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Objective: In this investigation, we focused on the geriatric nutritional risk index
(GNRI), a comprehensive metric that takes into account the patient’s ideal weight,
actual weight, and serum albumin levels to measure malnutrition. Our primary
objective was to examine the predictive value of GNRI-defined malnutrition in
determining the response to immunotherapy among cancer patients.

Methods: Relevant articles for this study were systematically searched in PubMed,
the Cochrane Library, EMBASE, and Google Scholar up to July 2023. Our analysis
evaluated overall survival (OS), progression-free survival (PFS), objective response
rate (ORR), and disease control rate (DCR) as clinical outcomes.

Results: This analysis comprised a total of eleven articles encompassing 1,417
patients. The pooled results revealed that cancer patients with low GNRI levels
exhibited shorter OS (HR: 2.64, 95% Cl. 2.08-3.36, p<0.001) and PFS (HR: 1.87,
95% Cl: 146-241, p<0.001), and lower ORR (OR: 046, 95% CI: 0.33-0.65,
p<0.001) and DCR (OR: 042, 95% Cl: 0.29-0.61, p<0.001). Sensitivity analyses
confirmed that the above results were stable. Egger's and Begg's tests revealed
that there was no publication bias in the above results.

Conclusion: Our resultsimply that the GNRI is a useful predictor ofimmunotherapy
response in cancer patients.

KEYWORDS

biomarker, cancers, geriatric nutritional risk index, immune checkpoint inhibitors,
outcomes

1. Introduction

With the rising use of immune checkpoint inhibitors (ICIs) in tumor treatment, there has
been significant research on identifying novel biomarkers that can effectively predict the
response to ICI therapy (1-3). Traditionally, PD-L1 expression in tumor tissue has been
considered a prominent marker for PD-(L)1 therapy due to its mechanistic relevance (1, 4).
Additionally, the tumor mutational burden, which reflects the total number of somatic
mutations, has also emerged as a predictive sign for ICIs and has been authorized as a companion
diagnostic test (1, 5, 6). In contrast to oncogenic driver mutations for targeted therapy, these
biomarkers are insufficient to identify ICI responders. For instance, even individuals with
NSCLC and strong PD-L1 expression only exhibit an ORR of 44.8% when treated with
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pembrolizumab (7). Conversely, patients with low PD-L1 expression
may also benefit from ICIs (8-10). This discrepancy indicates that
tissue-based approaches alone are insufficient for predicting ICI
therapy outcomes. ICIs stimulate antitumor responses through
immune cells, in contrast to targeted treatments, which have direct
antitumor effects on tumor cells. Thus, assessing host factors in
addition to tumor characteristics may provide crucial information for
accurately predicting the efficacy of ICIs.

It is well known that nutritional status is linked to immune
function and influences the clinical consequences of various diseases,
including cancer (11-13). The Geriatric Nutritional Risk Index
(GNRI) is a simple and convenient nutritional assessment tool that
utilizes serum albumin levels and the ratio of actual to ideal body
weight (14-16). It has been associated with mortality in elderly
patients as well as those with cardiovascular disease and various
cancers (17-20). In the field of cancer treatment, GNRI has been
related to survival following chemotherapy, surgery, or
chemoradiotherapy in various malignancies (21-23). Additionally,
although GNRI was initially created for older people, it can be used
for younger populations as well (24-26).

However, the effectiveness of the GNRI in predicting the efficacy
of ICI treatment remains a subject of debate. Therefore, the purpose
of our study was to comprehensively assess the prediction value of
GNRI in ICI-treated cancer patients. The outcomes of this research
will contribute to the development of effective treatment strategies
that enable precise and cost-effective therapies with minimal

adverse effects.

2. Methods
2.1. Strategies for literature search

The current study followed the guidelines outlined in the PRISMA
statement (27). On July 1, 2023, a comprehensive literature search was
conducted using PubMed, EMBASE, and the Cochrane Library.
Supplementary Table S1 provides a comprehensive description of the
search strategies. In addition, Google Scholar was used to research
grey literature, and the reference lists of eligible studies were
manually screened.

2.2. Criteria for inclusion and exclusion

Strict inclusion criteria were applied in this study, focusing on
articles that evaluated the prognostic value of GNRI in cancer patients
undergoing ICI treatment. Only articles reporting relevant outcomes
such as OS, PES, ORR, and DCR were included. Conference abstracts
were excluded from the analysis. We chose the trials with the most
thorough data and robust methodology when studies had overlapping
patients (28).

