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on inflammatory-nutritional biomarkers
for gallbladder cancer after surgical resection
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Abstract

Purpose Systemic inflammation and nutrition are vital for tumor progression. This study aimed to identify prognostic
inflammation nutrition markers and develop a predictive nomogram for gallbladder cancer (GBC).

Methods A total of 123 patients with GBC who underwent surgical resection at the First Affiliated Hospital of Soo-
chow University and Suzhou Kowloon Hospital were included in our study. The final prognostic variables were identi-
fied using univariate and multivariate analyses. A nomogram model was then established, and the consistency index
(C-index), calibration curves, and Kaplan—Meier analysis were performed to evaluate the accuracy and discrimination
of the nomogram. The area under the receiver operating characteristic curve (AUC) and decision curve analysis (DCA)
suggested that our nomogram had better predictive ability and clinical feasibility than a published model.

Results The cox regression analysis showed that carcinoembryonic antigen (CEA) >4.580, albumin-bilirubin
(ALBI)>-2.091, geriatric nutritional risk index (GNRI) < 90.83, T3-T4, and N2 are independent prognostic factors. A pre-
dictive nomogram was constructed with a C-index of 0.793. In the calibration curves, the nomogram-predicted 1-,
3-,and 5-year survival matched well with the actual survival. Kaplan—-Meier analysis showed that the high-risk group
had worse survival than the low-risk group (P <0.001). Finally, our nomogram achieved better 1-, 3- and 5-year AUCs
than an established model (0.871, 0.844, and 0.781 vs. 0.753, 0.750, and 0.693). DCA also confirmed that our model
outperformed the established model.

Conclusions In conclusion, our study revealed that CEA >4.580, GNRI<90.83, ALBI>-2.091, T3-T4 stage, and N2
were related to clinical outcomes of patients with GBC after surgical resection. The constructed nomogram has supe-
rior predictive ability and clinical practicality.
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Introduction

Gallbladder cancer (GBC) is a rare but highly malignant
tumor with a 2.3 per 100,000 incidence rate [10]. The
overall survival rate of patients with GBC is typically
poor, with less than 10% surviving beyond five years [4].
Hence, developing appropriate parameters or models to
enhance treatment optimization and prognosis predic-
tion for patients with GBC is essential.

Previous studies have reported that inflammation is
closely associated with cancer development and patient
outcomes [2, 6, 25]. The preoperative systemic immune
and nutritional status is a critical part of the inflamma-
tory response, which can be reflected by serum inflam-
matory-nutritional markers, like prognostic nutritional
index (PNI), albumin-bilirubin (ALBI), geriatric nutri-
tional risk index (GNRI) and modified Glasgow prog-
nostic score (mGPS). Recent evidence has indicated
that immune and nutritional statuses are effective
biomarkers for predicting the prognosis of various
patients with cancer [16, 18, 30, 42]. For example, in
hepatocellular carcinoma (HCC), ALBI can predict the
overall survival (OS) of patients after radiofrequency
ablation [20] and provide valuable insights for assess-
ing hepatotoxicity risk during SBRT treatment [29].
The nomogram is a graphical tool that can predict the
likelihood of clinical events in patients with cancer. It
has been found to outperform traditional tumor, node,
and metastasis (TNM) staging systems. It may serve as
an alternative or a new standard for assessing cancer
prognosis across different malignancies. Many GBC-
related nomogram prediction models have been devel-
oped [26, 39, 41, 49]. However, they mainly focused on
some basic characteristics of tumors (tumor size, TNM
staging, differentiation, lymph node metastasis, and
live infiltration), and none of them considered systemic
immune and nutritional status. Therefore, it is neces-
sary to identify independent inflammatory nutritional
markers involved in GBC survival and establish a reli-
able nomogram model to predict GBC OS.

