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Background: Inflammation in the peritumoral normal tissues has impact on tumors. This study 
investigated the prognostic impact of portal area inflammation (PAI) on postoperative tumor recurrence and 
overall survival (OS) in patients undergoing resection for intrahepatic cholangiocarcinoma (ICC) without 
lymph node metastasis (LNM).
Methods: Two hundred and ninety-seven patients who had undergone curative-intent resection at the 
Eastern Hepatobiliary Surgery Hospital, Shanghai, between 2011 and 2015 were selected. All patients were 
histologically diagnosed with ICC and had no LNM. PAI was defined by experienced pathologists based 
on standard pathological evaluations. Patients were divided into two groups according to the presence or 
absence of PAI. Further survival analysis was performed on PAI-related endpoints, OS, and recurrence-free 
survival (RFS), using Kaplan-Meier analysis and multivariate regression.
Results: Among the 297 patients included in the study, the PAI incidence was 43.1% (128 patients). OS and 
RFS were worse in patients with PAI than in those without PAI (median OS, 21.87 months with PAI versus 
33.37 months without PAI, P<0.001; median RFS, 12.33 months with PAI versus 21.60 months without PAI, 
P<0.001). Multivariate analysis revealed that PAI was an independent prognostic factor for both OS [hazard 
ratio (HR) 1.60; 95% confidence interval (CI): 1.18–2.17, P=0.003] and RFS (HR 1.40; 95% CI: 1.06–1.85, 
P=0.019).
Conclusions: Consequently, PAI is a strong independent predictor of tumor recurrence and OS after 
curative-intent resection in patients with ICC without LNM. The impact of PAI on the postoperative 
prognosis of ICC patients without LNM is non-negligible. It is strongly recommended to pay attention to 
the inflammatory status of the portal area in ICC patients and increase the frequency of postoperative follow-
up to improve the prognosis of ICC patients after curative resection.

Keywords: Intrahepatic cholangiocarcinoma (ICC); portal area inflammation (PAI); prognostic outcomes; 

treatment strategy

Submitted Nov 14, 2022. Accepted for publication Sep 10, 2023. Published online Oct 07, 2023.

doi: 10.21037/jgo-22-1143

View this article at: https://dx.doi.org/10.21037/jgo-22-1143

2242

	
^ ORCID: Xiaochen Feng, 0000-0003-3204-3622; Hui Liu, 0000-0003-4599-5702.

https://crossmark.crossref.org/dialog/?doi=10.21037/jgo-22-1143


Feng et al. PAI influences ICC prognosis2230

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2023;14(5):2229-2242 | https://dx.doi.org/10.21037/jgo-22-1143

Introduction

Cholangiocarcinoma ranks second in incidence among 
primary malignant hepatic tumors, after hepatocellular 
carcinoma. Intrahepatic cholangiocarcinoma (ICC) is a type 
of cholangiocarcinoma located proximal to the secondary 
bile ducts. The early diagnosis of ICC is difficult, the 
treatment effect is far from satisfactory, and the prognosis 
is poor (1). In the past several decades, the incidence of 
ICC had increased annually, raising concerns (2). Radical 
resection is the only curative treatment available for ICC. 
Nevertheless, many patients are at an advanced stage 
of the tumor when they are first diagnosed, and only 
approximately 30% of patients are considered for radical 
resection (3). Even if some patients are fortunate enough to 
undergo radical resection, the chance of recurrence remains 
high (4). There are many reasons for the high degree of 
malignancy, low cure rate, and rapid progression of ICC, 
and inflammation could be a key factor (5).

Tumorigenesis involves not only the proliferation of 
cancer cells. Rather, tumors are complex tissues composed 
of cells of different origins. Normal cells that form the 
tumor stroma are also important factors in promoting 
tumorigenesis and metastasis (6). Some previous studies 
have shown that the occurrence and progression of 
liver cancer are also associated with inflammation, and 
some potential therapeutic targets affect the prognosis 
of liver cancer by affecting inflammation (7-9). At the 
early stage of tumor formation, inflammation can create 
a favorable environment for tumorigenesis. In advanced 
stages, inflammatory responses can also promote tumor 
spread and metastasis (10). Previous studies have shown 

that infiltration of large numbers of inflammatory cells 
in patients with breast or kidney cancer is indicative of 
poor prognoses (11,12). In lung cancer, inflammatory cell 
infiltration often indicates that the cancer is in an advanced 
stage (13). A study has found that inflammatory cells are 
characteristically distributed in cholangiocarcinoma, and 
that pro-tumorigenic inflammation can suppress anti-tumor 
immunity, making the tumor microenvironment more 
favorable for tumor growth (14).

