Nutrition Journal© The Author(s) 2024
https://doi.org/10.1186/s12937-024-01010-7

Research

Prognostic value of the geriatric nutritional risk index in patients with non-metastatic clear cell renal cell carcinoma: a propensity score matching analysis

Huiyu Zhou1, 2, Dingyang Lv1, 2, Fan Cui1, 2, Qian Gong1, 2, Jinshuai Li1, 2, Jie Wen1, 2, Mohan Jia1, 2, Yinbo Kang1, 2, Yi Rong1, 2, Wenlong Zhang1, 2 and Weibing Shuang1, 2  
(1)Department of Urology, The First Hospital of Shanxi Medical University, No. 85 Jiefang South Road, Yingze District, Taiyuan, Shanxi Province, China

(2)First Clinical Medical College of Shanxi Medical University, No. 56 Xinjian South Road, Yingze District, Taiyuan, Shanxi Province, China

 

 
Weibing Shuang
Email: shuangweibing@126.com



Received: 28 August 2023Accepted: 3 September 2024Published online: 28 September 2024
Abstract
Background
This study aimed to investigate the prognostic value of the geriatric nutritional risk index (GNRI) in patients with non-metastatic clear cell renal cell carcinoma (ccRCC) who underwent nephrectomy.

Methods
Patients with non-metastatic ccRCC who underwent nephrectomy between 2013 and 2021 were analyzed retrospectively. The GNRI was calculated within one week before surgery. The optimal cut-off value of GNRI was determined using X-tile software, and the patients were divided into a low GNRI group and a high GNRI group. The Kaplan-Meier method was used to compare the overall survival (OS), cancer-specific survival (CSS) and recurrence-free survival (RFS) between the two groups. Univariate and multivariate Cox proportional hazard models were used to determine prognostic factors. In addition, propensity score matching (PSM) was performed with a matching ratio of 1:3 to minimize the influence of confounding factors. Variables entered into the PSM model were as follows: sex, age, history of hypertension, history of diabetes, smoking history, BMI, tumor sidedness, pT stage, Fuhrman grade, surgical method, surgical approach, and tumor size.

Results
A total of 645 patients were included in the final analysis, with a median follow-up period of 37 months (range: 1-112 months). The optimal cut-off value of GNRI was 98, based on which patients were divided into two groups: a low GNRI group (≤ 98) and a high GNRI group (> 98). Kaplan-Meier analysis showed that OS (P < 0.001), CSS (P < 0.001) and RFS (P < 0.001) in the low GNRI group were significantly worse than those in the high GNRI group. Univariate and multivariate Cox analysis showed that GNRI was an independent prognostic factor of OS, CSS and RFS. Even after PSM, OS (P < 0.05), CSS (P < 0.05) and RFS (P < 0.05) in the low GNRI group were still worse than those in the high GNRI group. In addition, we observed that a low GNRI was associated with poor clinical outcomes in elderly subgroup (> 65) and young subgroup (≤ 65), as well as in patients with early (pT1-T2) and low-grade (Fuhrman I-II) ccRCC.

Conclusion
As a simple and practical tool for nutrition screening, the preoperative GNRI can be used as an independent prognostic indicator for postoperative patients with non-metastatic ccRCC. However, larger prospective studies are necessary to validate these findings.
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Introduction
Renal cell cancer (RCC) is one of the most common malignant tumors of the urinary system. According to statistics, there are about 403,000 new cases and 175,000 deaths every year worldwide [1]. Clear cell RCC (ccRCC) is the most common histological subtype of RCC, and it was characterized by a worse prognosis compared to papillary renal cell carcinoma and chromophobe cell carcinoma [2]. Surgery is the primary treatment for localized RCC. However, approximately 30% of patients will experience postoperative relapse or metastasis [3]. According to statistics, the 5-year overall survival rate of RCC patients is 74%, as low as 8% in patients with metastatic RCC [4]. Currently, although targeted therapy and immunotherapy have extended the survival time of patients with advanced RCC, their efficacy is limited by the low objective remission rate and drug resistance [5]. Therefore, with the continuous advances in systemic treatments, prognostic risk assessment plays an increasing role in risk stratification, clinical decision-making, and survival in patients with RCC. At present, common indicators used to evaluate the prognosis of RCC include tumor stage, nuclear grade, histologic subtype, etc. However, these indicators can only be obtained through surgical procedures, and patients with the same tumor stage exhibit significant differences in prognosis [6]. Therefore, developing a simple and effective clinical index that can accurately predict clinical outcomes is of utmost importance in formulating individualized treatment plans for RCC patients.
In general, nutritional status is related to not only the occurrence of complications in tumor patients but also their long-term survival [7]. Nutritional therapy has been proven to improve the nutritional status, treatment compliance, and even long-term prognosis in patients [8]. Therefore, it is particularly important to find simple and efficient indicators for nutrition assessment. Nutritional indicators such as serum albumin, body mass index (BMI) and serum cholesterol have been confirmed to be associated with prognosis in tumor patients [9–11]. These indicators have several advantages, such as speed, accuracy, practicality and cost, and they have great potential in clinical application. Geriatric nutritional risk index (GNRI), based on body weight, height and serum albumin levels, is a novel nutritional status screening tool, and it is initially used to assess the risk of nutrition-related complications and mortality in hospitalized elderly patients over 65 years [12]. The GNRI has also been widely used to assess the nutritional status and clinical outcomes in surgical patients. Recent studies have confirmed that GNRI is associated with the prognosis of malignant tumors, such as head and neck cancer [13], gastrointestinal cancer [14], pancreatic cancer [15], etc. The aim of this retrospective study was to evaluate the prognostic value of the GNRI in non-metastatic ccRCC patients undergoing nephrectomy. In order to reduce the influence of selection bias and confounding factors, we further performed propensity score matching (PSM) analysis to assess the real impact of the GNRI on the prognosis of patients with ccRCC.

