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Background: The prognostic value of systemic inflammatory biomarkers in intrahepatic cholangiocarcinoma (iCCA) remains
uncertain. This study aimed to compare their predictive performance and identify the most effective indicator.

Methods: We retrospectively analyzed 312 iCCA patients who underwent curative resection at three medical centers (2014-2022).
Twelve systemic inflammatory biomarkers, derived from routine blood parameters (neutrophils, lymphocytes, monocytes, platelets,
albumin), were assessed for overall survival (OS) and disease-free survival (DFS). Prognostic accuracy was evaluated using the
concordance index (C-index), time-dependent area under the ROC curve (time-AUC), and Brier score. Independent predictors
identified by multivariate Cox regression were incorporated into nomograms to estimate survival.

Results: The median patient age was 63 years, 71.8% were male, 38.8% had stage 11l disease, and 37.5% had poorly differentiated
tumors. Median follow-up was 24 months. Among the twelve biomarkers, the pan-immune-inflammation value (PIV) demonstrated the
strongest prognostic performance. For OS, PIV achieved a C-index of 0.682, time-AUC of 0.695, and Brier score of 0.180; for DFS,
C-index was 0.679, time-AUC 0.681, and Brier score 0.192. Unlike single-ratio indices, PIV integrates neutrophil, monocyte, platelet,
and lymphocyte counts, providing a multidimensional view of systemic inflammation and immunity. Multivariate analysis confirmed
high PIV as an independent predictor of poor OS (HR = 2.488; 95% CI: 1.745-3.546; P < 0.001) and DFS (HR = 2.353; 95% CI:
1.701-3.247; P < 0.001). Nomograms combining PIV with clinicopathological factors (CEA, CA19-9, perineural invasion, TNM
stage) demonstrated improved discrimination and calibration at 12, 36, and 60 months.

Conclusion: PIV provides superior prognostic value compared with traditional inflammatory indices, offering a cost-effective and
readily available biomarker for iCCA. While promising, these results are based on a retrospective multicenter cohort without
independent validation, and should be confirmed in prospective external studies.
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Introduction
Cholangiocarcinomas (CCAs) are a rare but aggressive group of malignancies, anatomically classified as intrahepatic
(iCCA) or extrahepatic (¢CCA), with iCCA arising proximal to the second-order bile ducts."? iCCA differs significantly
from eCCA in molecular characteristics and clinical management.® Although uncommon, iCCA has been recognized as
an increasing oncologic concern due to its rising incidence and poor prognosis.*> These challenges underscore the need
for improved prognostic strategies.

The tumor-node-metastasis (TNM) staging system remains the cornerstone of prognostic evaluation, but its discri-
minatory ability is limited, particularly for patients with localized disease. In recent years, increasing evidence has
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underscored the association between preoperative systemic inflammatory responses and clinical outcomes in iCCA.°
A variety of serum-derived biomarkers, including the neutrophil-to-lymphocyte ratio (NLR),”'® lymphocyte-to-

monocyte ratio (LMR),'""* 11-14,18-20

platelet-to-lymphocyte ratio (PLR), systemic immune-inflammation index
(SII),>'*? systemic inflammation response index (SIRI),”* and systemic inflammation score (SIS),'” have been reported
as prognostic indicators. Composite scores such as the Naples prognostic score’* and the advanced lung cancer
inflammation index® have also been explored. Notably, patients with advanced iCCA and evidence of systemic
inflammation tend to exhibit more aggressive tumor biology and higher recurrence rates.*

However, prior studies remain inconsistent. Many biomarkers are easy to calculate but capture only a single
dimension of the host immune or inflammatory response, and their prognostic utility varies across reports. For instance,
ratios such as NLR and PLR are widely adopted but susceptible to confounding by infection or hepatic dysfunction,
while composite indices like SII and SIRI offer broader integration yet lack standardization and external validation.
Moreover, most studies have focused on one biomarker at a time, leaving their relative prognostic strengths poorly
defined.

Comparative studies that systematically evaluate multiple inflammatory biomarkers in the same iCCA population are
scarce. Such investigations are clinically meaningful, as they may help identify the most reliable biomarkers, improve
risk stratification, and guide postoperative surveillance strategies. Moreover, the identification of an optimal biomarker
could directly influence clinical decision-making, including refining patient selection for curative surgery, tailoring
adjuvant therapy recommendations, and determining the intensity of follow-up schedules. Therefore, this multicenter
study aimed to comprehensively compare the prognostic performance of twelve preoperative systemic inflammatory
biomarkers in patients with iCCA undergoing curative resection, using robust statistical metrics such as the concordance

index (C-index), time-dependent AUC, and Brier scores.

Materials and Methods

Patients Selection

This retrospective study evaluated patients with iCCA who underwent curative surgical resection between April 2014 and
January 2022 at The Affiliated Hospital of Jiangnan University, The Affiliated Suzhou Hospital of Nanjing Medical
University, and Harbin Medical University Cancer Hospital. Inclusion criteria were: (1) histologically confirmed iCCA;
(2) curative-intent resection; (3) no evidence of extrahepatic metastasis at the time of surgery; and (4) complete baseline
laboratory data. Exclusion criteria included: (1) receipt of any preoperative therapy, such as transarterial chemoembo-
lization, radiofrequency ablation, or systemic treatment; (2) history of hematologic malignancy, autoimmune disease, or
other cancers; and (3) incomplete clinical, laboratory, or follow-up records. A total of 312 patients met the eligibility
criteria and were included in the final analysis (Figure S1).