The portal area, an important basic structure in the liver, 
refers to the connective tissue area between adjacent hepatic 
lobules. This area contains interlobular veins, interlobular 
arteries, and interlobular bile ducts (15). Portal area 
inflammation (PAI) refers to inflammation in the portal area, 
which can affect the prognosis of some liver diseases (16).

Many previous studies have reported that inflammatory 
cell infiltration in tumors will significantly affect the 
prognosis of patients (11-13,17). However, few studies 
have investigated the influence of inflammation in the 
peritumoral normal tissues on tumors. Specifically, the 
impact of PAI on the prognosis of ICC patients without 
lymph node metastasis (LNM) is not known. Thus, the 
present study aimed to determine the impact of PAI on 
the prognosis of ICC patients after surgery. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-1143/rc).

Methods

Study cohort and data collection

This study retrospectively analyzed ICC patients (n=297) 
who underwent curative-intent resection (R0/R1) at the 
Eastern Hepatobiliary Surgery Hospital, Shanghai, between 
January 2011 and December 2015. Only patients with 
histologically confirmed ICC without lymph node or distant 
metastasis were included. Specific inclusion and exclusion 
criteria were as follows: (I) only patients whose pathological 
examination met the criteria of curative-intent resection 
(R0/R1) were included, and patients who underwent 
palliative surgery or whose pathological results fail to meet 
the criteria were excluded. (II) Patients with pathological 
findings of lymph node or distant metastasis were excluded. 
(III) Patients with accidental death, such as car accidents, 
were excluded. This study screened 297 eligible patients 
from a total of 701 patients.

Standard demographic,  cl inical laboratory, and 
clinicopathological data were collected. Experienced 
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pathologists determined the presence or absence of PAI 
based on standard pathological criteria. PAI was defined as 
the presence of inflammatory cell infiltration in more than 
50% of the portal area under microscope during biopsy 
(Figure 1). The incidence of PAI was 43.1% (n=128). Other 
clinicopathological data, including tumor characteristics, 
specifically, tumor diameter, tumor number, histological 
grade, presence of vascular/nerve invasion, and data on 
concomitant liver disease, such as steatosis and cirrhosis, 
were also included. These factors were evaluated based on 
the final histological examination. Notably, the included 
patients underwent routine lymph node dissection during 
the operation, and no LNM was found.

Follow-up and patient outcomes

After surgery, the patients were routinely examined using 
abdominal ultrasonography, computed tomography, 
or magnetic resonance imaging to determine the 
postoperative liver status and whether tumor recurrence 
had occurred. Overall survival (OS) was calculated from 
the date of surgery to the date of death or last follow-up 
and was the primary endpoint of the study. The secondary 
endpoint was recurrence-free survival (RFS), which 
represents the period between the date of surgery and 
tumor recurrence. All investigators involved in the follow-
up had received special training before the follow-up, and 
the follow-up adopted a unified and standardized survey 
method to reduce the bias.

Statistical analysis

Except OS and RFS, all variables in this study are 
categorical variables. Continuous variables, such as 
tumor markers, were converted into categorical variables 

for presentation. Categorical variables are expressed as 
numbers and percentages and were compared using the 
Chi-squared (χ2) test or Fisher’s exact test. The OS and RFS 
curves were analyzed using the Kaplan-Meier method, and 
the median survival time was estimated using the log-rank 
test. Independent factors associated with RFS and OS were 
determined using Cox regression models. Hazard ratios 
(HRs) with corresponding 95% confidence intervals (95% 
CIs) were also estimated using Cox regression models. In 
Cox regression analysis, multivariate analysis was performed 
with variables yielding P<0.05 in univariate analysis. 
P<0.05 (two-tailed) was considered statistically significant. 
Statistical analyses were performed using SPSS (version 
22.0; IBM, Armonk, New York, USA).

