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Abstract

Purpose This study aimed to investigate the effectiveness of the Geriatric Nutritional Risk Index (GNRI) in predicting
the efficacy of first-line immune checkpoint inhibitor (ICl) combination therapy for metastatic or unresectable renal cell
carcinoma (RCC) and associated patient prognosis.

Methods A retrospective study was conducted using data from 19 institutions. The GNRI was calculated using body
mass index and serum albumin level, and patients were classified into two groups using the GNRI values, with 98 set as
the cutoff point.

Results In all, 119 patients with clear cell RCC who received first-line drug therapy with ICls were analyzed. Patients with
GNRI =98 had significantly better overall survival (OS) (p=0.008) and cancer-specific survival (CSS) (p=0.001) rates than
those with GNRI < 98; however, progression-free survival (PFS) did not differ significantly. Inverse probability of treatment
weighting analysis showed that low GNRI scores were significantly associated with poor OS (p=0.004) and CSS (p=0.015).
Multivariate analysis showed that the Karnofsky performance status (KPS) score was a better predictor of prognosis (OS;
HR5.17,p<0.001, CSS; HR 4.82, p=0.003) than GNRI (OS; HR 0.36, p=0.066, CSS; HR 0.35, p=0.072). In a subgroup analysis
of patients with a good KPS and GNRI =98 vs <98, the 2-year OS rates were 91.4% vs 66.9% (p =0.068), 2-year CSS rates
were 91.4% vs 70.1% (p=0.073), and PFS rates were 39.7% vs 21.4 (p=0.27), respectively.

Conclusion The prognostic efficiency of GNRI was inferior to that of the KPS score at the initiation of the first-line ICI
combination therapy for clear cell RCC.
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1 Introduction

More than 400,000 new cases of renal cell carcinoma (RCC) and more than 170,000 associated deaths occur each year
worldwide (Global Cancer Observatory. International Agency for Research on Cancer, 2023). Immune checkpoint inhibi-
tors (ICls) are key agents used in the treatment of RCC as well as other malignancies in the modern era. ICl combination
therapy involving ICl with tyrosine kinase inhibitor (TKI) or dual ICl agents is a first-line drug treatment for metastatic or
unresectable RCC. The International Metastatic Renal Cell Carcinoma Database Consortium (IMDC) risk model is used to
determine the appropriate treatment [1], although it is not a satisfactory predictive marker for response to treatment or
prognosis. It is necessary to identify factors that can help predict the efficacy and prognosis of ICl treatment.

The Geriatric Nutritional Risk Index (GNRI) is a convenient nutritional assessment index based on the body mass index
(BMI) and serum albumin level. Previous studies have reported the usefulness of GNRI in predicting the prognosis and
adverse events of cancer treatment [2-7]. The factors included in the IMDC risk model were biomarkers that reflect inflam-
mation, such as increased neutrophil and platelet counts [8]. Chronic inflammation can lead to a decline in nutritional
status [9]. Therefore, it may be worthwhile to investigate whether GNRI, an indicator of nutritional status, is useful for
selecting the treatment or predicting the prognoses of patients with metastatic or unresectable RCC.

Recently, the usefulness of GNRI in predicting the outcomes of drug therapy using ICls has been reported for several
cancer types [10-13]. A retrospective study analyzing 56 patients with RCC who received second-line ICI monotherapy
reported that the GNRI was useful for predicting their prognosis [12]. However, the usefulness of the GNRI in the modern
era remains unclear, considering that ICI combination therapy has become the accepted standard treatment for RCC.
In this study, we investigated whether the GNRI of patients at the time of ICl combination therapy initiation is useful for
predicting the efficacy of treatment and patient prognosis.