Tumor staging was based on the 8th edition of the American Joint Committee on Cancer (AJCC) system.
Postoperative follow-up was scheduled every 3 months for the first 2 years, every 6 months for years 3—5, and annually
thereafter. Each follow-up visit included physical examination, laboratory tests (including liver function and tumor
markers such as CEA and CA19-9), and imaging assessment with abdominal ultrasonography or contrast-enhanced CT/
MRI. For patients unable to attend in person, structured telephone interviews were conducted to confirm survival status
and disease recurrence. Follow-up was continued through January 2025. All participants provided written informed
consent. The study was conducted in accordance with the Declaration of Helsinki and approved by the institutional
review boards of the participating hospitals.

Data Collection and Definition of Variables

This study collected demographic and tumor-related variables, including age, gender, presence of obstructive jaundice,
hepatitis B virus (HBV) infection status, serum carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-
9) levels, tumor differentiation, perineural invasion, and tumor staging according to the 8th edition of the American Joint
Committee on Cancer (AJCC) TNM classification. Preoperative hematological parameters included peripheral counts of
lymphocytes, neutrophils, monocytes, and platelets, as well as serum albumin levels. A total of 12 systemic immune-
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inflammation biomarkers were evaluated: pan-immune-inflammation value (PIV), NLR, LMR, PLR, SII, SIRI, neutro-
phil-to-albumin ratio (NAR), lymphocyte x albumin (LA), neutrophil x monocyte (NM), neutrophil x platelet (NP),
monocyte x platelet (MP), and SIS. The formulas used to calculate these biomarkers are detailed in Table S1. The
selection of the 12 systemic inflammatory biomarkers was based on both established evidence and exploratory
consideration. Classical ratios such as NLR, LMR, PLR, SII, SIRI, and SIS were included given their frequent use
and reported prognostic significance in hepatobiliary and gastrointestinal malignancies. Additionally, emerging compo-
site indices such as PIV, NAR, LA, NM, NP, and MP were incorporated based on previous evidence in other cancer
types, enabling a comprehensive comparison of traditional and novel inflammatory markers in iCCA. Overall survival
(OS) was defined as the interval from the date of curative surgery to death or last follow-up. Disease-free survival (DFS)
was defined as the time from curative surgery to either documented disease recurrence or the most recent follow-up.

Evaluation Metrics for Inflammatory Biomarkers

Multiple metrics were utilized to evaluate the prognostic performance of the twelve systemic inflammation biomarkers.
Discriminative ability was assessed using Harrell’s concordance index (C-index) and the time-dependent area under the
receiver operating characteristic curve (time-AUC), with higher values indicating better discriminatory power.
Calibration was assessed using the time-dependent Brier score (time-Brier score), which ranges from 0 to 1, with
lower scores reflecting better model calibration.

Development and Assessment of Nomogram

Independent risk factors for OS and DFS in iCCA were identified using univariate Cox regression analysis, followed by
multivariate inverse stepwise Cox regression. A clinical model was constructed based on independent predictors of OS
and DFS, excluding PIV. Nomogram models were then developed by incorporating PIV along with other independent
prognostic factors to estimate OS and DFS. The predictive performance of the models was evaluated using time-
dependent ROC survival curves, calibration plots, and decision curve analysis (DCA). Comparative prognostic accuracy
among the nomogram, clinical model, and TNM staging system was assessed using net reclassification improvement
(NRI) and integrated discrimination improvement (IDI) metrics.

Statistical Analysis

Continuous variables were tested for normality using the Kolmogorov—Smirnov test and reported as mean + standard
deviation (SD) or median with interquartile range (IQR), as appropriate. Group comparisons were conducted using the
Student’s #-test or Mann—Whitney U-test for continuous variables, and the Chi-square test or Fisher’s exact test for
categorical variables. Prognostic factors were first evaluated by univariate Cox regression analysis, with variables
showing a p value < 0.05 subsequently included in a multivariate Cox regression using an inverse stepwise selection
approach. To avoid collinearity among systemic inflammatory biomarkers, variance inflation factor values were calcu-
lated for all candidate variables prior to Cox regression modeling. Variables with VIF > 5 were considered to indicate
multicollinearity and would have been excluded; however, in this study, all included variables demonstrated VIF < 2.0,
confirming no significant collinearity. All variables in this study were complete, with no missing data; therefore,
imputation procedures were not required. All statistical analyses were performed using R software (version 4.2.1), and
a two-sided P < 0.05 was considered statistically significant.