Ethical statement

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by institutional ethics board of Eastern Hepatobiliary 
Surgery Hospital (No. EHBHKY2016-01-018). Because of 
the retrospective nature of the study, the requirement for 
informed consent was waived.

Results

Baseline characteristics

Among the 297 patients with ICC enrolled in this study, 
approximately three-quarters were 65 years or older and 
most were male (n=198, 66.7%). The overall incidence 
of PAI was 43.1% (n=128). Patients with PAI were more 
likely to have adverse clinical or tumor characteristics, 
including liver cirrhosis, high carbohydrate antigen 19-9 
levels (CA19-9) (>40 U/mL), high carcinoembryonic 
antigen levels (CEA >5 ng/mL), larger tumor size (diameter 

Figure 1 Comparison of the presence and absence of PAI. Hematoxylin and eosin staining; magnification times: 100×. (A) With PAI; (B) 
without PAI. PAI, portal area inflammation.
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>5 cm), and worse American Joint Committee on Cancer 
(AJCC) T stage (T3–4 stage) (Table 1). Notably, there was 
no significant difference in the incidence of nerve invasion 
or vascular invasion between patients with and without PAI. 
Subgroup analysis of factors that differed at baseline are 
presented below.

Impact of PAI on RFS and OS in overall cohort

The Kaplan-Meier method was used to evaluate the 
prognostic value of PAI in postoperative patients with 
ICC. The median follow-up time of these patients was 
28.97 months, and approximately three-fifths of the 
patients (n=184, 61.9%) died during follow-up. The 1-, 
2-, and 3-year OS rates were 81.5%, 59.9%, and 35.0%, 
respectively. Compared to patients without PAI, both OS 
and RFS of patients with PAI were worse (median OS, 
33.37 months without PAI versus 21.87 months with PAI, 
P<0.001) (Figure 2A) (median RFS, 21.60 months without 
PAI versus 12.33 months with PAI, P<0.001) (Figure 2B). 
Univariate and multivariate analyses of prognostic factors 
in postoperative patients with ICC were performed using a 
Cox regression model. On multivariate analysis of OS and 
RFS, PAI (HR 1.60; 95% CI: 1.18–2.17, P=0.003) (Table 2), 
tumor diameter >5 cm, vascular invasion, and AJCC T3–4 
stage were independent prognostic factors for OS. PAI 
(HR 1.40; 95% CI: 1.06–1.85, P=0.019) (Table 3), tumor 
diameter >5 cm, and AJCC T3–4 stage were independent 
prognostic factors for RFS. PAI is significantly associated 
with worse OS and RFS.

Impact of PAI on RFS and OS in patients with  
early-stage ICC

Among the 297 patients, 233 (78.5%) had AJCC T1–2 
stage and 64 (21.5%) had AJCC T3–4 stage cancer. Among 
patients with AJCC T1–2 stage, it is found that, compared 
to patients without PAI, those with PAI had relatively 
worse OS (median OS, 18.73 months with PAI versus  
33.97 months without PAI, P<0.001) and RFS (median 
RFS, 12.33 months with PAI versus 25.00 months without 
PAI, P=0.004). In contrast, among patients with AJCC 
T3–4 stage, no significant difference was found in OS 
(median OS, 26.13 months with PAI versus 22.50 months 
without PAI, P=0.230) or RFS (median RFS, 12.50 months 
with PAI versus 7.90 months without PAI, P=0.850) 
between those with or without PAI (Figure 3A,3B). In 
addition, Cox univariate and multivariate analyses were 

Table 1 Baseline demographics and clinicopathological variables among 
patients with intrahepatic cholangiocarcinoma with/without PAI

Characteristics Without PAI, n=169 With PAI, n=128 P value

OS (months) 32.79 (16.64) 25.20 (17.09) <0.001

RFS (months) 24.36 (17.20) 17.33 (15.62) <0.001

Age (years) 0.739

<65 132 (78.1) 97 (75.8) 

≥65 37 (21.9) 31 (24.2) 

Gender 0.341

Male 117 (69.2) 81 (63.3) 

Female 52 (30.8) 47 (36.7) 