2 Methods
2.1 Patients

In this retrospective study, we evaluated the data collected from 19 institutions from June 25, 2022 until October 4, 2022.
The patients who received first-line therapy with ICl were included in this study. Patients who did not have clear cell RCC
and those for whom GNRI could not be calculated were excluded. The GNRI was calculated as 14.89 * serum albumin
level +41.7 * BMI/22. If the body weight was greater than the ideal body weight, to avoid misinterpreting obesity or
edema as good nutritional status, the GNRI was calculated as 14.89 * serum albumin level +41.7 * 1 [14]. The patients were
classified into two groups using a cutoff GNRI of 98. Originally, the GNRI had four classifications: 98 or higher denotes
good nutritional status; 92-98, mild nutritional risk; 82-92, moderate nutritional risk; and < 82, poor nutritional risk [15];
however, 98 was used as the cutoff in this study. This study was approved by the ethics board of Okayama University
Graduate School of Medicine (research ID; 2207-02). Informed consent was obtained from all patients in an opt-out
format. This study was conducted in accordance with the Declaration of Helsinki.

2.2 Outcomes

The primary outcome was the association between nutritional status and overall survival (OS). The secondary outcomes
were cancer-specific survival (CSS), progression-free survival (PFS), best response rate, and incidence of adverse effects.
Every outcome was described at the physician’s discretion at each institution. The starting point for each survival period
was the initiation date of first-line therapy. Therapeutic response was described according to Response Evaluation Crite-
ria In Solid Tumors, ver 1.1, and adverse events were described according to Common Terminology Criteria for Adverse
Events, ver 5.0.

2.3 Statistical analysis

The EZR software ver. 4.0.2 (Saitama Medical Center, Jichi Medical University, Saitama, Japan) was used for statistical
analysis. Survival curves were represented using Kaplan—Meier curves. Hazard ratios (HRs) and 95% confidence intervals
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(Cls) were calculated using Cox proportional hazards analysis, and p-values were calculated using the log-rank test.
Cox regression analysis was used to identify factors associated with survival and progression. The following covariates
were included in the multivariate analysis: age, sex, Karnofsky performance status (KPS) score <80, and anemia. Age
was converted into a nominal variable, and the median age was set as the cutoff point for age. Anemia was defined as
hemoglobin (Hb) < 13 mg/dL in males and Hb <11 mg/dL in females. The low GNRI group had expected that a higher
proportion of IMDC poor risk patients, likely affecting poor prognosis. To reduce bias due to differences in the patient
background of IMDC risk, inverse probability of treatment weighting (IPTW) analysis based on the propensity scores was
performed on the pre-matched cohort to assess OS, CSS and PFS using Cox regression analysis. The propensity scores
were adjusted by age, sex, and IMDC risk classification. All statistical tests were two-tailed, and p-values < 0.05 indicated
statistical significance.

3 Results

We enrolled 181 patients who received first-line drug therapy with ICls between August 17, 2015 and June 13, 2022.
Among them, 120 had clear cell carcinoma: one patient for whom the GNRI could not be calculated owing to missing
serum albumin data was excluded. Finally, 119 patients were included in the analysis (Fig. 1). Of the 119 patients, 69
received ipilimumab with nivolumab and 50 received ICl with TKI therapy. Among the latter, 40 received pembrolizumab
and axitinib, five received avelumab and axitinib, and five received nivolumab and cabozantinib.

The characteristics of the patients in this study are summarized in Table 1. The group with GNRI <98 had low BMI and
serum albumin levels, and a high proportion of patients in this group had a KPS score of <80 and IMDC poor risk cat-
egory. This group also included a higher proportion of patients who did not undergo nephrectomy and had good renal
function than the group with GNRI> 98. Of all the patients, 21 died, including 17 who died from RCC.

Patients with GNRI =98 and < 98 had a 2-year OS of 89.1% and 48.8% (Fig. 2a), 2-year CSS of 89.1% and 52.6% (Fig. 2b)
and 2-year PFS of 38.6% and 18.4% (Fig. 2c), respectively. The OS and CSS rates were significantly different between the
two groups (p=0.008 and p=0.001), but the PFS rates were not (p=0.27). Table 2 summarizes the IPTW analysis results
and shows that low GNRI scores were significantly associated with poor OS and CSS (p=0.004 and p=0.015).