In this study, we retrospectively analyzed the clinico-
pathological data and inflammatory nutrition markers of
123 patients who underwent surgical resection for GBC
at two medical facilities. Using univariate and multivari-
ate analyses, we identified carcinoembryonic antigen
(CEA)>4.580, ALBI>-2.091, GNRI<90.83, T3-T4, and
N2 stage as independent prognostic factors for GBC. We
constructed a nomogram to predict OS and evaluated its
clinical practicality and accuracy using the consistency
index (C-index), calibration curves, and Kaplan—Meier
analysis. Using the area under the receiver operating
characteristic (ROC) curve (AUC) analysis and deci-
sion curve analysis (DCA), we also compared the novel
nomogram with another established one, and the results
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disclosed that our prediction model outperformed the
established one.

Methods

Study population

The present study conducted a retrospective analysis of
123 patients diagnosed with GBC who underwent surgi-
cal resection at the First Affiliated Hospital of Soochow
University and Suzhou Kowloon Hospital. The data col-
lection period spanned from March 2013 to December
2022, and the follow-up deadline was March 2023. Ethi-
cal approval for this research was obtained from the eth-
ics committee of the First Affiliated Hospital of Soochow
University, and all participants provided informed con-
sent. The process diagram was shown in Fig. 1.

The inclusion criteria were as follows: (1) pathologi-
cally diagnosed as GBC; (2) patients underwent surgical
resection; (3) complete clinicopathological and blood
examinations data one week before surgery; (4) regular
follow-up data.

The exclusion criteria were as follows: (1) history of
other tumors; (2) concurrent other infectious diseases
and systemic diseases like autoimmune diseases, hemato-
logical diseases, or inflammatory diseases; (3) underwent
neoadjuvant therapy; (4) incidental gallbladder cancer;
(5) incomplete clinical data or missed follow-up.

The patients in this study underwent various surgi-
cal procedures according to their TNM stage. Surgery 1,
cholecystectomy+liver resection+lymph node dissec-
tion; surgery 2, extended resection including peripheral
organ resection; surgery 3, palliative tumor resection.

Serum inflammatory-nutritional markers

All patients underwent routine blood and blood bio-
chemical tests within one week of surgical resection.
The PNI was computed as albumin concentration
(g/L)+5xlymphocyte count (10°/L). The systemic
immune-inflammation index (SII) was calculated as
platelet X neutrophil/lymphocyte count. Systemic
inflammation response index (SIRI) was defined as
neutrophil X monocyte/lymphocyte. The ALBI score
was computed using the formula -0.085Xalbumin
(g/L)+0.66 xlog bilirubin (umol/L). GNRI was defined
as 1.487xalbumin concentration (g/L)+41.7 X preop-
erative weight/ideal weight (kg). The ideal weight was
defined as=22xheight®> (m). The mGPS was calculated
using the following method: mGPS=2 means albu-
min concentration (g/L)<35 (g/L) and blood C-reactive
protein (CRP)>1.0 (mg/dL); mGPS=1 means albumin
concentration (g/L)<35 (g/L) or blood C-reactive pro-
tein (CRP) >1.0 (mg/dL); mGPS=0 means albumin con-
centration (g/L)>35 (g/L) and blood C-reactive protein
(CRP)<1.0 (mg/dL).
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Patients diagnosed with GBC between
March 2013 to December 2022 (n=204)

Exclude:

Patients enrolled in this study (n = 123)

