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Introduction: The geriatric nutritional 
risk index (GNRI) is an index of nutri-
tional status associated with clinical 
outcomes in various cancers; however, 
its prognostic value in biliary tract 
cancer (BTC) remains to be elucidat-
ed. This retrospective study aimed to 
investigate the association between 
preoperative GNRI and long-term prog-
nosis of patients with BTC undergoing 
surgical resection.
Material and methods: A  total of   
213 patients were included. The  re-
lationships between GNRI and clin-
icopathological variables, including 
inflammatory markers such as C-re-
active protein (CRP) and neutrophil-
to-lympho cyte ratio, were analysed. 
The impact of GNRI on overall survival 
(OS) and relapse-free survival (RFS) was 
investigated by Kaplan-Meier curves 
and Cox proportional hazards models.
Results: Applying a  GNRI cut-off  
of 98, the low-GNRI group comprised 
135 patients (63%). The  low-GNRI 
group had elevated carbohydrate an-
tigen 19-9 and CRP levels, high rates 
of preoperative biliary stenting, lymph 
node metastases, and perineural inva-
sion, and a lower rate of R0 resection 
than the high-GNRI group. Both OS and 
RFS in the  low-GNRI group were sig-
nificantly lower. In multivariate analy-
sis, low GNRI was a significant predic-
tor of poor OS (hazard ratio [HR], 1.731; 
95% CI: 1.111–2.696; p = 0.015) and 
RFS (HR, 1.900; 95% CI: 1.231–2.931;  
p = 0.004), independently of  inflam-
matory and tumour markers, as well 
as of pathological features.
Conclusions: Preoperative GNRI may 
be an easily accessible predictor 
of poor prognosis in patients with BTC 
undergoing surgical resection.
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Introduction

Biliary tract cancer (BTC) is a lethal malignancy originating in the bile 
ducts, the gallbladder, or the ampulla of Vater. It represents the second most 
common type of hepatobiliary cancer worldwide, with higher incidence 
rates in the Asia-Pacific region and in South America [1, 2]. Complete surgi-
cal resection remains the only curative treatment option for patients with 
BTC [3]. However, despite advanced surgical procedures and perioperative 
management, long-term outcomes of patients treated with surgery remain 
poor, with a 5-year overall survival (OS) rate of approximately 25–50% [4, 5]. 
Thus, significant efforts have been made to improve the early diagnosis and 
multimodal treatment, including chemotherapy [5, 6].

Factors predicting the survival of patients with BTC include tumour-node- 
metastasis (TNM) stage [7], neurovascular invasion, tumour differentiation 
grade, and resection margin status; however, each of these factors is typically 
revealed only during or after surgery. To guide patients’ stratification and 
risk-based treatment in BTC, several studies have investigated preoperatively 
available prognostic factors such as tumour markers, and inflammatory and 
coagulation parameters [8–11]. Nutritional status has also received increasing 
attention as an important factor predicting the survival of cancer patients 
[12, 13]; however, well-established, highly predictive nutritional parameters 
are necessary in clinical practice for patients with BTC.

The geriatric nutritional risk index (GNRI) is a simple nutritional assess-
ment tool that is calculated from body weight, height, and serum albumin 
level. It was originally developed to predict the risk of morbidity and mor-
tality in hospitalized elderly patients [14]. There is increasing interest in 
studying the prognostic relevance of GNRI in various malignancies. It has 
consequently been suggested that GNRI has prognostic value, in particular 
for patients with cancers of the digestive system such as oesophageal, gas-
tric, colorectal, pancreatic, and liver cancers [15–22]. The prognostic value 
of GNRI in patients with BTC remains to be elucidated; however, a previous 
study reported that GNRI was an independent prognostic factor for postop-
erative survival in patients with gallbladder cancer [23]. 

Based on the hypothesis that the GNRI score is a prognostic factor for BTC, 
the present study investigated the association between preoperative GNRI 
and survival outcomes of patients with BTC undergoing surgical resection.

