,572 patients: 2,893 under 65 years of age and 2,679 aged 65 years or
older. The pooled Hazard Ratio for overall survival for patients in the first group was 0.68 (95% CI: 0.62-0.74),
and for the second 0.77 (95% CI: 0.70-0.84). The p-interaction between the pooled Hazard Ratio of both groups
was 0.0551.
Conclusions: Both those younger and older than 65 years benefit from immunotherapy combined with chemo-
therapy in the treatment of non-small cell lung cancer. Although there appears to be greater efficacy in those
younger than 65 years, the influence of age is not entirely clear.

Published by Elsevier Espaiia, S.L.U. on behalf of Sociedad Espafiola de Farmacia Hospitalaria (S.E.F.H). This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Influencia de la edad en la eficacia de lainmunoquimioterapia en el cincer de pulmén
no microcitico

RESUMEN

Objetivo: existe incertidumbre sobre cémo afecta la edad a la eficacia de la inmunoterapia debido al proceso nat-
ural de inmunosenescencia. El objetivo de esta revision sistematica y metaanalisis es evaluar si la edad superior a
65 afios afecta a la eficacia, en términos de supervivencia global, de los tratamientos de inmunoterapia en
combinacién con quimioterapia o doble inmunoterapia, utilizados en primera linea del cancer de pulmén no
microcitico metastasico sin alteraciones moleculares.

Meétodo: se realizé una revision sistematica y un metaanalisis. Se llevé a cabo una bisqueda sistematica en
PubMed y Cochrane Library hasta el 30 de abril de 2024, para identificar ensayos clinicos aleatorizados que
compararan un tratamiento experimental con inhibidores de puntos de control inmunitario mas quimioterapia,

DOI of original article: https://doi.org/10.1016/j.farma.2025.06.001.

* Corresponding author.

E-mail address: aliagupar@gmail.com (A. Aguado-Paredes).

https://doi.org/10.1016/j.farma.2025.10.007

1130-6343/Published by Elsevier Espafia, S.L.U. on behalf of Sociedad Espafiola de Farmacia Hospitalaria (S.E.F.H). This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.farma.2025.10.007&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.farma.2025.10.007
https://doi.org/10.1016/j.farma.2025.06.001
mailto:aliagupar@gmail.com
https://doi.org/10.1016/j.farma.2025.10.007
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.elsevier.es/farmaciahospitalaria

A. Aguado-Paredes, L. Mofiino-Dominguez, . Cordero-Ramos et al.

Farmacia Hospitalaria 50 (2026) T57-T63

frente a un doblete de quimioterapia basado en platino, en pacientes con cancer de pulmén no microcitico
localmente avanzado o metastasico, sin mutaciones moleculares y con cualquier nivel de expresién de ligando
1 de muerte programada. La variable principal fue la diferencia en eficacia entre mayores y menores de 65
afos, medida en términos de diferencia en el hazard ratio de supervivencia global. Se calculé el hazard ratio de
supervivencia global agrupado con su intervalo de confianza del 95%, en ambos grupos etarios, y se evalué la
heterogeneidad mediante una prueba de interaccién.

Resultados: se identificaron 1.505 publicaciones, de las cuales se incluyeron 7 ensayos clinicos. Ademas, se
incorporé el informe ptblico europeo de evaluacién de pembrolizumab en combinacién con platino y nab-
paclitaxel. En total, el analisis incluyé 5.572 pacientes: 2.893 menores de 65 afios y 2.679 de 65 afios o mas. El
hazard ratio agrupado de supervivencia global para los pacientes del primer grupo fue de 0,68 (IC 95%:
0,62-0,74), y para el segundo de 0,77 (IC 95%: 0,70-0,84). La p de interaccién entre los hazard ratio combinados
de ambos grupos fue de 0,0551.

Conclusiones: tanto los menores como los mayores de 65 afios se benefician de la inmunoterapia combinada con
quimioterapia en el tratamiento del cancer de pulmén no microcitico. Aunque parece haber una mayor eficacia
en los menores de 65 afios, la influencia de la edad no es completamente clara.

Publicado por Elsevier Espaiia, S.L.U. en nombre de Sociedad Espafiola de Farmacia Hospitalaria (S.E.F.H). Este es un

articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Lung cancer is the third most commonly diagnosed malignancy
worldwide.! In 2023, as much as 238,340 cases of lung cancer were
newly diagnosed and 127,070 people died from the disease. Lung cancer
is the leading cause of mortality worldwide (20.8% of all cancer-related
deaths).?

This malignancy is classified into two groups as a function of cell
morphology: small cell —-or microcytic- cancer and non-small cell lung
cancer (NSCLC), with the later accounting for 80-85% of all cases of
lung cancer. In turn, NSCLC is classified into three histological subtypes,
namely: adenocarcinoma, squamous cell carcinoma, and large cell
carcinoma.?

