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Abstract

BACKGROUND

Intrahepatic cholangiocarcinoma (ICC) is a malignant liver tumor that is cha-
llenging to treat and manage and current prognostic models for the disease are
inefficient or ineffective. Tumor-associated immune cells are critical for tumor
development and progression. The main goal of this study was to establish mo-
dels based on tumor-associated immune cells for predicting the overall survival of
patients undergoing surgery for ICC.

AIM
To establish 1-year and 3-year prognostic models for ICC after surgical resection.

METHODS
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Immunohistochemical staining was performed for CD4, CD8, CD20, pan-cytokeratin (CK), and CD68 in tumors
and paired adjacent tissues from 141 patients with ICC who underwent curative surgery. Selection of variables was
based on regression diagnostic procedures and goodness-of-fit tests (PH assumption). Clinical parameters and
pathological diagnoses, combined with the distribution of immune cells in tumors and paired adjacent tissues,
were utilized to establish 1- and 3-year prognostic models.

RESULTS

This is an important application of immune cells in the tumor microenvironment. CD4, CD8, CD20, and CK were
included in the establishment of our prognostic model by stepwise selection, whereas CD68 was not significantly
associated with the prognosis of ICC. By integrating clinical data associated with ICC, distinct prognostic models
were derived for 1- and 3-year survival outcomes using variable selection. The 1-year prediction model yielded a
C-index of 0.76 95% confidence interval (95%CI): 0.65-0.87 and the 3-year prediction model produced a C-index of
0.69 (95%CI: 0.65-0.73). Internal validation yielded a C-index of 0.761 (95%CI: 0.669-0.853) for the 1-year model and
0.693 (95%CI: 0.642-0.744) for the 3-year model.

CONCLUSION

We developed Cox regression models for 1-year and 3-year survival predictions of patients with ICC who
underwent resection, which has positive implications for establishing a more comprehensive prognostic model for
ICC based on tumor immune microenvironment and immune cell changes in the future.

Key Words: Intrahepatic cholangiocarcinoma; Tumor immune cells; Biomarkers; Prognosis; Prediction models

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We present a comprehensive study investigating the prognostic significance of immune cell infiltration and clinical
parameters in patients with surgically resected intrahepatic cholangiocarcinoma (ICC). Our research elucidates the intricate
interplay between immune cell composition within the tumor microenvironment and clinical outcomes in patients with ICC,
offering valuable insights into the development of prognostic predictors and potential therapeutic strategies for this cha-
llenging disease.

Citation: Wang ZR, Zhang CZ, Ding Z, Li YZ, Yin JH, Li N. Establishing prognostic models for intrahepatic cholangiocarcinoma
based on immune cells. World J Gastrointest Oncol 2024; 16(10): 4092-4103
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INTRODUCTION

Intrahepatic cholangiocarcinoma (ICC), the second most prevalent malignant liver cancer, continues to have an increasing
incidence[1]. Despite the expanding array of therapeutic options available for ICC, surgical resection remains the main
treatment. However, most cases of ICC are diagnosed at advanced stages, meaning surgical resection is effective in only
approximately 20% of patients[2]. Moreover, 80% of surgically treated patients face recurrence risk, with a 5-year survival
rate of 17%-35%[3]. Existing prognostic models for ICC, including CA199 and TNM staging, have proven ineffective
owing to the genetic complexity and heterogeneity of tumor tissues[4,5]. Therefore, the absence of efficient methods for
predicting and enhancing survival rates underscores the practical significance of establishing an effective prognostic
monitoring model for patients with ICC.

Tumor-associated immune cells play a pivotal role in the tumor microenvironment (TME) and tumor development.
CD4, CD8, CD20, pan-cytokeratin (CK), and CD68 are crucial in tumor development[6]. Elevated levels of CD8+ T cells in
ICC are an independent prognostic factor that often correlates with improved overall survival (OS)[7]. In addition,
exhaustion of CD8+ T cells can predict the efficacy of immune checkpoint inhibitors in treating hepatocellular carcinoma
[8]. A high ratio of CD8+ to CD20+ cells is associated with prolonged disease-free survival. Compared with high levels of
CD8+ or CD20+ cells alone, patients with a combined high distribution of tumoral CD8+ and CD20+ cells exhibit
extended recurrence-free survival (RFS)[9]. CD20 is a marker on the surface of a subtype of B cells that predominantly
infiltrate the tumor margin of ICC. Higher densities of CD20+ B cells are associated with improved OS and RFS[10]. The
detection of CD4+ cells and regulatory T cells in preoperative peripheral blood can be potential immunological
prognostic indicators for patients undergoing curative resection for hepatocellular carcinoma[11].