Material and methods

Patients, data collection, and ethics statement

Data from 250 consecutive patients with BTC who underwent surgical 
resection at our institute between January 2010 and June 2022 were retro-
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spectively collected. The inclusion criteria were as follows: 
(1) histologically diagnosed as BTC; (2) underwent curative 
intent resection with no evidence of unresectability be-
fore surgery; and (3) with follow-up data. The exclusion 
criteria included the following: (1) surgery with palliative 
intent; and (2) missing important clinicopathological data 
due to incomplete medical records. A total of 213 patients 
were eligible and analysed. The primary tumour sites were 
as follows: intrahepatic bile duct (n = 43), hilar bile duct  
(n = 46), distal bile duct (n = 65), gallbladder (n = 28), and 
the ampulla of Vater (n = 31). One hundred and thirty-five 
(63%) patients who had biliary obstruction underwent 
biliary stenting as a bridge to surgery. Clinicopathologi-
cal data including age, gender, American Society of An-
esthesiologists physical status (ASA-PS) [24], body mass 
index, preoperative serum levels of carbohydrate antigen  
19-9 (CA19-9) and albumin, and inflammatory markers, such 
as serum C-reactive protein (CRP) and neutrophil-to-lym-
phocyte ratio (NLR), were collected. The neutrophil-to-lym-
phocyte ratio was defined as the ratio of absolute periph-
eral blood neutrophil and lymphocyte counts. The CA19-9 
level was measured within one month before surgery (after 
biliary stenting), but other blood parameters were adopt-
ed on admission (one or two days before operation). Histo-
pathological parameters included TNM stage according to 
the seventh edition of the Union for International Cancer 
Control TNM system [7], tumour differentiation, perineural 
invasion, and status of resection margin. Resection mar-
gins were classified as follows: R0, no residual tumour;  
R1, microscopic residual tumour; and R2, macroscopic 
residual tumour [7]. Ten patients who did not undergo 
lymphadenectomy (transduodenal ampullectomy for amp-
ullary cancer, n = 7; cholecystectomy for gallbladder cancer,  
n = 3) were categorized as N0. Fifteen of 213 patients (7.0%) 
were found to have limited metastatic disease during 
surgical exploration (para-aortic lymph node metastasis,  
n = 6; liver n = 6; peritoneum n = 3). These patients under-
went simultaneous resection of primary and metastatic 
lesions. The median follow-up time was estimated using 
the reverse Kaplan-Meier method [25]. Overall survival 
was calculated from the date of surgery to the date of last 
follow-up or death due to any cause. Relapse-free survival 
(RFS) was measured from the date of surgery to the date 
of relapse, including locoregional recurrence and distant 
metastasis. This study was approved by the Institutional 
Ethics Committee of Meiwa Hospital (approval no. 2022-39) 
as a retrospective analysis of the collected data in accor-
dance with the ethical standards of the World Medical As-
sociation’s Declaration of Helsinki. Individual consent for 
this retrospective analysis was waived.

Calculation of geriatric nutritional risk index 

We used the following GNRI formula: GNRI = 14.89 × se-
rum albumin (g/dl) + 41.7 × present/ideal body weight (kg). 
The ideal weight was calculated from the Lorenz equation: 
for males: height – 100  – ([height – 150]/4), and for fe-
males: height – 100 – ([height – 150]/2.5). If the current 
body weight exceeded the ideal body weight, the present/
ideal body weight value was set as 1 [14].

