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Purpose: The Nutritional Prognostic Score (NPS) is a composite indicator that effectively reflects the preoperative nutritional and
inflammation status of patients. Its prognostic value has been extensively confirmed in various types of tumors. Our study aims to
investigate the clinical implications of the NPS in the postoperative patients with cholangiocarcinoma (CCA).

Patients and Methods: Data on clinicopathological characteristics were collected from CCA patients who underwent radical surgery
between 2014 and 2019 at Harbin Medical University Cancer Hospital. NPS was calculated using relevant indicators to categorize the
patients, and association of NPS with clinicopathological characteristics and survival outcomes were analyzed. To assess differences in
survival rates between different groups, we utilized the Kaplan-Meier method. Independent prognostic risk factors were identified by
Cox regression analysis. A CONomogram was created, and its accuracy in survival prediction was evaluated using receiver operating
characteristic (ROC) curves. Independent verification was conducted in the validation group.

Results: For this study, a cohort of 232 patients was enlisted and subsequently divided into training group (N=162) and validation
group (N=70). An evident correlation was detected between NPS and preoperative malnutrition. Patients with higher NPS exhibited
a worse overall survival (OS), with 5-year OS rates of 79.1%, 33.1%, and 10.6%. Multivariate analysis revealed that NPS was an
independent risk factor for OS in resected CCA patients (P<0.001). The NPS-based Nomogram was developed to accurately assess the
risk of patients.

Conclusion: The NPS was identified as a significant risk factor that impacts the prognosis of patients with resected CCA. In order to
improve prognosis management, the NPS-based Nomogram has been demonstrated to be a precise and efficient tool.

Keywords: Naples prognostic score, cholangiocarcinoma, nomogram, overall survival, real-world experience

Introduction
Cholangiocarcinoma (CCA) is a highly aggressive malignancy that originates from the epithelium of the bile duct." It is
a relatively uncommon type of gastrointestinal cancer, representing only 3% of all patients. During these years, there has
been an increase in the incidence of CCA in various regions.” Clinical symptoms of CCA are always non-specific,
making it challenging to diagnose at early stages.’ Surgical resection remains the only curative treatment for CCA, but
only 20% of patients are eligible for surgery. Furthermore, patients’ long-term survival was adversely affected by the
high recurrence rate after surgery.*> The tumor-node-metastasis (TNM) system is the primary method used to predict
survival in resected CCA patients.® However, the traditional staging system has limitations as it can only be available for
assessment after surgery. Thus, it is crucial to identify preoperative markers to improve survival management.
Previous studies have established a strong correlation between preoperative inflammation and nutritional status with
the prognosis of cancer patients. Various indicators, such as albumin, total cholesterol, neutrophil to lymphocyte ratio

(NLR) and prognostic nutritional index (PNI) have been proven to be useful in evaluating patient prognosis.” '’

Journal of Inflammation Research 2024:17 655-667 655
Received: 26 October 2023 © 2024 Xu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 16 January 2024
Published: 2 February 2024

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Xu et al Dove

However, a single marker is insufficient to comprehensively assess the patient’s preoperative status. The Naples
prognostic score (NPS) is a novel and comprehensive index that incorporates serum albumin, total cholesterol, NLR,
and lymphocyte to monocyte ratio (LMR). It was initially confirmed as an independent risk factor in colon cancers and
further demonstrated its correlation with prognosis in esophageal cancer, pancreatic cancer, gastric cancer, and other
types of cancers.'' ' However, the predictive significance of NPS in patients with CCA has not yet been confirmed.

The present study aims to explore the clinical implications of NPS in postoperative patients with CCA. Additionally,
a Nomogram is constructed to guide the prognosis of CCA based on NPS and other clinical factors.

Materials and Methods

Study Population

This study included 803 patients with CCA in the Harbin Medical University Cancer Hospital from January 2014 to
January 2019. Inclusion criteria of our study were as follows: 1. aged > 18; 2. pathological diagnosis of CCA. Exclusion
criteria: 1. patients had no available clinicopathology data; 2. patients did not undergo radical surgery; 3. patients with
preoperative therapies (local or systemic therapy); 4. with multiple primary cancers. Finally, 232 patients were enrolled in
our study (Figure 1). The study was approved by the ethics committee of Harbin Medical University Cancer Hospital,
and obtained informed consent from patients.