Materials and methods
Study population and research design
The study included 989 patients who underwent nephrectomy at the First Hospital of Shanxi Medical University between January 2013 and December 2021. The inclusion criteria were as follows: 1) patients aged ≥ 18 years old; 2) patients who underwent radical nephrectomy or partial nephrectomy; 3) postoperative pathological confirmation of ccRCC (pT1-4N0M0). The exclusion criteria were as follows: 1) lack of clinicopathological and follow-up data; 2) presence of other diseases that may affect the nutritional status of the body, such as gastrointestinal diseases, abnormal liver function, etc.; 3) patients with other malignant tumors; 4) patients receiving radiotherapy, chemotherapy, or other anti-tumor immunotherapy. This study complied with the Declaration of Helsinki. This study was approved by the Ethics Committee of the First Hospital of Shanxi Medical University (Ethical code: [2021] K048) . The written informed consent was waived by the First Hospital of Shanxi Medical University of the Institutional Review Board. Finally, 645 patients were included in the study. The details of the inclusion process are shown in Fig. 1.[image: ]
Fig. 1Flow chart of patient inclusion



Data extraction
Clinicopathological data, including sex, age, height, body weight, smoking history, history of hypertension, history of diabetes, tumor sidedness, surgical method, surgical approach, pT stage, Fuhrman grade, and tumor size, were collected through the electronic medical record system of our hospital. Hematological indexes, including albumin and total cholesterol, were collected within one week before surgery. The GNRI was calculated as follows: GNRI= (1.489 × albumin [g/l]) + 41.7 × (present/ideal body weight [kg]) [12]. The ideal body weight was calculated by Lorentz formula [12]: ideal body weight (males) = height [cm]-100-((height [cm]-150)/4) and ideal body weight (females) = height (cm)-100-(height (cm)-150)/2.5). When the present body weight exceeded the ideal body weight, the ratio of present/ideal body weight was set to 1 [12]. Tumor stage was determined according to the guidelines provided by the American Joint Commission on Cancer, and tumor grading was performed using the Fuhrman grading system [16, 17].

Follow-up
Regular follow-up was conducted for all patients after surgery. The follow-up period was every 3 months for the initial 3 years, every 6 months for the following 2 years, and annually thereafter. The methods of follow-up included regular outpatient visits and telephone consultations, and the follow-up items included medical history inquiry, physical examination, laboratory tests, and imaging. Clinical outcomes included overall survival (OS), cancer-specific survival (CSS), and recurrence-free survival (RFS). OS indicates the duration from the date of surgery to death due to any cause or the last follow-up. CSS refers to the period from the date of surgery to death due to RCC or the last follow-up, with the cause of death determined by the therapist and the death certificate. RFS denotes the time from the date of surgery to the postoperative recurrence, metastasis or the end point of follow-up.

Statistic analysis
Statistical analysis was performed using SPSS. Continuous variables were reported as mean ± standard deviation, and group comparisons were conducted using the Student’s t-test. Categorical variables were expressed as frequencies and percentages, and group comparisons were performed using either the Chi-squared test or Fisher’s exact test. The X-tile software was utilized to determine the optimal cut-off value of GNRI. The X-tile software can perform automatic segmentation of survival data, analyze the survival probability through Kaplan-Meier curve, and calculate the p value and risk ratio of each possible segmentation point, among which the optimal cut-off value is usually the segmentation point that makes the most significant difference in the survival curve [18]. The Kaplan-Meier survival curve and the log-rank test were carried out to compare the differences in survival between two groups. Univariate Cox proportional hazard models were used to identify the prognostic factors. Significant variables determined in the univariate analysis were further analyzed using the forward LR strategy in the multivariate Cox analysis (P < 0.05) .
Furthermore, to mitigate the impact of potential confounding factors on survival analysis, PSM was performed using the MatchIt package in R. The propensity score was calculated by a logistic regression model using the following variables, including sex, age, history of hypertension, history of diabetes, smoking history, BMI, tumor sidedness, pT stage, Fuhrman grade, surgical method, surgical approach, and tumor size. To each participant with a low GNRI, up to 3 participants with a high GNRI were matched, and the caliper value was set to 0.02. Group comparisons were conducted using the conditional logistic regression in propensity score matched samples. The Kaplan-Meier survival curve and the stratified log-rank test were carried out to compare the differences in survival between two groups after PSM. Robust Cox proportional hazard models were used to identify the prognostic factors after PSM. Two-sided P < 0.05 was considered statistically significant for all tests.