The management of NSCLC is determined by tumor histology,
disease stage, and the presence of molecular mutations, as well as age,
performance status, comorbidities and patient preferences. In the case
of metastatic disease, the standard first-line treatment for carriers of
molecular mutations is targeted therapy.* In carriers of mutation-
negative tumors, the therapeutic approach depends on tumor histology
and genotype, levels of programmed death-ligand (PD-L1) expression,
performance status, comorbidities and patient preferences. When im-
munotherapy is not contraindicated and the patient has a good perfor-
mance status (0-1) according to the Eastern Cooperative Oncology
Group (ECOG), therapeutic options include immunotherapy alone, in
combination with chemotherapy, or combinations of different immuno-
therapies depending on the level of PD-L1 expression, among other
factors.”

The immune checkpoint proteins programmed cell death protein 1
(PD-1)/PD-L1 and cytotoxic T-lymphocyte antigen 4 (CTLA-4) play a
major role in tumor development. Interaction of ligands with their re-
ceptors negatively regulates and inhibits T cell activity, thereby
impairing the immune system and favoring tumor cell proliferation.
Immune checkpoint inhibitors (ICIs), targeted drugs against these re-
ceptors and ligands, anti-PD-1/PD-L1 and anti-CTLA-4, prevent T lym-
phocyte interaction with tumor cells, leading to a positive regulation
of T cell activity.®

These agents form part of the standard of care for metastatic
mutation-negative NSCLC.

Immunosenescence refers to the progressive deterioration of the
immune system as a result of the aging process. This phenomenon influ-
ences tumor progression and affects the effectiveness of anti-tumor im-
mune response due to the reduced ability of the body to induce an
effective response.” Although the incidence of cancer in patients with
an advanced age is growing, the inclusion of this patient subgroup in
cancer-related clinical trials (CTs) is limited. In the case of lung cancer,
in clinical practice, the median age at diagnosis is 70 years, and
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approximately half of the patients belong to the geriatric population.
However, lung cancer-related CTs most frequently include samples of
younger adults.® This may be explained by the high incidence of comor-
bidities in this population, which prevents patients from fulfilling
clinical trial inclusion criteria.’

There is inconsistent evidence on the potential clinical benefits of ICI
therapy in the elderly population, both when administered alone!®-12
or in combination therapies.'®!? The evidence available is derived
from subgroup analyses performed in CTs with low statistical power
and real-world studies.!>~1°

The objective of this systematic review and meta-analysis is to deter-
mine whether age over 65 years impacts the efficacy -measured by
overall survival-, of first-line combination therapy with immunother-
apy plus chemotherapy or dual immunotherapy in patients with
metastatic NSCLC without molecular alterations.

Methods

The protocol for this review was registered in the PROSPERO
database (CRD420251032819).16

Search strategy

The systematic review and meta-analysis were conducted in accor-
dance with PRISMA guidelines. A systematic search for phase III clinical
trials was conducted on PubMed and the Cochrane Library up to 30 April
2024. Other documents were reviewed, including relevant European
Public Assessment Reports (EPARs) published by the European
Medicines Agency in relation to the agents considered in this study. Lit-
erature search was carried out by two reviewers (A.A. and L.M.). Search
terms included “pembrolizumab”, “atezolizumab”, “nivolumab”,
“ipilimumab”, “durvalumab”, “tremelimumab”, “cemiplimab”, “non-
small cell lung cancer” and “randomized controlled trial”. The following
search strategies were applied: ([pembrolizumab] AND [non-small cell
lung cancer] AND [randomized controlled trial]), ([atezolizumab]
AND [non-small cell lung cancer] AND [randomized controlled trial]),
([nivolumab] AND [ipilimumab] AND [non-small cell lung cancer]
AND [randomized controlled trial]), ([durvalumab] AND
[tremelimumab] AND [non-small cell lung cancer] AND [randomized
controlled trial]), ([cemiplimab] AND [non-small cell lung cancer]
AND [randomized controlled trial]).

Inclusion criteria

The initial sample was composed of all placebo-controlled,
randomized, phase-3 clinical trials (CTs) including adult patients with
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locally-advanced/metastatic mutation-negative NSCLC with squamous
and non-squamous histology, PS 0-1, and any level of PD-L1 expression.
The final sample included CTs comparing a first-line experimental treat-
ment with pembrolizumab, atezolizumab, nivolumab, ipilimumab, dur-
valumab, tremelimumab or cemiplimab in combination with
chemotherapy, or without chemotherapy in the case of nivolumab-
ipilimumab, versus a control group receiving platinum-based doublet
chemotherapy. We included the nivolumab-ipilimumab combination
without chemotherapy, as this treatment is positioned at the same
level as the other immunotherapy + chemotherapy combinations in
patients with PD-L1 expression > 1%. For inclusion, CTs were required
to assess efficacy in terms of hazard ratio (HR) for overall survival (OS)
according to age.

Exclusion criteria

Prospective and retrospective studies, along with real-world case se-
ries, case reports and phase II CTs were excluded. If multiple publica-
tions from the same CT providing results for different years were
identified, we selected those with similar follow-up durations to ensure
data comparability. The other reports corresponding to the same CT
were excluded from analysis.

Full-text papers published in languages other than English or Span-
ish were excluded. Real-world cohort studies and phase Il CTs were ex-
cluded to ensure the internal validity of the results of our study.

