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Abstract

Background/Aim: Immune checkpoint inhibitors (ICIs) have been shown to be effective in various cancer subtypes
and their use in clinical practice has become widespread in recent years. However, discussions on their effectiveness
in geriatric patients and in cases of malnutrition are still ongoing. The aim of the study was to evaluate the association
of geriatric nutritional index (GNRI) detected malnutrition risk with progression-free survival (PFS) and immune
related adverse events (irAEs) in geriatric solid tumor patients treated with ICls.

Patients and Methods: The study was conducted retrospectively and included patients with metastatic solid tumors
who received second- or third-line immunotherapy between 2018 and 2024 at the Dr. Abdurrahman Yurtaslan,
Ankara Oncology Education and Research Hospital and Etlik City Hospital. The GNRI score of the patients at the start
of immunotherapy was calculated, and the relationship between the GNRI score and PFS and irAEs was evaluated.
Results: No significant association was found between sex (p=0.28), comorbidity (p=0.34), polypharmacy (p=0.09),
antibiotic (p=0.24) use and PFS. A significant association was found between ECOG PS (p<0.05) and GNRI (p=0.012)
and PFS. In multivariate analysis, ECOG PS [hazard ratio (HR)=1.5, 95% confidence interval (CI)=1.0-2.2, p=0.036]
and GNRI (HR=0.6, 95% CI=0.4-0.9, p=0.033) were statistically significant. The incidence of irAEs was statistically
higher in patients with GNRI <98 (p=0.019).
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Conclusion: Geriatric solid tumor patients are not fully represented in prospective clinical drug trials. Prospective

studies are needed in which only geriatric patients are included, treatment efficacy and toxicity are assessed stepwise

according to nutritional status, and malnutrition is treated to increase treatment efficacy and reduce toxicity.

Keywords: Geriatric-nutritional index, malnutrition, geriatric cancer patients, immune-related adverse events,
immune checkpoint inhibitors, immunotherapy, lung cancer, RCC, malignant melanoma.

Introduction

The efficacy of immune checkpoint inhibitors (ICIs) in
various cancer subtypes has been demonstrated and their
use in clinical practice has become widespread in recent
years (1). The use of ICIs in geriatric patients is a matter
of debate due to hypotheses that both treatment efficacy
may decrease, and toxicity may increase. It was expected
that the treatment response with ICIs would be lower due
to the weaker vaccine response in the elderly (2).
However, the results obtained from clinical studies and
their meta-analyses showed that, regardless of the tumor
subtype, treatment efficacy in patients aged 65-75 is
similar to that in patients under 65 (3). The debates are
still ongoing regarding the age of 75 and above (4). The
idea that geriatric patients included in clinical studies do
not fully reflect the entire geriatric patient population
continues the debate on this subject. It is thought that
malnutrition also increases ICI response and toxicity in
geriatric patients (5).

Malnutrition is a common problem especially in
advanced cancer patients. In geriatric cancer patients,
malnutrition is important both in terms of treatment
efficacy and toxicity (6). Geriatric nutritional risk index
(GNRI) is a simple and objective method recommended to
evaluate the nutritional status of elderly patients. It was
developed by combining body mass index (BMI) and
albumin and can be used to determine the risk of
malnutrition (7). The prognostic efficacy of GNRI in
geriatric patients is also superior to albumin and BMI
alone. There are studies in the literature showing that
GNRI is prognostic in lung cancer (8), prostate cancer (8),
head and neck cancer (9) patients. At the same time,
although there are studies showing that the efficacy of ICIs

decreases in patients with low GNRI in the entire
population of lung cancer and head and neck cancer, it has
not yet been evaluated specifically for geriatric cancer
patients.

Although there are studies on the prognostic effect of
GNRI in patients with solid cancer, we see that the
relationship between immunotherapy efficacy and GNRI
has not been addressed in depth. The aim of our study was
to evaluate the effect of malnutrition determined by GNRI
on treatment efficacy and toxicity in geriatric solid tumor
patients treated with ICIs.