2.3. Data extraction and quality assessment

A comprehensive range of information was extracted from the
selected articles, including author names, study design, duration and
location of the study, drugs used for treatment, cancer type, sample
size, patient demographics (age and gender), and outcomes. In cases
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where both univariate and multivariate analyses were conducted,
greater emphasis was placed on the data from multivariate analyses.
The quality of observational studies was assessed using the Newcastle-
Ottawa Scale (NOS), with literature scoring 6 or above considered
high-quality (29).

2.4. Statistical methods

For statistical analysis, Stata 15.0 software was used. We used the
chi-squared test to determine heterogeneity, and when the p-value was
less than 0.1, we selected a random-effects model; otherwise,
we selected a fixed-effects model. To calculate publication bias,
we used the Egger’s and Begg’s tests. We also conducted a sensitivity
analysis, eliminating each study separately, to assess the validity of
the results.

3. Results
3.1. Characteristics of studies

We were left with 23 publications to evaluate in full text after
removing duplicates and analyzing titles and abstracts. A total of eleven
studies with 1,417 patients were included in the final analysis (26, 30-
39). Figure 1 uses a PRISMA flowchart to show the research selection
process. Table 1 lists all of the specific characteristics of the accepted
studies. Using the NOS, the risk of bias in each of the included studies
was evaluated; scores between 6 and 8 denote a low risk of bias.

Three studies of urothelial cancer, two studies of non-small cell
lung cancer, hepatocellular carcinoma, and head and neck squamous
cell carcinoma were included in this study. Most of the studies were
retrospective designs implemented in Japan. The timeframe for
publication of the article is 2020-2023.

3.2. Baseline GNRI levels and OS

We sought to investigate the relationship between GNRI levels (as
a binary categorical variable) and OS in patients with solid tumors
receiving ICI by the analysis of data from seven studies involving 567
participants. We found patients with low GNRI had a shorter OS
compared to patients with high GNRI (HR: 2.64, 95% CI: 2.08-3.36,
p<0.001, Figure 2A). The analysis above used a fixed effects model
because there was no significant heterogeneity (I*=0%, p=0.529). No
publication bias in the aforementioned results was verified by Begg’s
and Egger’s tests (Begg’s: p=0.230, Egger’s: p=0.174). By gradually
removing each study and analyzing the effects on the combined
findings, we carried out a sensitivity analysis to assess the reliability of
our findings. Our findings showed that the pooled HR was not
significantly affected by the deletion of any particular study, ranging
from 2.46 [95% CI: 1.89-3.20, after removing Liu et al. (39)] to 2.89
[95% CI: 2.16-3.87, after removing Haas et al. (32), Figure 2B].

In addition, two studies with 320 patients analyzed the GNRI as a
triple categorical variable based on cut-off values of 98 and 82.
We found that the lower the GNRI, the shorter the OS of cancer
patients (<82 vs. >98, HR: 3.21, 95% CI: 1.99-5.15, p<0.001,
Figure 3A; 98-82 vs. >98, HR: 1.86, 95% CI: 1.39-2.50, p<0.001,
Figure 3B).
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FIGURE 1
The flow diagram for identifying eligible studies.

3.3. Baseline GNRI levels and PFS

To determine the connection between GNRI levels and PES in
cancer patients receiving ICIs, we analyzed six studies involving 541
individuals. The results indicated that patients with low GNRI had a
higher risk of progression (HR: 1.87, 95% CI: 1.46-2.41, p<0.001,
Figure 4A) than those with high GNRI. Because there was no significant
heterogeneity (I*=6.8%, p=0.373), the analysis presented above utilized
a fixed effects model. Notably, no publication bias was found using the
Begg’s and Egger’s tests (Begg’s: p=0.452, Egger’s: p=0.294). According
to the findings of the sensitivity analysis, leaving out any of the studies
had no significant effect on the pooled HR (Figure 4B).

3.4. Baseline GNRI levels and ORR

Using data from seven studies with a total of 1,037 participants,
we analyzed the link between GNRI levels and ORR in cancer patients
receiving ICI. Patients with low GNRI had lower ORR than patients
with high GNRI (OR: 0.46, 95% CI: 0.33-0.65, p<0.001, Figure 5A).
Because there was no significant heterogeneity (I?=0%, p =0.446), a
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fixed effects model was used in the analysis (I*=0%, p=0.446). Begg’s
and Egger’s tests showed no evidence of publication bias in the results
mentioned above (Begg’s: p=0.548, Egger’s: p=0.656). We performed
a sensitivity analysis to evaluate the stability of our results by gradually
deleting each study and examining the implications for the overall
findings. Our results showed that the pooled HR was not significantly
impacted by the deletion of any individual research (Figure 5B).