Results
Clinicopathological characteristics of patients and their association with GNRI
A total of 645 patients were included in this study. The optimal cut-off value of GNRI was determined to be 98. Based on this value, patients were divided into two groups: 87 patients in the low GNRI group (≤ 98) and 558 patients in the high GNRI group (> 98). The patients included 413 males (64.0%) and 232 females (36.0%), with 485 young patients (≤ 65) (75.2%) and 160 elderly patients (> 65) (24.8%). There were 627 early (pT1-T2) ccRCC patients (97.2%) and 18 late (pT3-T4) patients(2.8%). According to the Fuhrman system, there were 494 low-grade (Fuhrman I-II) ccRCC patients (76.6%), and 151 high-grade (Fuhrman III-IV) patients (23.4%). The comparison of clinicopathological characteristics of patients between the two groups is presented in Table 1. The GNRI was significantly associated with age (χ2 = 14.808, P < 0.001), Fuhrman grade (χ2 = 10.027, P = 0.002), albumin (t = 20.650, 95% CI: 8.053-9.745, P < 0.001), and total cholesterol (t = 7.193, 95% CI: 22.372-39.173, P < 0.001). There were no significant differences in sex, history of hypertension, history of diabetes, smoking history, BMI, tumor sidedness, pT stage, surgical method, surgical approach, and tumor size between the two groups. After PSM, 268 patients were included, with 78 patients in the low GNRI group and 190 patients in the high GNRI group. There were no significant differences in the clinicopathological characteristics between the two groups (Table 1).
Table 1Changes in clinicopathological characteristics of patients with non-metastatic RCC before and after propensity score matching


	Characteristics
	Before propensity score matching
	After propensity score matching

	GNRI≤98
	GNRI>98
	P
	GNRI≤98
	GNRI>98
	P

	n
	87
	558
	NA
	78
	190
	NA

	Sex
	 	 	0.302
	 	 	0.622

	 Male
	60(69.0)
	353(63.3)
	 	51(65.4)
	128(67.4)
	 
	 Female
	27(31.0)
	205(36.7)
	 	27(34.6)
	62(32.6)
	 
	Age, years
	 	 	<0.001*
	 	 	0.610

	 ≤65
	51(58.6)
	434(77.8)
	 	50(64.1)
	136(71.6)
	 
	 >65
	36(41.4)
	124(22.2)
	 	28(35.9)
	54(28.4)
	 
	Hypertension
	 	 	0.154
	 	 	0.605

	 Yes
	41(47.1)
	218(39.1)
	 	37(47.4)
	80(42.1)
	 
	 No
	46(52.9)
	340(60.9)
	 	41(52.6)
	110(57.9)
	 
	Diabetes
	 	 	0.071
	 	 	0.613

	 Yes
	19(21.8)
	80(14.3)
	 	16(20.5)
	32(16.8)
	 
	 No
	68(78.2)
	478(85.7)
	 	62(79.5)
	158(83.2)
	 
	Smoke
	 	 	0.563
	 	 	0.557

	 Yes
	25(28.7)
	144(25.8)
	 	23(29.5)
	52(27.4)
	 
	 No
	62(71.3)
	414(74.2)
	 	55(70.5)
	138(72.6)
	 
	BMI, kg/m2
	25.3±5.0
	25.1±3.2
	0.594
	25.4±5.1
	24.6±3.2
	0.562

	Tumor sidedness
	 	 	0.621
	 	 	0.603

	 Left
	39(44.8)
	266(47.7)
	 	34(43.6)
	90(47.4)
	 
	 Right
	48(55.2)
	292(52.3)
	 	44(56.4)
	100(52.6)
	 
	pT stage
	 	 	0.072
	 	 	0.616

	 pT1-T2
	82(94.3)
	545(97.7)
	 	75(96.2)
	183(96.3)
	 
	 pT3-T4
	5(5.7)
	13(2.3)
	 	3(3.8)
	7(3.7)
	 
	Fuhrman grade
	 	 	0.002*
	 	 	0.611

	 I-II
	55(63.2)
	439(78.7)
	 	54(69.2)
	139(73.2)
	 
	 III-IV
	32(36.8)
	119(21.3)
	 	24(30.8)
	51(26.8)
	 
	Surgical method
	 	 	0.160
	 	 	0.609

	 RN
	64(73.6)
	368(65.9)
	 	56(71.8)
	136(71.6)
	 