Statistical Analysis and Nomogram

Construction

Fig. 1 The process diagram of this study

Statistical analysis and nomogram construction

The median [IQR] was used to present quantitative
data, while counts and percentages were used for cate-
gorical variables. To define the optimal cutoff values for
age, body mass index (BMI), carbohydrate antigen 19-9
(CA19-9), carbohydrate antigen 12-5 (CA12-5), CEA,
tumor size, and all serum inflammatory markers, we
performed ROC analysis using the GraphPad Prism 8
software. Univariate Cox proportional hazards regres-
sion was conducted to identify potential prognostic
indicators, and covariates at P <0.05 were selected for
further multivariable Cox regression analyses. Likeli-
hood ratio test, Wald test and Score (log-rank) test
were performed to evaluate the fitting effect of Cox
regression model. Cox proportional hazards regression
was used to evaluate potential risk factors of progno-
sis. The nomogram prediction model was constructed
based on variables with P <0.05, using univariate and
multivariable models. Next, we evaluated the nomo-
gram’s ability to discriminate and accurately predict
outcomes using AUC analysis, C-index calculation,
DCA, and the calibration curve. All patients were cat-
egorized into high- and low-risk cohorts based on the
median cutoff risk score. The method for calculating
the risk score is presented in the supplementary mate-
rials. The survival disparities between these two groups
were assessed using Kaplan—Meier analysis and evalu-
ated using the log-rank test. P <0.05 was deemed as sta-
tistically significant.
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*  Without surgical resection, n= 10

*  Unknown tumor biomarkers (CEA or CA199 or CA125),n=31
e Unknown tumor size, n =21

¢ Unknown survival time, n= 16

* Unknown M stage, n=3

Results

Basic characteristics of patients

Following applying our inclusion and exclusion crite-
ria, 123 patients with GBC were successfully enrolled
in our study. The median follow-up time for all patients
was 22.7 month; 65 patients survived (52.85%), and
58 patients died (47.15%). The clinical features of 123
patients diagnosed with GBC are shown in Table 1. The
GBC cohort comprised 53 (43.09%) men and 70 (56.91%)
women. The median age of the patients was 66 years;
the median BMI was 22.86; 60 (48.78%) had gallblad-
der stones, and 20 (16.26%) had diabetes. After surgical
resection, a pathological examination was performed to
determine the histological characteristics of all tumors.
The median tumor size was 3.0 cm, and according to the
American Joint Committee on Cancer (AJCC) 8th edi-
tion, 11 (8.94%) patients were stage I, 32 (26.02%) were
stage II, 61 (49.59%) were stage III, and 19 (15.45%)
were stage IV. Additionally, 65 (52.85%) patients pre-
sented with low differentiated adenocarcinoma, while
43 (34.96%) and 15 (12.19%) patients presented with
medium and highly differentiated adenocarcinoma,
respectively. The perineural invasion has been reported
to contribute to a poor prognosis in patients with GBC
[26]. In this population, 35 (28.46%) patients had perineu-
ral invasion. A total of 100 patients (81.30%) underwent
cholecystectomy +liver resection+lymph node dissec-
tion, 17 patients (13.82%) underwent extended resection,
including peripheral organ resection, six patients (4.88%)
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Table 1 The clinicopathological variables, and Univariate and multivariate analyses for OS in patients with GBC