Statistical analysis

No statistical sample size calculations were conducted. 
According to a previous study, the cut-off value of GNRI 
was set at 98, and the patients were classified into a low 
(< 98) and high (≥ 98) GNRI group [14]. The cut-off val-
ues of blood parameters were determined according to 
the normal limit for the institute’s laboratory (CA19-9,  
37 U/ml; albumin, 4.1 g/dl; CRP, 0.3 mg/dl). Median values 
were used to dichotomize other continuous variables, such 
as age and NLR, if there were no widely accepted cut-off 
values. Fisher’s exact test for categorical variables was 
applied to test for differences between groups. Overall 
survival and RFS following surgical resection were ana-
lysed by the Kaplan-Meier method, and survival curves 
were compared using the log-rank test. To identify risk 
factors associated with OS or RFS, Cox regression hazards 
models were performed, and univariate predictors with  
a p-value of less than 0.05 were included in the multivar-
iate model. Multivariable-adjusted survival curves were 
also plotted. All statistical analyses were conducted using  
R 4.2.2 software (Foundation for Statistical Computing, 
Vienna, Austria), and a p value of less than 0.05 was con-
sidered significant.

Results

Geriatric nutritional risk index and 
clinicopathological characteristics

The study population consisted of 118 males and 95 fe-
males, with a median age of 72 years (range 39–88 years). 
Overall, 135 (63%) patients were classified into the low- 
GNRI group and 78 (37%) into the high-GNRI group. Table 1 
summarizes clinicopathological data from each group. No 
significant differences in age, gender, ASA-PS, tumour lo-
cation, NLR, T-stage, M-stage, tumour differentiation, and 
frequency of adjuvant chemotherapy were observed be-
tween the groups. However, the low-GNRI group had few-
er obese individuals (p = 0.004), higher rates of patients 
with preoperative biliary stenting, hypoalbuminaemia  
(p < 0.001), elevated serum CA19-9 (p < 0.001), and CRP  
(p < 0.001) levels, lymph node metastases (p = 0.004), and 
perineural invasion (p = 0.020), and lower rates of patients 
with R0 resection (p = 0.042) than the high-GNRI group.

Kaplan-Meier and Cox regression analysis  
for overall survival

The median follow-up time of all patients was 72.6 months, 
with a 95% CI: 53.7–84.4 months. Kaplan-Meier anal-
ysis and the log-rank test revealed that patients in 
the low-GNRI group had a significantly worse prognosis 
in terms of OS than those in the high-GNRI group (me-
dian = 31.4 [95% CI: 24.5–44.3] months vs. 83.5 months  
[95% CI: 50.7 months-not available]; p < 0.001) (Fig. 1 A). 
In univariate Cox regression analysis, CA19-9; CRP; patho-
logical features, including T-, N-, and M-Stage; and GNRI 
were significantly associated with OS (Table 2). Multivar-
iate analysis revealed that low GNRI was an independent 
prognostic factor for poor OS (hazard ratio [HR] = 1.731,  
95% CI: 1.111–2.696; p = 0.015, Fig. 1 C), in addition to CA19-9 
elevation (p = 0.008) and M1 Stage (p = 0.031) (Table 2).
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Kaplan-Meier and Cox regression analysis  
for relapse-free survival 

The difference in RFS between the low- and high-GNRI 
groups was significant by Kaplan-Meier analysis (median 
= 13.6 [95% CI: 10.7–18.0] months vs. 67.5 months [95% CI: 
20.8 months-not available]; p < 0.001) (Fig. 1 B). Multivari-
ate Cox regression analysis revealed that a low PMTH was 
an independent prognostic factor for poor RFS (HR = 1.900, 
95% CI: 1.231–2.931; p = 0.004, Fig. 1 D). Furthermore, in-
trahepatic cholangiocarcinoma (vs. distal cholangiocar-
cinoma); higher T-, N-, and M-Stage; and R1/R2 resection 
margin status were independent prognostic factors for 
poor RFS (Table 3).

Discussion

In the present study, low GNRI was independently as-
sociated with poor OS and RFS in patients with BTC un-
dergoing surgical resection, suggesting that GNRI provides 
valuable prognostic information preoperatively. A previous 
study of 202 patients with gallbladder cancer showed that 
patients with low GNRI had significantly poorer OS and RFS 
after radical surgery than those with high GNRI [23]; however, 
the present study is the first, to our knowledge, to examine 
the relationship between GNRI and survival outcome in BTC.