Smoking 0.514

Yes 56 (33.1) 37 (28.9) 

No 113 (66.9) 91 (71.1) 

Drinking 0.358

Yes 36 (21.3) 34 (26.6) 

No 133 (78.7) 94 (73.4) 

Diabetes 0.691

Yes 25 (14.8) 16 (12.5) 

No 144 (85.2) 112 (87.5) 

Hypertension 0.89

Yes 36 (21.3) 29 (22.7) 

No 133 (78.7) 99 (77.3) 

Liver cirrhosis 0.003

Yes 48 (28.4) 59 (46.1) 

No 121 (71.6) 69 (53.9) 

AFP (ng/mL) 0.275

≤400 165 (97.6) 121 (94.5) 

>400 4 (2.4) 7 (5.5) 

CA19-9 (U/mL) 0.006

≤40 89 (52.7) 46 (35.9) 

>40 80 (47.3) 82 (64.1) 

CEA (ng/mL) 0.016

≤5 132 (78.1) 83 (64.8) 

>5 37 (21.9) 45 (35.2) 

HBV 0.176

Yes 70 (41.4) 64 (50.0) 

No 99 (58.6) 64 (50.0) 

Table 1 (continued)
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Table 1 (continued)

Characteristics Without PAI, n=169 With PAI, n=128 P value

HCV 0.169

Yes 12 (7.1) 16 (12.5) 

No 157 (92.9) 112 (87.5) 

Tumor size (cm) 0.041

≤5 90 (53.3) 52 (40.6) 

>5 79 (46.7) 76 (59.4) 

Multiple tumors 0.59

Yes 59 (34.9) 40 (31.2) 

No 110 (65.1) 88 (68.8) 

Stone history 0.993

Yes 12 (7.1) 10 (7.8) 

No 157 (92.9) 118 (92.2) 

Nerve invasion 0.837

Yes 10 (5.9) 6 (4.7) 

No 159 (94.1) 122 (95.3) 

Vascular invasion 0.692

Yes 36 (21.3) 24 (18.8) 

No 133 (78.7) 104 (81.2) 

AJCC T stage <0.001

T1–2 146 (86.4) 87 (68.0) 

T3–4 23 (13.6) 41 (32.0) 

Steatosis 0.908

Yes 15 (8.9) 10 (7.8) 

No 154 (91.1) 118 (92.2) 

PAI <0.001

Yes 0 (0.0) 128 (100.0) 

No 169 (100.0) 0 (0.0) 

Schistosome 0.469

Yes 11 (6.5) 5 (3.9) 

No 158 (93.5) 123 (96.1) 

Poor differentiation 0.165

Yes 23 (13.6) 10 (7.8) 

No 146 (86.4) 118 (92.2) 

Data are represented as mean (SD) or number (%). PAI, portal area 
inflammation; OS, overall survival; RFS, recurrence-free survival; 
AFP, alpha fetoprotein; CA19-9, carbohydrate antigen 19-9; CEA, 
carcinoembryonic antigen; HBV, hepatitis B virus; HCV, hepatitis C 
virus; AJCC, American Joint Committee on Cancer.

Figure 2 OS and recurrence-free survival after curative intent 
resection of intrahepatic cholangiocarcinoma without lymph 
nodes metastasis among patients without versus with PAI in the 
overall cohort. (A) OS and (B) recurrence-free survival. PAI, 
portal area inflammation; OS, overall survival; RFS, recurrence-
free survival.
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performed for patients with stage T1–T2. PAI remained 
a prognostic factor for OS (HR 1.73; 95% CI: 1.22–2.44, 
P=0.002) and RFS (HR 1.56; 95% CI: 1.15–2.13, P=0.005) 
(Tables S1,S2).