Variables Overall Group Total(N)  Univariate analysis Multivariate analysis
Median (Q1-Q3)/ N (%) Hazard ratio (95% Cl) Pvalue Hazardratio (95%Cl) P value
Age 66 (59-72)
>=73 31 Reference
<73 92 0.580 (0.337-0.998) 0.052
Gender
Female 70 (56.91%) Female 70 Reference
Male 53 (43.09%) Male 53 0.913 (0.541-1.540) 0.734
Smoke
No 112 (91.10%) No 112 Reference
Yes 11 (8.90%) Yes 1 1.189 (0.510-2.771) 0.688
Diabetes
No 103 (83.74%) No 103 Reference
Yes 20 (16.26%) Yes 20 0.690 (0.313-1.522) 0.358
BMI 22.86 (20.88-25.25)
<2328 72 Reference
>23.28 51 1.251(0.745-2.100) 0.396
Gallbladder stone 63 (51.22%)
Yes 60 Reference
No 63 1.054 (0.629-1.767) 0.842
CA125 21.40 (11.80-39.20)
<24.50 69 Reference Reference
>24.50 54 2404 (1.428-4.048) <0.001 1.348(0.680-2.674) 0.393
CA199 21.72 (5.06-191.52)
<51.15 78 Reference Reference
>51.15 45 2329 (1.390-3.902) 0.001 0.939(0.472-1.870) 0.858
CEA 2.81(1.70-4.23)
<4.580 94 Reference Reference
>4.580 29 4,098 (2.392-7.020) <0.001 2.253(1.133-4.479) 0.021
SIRI (1019) 1.07 (0.56-1.86)
<1.691 89 Reference Reference
>1.691 34 3363 (1.967-5.750) <0.001 0.542(0.159-1.848) 0328
SII(1019) 469.71 (306.80-865.97)
<829.2 89 Reference Reference
>829.2 34 4.067 (2.388-6.926) <0.001 1.854(0.578-5.950) 0.299
PNI 4645 (42.09-50.98)
>44.88 56 Reference Reference
<44.88 67 0.322 (0.187-0.555) <0.001 1.572(0.735-3.360) 0.243
ALBI -246 (-2.75t0 -2.13)
<-2091 93 Reference Reference
>-2091 30 6.216 (3.645-10.602) <0.001 3.301(1.049-10.381) 0.041
GNRI 101.75 (94.83-107.74)
>90.83 104 Reference Reference
<90.83 19 2.849 (1.551-5.233) <0.001 2461 (1.026-5.903) 0.044
mGPS
0 62 (50.41%) <2 102 Reference Reference
1 40 (32.52%)
2 21 (17.07%) 2 21 3453 (1.949-6.118) <0.001 0.747 (0.267-2.088) 0.578
Tumor size (cm) 3.0(2.1-5.0)

>3.450 55 Reference Reference
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Table 1 (continued)

Variables Overall Group Total(N)  Univariate analysis Multivariate analysis
Median (Q1-Q3)/ N (%) Hazard ratio (95% Cl) Pvalue Hazardratio (95%Cl) P value
<3450 68 0468 (0.277-0.790) 0.005 0.958 (0.468-1.962) 0.907
T stage
T1 12 (9.76%) T1-T2 49 Reference Reference
T2 39 (31.71%)
T3 62 (50.41%) T3-T4 74 3.332(1.817-6.110) <0.001 3.487(1.039-11.704) 0.043
T4 10 (8.12%)
AJCC stage
| 11 (8.94%) -1l 43 Reference Reference
I 32 (26.02%)
Il 61 (49.59%) -1V 80 2.793 (1.502-5.194) 0.001 0.389 (0.098-1.546) 0.180
IV 19 (15.45%)
Grade
Low 65 (52.85%) Low 65 Reference Reference
Medium 43 (34.96%) Medium 43 3.553(1.089-11.593) 0376 1.529(0.746-3.130) 0.246
High 15 (12.19%) High 15 2.783(0.832-9.304) 0.036 0.394 (0.105-1.487) 0.169
Lymph node metastasis
NO 74 (60.16%) NO 74 Reference Reference
N1 39(31.71%) N1 39 1.817(1.038-3.182) 0.037 1.348(0.629-2.887) 0443
N2 10 (8.13%) N2 10 3.690 (1.665-8.176) 0.001 2.843(1.018-7.942) 0.046
Perineural invasion
No 88 (71.54%) No 88 Reference Reference
Yes 35 (28.46%) Yes 35 2.551(1.483-4.388) <0.001 1.665 (0.828-3.349) 0.152
Resection
RO 115 (93.50%) RO 115 Reference
R1 6 (4.88%) R1 6 1.638 (0.592-4.530) 0.342
R2 2 (1.62%) R2 2 2503 (0.342-18.308) 0.366
Operation time (min) 195 (145-275)
>118 110 Reference
<118 13 1.186 (0.561-2.506) 0.655
Blood loss (mL) 200 (100-300)
>125 84 Reference
<125 39 0.563 (0.303-1.043) 0.068
Surgery
1 100 (81.30%) 1 100 Reference Reference
2 17 (13.82%) 2 17 2.838 (1.445-5.575) 0.002 1.581(0.673-3.715) 0.294
3 6 (4.88%) 3 6 2.875(1.013-8.161) 0.047 1.710(0476-6.142) 0411