Results

Patient Characteristics

This multicenter study included 312 patients who underwent radical surgical resection for iCCA. The median age of the
patients was 63 years (range: 31-79 years), with 88 (28.21%) females and 224 (71.79%) males. HBV infection was
observed in 14.42% of patients. The median serum levels (with IQR) of CEA and CA19-9 were 2.60 ng/mL (1.73,4.16)
and 99.02 U/mL (36.19,276.80), respectively. Histological analysis revealed that 37.50% of tumors were poorly
differentiated, while the remaining 62.50% were well or moderately differentiated. Perineural invasion was present in
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28.85% of patients. According to the 8th edition of the AJCC staging system, 61.22% of cases were classified as stage 1/
II, and 38.78% as stage III. Regarding systemic inflammatory and nutritional biomarkers, the median values (with
interquartile ranges) were as follows: NLR, 2.63 (1.82,3.64); LMR, 3.21 (2.10,3.84); PLR, 153.94 (108.54,211.55); SII,
588.32 (379.36,928.20); SIRI, 1.33 (0.87,2.31); NAR, 1.11 (0.84,1.55); LA, 6.01 (4.86,7.81); NM, 2.30 (1.47,3.80); NP,
1014.33 (617.33,1475.54); MP, 128.48 (80.28,191.08); SIS, 2.00 (1.00,2.00); and PIV, 312.23 (190.42,505.66) (Table 1).
The median follow-up period was 24 months, ranging from 2 to 84 months. The OS rates at 12, 36, and 60 months were
71.3%, 34.2%, and 15.6%, respectively. These results indicate that although most patients survived during the first

Table | Baseline Clinicopathological Characteristics of
Intrahepatic Cholangiocarcinoma Patients in This Study

Variables All Patients (n = 312)
Age (year, %)

< 60 154(49.36)

2 60 158(50.64)
Gender (%)

Female 88(28.21)

Male 224(71.79)
Obstructive jaundice (%)

No 116(37.18)

Yes 196(62.82)
HBYV infection (%)

No 267(85.58)

Yes 45(14.42)
CEA (ng/mL, median [IQR]) 2.60(1.73,4.16)

CAI9-9 (U/mL, median [IQR]) 99.02(36.19,276.80)
Differentiation (%)

Poor 117(37.50)
Well/Moderate 195(62.50)

Perineural invasion (%)

No 222(71.15)

Yes 90(28.85)
TNM (AJCC 8th edition, %)

1 191(61.22)

1 121(38.78)
NLR (median [IQR]) 2.63(1.82,3.64)
LMR (median [IQR]) 3.21(2.10,3.84)
PLR (median [IQR]) 153.94(108.54,211.55)
SIl (median [IQR]) 588.32(379.36,928.20)
SIRI (median [IQR]) 1.33(0.87,2.31)
NAR (median [IQR]) 1.11(0.84,1.55)
LA (median [IQR]) 6.01(4.86,7.81)
NM (median [IQR]) 2.30(1.47,3.80)
NP (median [IQR]) 1014.33(617.33,1475.54)
MP (median [IQR]) 128.48(80.28,191.08)
SIS (median [IQR]) 2.00(1.00,2.00)
PIV (median [IQR]) 313.98(190.42,505.66)

Abbreviations: CEA, carcinoembryonic antigen; CAI9-9, carbohy-
drate antigen 19-9; IQR, interquartile ranges; NLR, neutrophil-to-
lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; PLR, platelet-
to-lymphocyte ratio; SlI, systemic immune-inflammation index; SIRI,
systemic inflammation response index; NAR, neutrophil-to-albumin
ratio; LA, lymphocyte X albumin; NM, neutrophil X monocyte; NP,
neutrophil x platelet; MP, monocyte x platelet; SIS, systemic inflamma-
tion score; PIV, pan-immune-inflammation value.

15790 ‘s Journal of Inflammation Research 2025:18



Tao et al

A 0.9 B 0.9 PV
-~ NLR
Qo038 0 0.81 LMR
2 2 e PLR
= = sl
go7 207
c g SIRI
§ g .
© 06 3 0.6 e NAR
2 2 A
F s F o051 !
NP
0.41 0.41 P
12 24 36 48 60 12 24 36 48 0 * SIS

Time (months) Time (months)

Figure | The time-dependent AUC of inflammation-based indicators for predicting overall survival (A) and disease-free survival (B) in intrahepatic cholangiocarcinoma patients.
Abbreviations: AUC, area under the receiver operating characteristic curve; LA, lymphocyte x albumin; LMR, lymphocyte-to-monocyte ratio; MP, monocyte X platelet;
NAR, neutrophil-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; NM, neutrophil X monocyte; NP, neutrophil x platelet; PIV, pan-immune-inflammation value; PLR,
platelet-to-lymphocyte ratio; Sll, systemic immune-inflammation index; SIRI, systemic inflammation response index; SIS, systemic inflammation score.

postoperative year, survival rates declined sharply thereafter, reflecting the aggressive biological behavior of iCCA and
the high likelihood of recurrence or progression despite curative-intent resection.

Optimal Survival Prediction Inflammation Biomarkers

As shown in Figure 1 and Table 2, the prognostic performance of twelve systemic inflammatory biomarkers for OS and
DFS was comprehensively evaluated. Among these biomarkers, the PIV demonstrated the best overall predictive
performance. For OS, PIV yielded the highest C-index of 0.682 (95% CI: 0.637-0.727), a time-dependent AUC of
0.695 (95% CI: 0.606-0.784), and the lowest time-Brier Score of 0.180 (95% CI: 0.167-0.191). Similarly, for DFS, PIV
maintained superior performance with a C-index of 0.679, time-AUC of 0.681, and a time-Brier Score of 0.192. In
contrast, markers such as MP and NP exhibited lower prognostic accuracy, with MP showing the lowest C-index for OS
(0.566, 95% CI: 0.517-0.615) and the highest time-Brier Score (0.192). The time-dependent AUC curves in Figure 1
further confirmed that PIV consistently maintained superior discriminatory power across 1- to 5-year time points for both
OS (Figure 1A) and DFS (Figure 1B), while other biomarkers such as NLR, LMR, and PLR demonstrated moderate but
inferior AUC performance.