Impact of PAI on RFS and OS in patients with differing 
tumors sizes

Among patients with tumor diameter ≤5 cm, those with PAI 
had worse OS (median OS, 26.40 months with PAI versus 

https://cdn.amegroups.cn/static/public/JGO-22-1143-Supplementary.pdf
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Table 2 Risk factors associated with long-term overall survival of patients with intrahepatic cholangiocarcinoma

Characteristics
Univariate Multivariable

HR 95% CI P value HR 95% CI P value

Old age 1.12 0.80–1.57 0.525 

Male gender 0.81 0.60–1.09 0.169 

Smoking 0.95 0.70–1.30 0.768 

Drinking 1.19 0.86–1.66 0.297 

Diabetes 1.28 0.85–1.93 0.237 

Hypertension 1.09 0.78–1.54 0.611 

Liver cirrhosis 1.22 0.91–1.64 0.193 

AFP >400 ng/mL 1.28 0.63–2.61 0.492 

CA19-9 >40 U/mL 1.21 0.90–1.62 0.205 

CEA >5 ng/mL 1.36 0.99–1.86 0.056 

HBV(+) 1.24 0.93–1.66 0.144 

HCV(+) 1.16 0.72–1.86 0.543 

Tumor size, cm 

Diameter ≤5 Reference Reference

Diameter >5 1.80 1.34–2.42 <0.001 1.58 1.16–2.15 0.004 

Multiple tumors 1.26 0.94–1.71 0.126 

Stone history 1.09 0.62–1.91 0.768 

Nerve invasion 1.27 0.69–2.34 0.444 

Vascular invasion 1.71 1.22–2.41 0.002 1.87 1.31–2.67 0.001 

AJCC T stage

T1–2 Reference Reference

T3–4 1.81 1.30–2.52 <0.001 1.47 1.01–2.12 0.042 

Liver steatosis 1.19 0.72–1.96 0.492 

PAI 1.87 1.40–2.50 <0.001 1.60 1.18–2.17 0.003 

Liver schistosome 0.75 0.37–1.52 0.424 

Poor differentiation 1.04 0.65–1.65 0.876 

HR, hazard ratio; CI, confidence interval; AFP, alpha fetoprotein; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; 
HBV, hepatitis B virus; HCV, hepatitis C virus; AJCC, American Joint Committee on Cancer; PAI, portal area inflammation.

34.90 months without PAI, P=0.010) and RFS (median 
RFS, 16.97 months with PAI versus 28.03 months without 
PAI, P=0.035) than those without PAI. Similarly, among 
patients with a tumor diameter >5 cm, the OS (median OS, 
18.80 months with PAI versus 26.17 months without PAI, 
P=0.006) and RFS (median RFS, 10.83 months with PAI 
versus 13.93 months without PAI, P=0.040) (Figure 3C,3D)  
of patients with PAI were also worse than those of without 

PAI. In both these subgroups, PAI had statistically significant 
effects on the RFS and OS of the patients (P<0.05).

Impact of PAI on RFS and OS in patients with different 
levels of tumor markers

Among patients with CEA ≤5 ng/mL, patients with PAI 
had worse OS (median OS, 24.30 months with PAI versus  
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Table 3 Risk factors associated with recurrence-free survival of patients with intrahepatic cholangiocarcinoma

Characteristics
Univariate Multivariable

HR 95% CI P value HR 95% CI P value

Old age 1.07 0.78–1.47 0.674

Male gender 0.97 0.73–1.29 0.818

Smoking 0.89 0.67–1.19 0.431

Drinking 0.92 0.67–1.26 0.588

Diabetes 1.11 0.75–1.63 0.610

Hypertension 1.22 0.89–1.66 0.217

Liver cirrhosis 1.16 0.88–1.53 0.281

AFP >400 ng/mL 1.74 0.89–3.39 0.107

CA19-9 >40 U/mL 1.14 0.87–1.49 0.333

CEA >5 ng/mL 1.33 1.00–1.79 0.054

HBV(+) 1.12 0.86–1.46 0.402

HCV(+) 1.00 0.62–1.60 0.987

Tumor size, cm 

Diameter ≤5 Reference Reference

Diameter >5 1.60 1.23–2.10 0.001 1.43 1.08–1.89 0.012

Multiple tumors 1.19 0.90–1.58 0.228

Stone history 0.99 0.58–1.67 0.961

Nerve invasion 1.19 0.66–2.13 0.560

Vascular invasion 1.15 0.83–1.60 0.396

AJCC T stage

T1–2 Reference Reference

T3–4 1.80 1.31–2.48 <0.001 1.45 1.03–2.04 0.031

Liver steatosis 1.44 0.92–2.27 0.112

PAI 1.58 1.21–2.06 0.001 1.40 1.06–1.85 0.019

Liver schistosome 0.64 0.33–1.26 0.197

Poor differentiation 0.97 0.64–1.49 0.902

HR, hazard ratio; CI, confidence interval; AFP, alpha fetoprotein; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; 
HBV, hepatitis B virus; HCV, hepatitis C virus; AJCC, American Joint Committee on Cancer; PAI, portal area inflammation.