	 PN
	23(26.4)
	190(34.1)
	 	22(28.2)
	54(28.4)
	 
	Surgical approach
	 	 	0.508
	 	 	0.620

	 Laparoscopic
	72(82.8)
	448(80.3)
	 	64(82.1)
	159(83.7)
	 
	 Open
	10(11.5)
	57(10.2)
	 	9(11.5)
	17(8.9)
	 
	 Robotic
	5(5.7)
	53(9.5)
	 	5(6.4)
	14(7.4)
	 
	Tumor size, cm
	4.6±2.3
	4.3±2.3
	0.175
	4.5±2.1
	4.6±2.4
	0.629

	ALB, g/l
	35.2±2.6
	44.1±3.9
	<0.001*
	35.3±2.7
	44.3±4.1
	<0.001*

	TC, mg/dl
	148.4±31.7
	179.2±37.9
	<0.001*
	148.6±32.4
	176.8±35.7
	<0.001*


GNRI Geriatric nutritional risk index, ALB Albumin, BMI Body mass index, RN Radical nephrectomy, PN Partial nephrectomy, TC Total cholesterol
*indicates P <0.05




Prognostic value of GNRI in OS
As for OS, the median follow-up time was 37 months (range: 1-112 months). At the last follow-up, a total of 45 patients had died. Kaplan-Meier analysis showed that OS was significantly worse in the low GNRI group than in the high GNRI group (5-year OS: 83.9% VS 94.8%, P < 0.001) (Fig. 2a). Univariate analysis indicated that sex, age, history of diabetes, smoking history, pT stage, Fuhrman grade, surgical method, surgical approach, tumor size and GNRI significantly influenced OS. Multivariate analysis showed that age (HR: 0.427, 95% CI: 0.232-0.784, P = 0.006), diabetes history (HR: 0.326, 95% CI: 0.158-0.670, P = 0.002), smoking history (HR: 0.273, 95% CI: 0.150-0.498, P < 0.001), tumor size (HR: 1.494, 95% CI: 1.351-1.652, P < 0.001) and GNRI (HR: 2.686, 95% CI: 1.403-5.145, P = 0.003) were independent prognostic factors for OS (Table 2).[image: ]
Fig. 2Kaplan-Meier survival curves in patients with non-metastatic ccRCC before and after propensity score matching. a, d overal survival (OS), b, e cancer-specific survival (CSS), and c, f recurrence-free survival (RFS). GNRI, geriatric nutritional risk index

Table 2Univariate and multivariate analysis of prognostic factors for OS in patients with non-metastatic ccRCC before and after propensity score matching


	 	Before propensity score matching
	After propensity score matching

	Variables
	Univariate analysis
	Multivariate analysis
	Univariate analysis
	Multivariate analysis

	HR (95% CI)
	P
	HR (95% CI)
	P
	HR (95% CI)
	P
	HR (95% CI)
	P

	Sex
(Male vs Female)
	2.327
(1.121-4.832)
	0.023*
	 	 	1.453
(0.270-1.753)
	0.433
	 	 
	Age
(≤65 vs >65)
	0.441
(0.244-0.796)
	0.007*
	0.427
(0.232-0.784)
	0.006*
	0.639
(0.288-1.419)
	0.271
	 	 
	Hypertension
(No vs Yes)
	1.050
(0.575-1.919)
	0.874
	 	 	1.201
(0.366-1.892)
	0.662
	 	 
	Diabetes
(No vs Yes)
	0.495
(0.255-0.959)
	0.037*
	0.326
(0.158-0.670)
	0.002*
	0.663
(0.590-3.856)
	0.390
	 	 
	Smoke
(No vs Yes)
	0.274
(0.152-0.493)
	<0.001*
	0.273
(0.150-0.498)
	<0.001*
	0.439
(0.200-0.965)
	0.041*
	0.386
(0.175-0.855)
	0.019*

	BMI
	0.959
(0.873-1.054)
	0.390
	 	 	0.891
(0.770-1.030)
	0.120
	 	 
	Tumor sidedness
(Left vs Right)
	1.089
(0.607-1.954)
	0.776
	 	 	2.327
(1.002-5.406)
	0.050
	 	 
	pT stage
(pT1-T2 vs pT3-T4)
	0.179
(0.076-0.422)
	<0.001*
	 	 	0.263
(0.075-0.919)
	0.036*
	 	 
	Fuhrman grade
(I-II vs III-IV)
	0.266
(0.148-0.479)
	<0.001*
	 	 	0.376
(0.172-0.823)
	0.014*
	 	 
	Surgical method
(RN vs PN)
	0.252
(0.100-0.640)
	0.004*
	 	 	0.479
(0.166-1.385)
	0.174
	 	 