Patients and Methods

Study population. The study included 142 patients aged 65
years and older with solid tumors treated with metastatic
second or third-line ICIs between 2018 and 2024. Patients
under 65 years of age were excluded from the study.
Patients receiving immunotherapy as monotherapy were
selected because the study aimed to compare treatment
efficacy and toxicity according to GNRI. Patients receiving
chemoimmunotherapy as first-line therapy, tyrosine
kinase inhibitors combined with immunotherapy, or dual
ICIs were excluded because they were considered likely to
bias both treatment efficacy and the incidence of immune
related adverse events (irAEs). This patient group was
selected because patients receiving ICIs as monotherapy
were predominantly metastatic second- or third-line
patients.

Variable measurement and definition. The patients' files
were examined retrospectively. Age, sex, Eastern
Cooperative Oncology Group (ECOG) performance status,
diagnosis date, comorbidities, history of polypharmacy,
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history of proton pump inhibitor (ppi) use, history of
antibiotic use, line of treatment at ICIs was received, irAEs
and grades and progression-free survival (PFS) time with
ICIs were recorded. The use of five or more drugs in
addition
polypharmacy. In the case of antibiotic or ppi use, the use

to immunotherapy was considered
was based on the period starting 30 days before the start
of treatment and ending at the end of treatment.

GNRI assessment of malnutrition. GNRI was calculated
for each patient according to the data at the beginning of
the period during which he/she received ICIs. GNRI was
calculated using the formula: GNRI=14.89 x serum
albumin (g/dl) + 41.7 x [present body weight (kg)/ideal
body weight (kg)]. The Lorentz formula [for men:
w=(height [cm]- 100) - ((height -150)/4); for women:
w=(height - 100) - ((height - 150)/2)]; was used to
calculate ideal weight. This formula was used because the
researchers who developed GNRI used the Lorentz
formula to calculate ideal weight (7). IrAEs were assessed
and graded according to common terminology criteria for
adverse events (CTCAE) 4.

The Clinical Research Ethics Committee of Dr.
Abdurrahman Yurtaslan, Ankara Oncology Education and
Research Hospital approved the study, prior to initiation
of the research work. This is a retrospective study, and the
ethics committee did not require consent from patients.
Ethics Approved Number: 2025-02/20.

Statistical analysis. IBM-SPSS statistics, version 23.0 was
used for data analysis. In the descriptive statistics of the
study, continuous variables were used as mean (standard
deviation), and median (range); categorical variables were
presented as frequency (percentage). Comparisons of
continuous variables between two independent groups
were made using the Mann-Whitney U-test, and
comparisons of categorical data were made using the chi-
square test. PFS was calculated by the Kaplan-Meier
method and log-rank test. The relationship between PFS
and irAEs was examined using the cut-off value of <98
(malnutrition risk present), 298 (no malnutrition risk)
determined during the development of GNRI (7). In

addition, the relationship between GNRI and PFS was
examined in each solid tumor subtype. In univariate
analysis, p<0.05 was considered statistically significant.
Variables found to be significantly associated with PFS in
univariate analysis were evaluated using Cox regression
analysis in multivariate analysis.

Results

One hundred and forty-two patients were included in the
study. The basic characteristics of the patients are
summarized in Table I. 47 (33.0%) had no comorbidities,
and 105 (67.0%) had various comorbidities. The most
common comorbidities were hypertension (22.5%) and
coronary artery disease (20%). All patients received
nivolumab monotherapy. GNRI was <82 in 4 (2.8%)
patients, GNRI was 82-92 in 27 (19.0%) patients, GNRI
was 92-98 in 28 (19.8%) patients, and GNRI was 298 in
83 (58.4%) patients. When evaluated in disease
subgroups; GNRI was <98 in 34 (23.9%) lung cancer
patients, 12 (8.4%) RCC patients, and 13 (9.2%) malignant
melanoma patients. The distribution of patient
characteristics according to GNRI groups is summarized
in Table II. IRAEs were seen in 34 (23.9%) patients in the
entire patient group. Grade 3 and 4 IRAEs were seen in 9
(6.3%) patients. There were no patients with grade 5 side
effects. 6 of them had dermatitis, 1 had thrombocytopenia,
4 had hepatitis, 9 had pneumonitis, and 13 had thyroiditis.
In the GNRI <98 group, 20 (33.9%) patients had 1rAEs,
while in the GNRI 298 group, 14 (16.9%) patients had
irAEs. The incidence of irAEs was statistically higher in
patients with GNRI <98 (p=0.019) (Table III). 8 of Grade
3-4 irAEs were seen in patients with GNRI <98, and 1 was
seen in patients with GNRI =98.