Variables Collection

Several variables were included in our study: sex, age, body mass index (BMI), hepatocirrhosis or Hepatitis B Virus
(HBV), obstructive jaundice, preoperative carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9), tumor
size, tumor location, differentiation, perineural invasion, microvascular invasion, TNM stage, adjuvant chemotherapy,
PNI, controlling nutritional status (CONUT) and NPS. Sex was categorized into male and female. Patients were
categorized into two groups depending on whether they had chronic liver disease. The diagnostic criteria for obstructive
jaundice included a total bilirubin (TBil) level greater than 34.2 pmol/L along with a noticeable rise in direct bilirubin.
Tumor size was classified by utilizing a threshold of 5 cm. Based on the anatomical origins, CCA was classified as
intrahepatic cholangiocarcinoma (iCCA) and extrahepatic cholangiocarcinoma (eCCA). Pathological differentiation was
categorized into three groups. Perineural invasion and microvascular invasion were defined as either “positive” or
“negative”. Postoperative pathological staging of CCA patients was conducted based on the TNM staging system.
Furthermore, patients were classified into two groups based on whether they underwent adjuvant therapy after surgery.
Preoperative hematological markers were collected, including lymphocyte, neutrophil, platelet counts, fibrinogen,
monocyte, total cholesterol, TBil, albumin, CEA and CA19-9. The relevant indexes were calculated as follows: NLR
= neutrophil divided by lymphocyte, LMR = lymphocyte divided by monocyte, PNI = albumin (g/L) + 5 x lymphocyte.

803 cholangiocarcinoma patients enrolled
from the Harbin medical cancer hospital

Exclusion criteria
i 25 patients had no available clinicopathological data

778 patients personal information were available

Exclusion criteria
y 486 patients without curative surgery

292 patients with radical surgery

Exclusion criteria
28 patients with preoperative therapies (local or
systemic)

4

264 patients without preoperative chemotherapy

Exclusion criteria
\ 4 32 patients diagnosed with multiple primary cancers

232 cholangiocarcinoma patients included in our study

Figure | The flow diagram of the cholangiocarcinoma study.
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Statistical Analysis

The study endpoint is the OS of CCA patients. It referred to the duration from the surgery until either the occurrence of
death or the latest follow-up. Statistical analyses were conducted using SPSS software (version 23.0) and GraphPad
Prism 8. There is no consensus on an ideal ratio of the numbers of training and validation groups, however, a commonly
used rule-of-thumb is to split the dataset into a 7:3 or 8:2 ratio for training and validation groups. In our study, we
referenced several recently published clinical studies and randomized our cohort using a 7:3 ratio. After randomly
grouping the data, the chi-square test was performed to evaluate whether there were distribution differences between the
training group and the validation group. The random grouping ensured a balanced distribution of clinical variables in
both the training group and validation group. Finally, we utilized the training group to construct the scoring model, which
was subsequently evaluated in the validation group. When performing statistical descriptions, ratios were used to
represent categorical variables. Kaplan-Meier curves were used to perform survival analysis, and the Log rank test
was conducted. Cox regression analysis was performed to identify independent prognostic risk factors. We implemented
Chi-square test or Fisher’s exact test for categorical variables. Additionally, the optimal cutoff values for continuous
variables were carried out by utilizing the Youden index. To assess the predictive efficacy of various variables, receiver
operating characteristic (ROC) curves were generated. P < 0.05 was used to indicate statistical difference.

Results

Baseline Characteristics of Patients
Finally, 232 patients with CCA were enlisted and randomly divided into the training group (n=163) and the validation
group (n=70) in a 7:3 ratio. The duration of follow-up was 29.6 months on average and 107 patients had passed away
(46.1%) in the end. The training group comprised 116 males (71.2%) and 44 females (28.8%). The average age was 59.4
years (range: 44—75). Among the training group, 23 cases (14.2%) had liver cirrhosis or HBV infection, while 101 cases
(62.4%) had preoperative obstructive jaundice. According to the TNM staging system, patients with stage I, II and III
were 28 (17.2%), 58 (35.6%) and 76 (47.8%), respectively. Approximately 40% patients with CCA were moderately
differentiated and 52 patients (32.9%) received postoperative adjuvant therapy.