	Surgical approach
	 	0.016*
	 	 	 	0.908
	 	 
	Laparoscopic
	Reference
	 	 	 	Reference
	 	 	 
	Open
	2.645
(1.350-5.180)
	0.005*
	 	 	1.587
(0.512-4.922)
	0.423
	 	 
	Robotic
	0.986
(0.300-3.243)
	0.981
	 	 	0.850
(0.316-2.285)
	0.747
	 	 
	Tumor size
	1.413
(1.294-1.543)
	<0.001*
	1.494
(1.351-1.652)
	<0.001*
	1.371
(1.192-1.576)
	<0.001*
	1.569
(1.263-1.948)
	<0.001*

	GNRI
(≤98 vs >98)
	3.871
(2.041-7.340)
	<0.001*
	2.686
(1.403-5.145)
	0.003*
	2.826
(1.237-6.464)
	0.014*
	3.234
(1.360-7.692)
	0.008*


GNRI Geriatric nutritional risk index, ALB Albumin, BMI Body mass index, RN Radical nephrectomy, PN Partial nephrectomy, TC Total cholesterol
*indicates P <0.05



After PSM, Kaplan-Meier analysis showed that the low GNRI group still had worse OS compared with the high GNRI group (5-year OS: 85.9% VS 93.7%, P < 0.05) (Fig. 2d). Univariate analysis indicated that smoking history, pT stage, Fuhrman grade, tumor size and GNRI were significantly correlated with OS. Multivariate analysis showed that smoking history (HR: 0.386; 95% CI: 0.175-0.855, P = 0.019), tumor size (HR: 1.569; 95% CI: 1.263-1.948, P < 0.001) and GNRI (HR: 3.234; 95% CI: 1.360-7.692, P = 0.008) were independent prognostic factors for OS (Table 2).

Prognostic value of GNRI in CSS
As for CSS, the median follow-up time was 37 months (range: 1-112 months). At the last follow-up, 33 patients had died from RCC. Kaplan-Meier analysis showed that the CSS was significantly worse in the low GNRI group than in the high GNRI group (5-year CSS: 87.4% VS 96.2% P < 0.001) (Fig. 2b). Univariate analysis indicated that history of diabetes, smoking history, pT stage, Fuhrman grade, surgical method, surgical approach, tumor size and GNRI significantly influenced CSS. Multivariate analysis showed that history of diabetes (HR: 0.241; 95% CI: 0.109-0.533, P < 0.001), smoking history (HR: 0.420; 95% CI: 0.210-0.838, P = 0.014), tumor size (HR: 1.449; 95% CI: 1.287-1.630, P < 0.001) and GNRI (HR: 2.987; 95% CI: 1.411-6.324, P = 0.004) were independent prognostic factors for CSS (Table 3).
Table 3Univariate and multivariate analysis of prognostic factors for CSS in patients with non-metastatic ccRCC before and after propensity score matching


	 	Before propensity score matching
	After propensity score matching

	Variables
	Univariate analysis
	Multivariate analysis
	Univariate analysis
	Multivariate analysis

	HR (95% CI)
	P
	HR (95% CI)
	P
	HR (95% CI)
	P
	HR (95% CI)
	P

	Sex
(Male vs Female)
	1.540
(0.716-3.313)
	0.270
	 	 	1.035
(0.364-2.558)
	0.944
	 	 
	Age
(≤65 vs >65)
	0.497
(0.247-0.999)
	0.050
	 	 	0.627
(0.256-1.533)
	0.306
	 	 
	Hypertension
(No vs Yes)
	1.126
(0.554-2.289)
	0.743
	 	 	1.254
(0.316-2.007)
	0.631
	 	 
	Diabetes
(No vs Yes)
	0.360
(0.175-0.744)
	0.006*
	0.241
(0.109-0.533)
	<0.001*
	0.625
(0.566-4.516)
	0.375
	 	 
	Smoke
(No vs Yes)
	0.366
(0.185-0.724)
	0.004*
	0.420
(0.210-0.838)
	0.014*
	0.521
(0.214-1.273)
	0.153
	 	 
	BMI
	0.954
(0.854-1.066)
	0.409
	 	 	0.892
(0.751-1.059)
	0.192
	 	 
	Tumor sidedness
(Left vs Right)
	1.067
(0.539-2.111)
	0.853
	 	 	2.512
(0.961-6.569)
	0.060
	 	 
	pT stage
(pT1-T2 vs pT3-T4)
	0.156
(0.060-0.403)
	<0.001*
	 	 	0.204
(0.058-0.716)
	0.013*
	 	 
	Fuhrman grade
(I-II vs III-IV)
	0.355
(0.177-0.709)
	0.003*
	 	 	0.357
(0.148-0.860)
	0.022*
	 	 
	Surgical method
(RN vs PN)
	0.278
(0.098-0.792)
	0.016*
	 	 	0.445
(0.130-1.516)
	0.195
	 	 