Increasing evidence highlights the pivotal role of tumor immune cells in ICC and serves as a crucial survival
prognostic indicator. However, clinical studies related to surgically treated patients with ICC have frequently focused on
prognostic models based on clinical indicators, overlooking the role of the TME in ICC prognosis. In this study, we
comprehensively analyzed the distribution of CD4, CD8, CD20, and CK in tumors and paired adjacent tissues along with
preoperative blood examination parameters and postoperative pathological diagnoses. Our objective was to establish
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robust models for predicting the OS of patients with ICC. The models underwent meticulous internal validation to ensure
authenticity.

MATERIALS AND METHODS

Patient enrolment and follow-up

Tumor tissues and paired adjacent tissues were collected from 141 patients with ICC who underwent surgical resection at
Shanghai Eastern Hepatobiliary Surgery Hospital between August 2001 and July 2010. Immunohistochemical analyses for
CK18 and CK19 were conducted at the Department of Pathology, Shanghai Eastern Hepatobiliary Surgery Hospital.
Clinical, pathological, and demographic characteristics of the patients were retrospectively analyzed. OS, defined as the
time from surgery to death, was the primary endpoint of survival. The criteria[12] were negative tumor resection margins
and an absence of prior malignancies. The exclusion criteria were incomplete clinical data and loss to follow-up. Two
experts independently confirmed pathological diagnoses. Follow-up data collected until August 2016 had a median
duration of 27 months (range: 4-79 months). Clinical parameters included: (1) Demographic details (sex, age, height,
weight, hepatitis history, smoking, drinking, etc.); (2) Tumor pathology indicators (size, number, microvascular invasion,
tumor cell differentiation, lymph node invasion); and (3) Blood metrics [complete blood count, biochemistry, hepatitis B
virus (HBV) panel, etc.]. The study protocol conformed to the 1975 Declaration of Helsinki and was approved by the
ethics committee of Shanghai Eastern Hepatobiliary Surgery Hospital. Signed informed consent was obtained from all
participants in the study.

Immunofluorescence labeling of tissue chips

Tissue sections (4-5 pm thickness) were cut from paraffin-embedded blocks, mounted on glass slides, deparaffinized, and
rehydrated. The slides were heated in citrate buffer (pH 6.0) for 10-20 minutes, cooled, and washed with phosphate-
buffered saline. Endogenous peroxidase activity was blocked with 3% hydrogen peroxide for 10 minutes. Non-specific
sites were blocked with 5% bovine serum albumin for 1 hour. Sections were incubated overnight at 4 °C with primary
antibodies (all from Boster, Shanghai, China)-anti-CD4 (BM4263), anti-CD8 (BM0216), anti-CD20 (M03780-4), anti-CK
(M30944), and anti-CD68 (BA3628). After washing, the slides were incubated with Alexa Fluor-conjugated secondary
antibodies for 1 hour in the dark. The nuclei were stained with DAPI for 5 minutes. Visualization was performed using a
laser confocal microscope (TCS SP5; Leica, Wetzlar, Germany). All immunofluorescence staining of tissue chips was
conducted by Boster Biological Technology Company (Shanghai, China).

Statistical analysis

Statistical analyses were conducted using SPSS software (version 25.0; SPSS, Inc., Chicago, IL, United States) and R
version 4.1.2. The Pearson y? test was used to assess single-variable predictive indicators from immunohistochemistry.
Kaplan-Meier analysis generated OS curves, with the log-rank test used for evaluating differences. The “pROC” package,
featuring time-dependent receiver operating characteristic (ROC) curves and the Youden index, was used for validating
predictive indicators. Predictors were identified through the Variable Selection for Cox Proportional Hazards Model,
incorporating stepwise selection and Akaike Information Criterion (AIC) analysis, and prognostic models were con-
structed using the “rms” package in R. P < 0.05 was considered statistically significant.

RESULTS

Distinctive features of immune cells associated with ICC in immunofluorescence staining and the correlation between

baseline clinical characteristics and OS

Infiltration of representative immune cells, such as CD4, CD8, CD20, CK, and CD68, in the TME is known to play a
crucial role in predicting cancer prognosis[6,13]. However, research relating to ICC is lacking. Therefore, we conducted
multiplex immunofluorescence staining of these immune cells in ICC to analyze their impact on prognosis of this
malignancy. The distribution of CD4, CD8, CK, CD20, and CD68 in cancerous and paired adjacent tissues of patients with
ICC is illustrated in Figure 1. In addition, Table 1 summarizes the correlations between baseline characteristics and OS in
the patients with ICC.