The list of selected articles was independently evaluated by two re-
viewers (A.A. and L.M.) to identify those that met the inclusion criteria
(Fig. 1). Discrepancies were discussed and solved by consensus with a
third reviewer (J.C.).

Data extraction
A.A. and LM. independently extracted relevant information from the

studies included through a data extraction form. The collected data in-
cluded study title; lead author; year of publication; treatment assigned
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to the control group; patient characteristics; length of follow-up; hazard
ratio (HR) for overall survival (OS) according to age; sample size of each
group; and median OS in the control group. The characteristics and
results of the studies included were summarized in tables.

The methodological quality of CTs was assessed using the Jadad clas-
sification. The primary endpoint assessed the efficacy of immunother-
apy + chemotherapy combination therapies by comparing hazard
ratios (HRs) for overall survival (0OS) between patients younger and
older than 65 years.

A random-effects model was applied to calculate the combined HRs
and their 95% confidence intervals (95%Cl) for patients above and below
65 years of age. Heterogeneity between these estimates was assessed
using an interaction test, while heterogeneity across studies was evalu-
ated with Cochran's Q test. In addition, the I? statistic was calculated to
quantify the proportion of total variability attributable to between-
study heterogeneity.

The meta-analysis was performed using the RStudio V4.01, netmeta
library.

Results

Through the use of the selected search terms, a total of 1505 articles
were retrieved from MEDLINE/PubMed and Cochrane Library, of which
60 potentially relevant articles were selected. Duplicates and reports for
the same CT reporting results for different follow-up periods were elim-
inated. Seven placebo-controlled CTs were identified to fulfill the inclu-
sion criteria (Table 1) and constituted the final sample. The publications
selected included a CT on pembrolizumab; two on atezolizumab; two
on nivolumab and ipilimumab; one on durvalumab and tremelimumab;
and one on cemiplimab. All CTs were phase IIl and involved treatment-
naive patients with locally advanced or metastatic NSCLC. The sample
also included the EPAR for the pembrolizumab plus platinum combina-
tion and nab-paclitaxel, since it provided age-disaggregated data from
the second interim analysis of the KEYNOTE-405"7 clinical trial. The
other articles retrieved did not provide data stratified by age. A total of

Identification of records through databases and registers

| Identification of studies by other methods

1505 records identified through
database searching (Pubmed
and Cochrane Library)

60 potentially relevant records
identified for screening

23 duplicates excluded

37 records selected for full-text

30 records excluded dueto
different follow-up durations

8 records selected for full-tex
review

7duplicates

l—>

1record elegible for meta-
analysis

Figure 1. PRISMA flow chart for study selection.
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Table 1
Description of the CTs included in the meta-analysis.
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Treatment groups No.of <65 265 Median OS HR OS HR <65 years ~ OS HR 265 years
patients years years follow-up
Rodriguez-Abreu Pembrolizumab plus pemetrexed and platino 616 312 304 31.0months 0.56 (0.46-0.69) 0.49 (0.37-0.65) 0.72 (0.54-0.97)
etal. (2021)8 vs. pemetrexed and platinum
EPAR Pembrolizumab plus carboplatinum and 559 254 305 7.8 months 0.64 (0.49-0.85) 0.52(0.34-0.80) 0.74 (0.51-1.07)
Pembrolizumab'® paclitaxel or nab-paclitaxel vs. carboplatinum
and paclitaxel or nab-paclitaxel
West et al. (2019)%°  Atezolizumab plus carboplatinum and nab- 679 341 338 185 months 0.79 (0.64-0.98) 0.79 (0.58-1.08) 0.78 (0.58-1.05)
paclitaxel vs. carboplatinum and nab-
paclitaxel
Socinski et al. Atezolizumab plus bevacizumab and 692 376 316 39.8 months 0.80 (0.67-0.95) 0.83 (0.65-1.04) 65-74 years: 0.72
(2021)*! carboplatinum and paclitaxel vs. bevacizumab (0.54-0.97)
and carboplatinum and paclitaxel 275 years: 0.97
(0.58-1.62)
Combined HR:0.77
(0.60-1.00)
Paz-Ares et al. Nivolumab an ipilimumab vs. nivolumab vs. 1.166 611 555 54.8 months 0.76 (0.65-0.90) 0.71 (0.59-0.85) 65-74 years: 0.75
(2022)%? Platinum-based chemotherapy (0.61-0.92)
275 years: 0.85
(0.56-1.28)
Combined HR:0.77
(0.64-0.92)"°
Reck et al. (2021)* Nivolumab e ipilimumab plus Platinum-based 719 354 365 30.7months 0.73(0.61-0.87) 0.64 (0.50-0.82) 65-74 years 0.78
chemotherapy doublet depending on histology (0.59-1.02)
vs. Platinum-based chemotherapy >75 years 1.04
doublet alone depending on histology (0.63-1.72)
Combined HR:0.83
(0.66-1.06)"°
Johnson et al. Tremelimumab plus durvalumab and 675 367 308 349 months 0.77 (0.65-0.92) 0.79 (0.62-1.00)  0.74 (0.58-0.94)
(2023)%4 Platinum-based chemotherapy vs. Platinum-
based chemotherapy
Makharadze Cemiplimab plus Platinum-based 466 278 188 284 months 0.65(0.51-0.82) 0.53(0.39-0.72) 0.81 (0.55-1.18)
(2023)%° chemotherapy doublet depending on histology

vs. Platinum-based chemotherapy double
depending on histology

HR: hazard ratio; OS: overall survival.