The results of the multivariate analysis of OS, CSS, and PFS are shown in Table 3. KPS < 80 was significantly associated
with poor OS (HR, 5.99, p<0.001) and CSS (HR, 6.19, p=0.002). Low GNRI scores were not associated with poor OS or
CSS. None of the covariates were associated with PFS. In the subgroup analysis of patients with KPS > 80, patients with
GNRI>=98 and <98 had 2-year OS rates of 91.4% vs 66.9% (Supplementary Figure 1a), 2-year CSS rates of 91.4% vs 70.1%
(Supplementary Figure 1b), and PFS rates of 39.7% vs 21.4% (Supplementary Figure 1c), respectively.

Fig. 1 Flowchart of the

patients enrolled in this study All enrolled (N = 181)

no tissue biopsy (N = 30)
non clear cell carcinoma (N = 31)

papillary type I (N =5)

papillary type II (N = 8)

chromophobe (N = 1)

spindle cell (N = 3)

collecting-duct carcinoma (N = 2)
Clear cell carcinoma (N = 120) sarcomatoid renal cell carcinoma (N = 1)
Xpl1 translocation RCC (N = 1)
fumarate hydratase deficient (N =1)
acquired cystic disease of the kidney (N = 1)
unclassified (N = 8)

Jl No albumin data (N = 1)

Included
ICI combination (N = 69)
ICI+TKI (N = 50)
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Table 1 Baseline GNRI =98 GNRI<98
characteristics of the enrolled u
patients N=60 N=59
Age (years) 70 (64-74) 70 (65-74)
Sex, female 15 (25) 11(18.6)
BMI (kg/mz) 22.9 (21.4-25.0) 21.8(19.4-24.8)
Serum albumin (mg/dL) 4.2 (4.0-4.4) 3.5(3.1-3.7)
eGFR (mL/min/1.73 m?) 46.0 (39.8-57.0) 54.7 (38.1-71.4)
CRP (mg/dL) 0.14 (0.07-0.31) 1.41(0.34-7.18)
GNRI 102.8 (100.3-105.8) 92.47 (84.6-95.4)
KPS <80 2(3) 14 (24)
cT?
1-2 31(52) 26 (44)
3 24 (40) 26 (44)
4 4(6.7) 7(12)
Unknown 1(1.7) 0(0)
Regional N positive 8(14) 15 (25)
Metastasis
Lung 39 (65) 42(71)
Bone 13(22) 16 (27)
Liver 3(5) 6(10)
Brain 4(6.7) 4(7)
Lymph node 13(22) 12 (20)
Others 20 (33) 24 (47)
Fuhrman grade
1-2 31(52) 25 (42)
3 14 (24) 16 (27)
4 2(3) 3(5.1)
Unknown 13 (22) 15 (25)
Pathological variant 4(6.7) 7(12)
IMDC
Favorable 16 (27) 3(5)
Intermediate 39 (65) 36 (61)
Poor 5(8.3) 20 (34)
Primary lesion resection
Before drug treatment 46 (77) 24 (41)
After drug treatment 1(1.7) 8(14)
Not resected 13 (22) 27 (46)
First line
Ipilimumab + nivolumab 29 (48) 40 (68)
Pembrolizumab + axitinib 26 (43) 14 (24)
Avelumab + axitinib 2(3) 3(5.1)
Nivolumab + cabozantinib 3(5) 2(3)
Discontinuation
Total 28 (47) 40 (68)
PD 12 (20) 15 (25)
AE 12 (20) 19 (32)
Other 3(5) 5(8)
Unknown 1(1.7) 1(1.7)
Second line, third line 16 (27) 22 (37)
Follow-up time (months) 14 (5-25) 11 (4-21)

Death
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Table 1 (continued)