The exact mechanisms by which GNRI is related to sur-
vival among cancer patients remain unclear. Low GNRI 

depends on weight loss and hypoalbuminaemia; thus,  
it suggests malnutrition. In general, malnutrition is detri-
mental to the immune system, and impaired immune func-
tion affects cancer development and progression [18, 26]. In 
the present study, the low GNRI group had more advanced 
disease characterized by higher rates of CA19-9 elevation, 
lymph node metastases, and perineural invasion, as well as 
lower rates of R0 resection. This finding supports previous 
studies on oesophageal, gastric, and colorectal cancer pa-
tients, which reported that low GNRI was associated with 
a higher TNM stage and tumour markers, even though 
GNRI was an independent prognostic factor by multivariate 
analysis [15, 17, 19]. Furthermore, malnutrition is related to 
postoperative complications [18, 20, 21], increased chemo-
therapy toxicity [27], and shorter time to treatment failure 
[28], which may also lead to shorter survival. 

Systemic inflammation is an important pathology con-
tributing to malnutrition and worsened prognosis in can-
cer patients. Several inflammatory parameters have been 
reported to be useful as predictive indicators of long-term 
outcomes of patients with BTC such as NLR [29], plate-
let-to-lymphocyte ratio [30], and Glasgow prognostic score 
(consisting of a combination of CRP and albumin level)  
[9, 31]. However, these indicators are easily affected by 
some conditions, such as cholangitis, leading to biased re-
sults and difficulty in interpretation [29, 32]. Patients with 
BTC are prone to biliary bacterial infection preoperatively, 

Table 1. Comparison of clinicopathological characteristics of the high- and low-geriatric nutritional risk index groups 

Characteristics High GNRI (n = 78) Low GNRI (n = 135) p-value

Age (≥ 72 years) 34 (43.6) 76 (56.3) 0.088

Gender (male) 43 (55.1) 75 (55.6) 1.000

ASA-PS (1 or 2) 33 (42.3) 41 (30.4) 0.100

BMI (≥ 25 kg/m2) 21 (26.9) 15 (11.1) 0.004

Tumour location 0.053

Intrahepatic 22 (28.2) 21 (15.6)

Hilar 12 (15.4) 34 (25.2)

Distal 20 (25.6) 45 (33.3)

Gallbladder 14 (17.9) 14 (10.4)

Ampulla 10 (12.8) 21 (15.6)

Preoperative biliary stenting 34 (43.6) 101 (74.8) < 0.001

CA19-9 (≥ 37 U/ml) 35 (44.9) 93 (68.9) < 0.001

Albumin (< 4.1 g/dl)  28 (35.9) 132 (97.8) < 0.001

CRP (> 0.3 mg/dl) 20 (25.6) 80 (59.3) < 0.001

NLR (≥ 2.1) 36 (46.2) 72 (53.3) 0.323

T-Stage (T3-4) 40 (51.3) 67 (49.6) 0.887

N-Stage (N1) 28 (35.9) 77 (57.0) 0.004

M-Stage (M1) 5 (6.4) 10 (7.4) 1.000

Tumour differentiation (well) 32 (41.0) 47 (34.8) 0.380

Perineural invasion (present) 39 (50.0) 90 (66.7) 0.020

R0 resection 72 (92.3) 110 (81.5) 0.042

Postoperative chemotherapy (present) 48 (61.5) 92 (68.1) 0.370

ASA-PS – American Society of Anesthesiologists physical status, BMI – body mass index, CA19-9 – carbohydrate antigen 19-9, CRP – C-reactive protein,  
GNRI – geriatric nutritional risk index, NLR – neutrophil-to-lymphocyte ratio, well – well-differentiated adenocarcinoma
Data are number of patients (%).
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in particular after biliary intervention for obstructive jaun-
dice [33]. In the present study, patients in the low-GNRI 
group more frequently received biliary stenting and had 
elevated CRP levels than those in the high-GNRI group. 
Considering that the serum albumin level, a component 
of GNRI, can be reduced by inflammation, this study also 
analysed inflammatory markers (CRP and LNR) as possi-
ble confounding factors. As a result, multivariate analysis 
found that GNRI was associated with poor OS and RFS, 
regardless of the CRP or NLR value. Thus, GNRI may be 
a valid and robust index of nutritional status for predicting 
survival of patients with BTC.