5572 patients were included, of whom 2893 were <65 years and 2679
were >65 years. A total of 1175 patients received pembrolizumab;
1371 were administered atezolizumab; 1885 received nivolumab and
ipilimumab; 675 were administered durvalumab and tremelimumab,
and 466 received cemiplimab. The median duration of follow-up was
30.8 months (range 7.8-54.8 months).

Two CTs, conducted by West et al.'' and Socinski et al.,'? included
carriers of molecular mutations; however, for the populations of our
meta-analyses to be more homogeneous, only patients with mutation-
negative tumors were included. The characteristics and results of the
CTs included in the meta-analysis are detailed in Table 1.

Table 2 contains the Jadad scores for the CTs selected. Patients
<65 years treated with a combination of immunotherapy plus chemo-
therapy, or without chemotherapy in the case of nivolumab and
ipilimumab, had a significantly lower risk of mortality, as compared to
the patients in the control group (combined HR for OS 0.68 (95% CI):
0.62-0.74; p < 0.000001). As compared to the control group, the clinical
benefits obtained with the experimental treatment in patients older

l. 12

Table 2
Jadad score in the CTs selected.

Clinical Trial

Rodriguez-Abreu et al. (2021)'®

EPAR Pembrolizumab'® (KEYNOTE-405)
West et al. (2019)%°

Socinski et al. (2021)?!

Paz-Ares et al. (2022)%?

Reck et al. (2021)%3

Johnson et al. (2023)%*

Makharadze (2023)%°

Jadad score

wWwwwN v N

than 65 years yielded a combined OS HR of 0.77 (95%Cl: 0.70-0.84),
p < 0.000001) (Fig. 2).

Heterogeneity estimates were as follows: Cochran's Q 14.84, p =
0.03812, I2 53% (95%Cl: 0-79%) in the group of patients <65 years, and
Cochran's Q 0.81, p = 0.99.733, I2 0% (95%ClI 0-0%) in patients
>65 years.

Interaction p-value calculated for the combined hazard ratios for the
study groups was 0.0551.

The OS HR for all treatment groups is presented in Fig. 4 by age
group: <65 years (Fig. 3) and >65 years.

Discussion

Significant differences were observed between the immunotherapy
+ chemotherapy combination and placebo + chemotherapy in the two
age groups, in favor of immunotherapy + chemotherapy. The results
obtained suggest a weaker effect in patients >65 years, although the im-
munotherapy + chemotherapy combination was effective in the two
age groups.

Treatment

HR 95%-Cl
Chemotherapy 1.00
Immunotherapy < 65 = 0.68 [0.62; 0.74]
Immunothrapy > 65 - 0.77 [0.70: 0.84)
| 1 1
0.5 1 2

Combined OS HR Analysis

Figure 2. Combined Hazard ratio for overall survival in patients younger and older than
65 years of age. Comparator node, chemotherapy. Fixed effects model. HR: hazard ratio;
0S: overall survival.
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Treatment

Atezolizumab + QT

Atezolizumab + Bevacizumab + QT
Cemiplimab + QT

Nivolumab + QT

Nivolumab + Ipilimumab
Pembrolizumab + QT
Pembrolizumab + Pemetrexed + QT
Tremelimumab + Durvalumab + QT
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HR  95%-Cl

—t 0.79 [0.58; 1.08]

—==1 0.83 [0.66; 1.05]

—— 0.53 [0.39; 0.72]
1.00

- 0.71 [0.59; 0.85]

—_— 0.64 [0.50; 0.82]

—_— 0.52 [0.34; 0.80]

- 0.49 [0.37; 0.65]

1 —= 0.79 [0.62; 1.00]

075 1 15

0.3

OS HR Patients <65 years

Figure 3. Overall survival hazard ratio by treatment group in patients <65 years. Comparator node, chemotherapy. Modelo de efectos aleatorizados. HR: hazard ratio; OS: overall survival;

CT: chemotherapy.

The results obtained support the hypothesis that immunosenes-
cence could affect ICI efficacy in patients with an advanced age.®

The heterogeneity analysis revealed consistent results in patients
aged over 65 (I> = 0%), but not in those younger than 65 (> = 53%).
The heterogeneity observed in the younger group can be explained by
the two pembrolizumab CTs, which reported better HRs. Nonetheless,
this finding alone does not allow conclusions regarding differential
drug efficacy in this age group.

These results are not consistent with those of the meta-analysis con-
ducted by Wu et al,?” revealing a trend in patients >65 years to benefit
more from immunotherapy, as compared to younger patients (OS HR:
0.64 vs. 0.73; p = 0.025). However, differences in study design and
composition should be considered. Wu et al.>’ included a more hetero-
geneous population in terms of disease histology. In addition, age differ-
ences have a greater impact on OS in patients with melanoma as
compared to patients with NSCLC. In addition, the study treatments
were administered in monotherapy, whereas our study was primarily
focused on immunotherapy + chemotherapy combinations. These
methodological differences could explain the disparity across results.