	Surgical approach
	 	0.008*
	 	 	 	0.500
	 	 
	Laparoscopic
	Reference
	 	 	 	Reference
	 	 	 
	Open
	3.370
(1.572-7.224)
	0.002*
	 	 	2.219
(0.698-7.059)
	0.177
	 	 
	Robotic
	1.449
(0.429-4.898)
	0.550
	 	 	0.978
(0.359-2.661)
	0.965
	 	 
	Tumor size
	1.372
(1.237-1.523)
	<0.001*
	1.449
(1.287-1.630)
	<0.001*
	1.342
(1.160-1.552)
	<0.001*
	1.348
(1.128-1.610)
	0.001*

	GNRI
(≤98 vs >98)
	4.083
(1.964-8.489)
	<0.001*
	2.987
(1.411-6.324)
	0.004*
	3.701
(1.461-9.376)
	0.001*
	4.440
(1.638-12.033)
	0.003*


GNRI Geriatric nutritional risk index, ALB Albumin, BMI Body mass index, RN: Radical nephrectomy, PN Partial nephrectomy, TC Total cholesterol
*indicates P <0.05



After PSM, Kaplan-Meier analysis showed that the low GNRI group still had worse CSS compared with the high GNRI group (5-year CSS: 87.2% VS 95.8%, P < 0.05) (Fig. 2e). Univariate analysis indicated that pT stage, Fuhrman grade, tumor size and GNRI were significantly correlated with CSS. Multivariate analysis showed that tumor size (HR: 1.348; 95% CI: 1.128-1.610, P = 0.001) and GNRI (HR: 4.440; 95% CI: 1.638-12.033, P = 0.003) were independent prognostic factors for CSS (Table 3).

Prognostic value of GNRI in RFS
As for RFS, the median follow-up time was 35 months (range: 1-112 months). At the last follow-up, 51 patients had recurrence or metastasis. Kaplan-Meier analysis showed that the RFS was significantly worse in the low GNRI group than in the high GNRI group (5-year RFS: 83.9 VS 93.7% P < 0.001) (Fig. 2c). Univariate analysis indicated that smoking history, pT stage, Fuhrman grade, surgical method, surgical approach, tumor size and GNRI significantly influenced RFS. Multivariate analysis showed that smoking history (HR: 0.473; 95% CI: 0.270-0.830, P = 0.009), tumor size (HR: 1.373; 95% CI: 1.255-1.503, P < 0.001) and GNRI (HR: 2.731; 95% CI: 1.455-5.129, P = 0.002) were independent prognostic factors for RFS (Table 4).
Table 4Univariate and multivariate analysis of prognostic factors for RFS in patients with non-metastatic ccRCC before and after propensity score matching


	 	Before propensity score matching
	After propensity score matching

	Variables
	Univariate analysis
	Multivariate analysis
	Univariate analysis
	Multivariate analysis

	HR (95% CI)
	P
	HR (95% CI)
	P
	HR (95%CI)
	P
	HR (95% CI)
	P

	Sex
(Male vs Female)
	1.546
(0.836-2.860)
	0.165
	 	 	1.267
(0.326-1.910)
	0.600
	 	 
	Age
(≤65 vs >65)
	0.646
(0.361-1.157)
	0.141
	 	 	0.683
(0.308-1.511)
	0.346
	 	 
	Hypertension
(No vs Yes)
	1.089
(0.617-1.921)
	0.769
	 	 	0.917
(0.496-2.400)
	0.829
	 	 
	Diabetes
(No vs Yes)
	0.665
(0.341-1.296)
	0.231
	 	 	0.884
(0.410-3.119)
	0.813
	 	 
	Smoke
(No vs Yes)
	0.435
(0.250-0.757)
	0.003*
	0.473
(0.270-0.830)
	0.009*
	0.616
(0.276-1.379)
	0.239
	 	 
	BMI
	0.926
(0.844-1.016)
	0.103
	 	 	0.911
(0.791-1.050)
	0.198
	 	 
	Tumor sidedness
(Left vs Right)
	0.867
(0.498-1.509)
	0.614
	 	 	1.535
(0.698-3.375)
	0.287
	 	 
	pT stage
(pT1-T2 vs pT3-T4)
	0.207
(0.088-0.486)
	<0.001*
	 	 	0.282
(0.083-0.965)
	0.044*
	 	 
	Fuhrman grade
(I-II vs III-IV)
	0.429
(0.243-0.758)
	0.004*
	 	 	0.392
(0.180-0.852)
	0.018*
	 	 
	Surgical method
(RN vs PN)
	0.374
(0.176-0.796)
	0.011*
	 	 	0.326
(0.099-1.072)
	0.065
	 	 
	Surgical approach
	 	<0.001*
	 	 	 	0.970
	 	 
	Laparoscopic
	Reference
	 	 	 	Reference
	 	 	 
	Open
	3.213
(1.735-5.949)
	<0.001*
	 	 	1.502
(0.469-4.806)
	0.493
	 	 
	Robotic
	1.208
(0.426-3.426)
	0.723
	 	 	0.834
(0.312-2.227)
	0.717
	 	 
	Tumor size
	1.380
(1.263-1.507)
	<0.001*
	1.373
(1.255-1.503)
	<0.001*
	1.364
(1.189-1.564)
	<0.001*
	1.376
(1.171-1.618)
	<0.001*