3.5. Baseline GNRI levels and DCR

We then combined four studies with 814 individuals to investigate
the relationship between GNRI levels and DCR in cancer patients.
We used a fixed-effect model for our analysis because, as shown in
Figure 6A (P=0.0%, p=0.732), there was no discernible heterogeneity
in the results. Patients with low GNRI had a lower DCR than those
with high GNRI (OR: 0.42, 95% CI: 0.29-0.61, p<0.001, Figure 6A).
No significant publication bias was discovered in the analysis (Beggs:
p=1.000; Eggers: p=0.467). Sensitivity analyses confirmed no
significant effect on the pooled results after deleting any of the studies
(Figure 6B).
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TABLE 1 Main characteristics of the studies included.

Study design = Study period @ Study region ICl treatment Cancer type Sample size Age (years) Gender Outcome
(male/female)

Zheng et al. (38) 03/2020-06/2022 China Tislelizamab CC 115 54 (32-70)* 0/115 PFS, ORR

Liuetal. (39) 01/2018-12/2021 China ICIs treatment HCC 101 57.8+9.29 83/18 OS, PFS

Tanaka et al. (37) 04/2017-12/2020 Japan Nivolumab HNSCC 42 60.5 (26-81)¢ 36/6 OS, ORR, DCR
Nivolumab or

Haas et al. (32) 2016-2021 Austria HNSCC 162 65 (28-85)* 115/47 OS, PFS, ORR, DCR
pembrolizumab
Atezolizumab +

Hiraoka et al. (33) 09/2020-07/2022 | Japan HCC 525 74 (68-80)" 420/105 ORR, DCR
Bevacizumab

Fujiwara et al. (31) 09/2013-08/2020 Japan Nivolumab RCC 56 62 (56-69)° 42/14 OS, PFS, ORR

Karayama et al.

(35) 07/2016-12/2018 Japan Nivolumab NSCLC 158 69 (40-83)* 129/29 OS, PFS

35

Isobe et al. (34) 07/2009-02/2021 Japan Pembrolizumab ucC 94 72 (47-85)* 77117 oS
Nivolumab,

Sonehara et al. (26) 02/2016-10/2020 Japan Pembrolizumab, NSCLC 85 39/46¢ 68/17 OS, PES, ORR, DCR
Atezolizumab

Shimizu et al. (36) 12/2017-08/2019 | Japan Pembrolizumab ucC 27 73 (52-82)* 23/4 OS, PFS

Etani et al. (30) 01/2018-10/2019 Japan Pembrolizumab ucC 52 71 (46-84)* 43/9 ORR

‘Medians (ranges).

1e3s bueyz

610 uISI13UO0L

"Medians (interquartile range).

> 70 vs. <70.

dMean(ranges); R, retrospective study; P, prospective study; CC, cervical cancer; HNSCC, head and neck squamous cell carcinoma; HCC, hepatocellular carcinoma; RCC, renal cell carcinoma; NSCLC, non-small cell lung cancer; UC, urothelial cancer; ICIs, immune
checkpoint inhibitors; OS, overall survival; PFS, progression-free survival; ORR, objective response rate; DCR, disease control rate.

£8598¢2T'¢202'INW/6855°0T
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FIGURE 2

Forest plots of the relationship between geriatric nutritional risk index and overall survival (A). Sensitivity analysis of the association between geriatric
nutritional risk index and overall survival (B). HR, hazard ratio; CL, confidence interval.

Study

Haas et al. 2023
Karayama et al. 2022

HR (95% Cl)  Weight%

2.74 (1.38,5.45) 47.76
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Overall, IV (I = 0.0%, p = 0.536) 3.21(1.99,5.15) 100.00
T T
5 01 1 200
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FIGURE 3

Forest plots of the relationship between geriatric nutritional risk index and overall survival. (A) <82 vs. >98; (B) 98-82 vs. >98. HR, hazard ratio; CL,

confidence interval.
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FIGURE 4
Forest plots of the relationship between geriatric nutritional risk index and progression-free survival (A). Sensitivity analysis of the association between
geriatric nutritional risk index and progression-free survival (B). HR, hazard ratio; CL, confidence interval.

4. Discussion

The aim of our study was to examine the predictive value of GNRI
in ICI-treated cancer patients. We found a robust correlation between
low GNRI levels and poorer OS and PFS, as well as a lower ORR and
DCR. GNRI can be measured cost-effectively, readily, and
noninvasively to evaluate nutritional status. Our data suggested that
the potential utility of GNRI in predicting the effectiveness of ICI
therapy is worth considering.