Table 2 Comparison of Twelve Inflammatory Biomarkers Prediction Value for Overall Survival and Disease-Free Survival

Biomarkers Overall Survival Disease-Free Survival

C-index Time-AUC Time-Brier Score C-index Time-AUC Time-Brier Score

(95% CI) (95% CI) (95% CI) (95% ClI) (95% CI) (95% CI)
PIV 0.682 (0.637, 0.727) | 0.695 (0.606, 0.784) | 0.180 (0.167, 0.191) | 0.679 (0.636, 0.722) | 0.681 (0.595, 0.767) | 0.192 (0.179, 0.203)
NLR 0.637 (0.589, 0.685) | 0.668 (0.572, 0.764) | 0.183 (0.170, 0.194) | 0.620 (0.577, 0.664) | 0.651 (0.559, 0.744) | 0.194 (0.181, 0.206)
LMR 0.629 (0.582, 0.677) | 0.648 (0.550, 0.746) | 0.186 (0.166, 0.199) | 0.624 (0.580, 0.668) | 0.637 (0.544, 0.731) | 0.198 (0.182, 0.212)
PLR 0.621 (0.570, 0.672) | 0.664 (0.573, 0.755) | 0.185 (0.172, 0.196) | 0.611 (0.565, 0.656) | 0.632 (0.546, 0.718) | 0.197 (0.184, 0.206)
Sl 0.616 (0.567, 0.665) | 0.624 (0.525, 0.723) | 0.187 (0.172, 0.198) | 0.620 (0.575, 0.665) | 0.618 (0.523, 0.713) | 0.198 (0.185, 0.209)
SIRI 0.634 (0.586, 0.682) | 0.646 (0.548, 0.745) | 0.186 (0.171, 0.196) | 0.631 (0.586, 0.676) | 0.641 (0.548, 0.735) | 0.198 (0.183, 0.209)
NAR 0.624 (0.577, 0.671) | 0.650 (0.550, 0.750) | 0.186 (0.169, 0.197) | 0.623 (0.578, 0.668) | 0.653 (0.557, 0.750) | 0.199 (0.181, 0.211)
LA 0.603 (0.552, 0.654) | 0.650 (0.552, 0.747) | 0.187 (0.168, 0.199) | 0.586 (0.539, 0.633) | 0.632 (0.540, 0.724) | 0.199 (0.185, 0.210)
NM 0.606 (0.559, 0.654) | 0.603 (0.504, 0.703) | 0.189 (0.174, 0.202) | 0.611 (0.565, 0.656) | 0.605 (0.510, 0.700) | 0.202 (0.187, 0.215)
NP 0.587 (0.539, 0.635) | 0.581 (0.482, 0.680) | 0.191 (0.178, 0.202) | 0.595 (0.549, 0.641) | 0.578 (0.482, 0.674) | 0.204 (0.190, 0.215)
MP 0.566 (0.517, 0.615) | 0.555 (0.455, 0.655) | 0.192 (0.178, 0.204) | 0.575 (0.530, 0.621) | 0.550 (0.456, 0.645) | 0.204 (0.191, 0.215)
SIS 0.587 (0.501, 0.674) | 0.609 (0.525, 0.694) | 0.189 (0.170, 0.203) | 0.605 (0.524, 0.685) | 0.621 (0.543, 0.700) | 0.200 (0.181, 0.211)

Abbreviations: C-index, concordance index; Cl, confidence interval; LA, lymphocyte X albumin; LMR, lymphocyte-to-monocyte ratio; MP, monocyte * platelet; NAR,
neutrophil-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; NM, neutrophil X monocyte; NP, neutrophil x platelet; PIV, pan-immune-inflammation value; PLR, platelet-
to-lymphocyte ratio; SIS, systemic inflammation score; Sll, systemic immune-inflammation index; SIRI, systemic inflammation response index; Time-AUC, time-dependent
area under the receiver operating characteristic curve; Time-Brier Score, time-dependent Brier score.
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Characteristics and Survival Analysis of PIV

Patients were then categorized into Low PIV (< 313.98) and High PIV (> 313.98) groups based on the median value. As
shown in Table 3, the median PIV level in the high PIV group was significantly elevated compared to the low PIV group
(505.66 vs 189.96, P < 0.001). There were no significant differences in age distribution (P = 0.212), gender (P = 0.998),
presence of obstructive jaundice (P = 0.911), HBV infection (P = 0.204), tumor differentiation (P = 0.642), perineural
invasion (P = 0.716), or TNM stage (P = 0.253) between the two groups. However, significant differences were observed
in various inflammatory and nutritional biomarkers. The high PIV group had significantly higher levels of NLR (3.40 vs
2.03), PLR (184.70 vs 116.13), SII (826.79 vs 390.71), SIRI (2.11 vs 0.97), NAR (1.31 vs 0.91), NM (3.19 vs 1.58), NP
(1326.51 vs 677.43), MP (166.98 vs 91.15), and a lower LMR (2.33 vs 3.68) (all P < 0.001). LA was also significantly

Table 3 Association of the PIV with Clinicopathological Characteristics in Intrahepatic Cholangiocarcinoma