The average age of patients in the validation group was 59.2 years old (range: 36-78). The group consisted of
47 males (67.1%) and 23 females (32.9%). Patients with stage I, II and III were 12 (17.1%), 22 (31.4%) and 36
(51.5%), respectively. Additionally, 22 patients (31.4%) in the validation group received postoperative adjuvant
therapy. In conclusion, the clinicopathologic features were evenly distributed between the training and validation
groups (Table 1).

Table | Baseline Clinical and Pathological Characteristics of Patients with CCA

Characteristics Total Training Group Validation Group P value
(N = 232) (N =162) (N =70)
Sex 0.41
Male 163 (70.2%) 116 (71.2%) 47 (67.1%)
Female 69 (29.8%) 46 (28.8%) 23 (32.9%)
Age (years) 0.70
<60 117 (50.4%) 83 (51.2%) 34 (48.6%)
>60 I'15 (49.6%) 79 (48.8%) 36 (51.4%)
BMI (kg/m?), median [IQR] 24.35 (22.06-26.45) 24.37 (21.86-26.29) 24.26 (21.68-26.17) 0.76
Hepatocirrhosis or HBV 0.26
No 195 (84.0%) 139 (85.8%) 56 (80.0%)
Yes 37 (16.0%) 23 (14.2%) 14 (20.0%)
(Continued)
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Table | (Continued).

Characteristics Total Training Group Validation Group P value
(N = 232) (N =162) (N =70)

Obstructive jaundice 0.89
No 88 (38.0%) 61 (37.6%) 27 (38.6%)
Yes 144 (62.0%) 101 (62.4%) 43 (61.4%)

Preoperative CEA (ng/L) 0.42
<5 180 (77.6%) 128 (79.0%) 52 (74.3%)
>5 52 (22.4%) 34 (21.0%) 18 (25.7%)

Preoperative CA199 (U/mL) 0.67
<37 62 (26.7%) 42 (25.9%) 20 (28.6%)
>37 170 (73.7%) 120 (74.1%) 50 (71.4%)

Tumor size (cm) 0.56
<5 126 (54.3%) 86 (52.7%) 40 (57.1%)
=5 106 (45.7%) 76 (47.3%) 30 (42.9%)

Tumor location 0.28
Intrahepatic CCA 79 (34.1%) 52 (32.1%) 27 (38.6%)
Perihilar CCA 91 (39.2%) 66 (40.7%) 25 (35.7%)
Distal CCA 62 (26.7%) 44 (27.2%) 18 (25.7%)

Differentiation 0.10
Well differentiated 38 (16.4%) 25 (15.4%) 13 (18.6%)
Moderately differentiated 107 (44.0%) 79 (48.5%) 28 (40.0%)
Poorly differentiated 87 (35.3%) 58 (35.8%) 29 (41.4%)

Perineural invasion 0.85
Negative 190 (81.9%) 132 (81.5%) 58 (82.9%)
Positive 42 (18.1%) 30 (18.5%) 12 (17.1%)

Microvascular invasion 0.56
Negative 217 (93.5%) 150 (92.6%) 67 (95.8%)
Positive 15 (6.5%) 12 (7.4%) 3 (4.2%)

TNM stage 0.78
[ 40 (17.2%) 28 (17.2%) 12 (17.1%)
Il 80 (34.5%) 58 (35.6%) 22 (31.4%)
1] 112 (48.3%) 76 (47.8%) 36 (51.5%)

Adjuvant chemotherapy 091
Yes 74 (31.9%) 52 (32.0%) 22 (31.4%)
No 158 (68.1%) 110 (68.0%) 48 (68.6%)