GNRI 298 GNRI<98

N=60 N=59
Renal cancer 6(10) 15 (25)
Others 1) 3(8)

The continuous variables are expressed as medians and interquartile ranges. Nominal variables are
expressed as number and percentage

AE adverse event, BMI body mass index, CRP C-reactive protein, eGFR estimated glomerular filtration rate,
GNRI geriatric Nutritional Risk Index, IMDC International Metastatic Renal Cell Carcinoma Database Con-
sortium, KPS Karnofsky Performance Status, PD progressive disease, cT clinical T stage

2The T stage was considered pathological if the patient had undergone nephrectomy; otherwise, it was
considered clinical

Table 4 shows the best response rates to therapy. The response rate of the GNRI =98 group was 52% and that of the
GNRI <98 group was 41%; the response rates to dual ICls were 45% and 38% and to ICl with TKI, 58% and 47%, respec-
tively (Supplementary Table 1). Grade 3 or higher adverse events due to dual ICl treatment occurred in 11 (37.9%) of 29
patients in the GNRI =98 group and in 16 (40%) of 40 patients in the GNRI <98 group. Grade 3 or higher adverse events
due to ICl with TKI therapy occurred in 8 of 31 patients (25.8%) in the GNRI =98 group and in 6 of 19 patients (31.6%) in
the GNRI <98 group. One Grade 5 adverse event was observed in a patient with GNRI < 98. A summary of adverse effects
is provided in Supplemental Table 2.

4 Discussion

In this study, the GNRI was found to be a predictor of the prognosis of patients with metastatic or unresectable clear cell
RCC who were treated with first-line ICI combination therapy. However, the GNRI was not identified as an independent
prognostic factor, but multivariate analysis showed that KPS <80 was associated with prognosis. The rates of response
to therapy with dual ICIs and ICI with TKI were higher among patients with good nutritional status than among patients
with poor nutritional status. The incidence of adverse events did not differ according to nutritional status.

The present study showed that the GNRI was able to predict the prognosis of patients with RCC who received ICI
combination therapy with statistical significance. This result was consistent with those of previous studies on the use-
fulness of GNRI in predicting the OS of patients with metastatic renal cancer on first-line TKI treatment or second-line
nivolumab monotherapy [12, 16]. Several studies have reported that albumin, a component of the GNRI, is associated
with cancer immunity, as it suppresses excessive neutrophil inflammatory responses or extracellular traps involved in
tumor metastasis [17-21]. Low BMl is also associated with poor prognosis of patients with malignant diseases [22]. These
results support the idea that poor nutritional status, based on the combination of low albumin level and low BM|, is an
effective indicator of cancer survival. In contrast, high BMI and obesity are associated with malignant tumor mortality
[23]. In this study, the GNRI formula was 14.89 * serum albumin level +41.7 * 1 if the BMI was higher than 22. Therefore,
this formula is robust for obesity and allows for the evaluation of poor nutrition.

In this study, the KPS score alone and not the GNRI was associated with the OS and CSS of patients on ICl therapy, in
line with the results of a previous report discussing the usefulness of the GNRI in predicting the CSS of urothelial car-
cinoma patients on second-line ICI monotherapy [10]. In contrast, a study of patients on second-line ICI monotherapy
for lung cancer or renal cancer reported that the GNRI is a stronger predictor of prognosis than the KPS score [11, 12].
Comparisons of these data are difficult given that drug indications and patient characteristics vary across different
types of cancers and treatment lines. Patients who received previous treatment might have poor nutritional status due
to cachexia caused by disease progression or low albumin values which have been occasionally observed as adverse
events of TKls. It appears that the usefulness of GNRI and KPS is interchangeable depending on the type of cancer and
line of treatment. The combined efficacy of KPS and GNRI in predicting prognosis has been reported among patients
on second-line nivolumab monotherapy for renal cancer. However, in this study, subgroup analysis performed only for
patients with favorable KPS scores showed no statistically significant results.