Patients
Variables Low PIV (< 313.98, n = 156) | High PIV (=313.98, n = 156) | P value
PIV (median [IQR]) 189.96(124.39,244.75) 505.66(366.45,807.04) <0.001
Age (year, %) 0.212
<60 71(45.51) 83(53.21)
= 60 85(54.49) 73(46.79)
Gender (%) 0.998
Female 44(28.21) 44(28.21)
Male 112(71.79) 112(71.79)
Obstructive jaundice (%) 0911
No 57(36.54) 59(37.82)
Yes 99(63.46) 97(62.18)
HBYV infection (%) 0.204
No 129(82.69) 138(88.46)
Yes 27(17.31) 18(11.54)
CEA (ng/mL, median [IQR]) 2.40(1.61,3.81) 2.66(1.87,4.23) 0.403
CAI19-9 (U/mL, median [IQR]) 97.72(32.36,218.40) 107.40(38.09,317.35) 0.091
Differentiation (%) 0.642
Poor 61(39.10) 56(35.90)
Well/Moderate 95(60.90) 100(64.10)
Perineural invasion (%) 0.716
No 113(72.44) 109(69.87)
Yes 43(27.56) 47(30.13)
TNM (AJCC 8th edition, %) 0.253
I 101(64.74) 90(57.69)
1] 55(35.26) 66(42.31)
NLR (median [IQR]) 2.03(1.63,2.78) 3.40(2.38,4.78) <0.001
LMR (median [IQR]) 3.68(2.92,4.50) 2.33(1.55,3.43) <0.001
PLR (median [IQR]) 116.13(90.78,158.70) 184.70(143.38,254.70) <0.001
Sl (median [IQR]) 390.71(294.48,585.74) 826.79(591.22,1174.12) <0.001
SIRI (median [IQR]) 0.97(0.64,1.33) 2.11(1.31,3.35) <0.001
NAR (median [IQR]) 0.91(0.68,1.16) 1.31(1.09,1.80) <0.001
LA (median [IQR]) 6.44(5.18,8.16) 5.64(4.26,7.49) 0.042
NM (median [IQR]) 1.58(1.00,2.42) 3.19(2.27,5.12) <0.001
NP (median [IQR]) 677.43(455.34,1030.38) 1326.51(1009.45,1664.13) <0.001
MP (median [IQR]) 91.15(65.98,131.47) 166.98(124.81,221.91) <0.001
SIS (median [IQR]) 2.00(1.00,2.00) 2.00(1.00,2.00) 0.004

Abbreviations: CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; IQR, interquartile range; LA, lymphocyte x albumin;
LMR, lymphocyte-to-monocyte ratio; MP, monocyte X platelet; NAR, neutrophil-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio;
NM, neutrophil x monocyte; NP, neutrophil X platelet; PIV, pan-immune-inflammation value; PLR, platelet-to-lymphocyte ratio; SlI, systemic
immune-inflammation index; SIRI, systemic inflammation response index; SIS, systemic inflammation score.
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Figure 2 The Kaplan—Meier curves analysis of PIV for overall survival (A) and disease-free survival (B) in intrahepatic cholangiocarcinoma patients.
Abbreviation: PIV, pan-immune-inflammation value.

lower in the high PIV group (5.64 vs 6.44, P = 0.042). Notably, despite having the same median SIS value of 2.00 in both
groups, the distribution difference was statistically significant (P = 0.004). No significant differences were found in CEA
or CA19-9 levels between groups.

Kaplan-Meier survival analysis revealed that patients with Low PIV had significantly improved OS (Figure 2A) and DFS
(Figure 2B) compared to those with High PIV (all P < 0.001). Univariate and multivariate Cox regression analyses were
conducted to identify independent prognostic factors for OS and DFS in patients with iCCA (Table 4). In univariate analysis,
high PIV was significantly associated with worse OS (Hazard ratio [HR] = 3.077, 95% confidence interval [CI]: 2.169—4.367,
P <0.001) and DFS (HR =2.841, 95% CI: 2.075-3.891, P <0.001). After adjusting for other covariates in multivariate analysis,
high PIV remained an independent predictor of poor OS (HR = 2.488, 95% CI: 1.745-3.546, P < 0.001) and DFS (HR =2.353,
95% CI: 1.701-3.247, P <0.001). Other variables that were independently associated with survival outcomes included elevated
CEA (=5 ng/mL) and CA19-9 (= 37 U/mL) levels, as well as the presence of perineural invasion. Specifically, elevated CEA
was significantly associated with shorter OS (HR = 1.661, 95% CI: 1.172-2.354, P = 0.004) and DFS (HR = 1.671, 95% CI:
1.192-2.341, P = 0.003), while high CA19-9 was also linked to poor OS (HR = 1.622, P = 0.025) and DFS (HR =1.610, P =
0.014). Perineural invasion remained a strong predictor of reduced OS (HR = 1.712, P = 0.001) and DFS (HR = 1.582, P =
0.004). Additionally, TNM stage III was independently associated with worse OS (HR = 1.462, P =0.016), but its effect on DFS

Table 4 Univariate and Multivariate Analyses of the Prognosis for Intrahepatic Cholangiocarcinoma

Variables Overall Survival Disease Free Survival
Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

PIV (High vs Low) 3.077 (2.169-4.367) <0.001 2.488 (1.745-3.546) <0.001 2.841 (2.075-3.891) <0.001 2.353 (1.701-3.247) <0.001
Age (2 60 year vs < 60 year) 1.042 (0.769-1.422) 0.781 0.969 (0.726—1.291) 0.831