The median PFS in lung cancer patients was 5.0 [95%
confidence interval (CI)=2.4-7.6] months, in malignant
melanoma patients was 4.6 (95% CI=2.2-6.9) months, and
in RCC patients was 6.6 (95% CI=3.5-9.7) months. The
median PFS in lung cancer patients with GNRI <98 was 3.2
(95% CI=2.4-3.9) months, in malignant melanoma
patients was 3.0 (95% CI=2.0-4.0) months, and in RCC
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Table I. Demographic characteristics of patients.

Lung (N=85) Malignant melanoma (N=32) RCC (N=25)

Age (median) (min-max) 70 (65-86) 72 (65-92) 70 (65-82)
Age

<75 65 (76.5) 17 (53.1) 21 (84.0)

275 20 (23.5) 15 (46.9) 4 (16.0)
ECOG PS

0-1 58 (68.2) 23(71.8) 20 (80.0)

22 27 (31.8) 9(28.2) 5(20.0)
Sex

Female 14 (16.4) 13 (40.6) 3(12.0)

Male 71 (83.6) 19 (59.4) 22 (88.0)
Comorbidity

Yes 54 (63.5) 25 (78.1) 16 (64.0)

No 31 (36.5) 7 (22.9) 9 (36.0)
Cigarette

Yes 74 (87.0) 9(28.2) 14 (56.0)

No 11 (13.0) 23 (71.8) 11 (44.0)
Polypharmacy

Yes 38 (44.7) 12 (37.5) 12 (48.0)

No 47 (55.3) 20 (62.5) 13 (52.0)
PPI using

Yes 42 (49.5) 15 (46.8) 8 (32.0)

No 43 (50.5) 17 (53.2) 17 (68.0)
Antibiotic using

Yes 20 (23.5) 6 (18.75) 5 (20.0)

No 65 (77.5) 26 (71.25) 20 (80.0)

ECOG PS: Eastern Cooperative Oncology Group performance status; RCC: renal cell carcinoma; Min: minimum; Max: maximum; ppi: proton pump

inhibitor.

patients was 5.7 (95% CI=1.7-9.8) months. Median PFS in
lung cancer patients with GNRI 298 was 6.7 (95% CI=4.1-
9.2) months, in malignant melanoma patients it was 8.2
(95% CI=6.4-10.0) months, and in RCC patients it was 14.7
(95% CI=1.3-28.1) months. The relationship between
GNRI and PFS was statistically significant in lung cancer
(p=0.031), malignant melanoma(p=0.02) and RCC
(p=0.045). Kaplan-Meier curves of lung cancer (A),
malignant melanoma (B), and RCC (C) patients are shown
in Figure 1. In patients aged 75 years and older, median
PFS was 5.7 (95% CI=0-11.7) months. In the group with
GNRI <98, median PFS was 3.0 (95% CI=2.0-4.0) months,
and in the group with GNRI 298, median PFS was 9.1 (95%
CI=4.2-14.0) months. The difference between the two
groups was also statistically significant in patients aged
75 years and older (p=0.011). Kaplan-Meier curve is
shown in Figure 2.

In univariate analysis, no significant association was
found between sex (p=0.28), comorbidity (p=0.34),
polypharmacy (p=0.09), antibiotic (p=0.24) use, ppi use
(p=0.58) and PFS. A significant association was found
between ECOG PS (p<0.05) and GNRI (p=0.012) and PFS.
In multivariate analysis, ECOG PS [hazard ratio (HR)=1.5,
95% CI=1.0-2.2, p=0.036) and GNRI (HR=0.6, 95% CI=0.4-
0.9, p=0.033) were statistically significant.