The prevalence of malnutrition (as defined by a GNRI < 98) 
in our cohort was 63%, which was relatively high compared 
to that reported in previous studies in various kinds of can-
cers, which ranged from approximately 20 to 50% [15, 17, 19, 

21–23]. This could be due to several factors, such as sample 
size, age group, tumour malignancy/aggressiveness, and 
the cut-off value used for GNRI. There was a lack of unifor-
mity in the cut-off values of GNRI across the previous stud-
ies. In the present study, we adopted the most commonly 
used cut-off value, which was originally proposed by Bouil-
lanne et al. in 2005 [14]. Further research to establish a gen-
eralizable, consensus-based cut-off for GNRI is necessary.

There were several limitations of this study. Firstly, it was 
a retrospective, single-institution study with a relatively 
small sample size, which had methodological limitations as-
sociated with selection bias and statistical measurements. 
Secondly, other nutritional parameters, such as prognostic 
nutritional index calculated by serum albumin level and ab-
solute lymphocyte count, were not incorporated in the anal-
ysis. Assessing multiple parameters in combination may 

Fig. 1. Kaplan-Meier survival curves showing overall (A) and relapse-free (B) survival for patients in the low- and high-geriatric nutritional 
risk index (GNRI) groups. Adjusted survival curves by Cox’s hazard regression model of overall (C) and relapse-free (D) survival for patients 
in the low- and high-GNRI groups

GNRI – geriatric nutritional risk index
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Table 2. Univariate and multivariate analyses of prognostic factors for overall survival

Parameters Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value

Age (≥ 72 vs. < 72 years) 1.280 0.879–1.865 0.199 – – –

Gender (male vs. female) 1.074 0.735–1.568 0.712 – – –

ASA-PS (3 vs. 1 or 2) 1.122 0.761–1.652 0.562 – – –

BMI (≥ 25 vs. < 25 kg/m2) 1.259 0.774–2.046 0.354 – – –

Tumour location (vs. intrahepatic) – – –

Hilar 1.363 0.777–2.391 0.280

Distal 1.129 0.656–1.941 0.662

Gallbladder 1.113 0.566–2.190 0.757

Ampulla 0.660 0.318–1.370 0.265

CA19-9 (≥ 37 vs. < 37 U/ml) 2.608 1.704–3.992 < 0.001 1.854 1.178–2.919 0.008

CRP (> 3.0 vs. 3.0 mg/dl) 1.684 1.155–2.456 0.007 1.110 0.739–1.668 0.616

NLR (≥ 2.1 vs. < 2.1) 1.252 0.860–1.821 0.241 – – –

T-Stage (T3-4 vs. T1-2) 2.059 1.404–3.019 < 0.001 1.498 0.964–2.329 0.072

N–Stage (N1 vs. N0) 2.324 1.579–3.422 < 0.001 1.212 0.784–1.874 0.387

M–Stage (M1 vs. M0) 2.661 1.454–4.871 0.002 2.038 1.066–3.896 0.031

Tumour differentiation (others vs. well) 2.114 1.405–3.180 < 0.001 1.425 0.904–2.244 0.127

Perineural invasion (present vs. absent) 2.354 1.552–3.570 < 0.001 1.318 0.813–2.139 0.263