Gender (Male vs Female) 1.133 (0.803-1.582) 0.487 1.051 (0.766—1.442) 0.756

Obstructive jaundice (Yes vs No) 0.916 (0.668—1.264) 0.588 0.906 (0.671-1.221) 0.517

HBV infection (Yes vs No) 1.301 (0.847-1.994) 0.232 1.223 (0.807-1.862) 0.342

CEA (2 5 ng/mL vs < 5 ng/mL) 2.102 (1.501-2.942) <0.001 1.661 (1.172-2.354) 0.004 2.182 (1.581-3.023) <0.001 0.671 (1.192-2.341) 0.003
CAI19-9 (= 37 U/mL vs < 37 U/mL) 2.249 (1.493-3.378) 0.001 1.622 (1.059-2.463) 0.025 2.071 (1.429-3.013) <0.001 1.610 (1.102-2.358) 0.014
Differentiation (Well/Moderate vs Poor) 1.032 (0.751-1.412) 0.856 1.143 (0.842-1.539) 0.402

Perineural invasion (Yes vs No) 1.754 (1.272-2.421) 0.001 1.712 (1.244-2.371) 0.001 1.601 (1.171-2.179) 0.003 1.582 (I.161-2.161) 0.004
TNM (Il vs I/11) 1.622 (1.193-2.199) 0.002 1.462 (1.072-2.001) 0.016 1411 (1.051-1.883) 0.021 1.281 (0.957-1.723) 0.095

Abbreviations: CA19-9, cancer antigen 19-9; CEA, carcinoembryonic antigen; Cl, confidence interval; HBV, hepatitis B virus; HR, hazard ratio; PIV, Pan-immune-

inflammation value; TNM, tumor-node-metastasis.
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did not reach statistical significance in multivariate analysis (P = 0.095). Importantly, collinearity testing was performed by

calculating variance inflation factor values for all covariates included in the Cox models. All variance inflation factor values
were below 2 (Table S2), indicating no evidence of multicollinearity among the included predictors for OS and DFS.
Across all major clinical subgroups, patients with low PIV consistently demonstrated significantly better OS and DFS

compared with those with high PIV (Table S3). This prognostic advantage was independent of age, gender, HBV status,

tumor markers, histological differentiation, perineural invasion, and TNM stage, underscoring the robustness of PIV as

a predictor of survival in iCCA.

Development and Assessment of Nomograms
Multivariate Cox regression analysis identified PIV, CEA, CA19-9, perineural invasion, and TNM stage as independent

prognostic factors for OS (Figure 3A), while PIV, CEA, CA19-9, and perineural invasion were independently associated with
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Figure 3 Construction of the nomograms. Nomograms incorporating the PIV and other clinicopathological parameters for predicting overall survival (A) and disease-free
survival (B). ROC curves of the training set for overall survival (C) and disease-free survival (D) based on the model.

Abbreviations: AUC, area under the curve; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; DFS, disease-free survival; OS, overall survival; PIV, pan-
immune-inflammation value; ROC, receiver operating characteristic; TNM, tumor-node-metastasis.
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DEFS (Figure 3B). These variables were incorporated into the construction of respective prognostic models. The nomogram
models demonstrated strong predictive performance, with AUC values for OS prediction at 12, 36, and 60 months of 0.706,
0.716, and 0.762, respectively (Figure 3C), and for DFS prediction of 0.668, 0.717, and 0.734, respectively (Figure 3D).
Calibration curves indicated excellent agreement between predicted and observed outcomes at 12, 36, and 60 months,
confirming the models’ robust predictive accuracy for postoperative survival in patients with iCCA (Figure 4A—F).

Model Comparison
To evaluate the predictive performance of different prognostic models, the nomogram, TNM staging system, and clinical
model were compared using C-index, IDI, and NRI metrics (Table 5). For OS, the nomogram demonstrated superior
discrimination with a C-index of 0.705 (95% CI: 0.661-0.749), outperforming both the TNM system (C-index = 0.646)
and the clinical model (C-index = 0.682). Compared with the clinical model, the nomogram yielded a significant IDI
improvement of 0.072 (95% CI: 0.011-0.129, P = 0.003) and an NRI of 0.209 (95% CI: 0.127-0.289, P < 0.001),
suggesting enhanced predictive accuracy and improved reclassification performance. In contrast, the TNM system
showed inferior performance, with a significantly lower IDI (—0.052, P < 0.001) and NRI (-0.162, P < 0.001) compared
to the clinical model. Similar trends were observed for DFS. The nomogram achieved the highest C-index of 0.693 (95%
CI: 0.628-0.745), followed by the clinical model (0.662) and the TNM system (0.616). The nomogram showed
significant improvements in IDI (0.081, P = 0.002) and NRI (0.228, P < 0.001) over the clinical model. These results
suggest that the nomogram provides superior prognostic accuracy and reclassification ability for both OS and DFS
compared with the TNM system and clinical model alone.