Discussion

In this study, we found that ICIs efficacy decreased and the
incidence of irAEs increased in geriatric cancer patients
with low GNRI. There are several studies in the literature
investigating the relationship between GNRI and survival
in cancer subgroups. However, this is the first study to
demonstrate the relationship between GNRI and PFS and
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Table II. Patient characteristics according to GNRI groups.

Table I1I. GNRI and irAEs rates in tumor subtypes.

GNRI <98 GNRI 298 p-Value (x?)
Age (Median) 71 70
Sex 0.28
Female 15 (25.4) 15 (18.0)
Male 44 (74.6) 68 (72.0)
ECOG PS 0.37
0-1 38 (64.4) 63 (75.9)
>2 21 (35.6) 20 (24.1)
Comorbidity 0.36
Yes 42 (71.2) 53 (63.9)
No 17 (28.8) 30 (36.1)
10 treatment line 0.36
Second 52(88.1) 74 (89.2)
Third 7 (11.9) 9(10.8)
Cigarette 0.91
Yes 40 (67.8) 57 (68.7)
No 19 (32.2) 26 (31.3)
Polypharmacy 0.44
Yes 28 (47.5) 34 (41.0)
No 31(52.5) 49 (59.0)
PPI using 0.49
Yes 29 (49.2) 36 (43.4)
No 30 (50.8) 47 (56.6)
Antibiotic using 0.64
Yes 14 (23.7) 17 (20.5)
No 45 (76.3) 66 (79.5)

GNRI: Geriatric Nutritional Index; ECOG PS: Eastern Cooperative
Oncology Group performance status; RCC: renal cell carcinoma; 10:
immunotherapy; ppi: proton pump inhibitors.

irAEs in geriatric cancer patients. Since the frequency of
malnutrition is high in geriatric cancer patients, this study
also indicates a very valuable result. A study of geriatric
small cell lung cancer patients treated with platinum
doublet found that patients with lower GNRI index had
inferior PFS and OS (10). In another study conducted on
patients with resectable colorectal cancer, it was
determined that the GNRI score calculated before surgery
was a determinant of prognosis (11). In a study conducted
in patients with resectable gastric cancer, GNRI was shown
to predict poor prognosis after curative surgery (12).
Both innate and acquired immune function decrease
with aging (13). There is a decrease in the release of
neoantigens, and the initiation of antitumor immune
responses is impaired (14) This suggested that the efficacy
of immunotherapy in geriatric patients may be low. Some

Lung Malignant RCC
(N=85) melanoma (N=32) (N=25)

GNRI

<98 34 (40.0) 13 (40.6) 12 (48.0)

=98 51 (60.0) 19 (59.4) 13 (52.0)
irAEs (n, %)

Yes 20 (23.6) 6 (18.75) 8(32.0)

No 65 (77.5) 26 (71.25) 17 (68.0)

RCC: Renal cell carcinoma; GNRI: Geriatric Nutritional Index, irAEs:
immune related adverse events.

of the clinical studies were re-examined to investigate the
efficacy in geriatric subgroups. In the subgroup analysis
of the study investigating the efficacy of nivolumab as
monotherapy in previously treated RCC patients, the
reduction in HR in the 265 age group was better than in
the <65 age group. However, the efficacy decreased in the
275 age group [HR=1.23 (0.66-2.31)] (15). In melanoma
patients, the efficacy of nivolumab in geriatric patients was
also much better than expected. In the 265 age group, the
reduction in HR was similar to that in the <65 age group.
In the 275 age group, there was a better reduction than in
the whole population [HR=0.25 (0.10-0.61)] (16). In a
study evaluating the efficacy of nivolumab in non-
squamous (17) and squamous (18) NSCLC patients who
had previously received platinum-based chemotherapy,
the reduction in HR in the 265 age group was similar to
that in the <65 age group. In the =75 age group, the
treatment efficacy was lower compared to the whole
population. In the safety analysis of nivolumab in geriatric
patients, no increase in grade 3-5 adverse events were
found in the 265 age group compared to the 65-age group.
However, the frequency of grade 3-5 adverse events was
higher in the 270 age group compared to the <65 age
group (71.7% vs. 58.4%) (19).