Malnutrition is a prevalent issue affecting a considerable
proportion of patients with advanced diseases, ranging from 30 to
85% (40). This complex condition encompasses reduced protein
reserves, caloric depletion, and compromised immune defenses
(40, 41). Despite the absence of defined criteria for malnutrition in
cancer patients, various nutritional screening tools are currently
used to estimate the outcomes of hemodialysis or the prognosis of
patients with tumors or infections (42, 43). One well-established
screening tool is the subjective global assessment, which has been
validated and widely utilized for screening purposes. However, its
subjective nature requires examiners to undergo extensive training
to ensure consistent and reliable results, given the complexity of
the assessment process. For elderly patients, malnutrition
assessment has commonly relied on tools such as the Mini-
Nutritional Assessment (MNA) or MNA-Short Form. These
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methods demand extended screening periods and lack specific
biological factors (40, 44). In contrast, the GNRI offers a more
straightforward approach, relying solely on serum albumin levels,
height, and weight measurements for each individual. Prior studies
have underscored the value of GNRI in evaluating the physical
well-being of elderly patients with chronic illnesses (45). In our
research, we found compelling evidence that the GNRI serves as a
valuable and convenient predictive biomarker for survival
outcomes in ICI-treated cancer patients.

Along with controlling osmotic pressure and transporting bioactive
molecules, albumin, a GNRI component, is also recognized to have
immunomodulatory properties. For instance, albumin prevents
neutrophils from overreacting by inhibiting inflammation (46, 47).
Albumin suppresses neutrophil extracellular trap formation in the
tumor microenvironment, where neutrophils emit neutrophil
extracellular traps, facilitating tumor development and metastasis (48—
50). Furthermore, albumin possesses antioxidant capabilities and
decreases oxidative stress in tissues (46, 47). Through altered cytokine
signaling, increased immunosuppressive immune cell activity, and
lymphocytes,
immunosuppression in the tumor microenvironment (51). It has been

decreased  cytotoxic oxidative stress causes
demonstrated that under oxidative stress, regulatory T cells cause
significant immunosuppression, which eliminates the anticancer

immunity response by PD-L1 inhibition in vivo (52). The
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FIGURE 5

Forest plots of the relationship between geriatric nutritional risk index and objective response rate (A). Sensitivity analysis of the association between
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geriatric nutritional risk index and objective response rate (B). OR, odds ratio; CL, confidence interval.
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FIGURE 6

Forest plots of the relationship between geriatric nutritional risk index and disease control rate (A). Sensitivity analysis of the association between
geriatric nutritional risk index and disease control rate (B). OR, odds ratio; CL, confidence interval.
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immunomodulatory activity of albumin may favor tumor immunity in
the tumor microenvironment.

Another element of GNRI, body weight, has drawn interest as
a potential indicator of ICI effectiveness. As compared to control
diet-fed mice, obese animals brought on by diet showed superior
responses to anti-PD-1 therapy (52). It is believed that factors
related to adipose tissue contribute to cancer immunity, despite the
fact that the precise mechanisms underlying the increased efficacy
of ICI therapy in obesity have not been elucidated (53).
Furthermore, it has been demonstrated that improved survival
outcomes in overweight patients can be attributed to the role of
white adipose tissue as a source of cytokines and chemokines that
induce and/or coordinate host defenses (54, 55). Adipose tissue can
modulate the balance between helper T-cell (Th)l and Th2
responses, downregulating regulatory T-cell activation through
adiponectin, promoting the presence of pro-inflammatory
macrophages, activating T-cells, and enhancing the inflammatory
state through the CD40 pathway (56-58). Therefore, the preclinical
studies mentioned above fully support the idea that high GNRI
levels contribute to a better immune response.

Notably, in addition to PD-(L)l and CTLA-4, TGF-f also
promotes immune escape. In recent years, anti-TGF-f/PD-L1
bispecific antibodies such as YM 101 and BiTP have been developed
(59, 60). However, there are no studies examining the relationship
between GNRI and the efficacy of anti-TGF-p/PD-L1 bispecific
antibodies. Therefore, only cancer patients treated with PD-(L) or
CTLA4 were included in this study, and the relationship between
GNRI and anti-TGF-p/PD-L1 bispecific antibodies needs to
be further investigated.

In conclusion, this study demonstrates that GNRI is an important
prognostic biomarker for ICI-treated cancer patients. This simple
classification may be useful in clinical practice. Our evidence of
interrogative medicine needs to be validated by further external
multicenter randomized controlled studies.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding authors.
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