Our results are more consistent with those reported by Ferrara
et al,,'! who described a significant benefit of anti-PD-1 and PD-L1 in
older adults, except for patients >75 years. The lack of clinical benefit
of ICIs in patients >75 years is consistent with CTs reporting disaggre-
gated OS HRs for this specific subgroup of patients (table 121-23);
however, this age group was excluded from analysis.

On another note, Ferrara et al.'! included larger real-world studies,
which found no significant differences in the efficacy or toxicity of
these therapies between young adults and adults older than 70 years.

Treatment

Atezolizumab + QT

Atezolizumab + Bevacizumab + QT
Cemiplimab + QT

Nivolumab + QT

Nivolumab + Ipilimumab
Pembrolizumab + QT
Pembrolizumab + Pemetrexed + QT
Tremelimumab + Durvalumab + QT

Although nearly half of the patients diagnosed with lung cancer are
older than 70 years, the efficacy and safety of anti-PD-1/PD-L1 agents
have not yet been explored in the elderly population. Casaluce et al.?®
reviewed subgroup efficacy results for elderly patients from the pivotal
trials that supported FDA approval of anti-PD-1/PD-L1 agents for NSCLC.
The authors concluded that data were limited by the underrepresenta-
tion of this population in CTs, and the results were inconclusive regard-
ing the impact of age on treatment response and the magnitude of this
effect.

Other recent studies and reviews provide complementary insights.
For instance, the narrative review carried out by Zhang et al.%° revealed
that the clinical benefit of pembrolizumab, nivolumab or atezolizumab
alone in patients >65 years with NSCLC is comparable to that observed
in younger patients. However, this finding is based on CTs involving pa-
tients with an excellent health and physical condition. This limits appli-
cability to the general elderly population, which generally presents
comorbidities, frailty and other characteristics that could influence re-
sponse to treatment. This limitation was also remarked by Tagliamento
et al,,'® who examined the efficacy of immunotherapy in combination
with chemotherapy in patients with metastatic NSCLC. The authors em-
phasized that the underrepresentation of patients older than 75 years in
CTs limits the generalizability of the findings to this population
subgroup.

Data from real-world studies provide an additional perspective on
the efficacy of ICIs in the elderly population. Ramos et al.>° carried out
a retrospective, real-world, cohort study to assess the effectiveness of
immunotherapy in young and older adults with metastatic solid tumors.
The administration of ICIs did not induce significant differences in OS

HR 95%-ClI
— 1 0.78 [0.58; 1.05]
—a— 0.77 [0.60; 0.99]
— 0.81 [0.55; 1.19]

1.00
— 0.77 [0.64; 0.92]
— 0.83 [0.65; 1.05]
—— 0.74 [0.51; 1.07]
— - 0.72 [0.54; 0.96)
| —& 074 [0.58; 0.94]

075 1 1.5
OS HR Patients > 65 years

Figure 4. Overall survival hazard ratio by treatment group in patients >65 years. Comparator node, chemotherapy. Randomized effects model. HR: hazard ratio; OS: overall survival; CT:

chemotherapy.
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and progression-free survival between age groups (p = 0.388). These
results support the idea that chronological age alone cannot be used as
the sole criterion in therapeutic decision-making. Additionally, these
findings emphasize the relevance of individualized patient evaluation
based on geriatric assessment tools.

Gomes et al.'? highlighted the importance of generating evidence
about the use of immunotherapy in the elderly population through
studies assessing variables such as frailty and patient-reported quality
of life. The authors underline the relevance of assessing immunosenes-
cence through the use of biological markers and specific tests to deter-
mine whether age-related changes in the immune system influence
treatment efficacy and toxicity. Hence, Gomes et al. highlight the impor-
tance of developing CTs specifically targeting this patient population, in-
tegrating elderly subgroups into pivotal CTs, and fostering the
publication of real-world data.

In the same vein, Montrone et al.”’ recommend the administration
of immunotherapy in elderly patients. However, they urge the scientific
community to assess the risk-benefit balance of this therapy in patients
with a very advanced age, since some combinations —such as anti-PD-1
and anti-CTLA-4- may cause high toxicity and be ineffective in this age
group. Additionally, the authors urge the scientific community to per-
form a preliminary evaluation using frailty assessment tools and taking
polypharmacy into consideration when elderly patients are involved.

Hu et al.>2 conducted a meta-analysis comparable to ours assessing
the impact of sex, age, performance status and smoking habits on OS
in patients with advanced NSCLC treated with ICIs. The study revealed
that ICIs significantly improve survival both in patients younger than
65 years (HR 0.74) and over 65 years (HR 0.80), irrespectively of age.
Likewise, a meta-analysis conducted by Kim et al.>* disclosed that the
efficacy of ICIs was comparable between patients younger and older
than 65 years, with a OS HR of 0.77 for both groups. The results of
these two meta-analyses are consistent with our findings.