PNI 0.8l
<4453 100 (43.1%) 69 (42.5%) 31 (44.2%)
>44.53 132 (56.9) 93 (57.5%) 39 (55.8%)

CONUT 0.87
<3 160 (68.9%) 111 (68.6%) 49 (70.0%)
>3 72 (31.1%) 51 (31.4%) 21 (30.0%)

NPS 0.34
Group 0 28 (12.0%) 20 (12.3%) 8 (11.4%)
Group | 133 (57.3%) 90 (55.2%) 43 (61.4%)
Group 2 71 (30.4%) 52 (32.5%) 19 (27.2%)

Abbreviations: BMI, body mass index; CEA, carcinoembryonic antigen; CA19- 9, carbohydrateantigen|9- 9; CCA, cholangiocarcinoma; TNM,

tumor node metastasis; PNI, prognostic nutritional index; CONUT, controlling nutritional status; NPS, Nutritional Prognostic Score.

The Prognostic Accuracy of NPS and Other Nutritional Indexes

NPS was composed of serum albumin, total cholesterol, NLR and LMR. The score was calculated by comparing the
actual results with predefined thresholds. A positive relationship was observed between the patient’s preoperative
malnutrition and the NPS. Previous studies have established the thresholds for each indicator as follows: serum albumin
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(40 g/L), total cholesterol (180 mg/dL), NLR (2.96), and LMR (4.44) (Supplemental Table 1). Patients were grouped
based on their NPS score. These groups represented varying levels of preoperative malnutrition risk. Survival analysis
demonstrated that the NPS-based group exhibited prognostic value in patients with CCA who underwent radical resection

(P<0.001, Figure 2A). Significant differences in prognosis were observed among the various groups, with 5-year survival
rates of 79.1%, 33.1%, and 10.06%, respectively.

The assessment of predictive accuracy for variables in survival analysis often involved the use of the ROC curves.
Our study analyzed the predictive performance of several comprehensive nutritional indexes (NPS, CONUT, PNI, and
BMI) for OS in resected CCA patients. The CONUT score is calculated based on albumin (35 g/L), lymphocyte counts
(1.6), and total cholesterol (180 mg/dL). A total score of >3 indicates malnutrition. In the training group, the area under
the curve (AUC) of NPS, CONUT, PNI, and BMI were 0.668 (95% CI 0.580—0.703), 0.565 (95% CI 0.482-0.603), 0.574
(0.498-0.623), and 0.530 (0.453-0.603), respectively (Figure 2C). Similar results were observed in the validation group
(Figure 2B and D).

1.0m
< 087 =
S 8
< 0.6 ry
K] P < 0.001 ]
= 0ad s
~§ o1 — Group 0 E
@ 0.2 — Group1 @
— Group 2
0.0 I 1 I 1 I
0 12 24 36 48 60
Months Months
Number at risk 5-Y OS (%) Number at risk 5-Y OS (%)
Group 0 20 20 25 14 11 6 79.1% Group 0 8 8 6 3 2 2 71.4%
Group 1 90 77 51 31 14 6 33.1% Group 1 43 37 27 13 6 3 37.1%
Group 2 52 17 19 6 2 1 10.6% Group 2 19 13 5 2 2 1 12.5%
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Figure 2 The prognostic value of NPS for resected CCA patients. (A) The survival curves of Group based on NPS in training group. (B) The survival curves of Group based
on NPS in validation group. The predictive performance of several composited indexes (NPS, CONUT, PNI, BMI) for OS. (C) The ROC curves of indexes for OS in training
group. (D) The ROC curves of indexes for OS in validation group.

Abbreviations: NPS, Nutritional Prognostic Score; CCA, cholangiocarcinoma; CONUT, controlling nutritional status; PNI, prognostic nutritional index; BMI, body mass
index; OS, overall survival; ROC, receiver operating characteristic; AUC, area under the curve.
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Association Between NPS and Clinicopathological Characteristics

In the training group, there were 20 (12.3%) patients in Group 0, 90 (55.2%) patients in Group 1, and Group 2 consisted
of 52 patients (32.5%). The baseline characteristics of patients in different NPS groups are presented in Table 2. The chi-
square test revealed significant differences in clinicopathological characteristics among these groups. The NPS was found
to be associated with BMI (P<0.001), obstructive jaundice (P<0.01), preoperative CA19-9 (P<0.01), differentiation
(P<0.001), perineural invasion (P<0.01), TNM stage (P<0.001), PNI (P<0.001), and CONUT (P<0.001).