	GNRI
(≤98 vs >98)
	3.201
(1.719-5.962)
	<0.001*
	2.731
(1.455-5.129)
	0.002*
	2.779
(1.266-6.100)
	0.011*
	3.433
(1.453-8.113)
	0.005*


GNRI Geriatric nutritional risk index, ALB Albumin, BMI Body mass index, RN Radical nephrectomy, PN Partial nephrectomy, TC Total cholesterol
*indicates P <0.05



After PSM, Kaplan-Meier analysis showed that the low GNRI group still had worse RFS compared with the high GNRI group (5-year RFS: 85.9% VS 93.2% P < 0.05) (Fig. 2f). Univariate analysis indicated that pT stage, Fuhrman grade, tumor size and GNRI were significantly correlated with RFS. Multivariate analysis showed that tumor size (HR: 1.376; 95% CI: 1.171-1.618, P < 0.001) and GNRI (HR: 3.433; 95% CI: 1.453-8.113, P = 0.005) were independent prognostic factors for RFS (Table 4).

Subgroup analysis
To verify the robustness and consistency of our results, we performed subgroup analysis based on age (≤ 65 / > 65), early (pT1-T2) and low-grade (Fuhrman I-II) ccRCC. The subgroup analysis based on age showed that among young patients (≤ 65), OS (P = 0.001), CSS (P = 0.013) and RFS (P = 0.002) in the high GNRI group were significantly better than those in the low GNRI group (Fig. 3a-c). Similarly, among elderly patients (> 65), OS (P = 0.016), CSS (P = 0.006) and RFS (P = 0.048) in the high GNRI group were significantly better than those in the low GNRI group (Fig. 3d-f). In the early (pT1-T2) ccRCC subgroup, patients in the high GNRI group had higher OS (P < 0.001), CSS (P < 0.001) and RFS (P < 0.001) compared to those in the low GNRI group (Fig. 4a-c). In the low-grade (Fuhrman I-II) ccRCC subgroup, patients with high GNRI also had better OS (P < 0.001), CSS (P < 0.001) and RFS (P = 0.044) compared with patients with low GNRI (Fig. 5a-c).[image: ]
Fig. 3Kaplan-Meier survival curves in patients with non-metastatic ccRCC in the young subgroup; Kaplan-Meier curves for OS(d) , CSS(e) and RFS(f) of patients with non-metastatic ccRCC in the elderly subgroup. a, d overal survival (OS), b, e cancer-specific survival (CSS), and c, f recurrence-free survival (RFS). GNRI, geriatric nutritional risk index
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Fig. 4Kaplan-Meier survival curves in patients with pT1-T2 non-metastatic ccRCC. a overal survival (OS), b cancer-specific survival (CSS), and c recurrence-free survival (RFS). GNRI, geriatric nutritional risk index
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Fig. 5Kaplan-Meier survival curves in patients with Fuhrman grades I-II non-metastatic ccRCC. a overal survival (OS), b cancer-specific survival (CSS), and c recurrence-free survival (RFS). GNRI, geriatric nutritional risk index