Furthermore, in our study, low GNRIs were not associated with the PFS, in contrast with the results of a previous study
on renal or lung cancer patients on second-line ICI monotherapy [11, 12]. Some previous reports present evidence
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Fig.2 Kaplan-Meier curves
according to Geriatric Nutri-
tional Risk Index (GNRI) in all
patients. a Overall survival, b
cancer-specific survival, and ¢
progression-free survival
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supporting the notion that albumin and BMI are associated with PFS, e.g., albumin enhances PD-L1 antitumor immunity
via regulatory T cells by reducing oxidative stress and that patients with BMI>30 on ICl treatment have high PFS rates [18,
21,24-26]. Itis possible that the response rate for first-line ICI combination treatment is higher than that for second-line
nivolumab monotherapy, which is one of the reasons for the insignificant difference in PFS during the follow-up period.

The rates of response to treatment were better in the group with GNRI =98 than in the GNRI <98 group for both
dual ICl therapy and ICI with TKI therapy. The incidence of high-grade adverse events was similar between the two
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Table 2 Inverse probability of Parameter  OS css PFS

treatment weighting analysis

based on the propensity HR 95CI p HR 95CI p HR 95CI p
scores

GNRI 298 3.74 1.51-9.24 0.004 3.58 1.28-9.99 0.015 1.40 0.73-2.71 0.31

OR and 95% Cl were obtained using multivariable regression
The propensity scores were adjusted by age, sex, and IMDC risk

CSS cancer-specific survival, Cl confidence interval, GNRI Geriatric Nutritional Risk Index, HR hazard ratio,
IMDC International Metastatic Renal Cell Carcinoma Database Consortium, OS overall survival, PFS pro-
gression-free survival, OR odds ratio

Table 3 Multivariate analyses

Parameter

of baseline parameters for OS,

CSS, PFS of all patients Parameter oS Css PFS

HR  95%Cl p HR  95%Cl p HR  95%Cl p

Age>70? 0.88  0.38-2.07 0.780 1.03 0.41-2.61 0.945 1.07 0.58-197 0.837
Sex, female  1.73  0.54-5.54 0.353 237 067-836 0.180 1.76 0.76-4.05 0.184
GNRI 298 036 0.12-1.07 0.066 035 0.11-1.10 0.072 0.75 0.38-148 0.401
KPS <80 5.17 2.00-134 <0.001 4.82 1.73-13.4  0.003 1.18 0.46-3.00 0.726
Anemia 0.52 0.15-1.78 0.296 0.48 0.12-1.91 0.297 1.06 0.48-237 0.884

OR and 95% Cl were obtained using Multivariable regression
Anemia was defined as Hb < 11 for women and < 13 for men

CSS cancer-specific survival, CI confidence interval, GNRI Geriatric Nutritional Risk Index, HR hazard ratio,
KPS Karnofsky Performance Status, OS overall survival, PFS progression-free survival, OR odds ratio

2The cutoffs were set at the median value

Table 4 Tumor response of
patients classified by their
nutritional status

Tumor response GNRI 298, n (%) GNRI<98, n (%)
(N=60) (N=59)

Best overall response

CR 6(10) 2(3)
PR 25 (42) 22 (37)
SD 18 (30) 22 (37)
PD 8(13) 8(14)
Non-evaluable or missing 3(5) 5(8)
Objective response 31(52) 24 (41)

CR complete response, GNRI Geriatric Nutritional Risk Index, PD progressive disease, PR partial response,
SD stable disease

groups. However, we could not determine the indicators of the preferred treatment choice: dual ICl therapy or ICl
with TKI. Some patients respond well to treatment with ICl and have a durable response over a long duration [27,
28]. The predictors of durable responses are still unknown. The IMDC risk model was used to select the treatment,
but it did not predict durable response. The identification of useful biomarkers for treatment selection remains
challenging.