Table 2 Baseline Clinical and Pathological Characteristics of Patients with Different NPS Group

Characteristics Group 0 Group | Group 2 P value
(N =20) (N =90) (N =52)
Sex 0.27
Male 13 (65.0%) 69 (76.6%) 34 (65.3%)
Female 7 (35.0%) 21 (23.4%) 18 (34.7%)
Age (years) 0.41
<60 13 (65.0%) 44 (48.8%) 26 (50.0%)
>60 7 (35.0%) 46 (51.2%) 26 (50.0%)
BMI (kg/m?), median [IQR] 25.61 (22.43-27.85) 24.44 (21.67-26.78) 23.44 (21.48-25.00) <0.001
Hepatocirrhosis or HBV 0.083
No 18 (90.0%) 81 (90.0%) 40 (76.9%)
Yes 2 (10.0%) 9 (10.0%) 12 (23.1%)
Obstructive jaundice <0.01
No 12 (60.0%) 30 (33.3%) 19 (36.5%)
Yes 8 (40.0%) 60 (66.7%) 33 (63.5%)
Preoperative CEA (ng/L) 0.75
<5 17 (85.0%) 71 (78.9%) 40 (76.9%)
>5 3 (15.0%) 19 (21.1%) 12 (23.1%)
Preoperative CA199 (U/mL) <0.01
<37 9 (45.0%) 27 (30.0%) 6 (11.5%)
>37 I'1 (55.0%) 63 (70.0%) 46 (88.5%)
Tumor size (cm) 0.44
<5 12 (60.0%) 50 (55.5%) 24 (46.1%)
=5 8 (40.0%) 40 (44.5%) 28 (53.9%)
Tumor location 0.21
Intrahepatic CCA 8 (40.0%) 25 (27.8%) 19 (36.5%)
Perihilar CCA 7 (35.0%) 40 (44.4%) 19 (36.5%)
Distal CCA 5 (25.0%) 25 (27.8%) 14 (27.0%)
Differentiation <0.001
Well differentiated 8 (40.0%) I5 (16.7%) 2 (3.9%)
Moderately differentiated 6 (30.0%) 50 (55.6%) 23 (44.2%)
Poorly differentiated 6 (30.0%) 25 (27.7%) 27 (51.9%)
Perineural invasion <0.01
Negative 18 (90.0%) 79 (87.8%) 35 (67.3%)
Positive 2 (10.0%) I (12.2%) 17 (32.7%)
Microvascular invasion 0.38
Negative 19 (95.0%) 85 (94.4%) 46 (88.5%)
Positive I (5.0%) 5 (5.6%) 6 (11.5%)
TNM stage <0.001
| 9 (45.0%) 12 (23.3%) 7 (17.1%)
I 5 (25.0%) 38 (42.2%) 15 (28.8%)
11l 6 (30.0%) 40 (44.5%) 30 (57.7%)
(Continued)
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Table 2 (Continued).

Characteristics Group 0 Group | Group 2 P value
(N =20) (N =90) (N =52)
Adjuvant chemotherapy 0.66
Yes 8 (40.0%) 29 (32.2%) 15 (28.8%)
No 12 (60.0%) 61 (67.7%) 37 (71.2%)
PNI <0.001
<4453 2 (10.0%) 35 (38.9%) 32 (61.5%)
>4453 18 (90.0) 55 (61.1%) 20 (38.5%)
CONUT <0.001
<3 16 (80.0%) 71 (78.9%) 24 (46.1%)
>3 4 (20.0%) 19 (21.1%) 28 (53.9%)

Abbreviations: BMI, body mass index; CEA, carcinoembryonic antigen; CA19- 9, carbohydrateantigen|9- 9; CCA, cholangiocarcinoma; TNM, tumor node
metastasis; PNI, prognostic nutritional index; CONUT, controlling nutritional status; NPS, Nutritional Prognostic Score.