In general terms, decision-making regarding the use of an ICI ther-
apy should be performed considering such relevant factors as the sys-
tematic underrepresentation of elderly patients (especially of patients
>75 years) in CTs'%28; the need for frailty and geriatric assessment
scales to ensure the adequate selection of candidates to
immunotherapy'??'; and the added value of real-world studies
supporting CT findings.'?

From a methodological point of view, a strength of this study is that it
involves eight CTs reporting overall survival for 5572 patients, which sup-
ports the robustness and internal validity of our results. However, the anal-
ysis presents some limitations. Firstly, our study included CTs where the
experimental group received ICls with different immunological mecha-
nisms of action (anti-PD-L1, anti-PD-1, anti-CTLA-4), and some used com-
binations of these agents. The meta-analysis included the nivolumab +
ipilimumab combination without chemotherapy, since it forms part of
the therapeutic armamentarium approved for this scenario. It is worth not-
ing that the uncertainty as to the efficacy results obtained is comparable to
that of other immunotherapy + chemotherapy combinations.

In addition, the study included treatment regimes approved for non-
squamous, squamous cell lung cancer and both histological types, and
analyzed efficacy aggregately. However, subgroup analysis of the com-
binations approved for the two histological types revealed no differ-
ences in terms of efficacy between squamous and non-squamous cell
lung cancer. Therefore, a relevant bias was not expected to affect the
meta-analysis.

A relevant limitation of this study lies in the cut-off age. It was de-
cided to establish 65 years, since it was the most commonly used crite-
rion in the studies reviewed. However, it would have been interesting
that disaggregate data had been reported, especially for older adults,
whose response to treatment could be influenced by immunosenes-
cence. In addition, it seems reasonable to assume that the older adults
included in studies on chemotherapy are mostly those in a better health
condition.
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Finally, this study only included randomized CTs to ensure the inter-
nal validity of the study results and control potential biases. However,
this involved excluding data from real-world cohort studies, which
limits the generalizability of findings to routine clinical practice.

In conclusion, patients younger and older than 65 years benefit from
the combination of immunotherapy plus chemotherapy in the treat-
ment of locally advanced or metastatic NSCLC. Although our results sug-
gest a higher efficacy in patients younger than 65, there is uncertainty
about potential age-related effects.

Contribution to the scientific literature

This meta-analysis assesses the influence of age on the efficacy of
immunotherapy + chemotherapy combination treatments or dual im-
munotherapy in patients with metastatic non-microcytic lung cancer.
This approach is crucial, as it enables the provision of disaggregated
data on treatment benefits, providing a more specific, personalized per-
spective, which is essential in evidence-based medicine.

The results of this meta-analysis are especially relevant in the clinical
setting, as patients older than 65 years are most usually underrepre-
sented in CTs, despite accounting for a significant proportion of patients
in routine clinical practice. Generating specific evidence for this age
group will contribute to adjusting therapeutic decision-making to
their particular characteristics. This information offers healthcare pro-
fessionals a valuable tool that guides therapeutic decisions by balancing
the risk-benefit balance by age and ensuring a more appropriate, safer
patient care relying on specific data for patients with an advanced age.
This information provides healthcare professionals with a valuable
tool to better guide treatment decisions, allowing risks and benefits to
be balanced according to age and thereby ensuring more appropriate,
safer, evidence-based patient care for patients for elderly patients.

CRediT authorship contribution statement

Alicia Aguado-Paredes: Writing - original draft, Visualization, Vali-
dation, Supervision, Software, Project administration, Methodology, In-
vestigation, Formal analysis, Data curation, Conceptualization. Laura
Moiiino-Dominguez: Writing - original draft, Visualization, Validation,
Supervision, Methodology, Investigation, Formal analysis, Data curation,
Conceptualization. Jaime Cordero-Ramos: Writing - original draft, Val-
idation, Supervision, Software, Project administration, Methodology, In-
vestigation, Formal analysis, Data curation, Conceptualization. Emilio
Alegre-Del-Rey: Writing - original draft, Validation, Supervision, Soft-
ware, Project administration, Methodology, Investigation, Formal analy-
sis, Data curation, Conceptualization.

Funding
This study did not receive any funding.
Conflict of interest

The authors declare no conflict of interest.

References

1. Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024. CA Cancer J Clin.
2024;74(1):12-49. doi:10.3322/caac.21820.

. Surveillance, [accessed, 3, Jun]. https://seer.cancer.gov

. Cancer.org. [accessed, 4, Jun]. https://www.cancer.org/es/cancer/tipos/
cancer-de-pulmon/acerca/que-es-cancer-de-pulmon.html

. Hendriks LE, Kerr KM, Menis ], Mok TS, Nestle U, Passaro A, et al.
Oncogene-addicted metastatic non-small-cell lung cancer: ESMO clini-
cal practice guideline for diagnosis, treatment and follow-up. Ann Oncol.
2023;34(4):339-357. doi:10.1016/j.annonc.2022.12.009.


https://doi.org/10.1016/j.farma.2025.06.001
https://seer.cancer.gov
https://www.cancer.org/es/cancer/tipos/cancer-de-pulmon/acerca/que-es-cancer-de-pulmon.html
https://www.cancer.org/es/cancer/tipos/cancer-de-pulmon/acerca/que-es-cancer-de-pulmon.html
https://doi.org/10.1016/j.farma.2025.06.001

A. Aguado-Paredes, L. Mofiino-Dominguez, . Cordero-Ramos et al.

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hendriks LE, Kerr KM, Menis ], Mok TS, Nestle U, Passaro A, et al. Non-
oncogene-addicted metastatic non-small-cell lung cancer: ESMO clini-
cal practice guideline for diagnosis, treatment and follow-up. Ann Oncol.
2023;34(4):358-376. doi:10.1016/j.annonc.2022.12.013.