This study had a few limitations. The data were collected from multiple institutions; therefore, we were not able
to obtain homogenous data. The details of adverse events were not available. Unfortunately, there was one death
due to immune-related myocarditis, and its association with the GNRI was unclear. We used a cutoff GNRI of 98,
while previous studies used a cutoff of 92 [11, 12]. However, the cutoff point of 92 did not reveal any new significant
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results. In the present study, we found that poor nutritional status led to poor prognosis after ICI combination
therapy for metastatic or unresectable RCC. Although this is a retrospective study, the findings provide valuable
new insights into the prognoses of patients with RCC who are treated with ICls.

5 Conclusion

The prognostic efficiency of GNRI was inferior to that of the KPS score for patients who had initiated first-line therapy
for clear cell RCC and were treated with dual ICls and ICl with TKI. The usefulness of the GNRI in predicting the prog-
nosis and antitumor efficacy of treatment using ICls may vary according to the type of cancer or line of treatment.

Acknowledgements The Okayama Urological Research Group aided in data collection for this study.

Author contributions SW; design of the work, analysis of data, drafted the work. SK; acquisition of data, design of the work, revised the work
critically for important intellectual content. HS; revised the work critically for important intellectual content. MT; revised the work critically for
important intellectual content. RK; revised the work critically for important intellectual content. NK; revised the work critically for important
intellectual content. T; revised the work critically for important intellectual content. TT; revised the work critically for important intellectual
content. YK; revised the work critically for important intellectual content. KB; revised the work critically for important intellectual content.
MA; revised the work critically forimportant intellectual content. All authors have approved the version to be published, and agree to accept
responsibility for all aspects of the work.

Funding There is no funding to declare.

Data availability The data related to this study are available from the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate This study was approved by the ethics board of Okayama University Graduate School of Medicine
(research ID; 2207-02). Consent was obtained using the opt-out method.

Consent for publication Consent was obtained using the opt-out method.

Competing interests The authors declare no conflict of interest.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ljungberg B, Albiges L, Abu-Ghanem Y, et al. European Association of Urology guidelines on renal cell carcinoma: the 2022 update
update. Eur Urol. 2022. https://doi.org/10.1016/j.eururo.2022.03.006.

2. Migita K, Matsumoto S, Wakatsuki K, Ito M, Kunishige T, Nakade H, Sho M. The prognostic significance of the Geriatric Nutritional Risk
Index in patients with esophageal squamous cell carcinoma. Nutr Cancer. 2018. https://doi.org/10.1080/01635581.2018.1512640.

3. Lv G, An L, Sun D. Geriatric Nutritional Risk Index predicts adverse outcomes in human malignancies: a meta-analysis. Dis Markers.
2019. https://doi.org/10.1155/2019/4796598.

4. Okamoto T, Hatakeyama S, Narita S, et al. Impact of nutritional status on the prognosis of patients with metastatic hormone-naive
prostate cancer: a multicenter retrospective cohort study in Japan. World J Urol. 2019. https://doi.org/10.1007/s00345-018-2590-2.

5. Hu SP, Chen L, Lin CY, et al. The prognostic value of preoperative Geriatric Nutritional Risk Index in patients with pancreatic ductal
adenocarcinoma. Cancer Manag Res. 2020. https://doi.org/10.2147/CMAR.S229341.

6. Lee GW, Go SI, Kim DW, et al. Geriatric Nutritional Risk Index as a prognostic marker in patients with extensive-stage disease small
cell lung cancer: Results from a randomized controlled trial. Thorac Cancer. 2020. https://doi.org/10.1111/1759-7714.13229.

7. Nakayama M, Gosho M, Adachi M, et al. The Geriatric Nutritional Risk Index as a prognostic factor in patients with advanced head
and neck cancer. Laryngoscope. 2021. https://doi.org/10.1002/lary.28587.