DCA was performed to assess the clinical utility of the nomogram, clinical model, and TNM staging system for
predicting overall survival at 12, 36, and 60 months (Figure S2A—C), as well as disease-free survival at the same time
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Table 5 The Comparison of the Predictive Value of Nomogram, TNM System and Clinical Model

Models C-index IDI NRI

Value 95% CI Difference P value Difference P value

os
Nomogram 0.705 | (0.661,0.749) | 0.072 (0.011, 0.129) 0.003 0.209 (0.127, 0.289) | <0.001
TNM system | 0.646 | (0.567, 0.725) | —0.052 (~0.114, —0.003) | <0.001 | —0.162 (-0.216, —0.104) | <0.00!

Clinical model | 0.682 | (0.632, 0.728) Ref. Ref.

DFS

Nomogram 0.693 | (0.628, 0.745) 0.081 (0.015, 0.132) 0.002 0.228 (0.115, 0.332) <0.001
TNM 0.616 | (0.607,0.717) | —0.061 (-0.122, —0.003) | <0.00l | —0.171 (—0.254, —0.132) | <0.00I
Clinical model | 0.662 | (0.539, 0.693) Ref. Ref.

Abbreviations: C-index, concordance index; Cl, confidence interval; DFS, disease-free survival; IDI, integrated discrimination improvement;
NRI, net reclassification improvement; OS, overall survival.

points (Figure S2D-F). Across all time horizons, the nomogram consistently demonstrated the highest net benefit across
a wide range of threshold probabilities compared to the clinical model and TNM system. In contrast, the TNM system
yielded the lowest net benefit curves at nearly all threshold levels, indicating limited clinical utility when used alone. The
clinical model showed moderate net benefit but was consistently outperformed by the nomogram.

Discussion

In this multicenter cohort study involving 312 patients with iCCA, we systematically compared the prognostic value of
twelve preoperative systemic inflammatory biomarkers. Among them, the PIV demonstrated the highest predictive
performance for both OS and DFS, with the highest C-index and lowest time-dependent Brier scores. Multivariate
Cox regression confirmed high PIV as an independent risk factor for poor prognosis. Patients with high PIV levels
exhibited worse survival outcomes. A prognostic nomogram incorporating PIV and other independent variables showed
superior discrimination and clinical utility compared to the TNM staging system and clinical model, as evidenced by
improved C-index, NRI, and IDI. Decision curve analysis further confirmed the net benefit of the nomogram across
multiple time points.

Cancer-related inflammation is closely associated with tumor initiation, development, and metastasis.”’ Elevated
proinflammatory cytokines, including tumor necrosis factor-alpha (TNF-a), interleukin (IL)-1 and IL-6, significantly
promote tumor growth by activating key intracellular signaling pathways involved in cellular proliferation and
angiogenesis.”® Neutrophils play a crucial role in tumor initiation and progression by secreting reactive oxygen species,
reactive nitrogen species, and matrix metalloproteinases, which collectively facilitate carcinogenesis.”’ Moreover,
neutrophils stimulate angiogenesis through the release of vascular endothelial growth factor A, IL-6, and transforming
growth factor-beta (TGF-B).>**! Concurrently, neutrophils mediate immunosuppression by secreting nitric oxide,
arginase, and immunosuppressive cytokines, thereby impairing cytotoxic T-cell functionality.®? At metastatic sites,
neutrophils further diminish CD8+ T-cell activity via inducible nitric oxide synthase and engage with regulatory
B-cells to suppress natural killer cell-mediated responses.*> > Monocytes, particularly tumor-associated macrophages
(TAMs), contribute significantly to tumor progression by inducing apoptosis in anti-tumor T-cells and promoting
angiogenesis through secretion of TNF-a, and IL-10.*® Increased TAM infiltration in tumor tissues correlates with
poor prognosis due to their involvement in facilitating tumor cell proliferation, invasion, and immune escape
mechanisms.>” Platelets are critical in promoting tumor progression and metastasis through mechanisms involving
epithelial-mesenchymal transition, angiogenesis, and immune evasion.>® Platelets shield circulating tumor cells from
immune recognition by forming protective thrombi. Activated platelets secrete growth factors, including TGF-B and
fibroblast growth factor, further enhancing angiogenesis and metastatic potential.*> Moreover, platelets recruit neutro-
phils and monocytes to metastatic niches, intensifying local inflammation and facilitating distant tumor dissemination.
Conversely, lymphocytes, especially cytotoxic T lymphocytes, are essential in anti-tumor immunity due to their capacity
to induce tumor cell apoptosis through mechanisms involving perforin, interferon-gamma, and TNF-0.*° Elevated
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intratumoral lymphocyte infiltration consistently correlates with improved prognosis, underscoring their pivotal role in
counteracting tumor progression and metastasis.*’ Conversely, lymphopenia is persistently associated with adverse
clinical outcomes, emphasizing lymphocytes’ vital function in tumor suppression.*? Peripheral blood-derived indices
such as NLR, LMR, and PLR offer significant clinical advantages due to their minimal invasiveness, cost-effectiveness,
and ease of monitoring through routine blood tests, effectively reflecting systemic inflammation and tumor microenvir-
onment dynamics.”''® These biomarkers have gained increasing attention in clinical oncology, overcoming limitations
of traditional tissue-based markers. Integrating these indices into composite biomarkers presents a promising strategy for
improving cancer prognosis and guiding personalized treatments.