. Tang S, Qin C, Hu H, Liu T, He Y, Guo H, et al. Immune checkpoint in-

hibitors in non-small cell lung cancer: progress, challenges, and pros-
pects. Cells. 2022;11(3):320. doi:10.3390/cells11030320.

. LianJ, Yue Y, Yu W, Zhang Y. Immunosenescence: a key player in cancer

development. ] Hematol Oncol. 2020;13(1):151. d0i:10.1186/s13045-
020-00986-z.

. Gironés-Sarri6 R. Cancer de pulmoén en el paciente anciano. Rev Cdncer.

2021;35(5):218-227.

. Zhang |, Zhao L, Li H, Jia Y, Kong F. Immunosenescence and immuno-

therapy in older NSCLC patients. | Cancer Res Ther. 2024;20(1):9-16.
doi:10.4103/jcrt.jert_1523_23.

Tagliamento M, Frelaut M, Baldini C, Naigeon M, Nencioni A, Chaput N,
et al. The use of immunotherapy in older patients with advanced non-
small cell lung cancer. Cancer Treat Rev. 2022;106(102394):102394.
doi:10.1016/j.ctrv.2022.102394.

Ferrara R, Mezquita L, Auclin E, Chaput N, Besse B. Immunosenescence
and immunecheckpoint inhibitors in non-small cell lung cancer pa-
tients: does age really matter? Cancer Treat Rev. 2017;60:60-68. doi:
10.1016/j.ctrv.2017.08.003.

Gomes F, Wong M, Battisti NML, Kordbacheh T, Kiderlen M, Greystoke
A, et al. Immunotherapy in older patients with non-small cell lung
cancer: Young International Society of Geriatric Oncology position
paper. Br J Cancer. 2020;123(6):874-884. doi:10.1038/s41416-020-
0986-4.

Luciani A, Ghidini A, Dottorini L, Petrelli F. Safety and effectiveness of
immune checkpoint inhibitors in older patients with cancer: a system-
atic review of 48 real-world studies. Drugs Aging. 2021;38(12):
1055-1065. doi:10.1007/s40266-021-00899-7.

Sattar ], Kartolo A, Hopman WM, Lakoff M, Baetz T. The efficacy and
toxicity of immune checkpoint inhibitors in a real-world older patient
population. J Geriatr Oncol. 2019;10(3):411-414. doi:10.1016/j.jgo.
2018.07.015.

Corbaux P, Maillet D, Boespflug A, Locatelli-Sanchez M, Perier-Muzet M,
Duruisseaux M, et al. Older and younger patients treated with immune
checkpoint inhibitors have similar outcomes in real-life setting. Eur J
Cancer. 2019;121:192-201. doi:10.1016/j.ejca.2019.08.027.

Aguado Paredes A, Mofiino Dominguez L. Influence of age on the effi-
cacy of immunochemotherapy in lung cancer. PROSPERO; 2025.
CRD420251032819. [accessed 19 Abr 2025]. Available from: https://
www.crd.york.ac.uk/PROSPERO/view/CRD420251032819

Paz-Ares L, Luft A, Vicente D, Tafreshi A, Giimiis M, Maziéres ], et al.
Pembrolizumab plus chemotherapy for squamous non-small-cell lung
cancer. N Engl | Med. 2018;379(21):2040-2051. doi:10.1056/
NEJMo0a1810865.

Rodriguez-Abreu D, Powell SF, Hochmair MJ, Gadgeel S, Esteban E, Felip
E, et al. Pemetrexed plus platinum with or without pembrolizumab in
patients with previously untreated metastatic nonsquamous NSCLC:
protocol-specified final analysis from KEYNOTE-189. Ann Oncol. 2021;
32(7):881-895. doi:10.1016/j.annonc.2021.04.008.

EPAR Keytruda. EMA. European Medicines Agency. [accessed 10 Jun
2024]. Available from: https://www.ema.europa.eu/en/medicines/
human/EPAR/keytruda.

West H, McCleod M, Hussein M, Morabito A, Rittmeyer A, Conter HJ,
et al. Atezolizumab in combination with carboplatin plus nab-paclitaxel

T63

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Farmacia Hospitalaria 50 (2026) T57-T63

chemotherapy compared with chemotherapy alone as first-line treat-
ment for metastatic non-squamous non-small-cell lung cancer
(IMpower130): a multicentre, randomised, open-label, phase 3 trial.
Lancet Oncol. 2019;20(7):924-937. doi:10.1016/S1470-2045(19)
30167-6.