32.87 months without PAI, P=0.007) and RFS (median 
RFS, 13.10 versus 21.70 months without PAI, P=0.042) than 
those without PAI. Similarly, among patients whose CEA 
>5 ng/mL, OS (median OS, 16.30 months with PAI versus 
33.37 months without PAI, P<0.001) and RFS (median 
RFS, 7.67 months with PAI versus 16.03 months without 
PAI, P=0.011) of PAI patients were also worse than those 
of patients without PAI (Figure 3E,3F). Among patients 

whose CA19-9 ≤40 U/mL, patients with PAI had worse OS 
(median OS, 13.90 months with PAI versus 33.77 months 
without PAI, P<0.001) and RFS (median RFS, 9.37 months 
with PAI versus 21.97 months without PAI, P=0.025) than 
those without PAI. Similarly, among patients with CA19-9  
>40 U/mL, the OS (median OS, 24.03 months with PAI 
versus 31.37 months without PAI, P=0.034) and RFS 
(median RFS, 12.50 months with PAI versus 20.23 months 
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Figure 3 Subgroup analysis between PAI and OS or RFS based on key clinicopathological factors. (A,B) Subgroup division according 
to AJCC T stage, and Kaplan-Meier analyses were performed for OS (A) and tumor recurrence (B) associated with PAI status.  
(C,D) Subgroup division according to tumor size, and Kaplan-Meier analyses were performed for OS (C) and tumor recurrence 
(D) associated with PAI status. (E,F) Subgroup division according to the expression level of CEA, and Kaplan-Meier analyses were 
performed for OS (E) and tumor recurrence (F) associated with PAI status. (G,H) Subgroup division according to the expression 
level of CA19-9, and Kaplan-Meier analyses were performed for OS (G) and tumor recurrence (H) associated with PAI status.  
(I,J) Subgroup division according to the presence or absence of liver cirrhosis, and Kaplan-Meier analyses were performed for OS (I) and 
tumor recurrence (J) associated with PAI status. PAI, portal area inflammation; OS, overall survival; RFS, recurrence-free survival; AJCC, 
American Joint Committee on Cancer; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen19-9.

without PAI, P=0.017) of patients with PAI were also worse 
than those of patients without PAI (Figure 3G,3H).

Impact of PAI on RFS and OS in patients with and 
without liver cirrhosis

The presence of liver cirrhosis did not modify the effect of 
PAI on prognosis. Among patients without liver cirrhosis, 
patients with PAI had worse OS (median OS, with PAI 
16.30 versus without PAI 32.87 months, P=0.005) and 
RFS (median RFS, with PAI 11.00 versus without PAI  
21.90 months, P=0.012) than those without PAI. Similarly, 
among patients with liver cirrhosis, the OS (median OS, 
with PAI 26.10 versus without PAI 33.40 months, P=0.001) 
and RFS (median RFS, with PAI 12.50 versus without PAI 
17.10 months, P=0.040) of patients with PAI were also 
worse than those of patients without PAI (Figure 3I,3J).