Univariate and Multivariate Regression Analysis

We conducted Cox regression analyses to identify the prognostic risk factors for resected CCA patients (Table 3). In the
univariate analysis, it was observed that BMI, CA19-9, tumor location, differentiation, perineural invasion, TNM stage,
adjuvant therapy, PNI, CONUT and NPS had significant effects on OS of patients. Further multivariate analysis
determined that NPS, differentiation, TNM stage, adjuvant chemotherapy and tumor location were independent prog-
nostic factors for CCA patients. The S-year OS rates for patients with different NPS groups were 79.1%, 33.1%, and
10.6%, respectively (P<0.001, Figure 3A). And significant differences in prognosis were observed among patients with

Table 3 Univariate and Multivariate Analysis of Clinical Variables

Variables Univariate Analysis P value Multivariable Analysis P value

HR 95% CI HR 95% CI

Sex 0.989

Male |

Female 1.003 (0.671-1.499)
Age 0.242

<60 |

>60 1.255 (0.858-1.835)
BMI (kg/m?) 0.842 (0.759-0.963) 0.043 0.958 (0.919-1.008) 0.254
Hepatocirrhosis or HBV 0.646

No |

Yes 1.130 (0.672—1.900)
Obstructive jaundice 0.228

No |

Yes 1.269 (0.861-1.869)
CEA (ng/L) 0.406

<5 |

>5 1.228 (0.756—1.955)
CA199 (U/mL) 0.021 0.108

<37 | |

>37 2.178 (1.613-2.857) 1.278 (0.911-1.852)
Tumor size (cm) 0.405

<5 |

25 1.203 (0.779-1.858)

(Continued)
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Table 3 (Continued).

Variables Univariate Analysis P value Multivariable Analysis P value
HR 95% CI HR 95% CI
Tumor location 0.042 0.029
Internal | |
External 1.667 (1.204-2.243) 1.636 (1.330-2.035)
Differentiation <0.001 <0.001
Well differentiated I |
Moderately differentiated 2.340 (1.829-3.046) 0.030 <0.001 1.698 (1.388-2.162) 0.023
Poorly differentiated 3.581 (2.522-5.078) 2.460 (2.015-3.184) <0.001
Perineural invasion 0.035 0.321
Negative | |
Positive 1.816 (1.533-2.545) 1.165 (0.741-1.532)
Microvascular invasion 0.209
Negative |
Positive 1.211 (0.857-1.632)
TNM stage <0.001 <0.001
| | I
1l 2.319 (1.838-2.676) 0.003 1.952 (1.628-3.011) <0.01
1] 4.159 (3.235-4.927) <0.001 3.541 (2.765-4.781) <0.001
Adjuvant chemotherapy <0.001 0.027
Yes | |
No 2.342 (1.891-3.524) 1.522 (1.292-2.395)
PNI <0.01 0.064
<44.53 | |
>44.53 0.735 (0.390-0.952) 0.876 (0.692-1.018)
CONUT <0.01 0.058
<3 | |
23 1.631 (1.419-2.549) 1.378 (0.982-2.057)
NPS <0.001 <0.001
Group 0 | |
Group | 2.182 (1.886-3.385) <0.001 1.952 (1.262-3.018) <0.001
Group 2 4.327 (3.217-5.494) <0.001 3.588 (2.964—4.102) <0.001

Abbreviations: HR, hazard ratio; BMI, body mass index; CEA, carcinoembryonic antigen; CA19- 9, carbohydrateantigen|9- 9; TNM, tumor node
metastasis; PNI, prognostic nutritional index; CONUT, controlling nutritional status; NPS, Nutritional Prognostic Score; Cl, confidence interval.

highly, moderately, and poorly differentiated, with 5-year OS rates of 63.3%, 36.3%, and 26.9%, respectively (P<0.001,
Figure 3B). Additionally, the prognosis differed based on different pathological stages, with 5-year OS rates of 65.1%
(stage I), 41.7% (stage II), and 22.5% (stage III) (P<0.001, Figure 3C). Patients who received adjuvant chemotherapy for
CCA had a better prognosis compared to those who did not, with a significant difference in 5-year survival rates (61.1%
vs 19.4%) (P<0.001, Figure 3D). Survival analysis revealed that patients diagnosed with eCCA exhibited a more
favorable 5-year OS rate in comparison to cases with iCCA (42.4% vs 28.9%) (P<0.05, Figure 3E).