8. Ko JJ, Xie W, Kroeger N, et al. The International Metastatic Renal Cell Carcinoma Database Consortium model as a prognostic tool in
patients with metastatic renal cell carcinoma previously treated with first-line targeted therapy: a population-based study. Lancet
Oncol. 2015. https://doi.org/10.1016/51470-2045(14)71222-7.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.eururo.2022.03.006
https://doi.org/10.1080/01635581.2018.1512640
https://doi.org/10.1155/2019/4796598
https://doi.org/10.1007/s00345-018-2590-2
https://doi.org/10.2147/CMAR.S229341
https://doi.org/10.1111/1759-7714.13229
https://doi.org/10.1002/lary.28587
https://doi.org/10.1016/S1470-2045(14)71222-7

Discover Oncology (2023) 14:204 | https://doi.org/10.1007/s12672-023-00816-x Research

20.

21.

22.

23.

24.

25.

26.

27.

28.

Han J, Meng Q, Shen L, Wu G. Interleukin-6 induces fat loss in cancer cachexia by promoting white adipose tissue lipolysis and brown-
ing. Lipids Health Dis. 2018. https://doi.org/10.1186/512944-018-0657-0.

. Etani T, Naiki T, Sugiyama Y, et al. Low geriatric nutritional risk index as a poor prognostic marker for second-line pembrolizumab

treatment in patients with metastatic urothelial carcinoma: a retrospective multicenter analysis. Oncology. 2020. https://doi.org/10.
1159/000508923.

. Karayama M, Inoue Y, Yoshimura K, et al. Association of the Geriatric Nutritional Risk Index with the survival of patients with non-small

cell lung cancer after nivolumab therapy. J Immunother. 2022. https://doi.org/10.1097/CJ1.0000000000000396.

Fujiwara R, Yuasa T, Yamamoto S, et al. Geriatric nutritional risk index as a predictor of prognosis in metastatic renal cell carcinoma treated
with nivolumab. Nutr Cancer. 2023. https://doi.org/10.1080/01635581.2022.2152061.

Haas M, Lein A, Fuereder T, et al. The Geriatric Nutritional Risk Index (GNRI) as a prognostic biomarker for immune checkpoint inhibitor
response in recurrent and/or metastatic head and neck cancer. Nutrients. 2023. https://doi.org/10.3390/nu15040880.

Yamada S, Yamamoto S, Fukuma S, Nakano T, Tsuruya K, Inaba M. Geriatric nutritional Risk index (GnRi) and creatinine index equally
predict the Risk of Mortality in hemodialysis patients: J-DoppS. Sci Rep. 2022. https://doi.org/10.1038/541598-020-62720-6.

Bouillanne O, Morineau G, Dupant C, et al. Geriatric Nutritional Risk Index: a new index for evaluating at-risk elderly medical patients. Am
J Clin Nutr. 2005. https://doi.org/10.1093/ajcn/82.4.777.

. GuW, Zhang G, Sun L, et al. Nutritional screening is strongly associated with overall survival in patients treated with targeted agents for

metastatic renal cell carcinoma. J Cachexia Sarcopenia Muscle. 2015. https://doi.org/10.1002/jcsm.12025.

McQuade JL, Daniel CR, Hess KR, et al. Association of body-mass index and outcomes in patients with metastatic melanoma treated with
targeted therapy, immunotherapy, or chemotherapy: a retrospective, multicohort analysis. Lancet Oncol. 2018. https://doi.org/10.1016/
S$1470-2045(18)30078-0.

. Wang Z, Aguilar EG, Luna JI, et al. Paradoxical effects of obesity on T cell function during tumor progression and PD-1 checkpoint blockade.

Nat Med. 2019. https://doi.org/10.1038/s41591-018-0221-5.

. Okadome K, Baba, Yagi T, et al. Prognostic nutritional index, tumor-infiltrating lymphocytes, and prognosis in patients with esophageal

cancer. Ann Surg. 2020. https://doi.org/10.1097/SLA.0000000000002985.