Discussion

There are many causes of chronic inflammation, including 

microbial infection and autoimmune diseases (18). The 
role of inflammation in carcinogenesis is now widely 
accepted, and the inflammatory microenvironment is 
an important component of tumors (19,20). In such 
microenvironment, inflammation gives rise to the survival 
and proliferation of cancer cells and stimulates angiogenesis 
and tumor metastasis (21). However, alongside investigating 
inflammation within the tumor microenvironment, it is 
necessary to study the influence of inflammation within 
normal peritumoral tissues on the tumor itself. For 
example, the prognosis of lung cancer patients with non-
tumor-associated inflammation of the lungs is worse (22), 
in addition, liver inflammation is a key pathophysiological 
mechanism that promotes liver fibrosis (23), which is the 
main prognostic determinant of liver related death (24).  
Considering the distinctive anatomical structure of the 
intrahepatic bile duct, the portal area is often the structure 
adjacent to the ICC; therefore, it is plausible that its 
inflammatory status will affect the prognosis of ICC 
patients. According to the analysis of clinical data, PAI 
influences the prognosis of ICC patients after surgery. 
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Analyzing the causes of this phenomenon, it is suggest that, 
first of all, inflammation in the portal area leads to poor 
function of residual liver after surgery, which increases 
the probability of postoperative liver failure, thus causing 
poor survival prognosis of patients (25,26). In addition, the 
presence of inflammation in the portal area means that the 
inflammatory factors in the liver, such as tumor necrosis 
factor and interleukin, are at a high level, which is often 
positively related to tumor recurrence (27,28).

Furthermore, subgroup analysis of the factors with 
significant differences in distribution at the baseline were 
conducted. In the subgroup analyses of tumor size, liver 
cirrhosis, and tumor markers, such as CA19-9 and CEA, 
PAI maintained a statistically significant impact on OS 
and RFS. In contrast, the prognosis of early-stage patients 
(AJCC T1–2) was significantly related to PAI, but the 
prognosis of advanced-stage (AJCC T3–4) patients was not 
significantly related to PAI. It is considered that this may be 
because the prognosis of patients with T3–4 stage is already 
poor. Therefore, the adverse impact of PAI on the prognosis 
of patients at T3–4 cannot be seen. Further research could 
consider whether PAI itself could distinguish the prognosis 
of patients at T3–4, but due to an insufficient sample size, 
such results were not observed in this study. 

To date, few studies have investigated the effect of 
inflammation of the portal area on the prognosis of ICC 
patients after curative-intent resection. However, based on 
the clinical data analysis, PAI had a statistically significant 
effect on OS and RFS. Through multivariate analysis, 
PAI was found to be an independent risk factor for ICC, 
particularly for the prognosis of patients with early-stage 
ICC. This poses a challenge to treatment.

Precision therapy has been advocated for cholangiocarcinoma. 
New treatment strategies, such as therapy targeting the 
fibroblast growth factor receptor/isocitrate dehydrogenase 
(FGFR/IDH) pathways among others ,  as  wel l  as 
immunotherapy, are emerging. However, to date, the effects 
of ICC drug treatment have not been satisfactory (29).  
Gemcitabine combined with cisplatin is currently the 
first-line treatment for patients with advanced-stage 
cholangiocarcinoma. Nevertheless, even when using this 
first-line medication, the median survival of patients is 
still less than one year (30). Emerging treatments, such as 
immunotherapy, may require further long-term research. 
Results provide further insights into alternative therapeutic 
approaches using existing drugs to improve the efficacy of 
treatment in ICC patients.

The tumor microenvironment and PAI provide ideal 

targets for anti-tumor therapy. Non-tumor cells have 
higher genetic stability than tumor cells. This reduces the 
problem of acquired resistance to chemotherapy drugs (31). 
Therefore, the use of safe, inexpensive, non-selective anti-
inflammatory drugs, such as aspirin, may reduce the short-
term recurrence rate in patients with a history of adenoma 
or cancer (32). 

According to the findings, PAI was associated with 
worse prognosis in patients with ICC. Therefore, PAI 
should also be considered as a possible indication for 
adjuvant therapy. Therapeutic strategies to limit tumor-
associated inflammation have been successful in preclinical 
experimental models (33). This encouraging result could 
provide new directions for cancer combination therapy 
aimed at reducing cancer-promoting inflammation and for 
maximizing anti-tumor treatment efficacy.

The current study has some l imitations.  First , 
serological inflammatory indicators were not analyzed in 
this study, which may have allowed systemic assessment 
of the relationship between inflammatory status and ICC 
prognosis. Second, none of the patients included in the 
study had LNM; thus, for ICC patients with LNM, the 
impact of PAI on prognosis needs to be further explored. 
Lastly, this was a retrospective study from a single center. A 
multicenter prospective study is therefore warranted.