BMI Body mass index, CA79-9 carbohydrate antigen 19-9, CA12-5 carbohydrate antigen 12-5, CEA carcinoembryonic antigen, SIR/ systemic inflammation response
index, S/l systemic immune-inflammation index, PN/ prognostic nutritional index, ALBI albumin-bilirubin, GNRI geriatric nutritional risk index, mGPS modified Glasgow
prognostic score, AJCC American Joint Committee on Cancer; surgery 1, cholecystectomy + liver resection +lymph node dissection; surgery 2, extended resection
including peripheral organ resection; surgery 3, palliative tumor resection

underwent palliative tumor resection, and 115 (93.50%) blood loss and operation time were 73, 23.28, 51.15,
had an RO resection margin. The median operation time  24.50, 4.58, 3.45, 1.691x 10°, 829.2x10°, 44.88, —2.091,
was 195 min, and the median blood loss was 200 mL. 90.83, 2, 125 and 118 respectively, and AUCs were 0.514,

The best cutoff values of age, BMI, CA199, CA125, 0.514, 0.578, 0.606, 0.603, 0.664, 0.631, 0.638, 0.653,
CEA, tumor size, SIRI, SII, PNI, ALBI, GNRI, mGPS, 0.661, 0.581, 0.615, 0.591, and 0.505, respectively.
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Identification of prognostic factors for OS in patients

with GBC

Cox regression analysis was performed to ascertain
potential variables linked to GBC development. Table 1
lists the detailed results of univariate and multivari-
ate analyses. Univariate analysis indicated that CA125,
CA199, CEA, SIR], SII, PNI, ALBI, GNRI, mGPS, tumor
size, T stage, AJCC stage, grade, lymph node metastasis,
perineural invasion, and surgery were potential prognos-
tic factors. Variables that exhibited P <0.05 were defined
as statistically significant. Subsequently, these signifi-
cant predictors were further enrolled in a multivariate
Cox regression analysis. CEA>4.580, ALBI>-2.091,
GNRI<90.83, T3-T4, and N2 were finally considered
independent prognostic factors for GBC patients after
surgery, with a P value<0.05. A forest plot was used
to visually display the independent predictors of poor
prognosis (supplementary Fig. S1). Likelihood ratio test
(p=2.35%10%), Wald test (p=2.68x 10%) and Score (log-
rank) test (p=5.92x10'*) were performed to compre-
hensively evaluate the model, and the results indicated
that the Cox regression model had a good fitting effect.
Further, we performed the Schoenfeld residuals analysis
to evaluate whether the proportional hazards assumption
was valid. The results showed that the p-values for CEA,
ALBI, GNRI, T stage, and lymph node metastasis were
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0.4738, 0.5247, 0.9755, 0.3249 and 0.6719 separately and
the p-value for global test was 0.6608 (supplementary Fig.
S2). These results suggested that CEA, ALBI, GNRI, T
stage, and lymph node metastasis were satisfied for the
proportional hazards assumption.

Construction and validation of the nomogram prediction
model

We then developed a predictive nomogram for estimating
1-, 3-, and 5-year OS in patients with GBC, incorporat-
ing the above five independent risk factors: CEA >4.580,
ALBI>-2.091, GNRI<90.83, T3-T4, and N2 (Fig. 2).
After performing internal validation with 1000 bootstrap
samples, we obtained the bias-corrected C-index (0.793),
demonstrating the nomogram’s good predictive power.
The calibration curves for the 1-, 3-, and 5-year OS rates
also confirmed the high accuracy of the model, as they all
matched well with the standard lines (Fig. 3).