Kitahara H, Shoji F, Akamine T, et al. Preoperative prognostic nutritional index level is associated with tumour-infiltrating lymphocyte
status in patients with surgically resected lung squamous cell carcinoma. Eur J Cardiothorac Surg. 2021. https://doi.org/10.1093/ejcts/
ezab046.

Wiedermann CJ. Hypoalbuminemia as surrogate and culprit of infections. Int J Mol Sci. 2021. https://doi.org/10.3390/ijms22094496.
Lennon H, Sperrin M, Badrick E, Renehan AG. The obesity paradox in cancer: a review. Curr Oncol Rep. 2016. https://doi.org/10.1007/
s11912-016-0539-4.

Taghizadeh N, Boezen HM, Schouten JP, et al. BMI and lifetime changes in BMI and cancer mortality risk. PLoS ONE. 2015. https://doi.org/
10.1371/journal.pone.0125261.

Maj T, Wang W, Crespo J, et al. Oxidative stress controls regulatory T cell apoptosis and suppressor activity and PD-L1-blockade resistance
in tumor. Nat Immunol. 2017. https://doi.org/10.1038/ni.3868.

Ferrer R, Mateu X, Maseda E, et al. Non-oncotic properties of albumin. A multidisciplinary vision about the implications for critically ill
patients. Expert Rev Clin Pharmacol. 2018. https://doi.org/10.1080/17512433.2018.1412827.

Augustin RC, Delgoffe GM, Najjar YG. Characteristics of the tumor microenvironment that influence immune cell functions: hypoxia,
oxidative stress, metabolic alterations. Cancers (Basel). 2020. https://doi.org/10.3390/cancers12123802.

Albiges L, Tannir NM, Burotto M, et al. Nivolumab plus ipilimumab versus sunitinib for first-line treatment of advanced renal cell carcinoma:
extended 4-year follow-up of the phase Ill CheckMate 214 trial. ESMO Open. 2020. https://doi.org/10.1136/esmoopen-2020-001079.
Powles T, Plimack ER, Souliéres D, et al. Pembrolizumab plus axitinib versus sunitinib monotherapy as first-line treatment of advanced
renal cell carcinoma (KEYNOTE-426): extended follow-up from a randomised, open-label, phase 3 trial. Lancet Oncol. 2020. https://doi.
org/10.1016/51470-2045(20)30436-8.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1186/s12944-018-0657-0
https://doi.org/10.1159/000508923
https://doi.org/10.1159/000508923
https://doi.org/10.1097/CJI.0000000000000396
https://doi.org/10.1080/01635581.2022.2152061
https://doi.org/10.3390/nu15040880
https://doi.org/10.1038/s41598-020-62720-6
https://doi.org/10.1093/ajcn/82.4.777
https://doi.org/10.1002/jcsm.12025
https://doi.org/10.1016/S1470-2045(18)30078-0
https://doi.org/10.1016/S1470-2045(18)30078-0
https://doi.org/10.1038/s41591-018-0221-5
https://doi.org/10.1097/SLA.0000000000002985
https://doi.org/10.1093/ejcts/ezab046
https://doi.org/10.1093/ejcts/ezab046
https://doi.org/10.3390/ijms22094496
https://doi.org/10.1007/s11912-016-0539-4
https://doi.org/10.1007/s11912-016-0539-4
https://doi.org/10.1371/journal.pone.0125261
https://doi.org/10.1371/journal.pone.0125261
https://doi.org/10.1038/ni.3868
https://doi.org/10.1080/17512433.2018.1412827
https://doi.org/10.3390/cancers12123802
https://doi.org/10.1136/esmoopen-2020-001079
https://doi.org/10.1016/S1470-2045(20)30436-8
https://doi.org/10.1016/S1470-2045(20)30436-8

	Geriatric nutritional risk index as a prognostic marker of first-line immune checkpoint inhibitor combination therapy in patients with renal cell carcinoma: a retrospective multi-center study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Outcomes
	2.3 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Acknowledgements 
	Anchor 16
	References