Survival Analysis Based on NPS
There were significant differences in the prognosis of patients with CCA across different NPS groups (P<0.001,
Supplemental Figure 1A). To further investigate the implications of NPS on prognosis in different pathological stages,

we performed a subgroup analysis. The findings demonstrated that NPS also has prognostic value for patients with the
same pathological stage (Supplemental Figure 1B-D).
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Figure 3 The survival analysis of independent prognostic factors for resected CCA patients by the Kaplan—Meier method. (A) The survival curves of Group based on NPS.

(B) The survival curves of pathological differentiation. (C) The survival curves of TNM stage. (D) The survival curves of adjuvant therapy. (E) The survival curves of tumor
location.

Abbreviations: CCA, cholangiocarcinoma; NPS, Nutritional Prognostic Score; TNM tumor node metastasis; OS, overall survival.

Nomogram Development and Validation

We developed a Nomogram for survival prediction using the results of multivariate analysis. The Nomogram included
five independent prognostic factors (NPS, stage, differentiation, tumor location and adjuvant chemotherapy)
(Figure 4A). In the training group, the AUC of the Nomogram for predicting the 1-year, 3-year, and 5-year survival
of resected CCA patients were 0.801, 0.829, and 0.808, respectively (Figure 4B). The C-index of the Nomogram was
0.717 (95% CI: 0.688-0.746). The calibration curves indicated that the Nomogram effectively predicted survival of
1-year, 3-year, and 5-year (Figure 5A—C). Additionally, the decision curves demonstrated that the Nomogram had
a higher prognostic value compared to TNM system (Figure 4D). These findings were further confirmed in the validation
group, with AUC of 0.719, 0.731, and 0.869 for predicting 1-year, 3-year, and 5-year survival, respectively (Figure 4C).
The C-index was 0.695 (95% CI: 0.645-0.745). Both the calibration curves and the decision curves demonstrated
a strong prognostic value of nomogram model (Figures 4E and 5SD—F). In conclusion, the Nomogram based on NPS was
a more accurate prognostic tool for resected CCA patients compared to the traditional staging system.

Discussion

The present study confirmed the predictive value of NPS on the prognosis of CCA patients. In clinical practice, the NPS
groups had a significance correlation with the patient’s preoperative malnutrition. Survival analysis revealed that patients
in Group 2 (NPS=3 or 4) had the lowest 5-year OS rate. Moreover, this study firstly constructed a Nomogram for OS
prediction using NPS and other independent prognostic risk factors. According to the decision curves, the novel model
outperformed the traditional TNM stage in accurately predicting the survival of resected CCA patients.

With the advancement of diagnosis and treatment technology, an increasing number of CCA patients have been able
to undergo radical surgical. However, the mortality rate of CCA worldwide continues to rise. Therefore, it is imperative
to identify appropriate prognostic markers for the stratified management of CCA patients. Inflammation and nutrition
played a crucial role in the occurrence and development of malignancies. As research progresses, it has become evident
that these factors were closely associated with tumor microenvironment and prognosis.'>'® Elevated serum level of NLR
was associated to early tumor recurrence and shorter survival in patients with iCCA."” According to another retrospective
study, LMR has been identified as an independent risk factor for the prognosis of eCCA. The study found that higher
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Figure 4 Construction and validation of the nomogram model. (A) Nomogram including NPS, stage, differentiation, tumor location, and chemotherapy in predicting the |-,3-,5-
year survival for resected CCA patients. (B) The ROC curves of the nomogram in predicting the |-,3-,5- year survival of resected CCA patients in training group. (C) The ROC
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Abbreviations: NPS, Nutritional Prognostic Score; CCA, cholangiocarcinoma; ROC, receiver operating characteristic; AUC, area under the curve.
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Figure 5 Calibration plots of the nomogram. (A—C) Calibration curves for |-, 3-, 5-year survival based on nomogram in training group. (D—F) Calibration curves for I-, 3-,
5-year survival based on nomogram in validation group.