Each factor within the nomogram was assigned a cer-
tain point according to its risk contribution to the OS
of patients with GBC. We calculated the total points of
all patients with GBC and separated them into high- or
low-risk groups using the optimal cutoff value (65.84).
The survival rate of the low-risk group was better than
that of the high-risk group, as indicated by Kaplan—Meier
analysis (Fig. 4). We also divided all patients into high-,
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Fig. 2 The nomogram to predict overall survival of gallbladder cancer. CEA, carcinoembryonic antigen; ALBI, albumin-bilirubin; GNRI, geriatric

nutritional risk index
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Fig. 3 The overall survival calibration curve for predicting patient
survival at 1, 3, and 5 years

medium-, and low-risk groups based on their nomogram
scores. The Kaplan—Meier analysis and survival rate are
presented in supplementary Fig. S3 and Table S1.

The total points of all patients obtained in our nomo-
gram were compared with those calculated from another
reported GBC nomogram [26]. In our prediction model,
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the 1-, 3-, and 5-year AUC were 0.871, 0.844, and 0.781,
respectively (Fig. 5A), which were higher than those of
the reported nomogram (0.753, 0.750, and 0.693, respec-
tively) (Fig. 5B). DCA is often utilized to assess the net
clinical benefit of prediction models. In our study, the
DCA curve showed that the net benefit of our nomogram
was better than that of the established model for a risk
threshold between 0 and 1, implying that our prediction
model outperformed the established model (Fig. 6A-C).

Discussion
GBC has been linked to a significant increase in cancer-
related mortality. The accurate prediction of mortality
after surgical resection can aid doctors and patients in
making clinical choices and predicting survival. Malnu-
trition is a prevalent and severe issue among patients
with cancers, negatively affecting their life quality and
survival time [34, 45]. Systemic inflammation, vital for
cancer progression, leads to disturbances in hemato-
logical elements like white blood cells (monocytes, lym-
phocytes, and neutrophils) and platelets [7]. Although
previous studies have constructed nomograms to pre-
dict OS in different populations of patients with GBC, no
study has integrated inflammatory-nutritional markers
with clinical characteristics into a predictive nomogram.
In this study, we developed and verified a nomogram
model for predicting OS in patients with GBC who
underwent surgical resection by combining inflamma-
tory-nutritional markers and clinical parameters. Our
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©
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Fig. 4 The Kaplan Meier survival curves for low- and high-risk groups in patients with GBC based on total points obtained from our nomogram



Yin et al. BMC Gastroenterology (2024) 24:289

A
1.0

081

o

o

= 06

>

=

5 0.4

C

[0

]
021 e — 1-year (AUC = 0.871)

L7 — 3-year (AUC = 0.844)
0.0 4 — 5-year (AUC = 0.781)
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity (FPR)

Page 8 of 12

1.0

08

o

o

= 06

2

=

5 0.4

C

[0}

(7]
o2 - — 1-year (AUC = 0.753)

L7 — 3-year (AUC = 0.750)
0.0 ’ — 5-year (AUC = 0.693)
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity (FPR)

Fig. 5 The receiver operating characteristics for 1, 3, and 5 years of our model (A) and the published model (B)

& 0 0
° —— model 1 < —— model 1 ° —— model 1
- —— model 2 < —— model 2 < | —— model 2
S — Al ° — Al S N — Al
g \ —— None b @ —— None % . —— None
< \\ c o 7 c o 7
2 o (73 @
€ g = 3
2 Ty 3 o
z° Z o 7
0
S -
) °] S K/\/ \
o o N A
8 | > | o
=] 4 S -

T T T T T T T T

0.4 0.6 0.2

Threshold Probability

T
0.4

Threshold Probability

T T T
0.6

0.8

0.0 0.2 0.4 0.6

Threshold Probability

Fig. 6 The overall survival decision curve for 1 (A), 3 (B), and 5 (C) years of our model and the published model. Model 1, our model; Model 2,

the published model

results showed that CEA, GNRI, ALBI, T3-T4, and N2
are independent prognostic factors for GBC. We further
constructed a nomogram, for which the C-index and cali-
bration curves suggested good predictive power and clin-
ical utility. Kaplan—Meier analysis revealed that patients
in the high-risk group had significantly worse OS than
those in the low-risk group. Furthermore, compared with
the established model, our prediction model had a higher
AUC value (sensitivity and specificity) and a better DCA
curve.