It is known that malnutrition is strongly associated
with survival in cancer patients. In addition, it has been
investigated in recent years that malnutrition may also be
effective in ICIs response. A study by Johannet et al.
showed that low BMI and prognostic nutritional index
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Figure 1. Progression free survival (PFS) curve according to geriatric
nutritional index (GNRI) in patients with lung (A), malignant melanoma
(B) and renal cell carcinoma (RCC) (C).

(PNI) are associated with poor response to ICls treatment
(20). In another study conducted on NCSLC patients,
malnutrition assessed by BMI, weight loss and
hypoalbuminemia were found to reduce objective
response rates (ORR) and OS in ICIs treatment (21).
Another method used to assess nutritional status, the
NRS2002 score, was also found to be prognostic in
patients treated with ICIs in a study conducted by Tang et
al. (22). The results in our study were similar to these
studies. In patients in whom the GNRI score indicated the
risk of malnutrition, both PFS was shorter, and toxicities
were increased with ICIs. It is known that in cases of
malnutrition, blood plasma levels of drugs increase
depending on fat and muscle distribution (23). It is also
an expected result that this will increase the frequency of
adverse events.

The effect of polypharmacy on the efficacy of ICIs has
been investigated in various studies. In a study conducted
on lung cancer patients receiving ICls, OS was found to be
shorter in patients with polypharmacy. However, it is not
clear whether these patients had shorter OS because of
their high comorbidities or because the treatment efficacy
was reduced (24). Another study found that OS and irAEs
were similar in patients with and without polypharmacy.
In our study, we evaluated the relationship between
polypharmacy and PFS; PFS was numerically shorter in
the polypharmacy group, but it did not reach statistical
significance. The relationship between antibiotic use and
OS and PFS is also a subject of research in patients treated
with ICIs. In a meta-analysis, it was found that antibiotic
use caused a 1.2-month decrease in PFS and was
associated with a 6.7-month decrease in OS (25). In our
study, we did not find a significant relationship between
antibiotic use and PFS. We may not have obtained a
significant result because the number of patients using
antibiotics was low. PPI use has also been shown to be
associated with lower PFS and OS in patients treated with
ICIs in a meta-analysis (26). In our study, we could not
detect a significant relationship between PFS and PPI use.
We thought that the small number of patients might have
caused a significant relationship not to be detected.
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Figure 2. Progression free survival (PFS) curve according to geriatric
nutritional index (GNRI) in patients with 275 years old.

ICIs have become quite widespread in oncology practice
in recent years, and it is expected that standard
chemotherapeutics will be replaced by ICIs and targeted
therapies in the next century (27). As the use of ICIs
becomes widespread in clinical practice, appropriate
patient selection will also become more important. In
individualized treatments, it is necessary to consider the
age, nutritional status and comorbidities of the patients in
the selection of treatment (28). Since malnutrition is an
important problem in geriatric patients, the aim of our
study was to emphasize that the nutritional status of
geriatric patients who will be treated with ICls should be
evaluated before treatment. In addition, it was to emphasize
that GNRI is a simple but effective index that can be used in
nutritional assessment. The limitations of our study were
that it was retrospective, and the number of patients was
small. Since it was a retrospective study, we could not use
dynamic tests to determine nutritional status. In addition,
it was a valuable study because it included only geriatric
patients treated with ICls. Since geriatric patients are not
fully represented in clinical studies, prospective studies
evaluating the efficacy of ICIs in the geriatric population,
stratified by nutritional status, are needed in the future.

Conclusion

This study concludes that the risk of malnutrition
detected by GNRI is associated with poorer PFS and
increased irAEs in geriatric solid tumor patients treated
with ICIs. Geriatric solid tumor patients are not fully
represented in prospective clinical drug trials.
Prospective studies are needed in which only geriatric
patients are included, treatment efficacy and toxicity are
assessed stepwise according to nutritional status, and
malnutrition is treated to increase treatment efficacy and

reduce toxicity.
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