level of preoperative LMR were associated with a better prognosis.'® However, a single marker was insufficient for risk
stratification. NPS was a novel prognostic marker that incorporated both inflammation and nutritional indicators. Serum
albumin and total cholesterol are indicators of nutritional status. Preoperative malnutrition had been found to be
associated with early postoperative recurrence and poorer survival prognosis.'>** Lymphocytes and neutrophils played
a crucial role in the release of cytokines and inflammatory mediators, contributing to the anti-tumor immune response.?’
Additionally, monocytes have been linked to tumor-associated macrophages (TAMs).?* In conclusion, the NPS is
a comprehensive indicator that reflects both inflammatory and nutritional status. It has potential to serve as
a substantial indicator for survival prediction in CCA patients. Recent studies have identified various prognostic
indicators, including CONUT and PNIL>*?* Notably, NPS has been found to possess a better prognostic value compared
to other markers in esophageal cancer and gastric cancer.'>'* In our study, the ROC curves demonstrated that NPS
exhibited a higher prognostic value in both the training group and the validation group.

The heterogeneity of CCA is not adequately addressed by the conventional TNM stage, leading to varying prognoses
for patients in the same pathological stage. To address this, the Nomogram incorporating multiple risk factors was
developed to provide improved risk stratification and survival prediction.”>® In this study, risk factors included in the
Nomogram were identified by multivariate analysis. All the factors included in the Nomogram are clinical variables,
facilitating its further adoption in clinical practice. Compared to the TNM stage, the Nomogram demonstrated a higher
predictive value for survival in CCA patients.

As a representative of heterogeneous malignancies, CCA exhibits unique clinicopathological and survival outcome in
different anatomical sites.?” It is important to note that chronic viral hepatitis or cirrhosis is more closely associated with
iCCA, as supported by this study.”® On the other hand, primary sclerosing cholangitis is the main cause of eCCA.?’ The
clinical symptoms of CCA were often non-specific and insidious, leading to patients being diagnosed at an advanced
stage. However, previous studies have shown that eCCA can be helpful for early diagnosis due to its clinical features of
obstructive jaundice, which may lead to a better prognosis.”’ The findings of this study supported this conclusion.
Specifically, the prognosis of eCCA was better than that of iCCA.

Our study aimed to explore the applicability and limitations of NPS in the context of patients with CCA. NPS is
a composite marker that includes nutritional and inflammatory indicators. We have confirmed its prognostic value in

CCA, and all the indicators included in NPS are easily accessible clinical or hematological indicators. However, there are
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still some limitations that need to be addressed for the wider adoption and implementation of NPS in clinical practice.
One limitation is the potential differences in nutritional and immune status among patients with different types of cancer.
This study, which was conducted retrospectively at a single center, and unable to determine the optimal threshold based
on the nutritional and immune characteristics of patients with CCA. It is worth noting that the threshold may change as
the study includes a larger number of patients. Therefore, more convincing conclusions need to be verified in larger
samples. Further studies are required to validate the impact of preoperative nutritional support and inflammation control
on patients’ NPS and to enhance the prognosis of patients with CCA. Additionally, considering the heterogeneity of
CCA, which exhibits differences in inflammation and nutritional status across different anatomical sites, we are currently
conducting a multicenter retrospective study to determine the optimal threshold for CCA. Although the inflammation and
nutritional indicators may be influenced by several conditions, the Nomogram based on NPS is still an effective tool for
survival prediction in CCA patients after radical surgery.

Conclusion

In conclusion, NPS is an independent prognostic factor for patients with resected CCA. The high NPS group (Group 1
or 2) is associated with lower survival rates. Furthermore, the integration of NPS into a Nomogram with additional risk
factors could accurately provide a survival prediction for CCA patients.
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