Socinski MA, Nishio M, Jotte RM, Cappuzzo F, Orlandi F, Stroyakovskiy
D, et al. IMpower150 final overall survival analyses for atezolizumab
plus bevacizumab and chemotherapy in first-line metastatic nonsqua-
mous NSCLC. J Thorac Oncol. 2021;16(11):1909-1924. doi:10.1016/j.
jtho.2021.07.0009.

Paz-Ares LG, Ramalingam SS, Ciuleanu T-E, Lee J-S, Urban L, Caro RB,
et al. First-line nivolumab plus ipilimumab in advanced NSCLC: 4-year
outcomes from the randomized, open-label, phase 3 CheckMate 227
part 1 trial. ] Thorac Oncol. 2022;17(2):289-308. doi:10.1016/j.jtho.
2021.09.010.

Reck M, Ciuleanu T-E, Cobo M, Schenker M, Zurawski B, Menezes |, et al.
First-line nivolumab plus ipilimumab with two cycles of chemotherapy
versus chemotherapy alone (four cycles) in advanced non-small-cell
lung cancer: CheckMate 9LA 2-year update. ESMO Open. 2021;6(5):
100273. doi:10.1016/j.esmoop.2021.100273.

Johnson ML, Cho BC, Luft A, Alatorre-Alexander ], Geater SL, Laktionov K,
et al. Durvalumab with or without tremelimumab in combination with
chemotherapy as first-line therapy for metastatic non-small-cell lung
cancer: the phase IIl POSEIDON study. J Clin Oncol. 2023;41(6):
1213-1227. d0i:10.1200/JC0.22.00975.

Makharadze T, Gogishvili M, Melkadze T, Baramidze A, Giorgadze D,
Penkov K, et al. Cemiplimab plus chemotherapy versus chemotherapy
alone in advanced NSCLC: 2-year follow-up from the phase 3
EMPOWER-lung 3 part 2 trial. ] Thorac Oncol. 2023;18(6):755-768. doi:
10.1016/j.jtho.2023.03.008.

Hong H, Wang Q, Li J, Liu H, Meng X, Zhang H. Aging, cancer and im-
munity. | Cancer. 2019;10(13):3021-3027. doi:10.7150/jca.30723.

Wu Q, Wang Q, Tang X, Xu R, Zhang L, Chen X, et al. Correlation between
patients' age and cancer immunotherapy efficacy. Oncoimmunology.
2019;8(4). doi:10.1080/2162402X.2019.1568810.

Casaluce F, Sgambato A, Maione P, Spagnuolo A, Gridelli C. Lung cancer,
elderly and immune checkpoint inhibitors. J Thorac Dis. 2018;10(S13):
S$1474-S1481. doi:10.21037/jtd.2018.05.90.

Zhang J, Zhao L, Li H, Jia Y, Kong F. Inmunosenescence and immuno-
therapy in older NSCLC patients. J Cancer Res Ther. 2024;20(1):9-16.
doi:10.4103/jcrt,jert_1523_23.

Ramos M]J, Mendes AS, Romdo R, Febra ], Aradjo A. Immunotherapy in
elderly patients—single-center experience. Cancers (Basel). 2023;16(1):
145. doi:10.3390/cancers16010145.

Montrone M, Rosati G, Longo V, Catino A, Massafra R, Nardone A, et al.
Immunotherapy in elderly patients affected by non-small cell lung
cancer: a narrative review. J Clin Med. 2023;12(5):1833. doi:10.3390/
jcm12051833.

HuX, LiuY, He Y, Wang Z, Zhang H, Yang W, et al. Relationship between
patients’ baseline characteristics and survival benefits in
immunotherapy-treated non-small-cell lung cancer: a systematic re-
view and meta-analysis. | Oncol. 2022;2022:3601942. doi:10.1155/
2022/3601942.

Kim CM, Lee JB, Shin SJ, Ahn ]B, Lee M, Kim HS. The efficacy of immune
checkpoint inhibitors in elderly patients: a meta-analysis and meta-
regression. ESMO Open. 2022;7(5):100577. doi:10.1016/j.esmoop.2022.
100577.


https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
http://refhub.elsevier.com/S1130-6343(25)00142-4/rf0030
http://refhub.elsevier.com/S1130-6343(25)00142-4/rf0030
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://www.crd.york.ac.uk/PROSPERO/view/CRD420251032819
https://www.crd.york.ac.uk/PROSPERO/view/CRD420251032819
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://www.ema.europa.eu/en/medicines/human/EPAR/keytruda
https://www.ema.europa.eu/en/medicines/human/EPAR/keytruda
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001
https://doi.org/10.1016/j.farma.2025.06.001

	[Translated article] Influence of age on the efficacy of immunochemotherapy in non-�small cell lung cancer
	Introduction
	Methods
	Search strategy
	Inclusion criteria
	Exclusion criteria
	Data extraction

	Results
	Discussion
	Contribution to the scientific literature
	CRediT authorship contribution statement
	Funding
	Conflict of interest
	References