Discussion
In this study, we investigated the prognostic value of preoperative GNRI in the long-term survival of patients with non-metastatic ccRCC. Our findings revealed that OS, CSS and RFS of patients were worse in the low GNRI group than in the high GNRI group. Multivariate analysis further showed that GNRI was an independent prognostic factor for OS, CSS and RFS in patients with non-metastatic ccRCC. In addition, after PSM, OS, CSS and RFS were still worse in the low GNRI group than in the high GNRI group, and GNRI was still an independent prognostic factor for OS, CSS and RFS. Therefore, we believe that GNRI, a simple and readily available nutritional assessment index, has a good prognostic evaluation value for ccRCC patients undergoing nephrectomy.
It is reported that 12.6% of the elderly population suffers from malnutrition in China [19]. Malnutrition is a complex condition characterized by reduced protein reserves, calorie depletion and compromised immune function, which promotes tumor development through inflammatory responses and metabolic changes [20]. It is estimated that approximately one-third of tumor patients experience malnutrition and weight loss [21], which can be attributed to reduced food intake, abnormal nutritional metabolism and cancer treatment [22]. Malnutrition in tumor patients can lead to muscular dystrophy and cancer cachexia, which significantly affect prognosis [23]. Unlike traditional prognostic factors, malnutrition is a modifiable risk factor. Early assessment of the nutritional status of ccRCC patients, together with early nutritional intervention, can significantly improve the prognosis [24]. Some indicators, such as albumin, total cholesterol and BMI, may not be sufficient to accurately identify patients at risk of malnutrition. At present, several scoring systems have been proposed for standardized assessment of nutritional status, including nutritional risk screening [25], subjective global assessment [26], and malnutrition universal screening tool [27]. However, their clinical application is limited due to reliance on subjective factors and relatively inaccurate results. GNRI is an improvement of the Nutritional Risk Index, which requires the data of usual body weight. By contrast, GNRI uses ideal weight instead of usual weight, which solves the problem that usual weight is difficult to obtain accurately in patients, and reduces the interference of hydration status on nutritional status evaluation [12]. By comprehensively assessing serum albumin and ideal body weight, GNRI provides a more accurate reflection of the nutritional and immune status of tumor patients.
The specific mechanism by which GNRI affects the survival of RCC patients has not been fully elucidated, but serum albumin plays a significant role. Serum albumin is also a common indicator for evaluating malnutrition. Studies indicate that hypoalbuminemia may be associated with impaired immune response, which leads to tumor recurrence and metastasis through inhibition of specific immunity [28]. The decreased albumin levels are also related to the production of pro-inflammatory cytokines, such as interleukin-6, interleukin-1, etc., which lead to tumor invasion and metastasis by regulating tumor cell apoptosis, proliferation and angiogenesis [29–31]. Since albumin levels can be significantly affected by inflammation and liver function, some researchers question its reliability as a means of nutritional assessment [32]. The contradictory results of the prognosis value of BMI in RCC patients have been reported [11, 33]. In our study, BMI did not show its significant prognostic value. The combination of serum albumin levels with body weight and height reduces the potential confounding effect caused by changes in serum albumin levels due to hydration or acute inflammation [12]. Therefore, the prognostic prediction capability of GNRI is better than that of BMI or albumin levels alone.
A meta-analysis of 15 studies comprising 8,046 patients with hematological malignant tumors, esophageal cancers, renal cell carcinoma and so on, showed that low GNRI is significantly associated with worse OS, CSS, and disease-free survival and progression-free survival [34]. Miyake et al. retrospectively analyzed 432 non-metastatic RCC patients who underwent surgery in Japan and found that GNRI was an independent prognostic factor for CSS, but not for RFS [35], which is slightly different from our results. This discrepancy may be attributed to their relatively small sample size, variations in histological subtypes, and differences in the study populations. It is generally believed that cohorts composed of patients with homogeneous histological subtypes can provide more reliable results due to the complexity of tumor biology and variation in histological subtypes. Kang et al. reported that low preoperative GNRI is significantly associated with worse RFS and CSS in patients with surgically treated ccRCC. In addition, preoperative GNRI is an independent prognostic factor for RFS and CSS, both as a continuous variable and as a categorical variable [36]. However, this study did not focus on OS. There is currently no uniform standard regarding the optimal cut-off value of GNRI, but mostly ranging from 92 to 99.2. High-quality prospective and multicenter studies are needed to better determine the optimal cut-off value for patients with different tumors [12, 34–36].
To our knowledge, this is the first study to employ PSM to evaluate the effects of GNRI on the prognosis of patients with non-metastatic ccRCC undergoing surgery. After PSM, there were no significant differences in clinicopathological characteristics between the low and high GNRI groups, suggesting that PSM reduced the interference of confounding factors on survival outcomes to some extent. However, survival analysis after PSM still revealed some differences in survival outcomes between the two groups, indicating the effectiveness and reliability of GNRI as a prognostic factor. Additionally, although GNRI is initially developed for the clinical assessment of elderly patients, recent studies have suggested its suitability for nutritional and prognostic assessment in patients across different age groups [37, 38]. Therefore, we conducted an age subgroup analysis (≤ 65 and > 65) and found that low GNRI was associated with poor clinical outcomes not only in elderly patients but also in young patients. TNM stage and Fuhrman grade have been widely used to predict the prognosis of RCC patients in clinical practice. However, predicting the prognosis of patients with early and low-grade RCC remains challenging. In this study, we found that GNRI maintained good prognostic value in early (pT1-T2) and low-grade (Fuhrman I-II) ccRCC patients. Furthermore, in addition to GNRI, tumor size has always been identified as an independent prognostic factor for ccRCC, which was consistent with previous studies [39].
Our research has some limitations. First, this is a retrospective study, so selection bias and confounding bias are inevitable. We performed PSM to minimize the impact of confounding bias. Second, we did not collect the data on postoperative GNRI, which prevents us from monitoring and analyzing the clinical importance of dynamic changes in GNRI. Finally, this study is a single-center study with a moderate sample size, and further large-scale multicenter prospective studies are needed to verify the clinical significance of GNRI.

Conclusion
In conclusion, this study showed that the preoperative GNRI is an independent prognostic factor for OS, CSS and RFS in patients with ccRCC. As an objective, non-invasive and easily available nutrition screening tool, GNRI may play a crucial role in identifying patients with high nutritional risk. With the GNRI, healthcare professionals could implement appropriate nutritional intervention measures during the perioperative period to improve the prognosis of these patients.
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