Conclusions

This study revealed that PAI is an important independent 
risk factor for recurrence and OS in ICC patients without 
LNM after curative-intent resection. Additionally, patients 
without PAI have a better prognosis than those with 
PAI. It is strongly recommended to pay attention to the 
inflammatory status of the portal area in ICC patients 
and increase the frequency of postoperative follow-up 
to improve the prognosis of ICC patients after curative 
resection.
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Supplementary

Table S1 Risk factors associated with long-term overall survival of patients with ICC in AJCC T1–2 stage 

Characteristics
Univariate Multivariable

HR 95% CI P value HR 95% CI P value

Old age 0.99 0.66–1.48 0.956 

Male gender 0.81 0.57–1.16 0.248 

Smoking 1.00 0.70–1.42 0.985 

Drinking 1.32 0.92–1.90 0.136 

Diabetes 1.22 0.77–1.95 0.394 

Hypertension 1.08 0.72–1.61 0.709 

Liver cirrhosis 1.15 0.80–1.66 0.439 

AFP >400 ng/mL 1.34 0.55–3.28 0.519 

CA19-9 >40 U/mL 1.22 0.87–1.72 0.245 

CEA >5 ng/mL 1.25 0.83–1.87 0.285 

HBV(+) 1.37 0.98–1.93 0.066 

HCV(+) 1.31 0.76–2.23 0.330 

Tumor size, cm 

Diameter ≤5 Reference Reference

Diameter >5 1.68 1.19–2.36 0.003 1.60 1.13–2.26 0.008 

Multiple tumors 1.46 1.04–2.06 0.031 1.30 0.91–1.86 0.148 

Stone history 0.82 0.38–1.75 0.600 

Nerve invasion 1.33 0.70–2.54 0.385 

Vascular invasion 1.55 1.07–2.25 0.020 1.42 0.97–2.07 0.074 

Liver steatosis 1.06 0.59–1.92 0.843 

PAI 1.81 1.29–2.55 0.001 1.73 1.22–2.44 0.002 

Liver schistosome 0.57 0.23–1.39 0.216 

Poor differentiation 1.08 0.65–1.80 0.759 

ICC, intrahepatic cholangiocarcinoma; AJCC, American Joint Committee on Cancer; HR, hazard ratio; CI, confidence interval; AFP, alpha 
fetoprotein; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; HBV, hepatitis B virus; HCV, hepatitis C virus; PAI, portal 
area inflammation.
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Table S2 Risk factors associated with recurrence-free survival of patients with ICC in AJCC T1–2 stage 

Characteristics
Univariate Multivariable

HR 95% CI P value HR 95% CI P value

Old age 1.11 0.78–1.58 0.574

Male gender 1.01 0.73–1.40 0.954

Smoking 0.93 0.67–1.28 0.638

Drinking 1.03 0.73–1.45 0.867

Diabetes 1.17 0.77–1.78 0.464

Hypertension 1.24 0.87–1.77 0.229

Liver cirrhosis 1.12 0.80–1.57 0.493

AFP >400 ng/mL 1.89 0.83–4.28 0.129

CA19-9 >40 U/mL 1.13 0.83–1.53 0.446

CEA >5 ng/mL 1.32 0.91–1.91 0.144

HBV(+) 1.31 0.97–1.78 0.081

HCV(+) 0.92 0.53–1.59 0.766

Tumor size, cm 

Diameter ≤5 Reference Reference

Diameter >5 1.47 1.09–2.00 0.013 1.46 1.08–1.98 0.015

Multiple tumors 1.27 0.92–1.75 0.140

Stone history 0.86 0.45–1.63 0.639

Nerve invasion 1.35 0.75–2.43 0.318

Vascular invasion 1.24 0.87–1.77 0.227

Liver steatosis 1.37 0.82–2.30 0.229

PAI 1.58 1.16–2.15 0.004 1.56 1.15–2.13 0.005

Liver schistosome 0.69 0.34–1.41 0.312

Poor differentiation 1.05 0.67–1.66 0.826

ICC, intrahepatic cholangiocarcinoma; AJCC, American Joint Committee on Cancer; HR, hazard ratio; CI, confidence interval; AFP, alpha 
fetoprotein; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; HBV, hepatitis B virus; HCV, hepatitis C virus; PAI, portal 
area inflammation.