Patients with cancer, including GBC, are prone to
malnutrition. Our study found two nutrition-related
indicators, ALBI and GNRI, which can function as reli-
able prognostic biomarkers for patients with GBC. The
ALBI score, calculated based on serum albumin and bil-
irubin levels, was originally developed to evaluate liver
function and OS in individuals diagnosed with HCC
[17]. Recent investigations have shown that ALBI is a
promising predictor of postoperative liver failure and
mortality in HCC patients after hepatic resection [11,
17]. Since the original reports, there has been evidence
of a strong relationship between ALBI and mortality in
many non-hepatic tumors, including pancreatic cancer

[40], colon cancer [19], intrahepatic and extrahepatic
bile duct cancer [37, 38], and even brain cancer [46,
48]. However, no reports have suggested the prognos-
tic value of ALBI in patients with GBC undergoing sur-
gical resection. The link between the ALBI score and
patient survival across these cancers can be partially
explained by impaired nutritional status [13]. Albumin
production in the liver is responsible for maintaining
optimal nutritional status, and a reduction in serum
albumin levels may indicate impaired nutritional sta-
tus or liver dysfunction. An impaired nutritional status
has been reported to enhance cancer progression by
reducing macrophage activation and suppressing anti-
tumor immunity [36]. Albumin also acts as a negative
acute phase reactant and its levels can be influenced
by cancer-related inflammation. In conditions such as
malnutrition and cachexia, cytokines affect its blood
concentration, making albumin a marker for inflam-
matory and immune states as well as nutritional sta-
tus [9]. Bilirubin, a product of heme metabolism, play
an important role in the antioxidant activity, intesti-
nal homeostasis and host defense. Therefore, it also
involves in shaping the intestinal microbiota. Changes
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in the intestinal microbiota significantly affect carcino-
genesis, development and prognosis of various cancers,
including GBC [14, 22, 24]. Additionally, bilirubin lev-
els in the blood can be indicative of tumor progression
invading the bile ducts. Overall, ALBI>-2.091 indi-
cates worse liver function and inflammatory-nutritional
status. These characteristics suggest that the ALBI
score has the potential to be a significant biomarker for
forecasting GBC advancement.

The GNRI was first established to prognosticate the
morbidity and mortality of hospitalized elderly patients
[3]. Since then, the index has been developed for its appli-
cability to various diseases, including cancers [12, 27,
33]. However, no studies have indicated the relationship
between GNRI and clinical outcomes in patients with
GBC. The high predictive value of the GNRI is attribut-
able to integrating two readily available and critical indi-
cators of malnutrition: body weight and serum albumin.
A low BMI has been widely accepted as an indicative fac-
tor for cancer progression and unfavorable prognosis [5].
Calculating the GNRI while considering the current body
weight to the ideal body weight ratio adds the BMI com-
ponent to the index, which may provide a more objective
reflection of weight changes in cancer patients due to
tumor consumption.