The pan-immune-inflammation value (PIV), first introduced by Fuca et al in 2020, integrates neutrophil, monocyte,
platelet, and lymphocyte counts into a single composite biomarker, thereby providing a multidimensional representation
of the systemic inflammatory and immune status.*> By simultaneously capturing both pro-tumor (neutrophils, monocytes,
platelets) and anti-tumor (lymphocytes) components, PIV enhances the accuracy of prognostic assessment compared with
traditional single-dimensional indices. Previous studies have consistently demonstrated that PIV outperforms NLR, PLR,
and other established inflammatory markers in predicting outcomes across several malignancies, including colorectal,
breast, and lung cancers.***® In metastatic colorectal cancer, PIV was shown to be a superior predictor of OS and
progression-free survival (PFS), surpassing NLR in multivariable models.*> Similarly, in breast cancer, PIV emerged as
an independent prognostic indicator, with stronger predictive power than conventional inflammatory indices and even the
TNM staging system, particularly for OS in patients with HER2-positive advanced disease undergoing first-line
therapy.*’ In lung cancer, a recent systematic meta-analysis further confirmed the robust prognostic utility of PIV,
demonstrating that elevated PIV consistently correlated with poorer outcomes across treatment modalities such as
surgery, chemoradiotherapy, and targeted therapy.*®

In our current multicenter study on iCCA, PIV demonstrated superior prognostic efficacy compared to other eleven
inflammatory biomarkers. Specifically, PIV yielded the highest C-index for OS and DFS, alongside time-AUC values and
lowest Brier scores, underscoring its robust predictive accuracy. Multivariate Cox regression analysis further validated
PIV as an independent prognostic factor for OS and DFS, with hazard ratios significantly higher for patients categorized
within the high-PIV group, highlighting its strong association with adverse survival outcomes in patients undergoing
curative surgery for iCCA. The nomogram model developed in our study, which incorporated PIV alongside significant
clinical parameters including CEA, CA19-9, perineural invasion, and TNM staging, demonstrated enhanced prognostic
accuracy compared to models relying solely on clinical factors or TNM staging. Specifically, the inclusion of PIV
improved model performance as evidenced by increased IDI and NRI, thereby refining patient stratification and
prognostic evaluation. Furthermore, the clinical utility of PIV was emphasized by its ease of calculation from routine
blood tests, providing a non-invasive, cost-effective, and readily accessible prognostic tool suitable for dynamic long-
itudinal monitoring. These advantages facilitate clinical decision-making and may inform tailored therapeutic interven-
tions aimed at improving patient outcomes. Given the biological rationale underlying PIV, reflecting complex tumor-host
inflammatory interactions more comprehensively than single-dimensional biomarkers, its integration into clinical practice
promises substantial enhancements in prognostic assessments and individualized patient management strategies.
Exploratory subgroup analyses suggested that the prognostic utility of PIV was generally preserved across different
clinical characteristics, including early- and late-stage disease, as well as among patients with or without HBV infection.
This indicates that PIV may function as a robust systemic marker independent of specific clinical backgrounds.
Moreover, we adopted the median value as the cut-off for PIV to ensure objectivity; however, whether this threshold
is stable and generalizable across populations requires further multicenter validation.

Our study highlights several clinically meaningful implications. First, PIV can be readily calculated from routine
preoperative blood tests without additional costs, making it feasible for immediate clinical use. Second, incorporating
PIV into prognostic models significantly improves patient stratification beyond conventional clinicopathological factors,
which may refine decisions on postoperative surveillance intensity and identify high-risk patients who could benefit from
adjuvant or experimental therapies. Third, its ease of dynamic assessment suggests potential for longitudinal monitoring,

though this requires further validation.
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The novelty of this study lies in its comprehensive comparison of a broad panel of systemic inflammatory biomarkers
in iCCA, which has not been previously performed in a multicenter cohort. The identification of PIV as the most
powerful predictor highlights its potential as a practical, non-invasive, and inexpensive tool to enhance prognostic
evaluation. Incorporating PIV into a nomogram with standard clinicopathological variables significantly improved
prognostic discrimination, suggesting that PIV-based models may guide individualized treatment planning and follow-
up strategies in clinical practice.

This study has several limitations. First, its retrospective design may introduce selection bias and limits the ability to
infer causality. Retrospective studies are also prone to missing data and residual confounding, which may affect the stability
of the results. Although our dataset was complete and multivariate analyses were conducted to adjust for known variables,
the influence of unmeasured confounders and potential biases in patient selection or treatment allocation cannot be
excluded. Second, all participating centers were located in China, which may limit the generalizability of the findings to
other populations. Third, systemic inflammatory and nutritional markers were derived from a single preoperative blood test,
without accounting for dynamic changes during follow-up that may provide additional prognostic insights. Last, the
potential impact of postoperative adjuvant therapies (chemotherapy, targeted therapy, and immunotherapy) on systemic
inflammation and survival outcomes was not systematically accounted for, as treatment strategies varied across centers and
complete data were not uniformly available. This may confound the observed associations. Future prospective studies
should include stratification or adjustment for adjuvant therapy to better delineate the independent prognostic role of PIV.

Conclusion

In summary, this multicenter study demonstrated that PIV is a valuable systemic inflammatory biomarker for predicting
survival outcomes in patients with iCCA. Importantly, when combined with clinicopathological variables, PIV con-
tributed to the development of a prognostic nomogram that outperformed the TNM staging system in terms of
discrimination and clinical utility. These findings highlight the potential of PIV-based models to enhance individualized
prognostic assessment, although prospective validation remains necessary before clinical implementation.
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