Resection margin (R1–2 vs R0) 1.944 1.203–3.141 0.007 1.431 0.870–2.353 0.158

Postoperative chemotherapy (present vs. absent) 1.302 0.865-1.959 0.206 – – –

GNRI (low vs. high) 2.015 1.332–3.049 < 0.001 1.731 1.111–2.696 0.015

ASA-PS – American Society of Anesthesiologists physical status, BMI – body mass index, CA19-9 – carbohydrate antigen 19-9, CI – confidence interval,  
CRP – C-reactive protein, GNRI – geriatric nutritional risk index, HR – hazard ratio, NLR – neutrophil-to-lymphocyte ratio

Table 3. Univariate and multivariate analyses of prognostic factors for relapse-free survival

Parameters Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value

Age (≥ 72 vs. < 72 years) 1.338 0.940–1.904 0.106 – – –

Gender (male vs. female) 0.816 0.576–1.156 0.252 – – –

ASA-PS (3 vs. 1 or 2) 0.912 0.638–1.304 0.614 – – –

BMI (≥ 25 vs. < 25 kg/m2) 0.956 0.593–1.542 0.855 – – –

Tumour location (vs. intrahepatic)

Hilar 0.888 0.533–1.480 0.649 0.704 0.381–1.301 0.262

Distal 0.860 0.537–1.377 0.530 0.515 0.310–0.854 0.010

Gallbladder 0.803 0.431–1.494 0.488 0.707 0.362–1.384 0.312

Ampulla 0.502 0.257–0.981 0.044 0.666 0.326–1.361 0.265

CA19-9 (≥ 37 vs. < 37 U/ml) 2.560 1.727–3.795 < 0.001 1.528 0.982–2.379 0.060

CRP (> 3.0 vs. 3.0 mg/dl) 1.731 1.220–2.456 0.002 1.116 0.746–1.671 0.593

NLR (≥ 2.1 vs. < 2.1) 1.834 1.287–2.613 < 0.001 1.439 0.967–2.140 0.073

T-Stage (T3-4 vs. T1-2) 2.384 1.665–3.414 < 0.001 1.771 1.101–2.848 0.018

N-Stage (N1 vs. N0) 2.778 1.929–3.999 < 0.001 1.744 1.089–2.794 0.021

M-Stage (M1 vs. M0) 3.401 1.934–5.980 < 0.001 2.429 1.277–4.621 0.007

Tumour differentiation (others vs. well) 2.241 1.523–3.298 < 0.001 1.164 0.745–1.817 0.505

Perineural invasion (present vs. absent) 2.640 1.776–3.924 < 0.001 1.357 0.831–2.216 0.222

Resection margin (R1-2 vs R0) 2.264 1.466–3.497 < 0.001 1.798 1.088–2.971 0.022

Postoperative chemotherapy (present vs. absent) 1.743 1.167–2.604 0.007 0.829 0.514–1.336 0.440

GNRI (low vs. high) 2.032 1.383–2.985 < 0.001 1.900 1.231–2.931 0.004

ASA-PS – American Society of Anesthesiologists physical status, BMI – body mass index, CA19-9 – carbohydrate antigen 19-9, CI – confidence interval,  
CRP – C-reactive protein, GNRI – geriatric nutritional risk index, HR – hazard ratio, NLR – neutrophil-to-lymphocyte ratio
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provide a more comprehensive picture of the nutritional 
status of BTC patients. Thirdly, only preoperative GNRI data 
were used for the analysis. Dynamic changes in GNRI during 
the follow-up period, which may be a better predictor of out-
comes, were not examined in this study. Fourthly, the pa-
tients’ comorbidities and postoperative complications were 
not assessed and may have acted as confounding factors. 

Conclusions

Our findings suggest the applicability of GNRI as a prog-
nostic factor in BTC, and that preoperative low GNRI is 
associated with an increased risk of mortality and recur-
rence after surgical resection. As an easily accessible index 
in preoperative routine work, GNRI has potential value for 
determining which patients should receive perioperative 
aggressive nutritional support, more careful follow-up, and 
adjuvant treatment. Further studies with larger sample 
sizes are needed to validate our findings.

The authors declare no conflict of interest.
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