In our study, we demonstrated that ALBI>-2.091 (HR,
3.301; 95% CI: 1.049-10.381; p=0.041) and GNRI<90.83
(HR, 2.461; 95% CIL: 1.026-5.903; p=0.044) were poor
independent prognostic factors for 123 patients with
GBC after surgical resection. For the GNRI to be rou-
tinely used by clinicians, setting a definite cutoff to
stratify patients into low and high GNRI groups is nec-
essary. Although the majority of included studies and
literature have reached a consensus on setting 98 as the
cutoff point, this value is not sacrosanct, and various
alternative thresholds have also been employed based on
receiver operating curve analysis of specific cohort data
[27, 43]. Nevertheless, a well-defined GNRI cutoff should
be explored further. Multiple meta-analyses have demon-
strated that a decreased GNRI is associated with poorer
overall survival, with an HR range of 1.75 to 1.96, indicat-
ing that a low GNRI typically corresponds to a two-fold
increase in mortality rate across various types of cancer
[23, 35, 47]. Contrarily, our findings revealed an approxi-
mate 2.5-fold rise in mortality rate among patients with
GBC exhibiting a low GNRI. This suggests that GNRI,
when used as a prognostic indicator for GBC, is more
effective than its application in other malignancies. In
our study, GNRI<90.83 indicates relatively malnutrition
of GBC patients, which can lead to a weakened immune
system, reduced tolerance to treatments, and over-
all poorer prognosis. The association of low GNRI with
worse outcomes in GBC patients underscores the critical
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role of maintaining adequate nutrition and body weight
in managing cancer patients.

Except for ALBI and GNRI, another three commonly
used GBC prognostic indicators, namely CEA (HR,
2.253; 95% CI: 1.133-4.479; p=0.021), T3-T4 stage
(HR, 3.487; 95% CI: 1.039-11.704; p=0.043) and N2
(HR, 2.843; 95% CI: 1.018-7.942; p=0.046), were also
included in our novel nomogram. CEA is a widely-used,
non-specific cancer biomarker valuable for early detec-
tion of malignancies [31]. It plays a crucial role in evalu-
ating treatment effectiveness and monitoring for tumor
recurrence and metastasis. Elevated levels of CEA are
often associated with various cancers, including GBC
[8, 28]. In this study, CEA >4.580 correlates with poorer
survival outcomes of GBC patients. This suggests that
patients with higher preoperative CEA levels may have
more aggressive or advanced disease, warranting closer
monitoring and potentially more aggressive treatment.
The T stage of GBC describes its size and extent of inva-
sion into surrounding tissues, while the N stage describes
the extent of regional lymph node involvement. T3-T4
stages indicate advanced local disease, with the tumor
invading beyond the gallbladder into the liver or other
nearby organs, and N2 stage indicates more than four
regional lymph node metastasis. As a result, they are
naturally associated with a worse prognosis due to the
increased difficulty of achieving complete surgical resec-
tion and the higher likelihood of metastasis. The pres-
ence of T3-T4 stages or N2 stage often necessitates more
extensive surgical procedures and may limit the effective-
ness of local treatments [1, 15, 21]. Although the TNM
staging system is the most widely used system for GBC
prognostics and treatment planning, its focus on the
anatomical features of tumors suggests that it might not
fully encompass other factors that impact survival. Add-
ing CEA and two nutrition-related indicators to GBC risk
stratification beyond the TNM staging system makes our
nomogram more comprehensive. Previous studies have
reported that elevated CEA levels are significantly associ-
ated with metastasis and poor survival in patients under-
going surgical resection [32, 44, 49]. The optimal cutoff
value of CEA derived from other studies was 5.000 IU/
mL [32, 49], similar to that in our study (4.580 IU/mL).

Our study has some limitations. Initially, we collected
retrospective data without any prospective elements,
which may pose challenges if similar factors are included
in the multivariable analyses. The study was conducted
using data from two institutions and had a relatively
small sample size. Future validation studies should
include more independent cohorts from other centers.
Additionally, it is worth mentioning that the focus of this
study was on mortality, and due to various factors, there
was no follow-up regarding the time until recurrence.
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This study did not provide information on tumor-free or
tumor-specific survival.

Conclusions

In conclusion, our study revealed that CEA >4.580,
GNRI<90.83, ALBI>-2.091, T3-T4 stage, and N2 were
related to clinical outcomes of patients with GBC after
surgical resection. Based on these factors, a novel nomo-
gram was developed to predict the prognosis of patients
with GBC, which could help develop a rational and indi-
vidualized treatment strategy.
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