Prognostic role of individual immune cell markers and clinical indicators

Stepwise selection of variables for inclusion in the Cox proportional hazards model revealed significant correlation
between CD4, CD8, CD20, and CK and the prognosis of postoperative ICC patients. The antigen presentation function of
CD68 is recognized[14]; however, in this study, univariate and multivariate Cox regression analysis for factors affecting
the survival of ICC in 141 patients enrolled in cohorts found that CD68 was not significant for either 1- or 3-year survival
after resection (Tables 2 and 3). Previous studies have suggested that CD68 expression may vary among different stromal
types in ICC, and that CD68 might be associated with prognosis in patients without metastasis, with higher CD68
expression linked to poorer outcomes[15]. However, in our study, after variable selection, CD68 was found to have a
weaker association with prognosis compared to CD4, CD8, CD20, and CK markers and was therefore not included in our
models. Consequently, CD4, CD8, CD20, and CK levels were chosen to establish the Cox proportional hazards model for
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Table 1 Correlation between baseline characteristics and overall survival in patients with intrahepatic cholangiocarcinoma

Patient characteristic 1-year survival 1-year death P value 3-year survival 3-year death P value

Age
> 53 years 63 8 0.237 31 40 0.335
< 53 years 58 13 25 45

Sex
Male 80 16 0.388 35 61 0.248
Female 40 5) 21 24

HBV
Yes 54 12 0.304 27 39 0.786
No 66 9 29 46

Smoking
Yes 28 5 1! 9 24 0.095
No 92 16 47 61

Drinking
Yes 31 5 0.844 10 26 0.09
No 89 16 46 59

Family history
Yes 11 3 0.439' 4 10 0.369
No 109 18 52 75

WBC
Abnormal 22 5 0.554' 10 17 0.752
Normal 98 16 46 68

ALT
Abnormal 38 10 0.155 20 28 0.734
Normal 82 11 36 57

AST
Abnormal 39 12 0.03 18 188] 0.419
Normal 81 9 38 52

AFP
> 400 pg/L 12 2 i 7 7 0.407
<400 pg/L 108 19 49 78

CEA
Abnormal 22 4 1! 9 17 0.556
Normal 98 17 47 68

CA199
Abnormal 57 11 0.68 24 44 0.3
Normal 63 10 32 41

Child-Pugh
Group A 62 18 0.004 56 80 0.002
Group B 58 3 0 15

Tumor necrosis

Yes 49 17 0.001 29 63 0.077
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No 71 4 27 32
Tumor metastasis
Yes 58 17 0.006 47 69 0.112

No 62 4 9 26

1Fisher test.
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AFP: Alpha-fetoprotein; CEA: Carcinoembryonic antigen; CA199: Carbohydrate antigen
199; HBV: Hepatitis B virus.

400 =
¢ Tumor tissues

* Paired-adjacent tissues
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Figure 1 Staining intensity of immune cells in intrahepatic cholangiocarcinoma and paired adjacent tissues. P < 0.05; ° < 0.001.

ICC. The prognostic value of individual immune cells (CD4, CD8, CD20, and CK) was subsequently investigated in a
clinical cohort of 141 patients with ICC. By employing time-dependent ROC analysis, the optimal cutoff values for CD4,
CD8, CD20, and CK were determined. The prognostic significance of immune markers, such as CD20, paired adjacent
tissue CD4, and paired adjacent tissue CD8 in ICC was further explored with survival prognosis. In addition, aspartate
aminotransferase (AST) expression correlated with 1-year survival prognosis (P = 0.001), and Child-Pugh staging was
associated with 1-year (P = 0.001) and 3-year (P = 0.001) survival prognoses. Postoperative pathological features,
including tumor necrosis (P = 0.03) and metastasis (P = 0.01), exhibited high correlations with 3-year survival prognosis.

Establishment of a 1-year survival Cox proportional hazards model for ICC

Utilizing variable selection for the Cox proportional hazards model and incorporating stepwise selection and AIC
analysis, a prognostic model was developed. The model highlighted that AST (P = 0.001), Child-Pugh (P = 0.001), and the
expression of CD20 (P = 0.001), paired adjacent tissues CD4 (P = 0.05), and paired adjacent tissues CD8 (P = 0.002) had the
highest predictive value for 1-year OS of ICC. Simultaneously, prior to establishing the Cox proportional hazards model,
we conducted normality tests and found that the key variables included in the model exhibited a trend towards normal
distribution (P > 0.05), which aligns with the assumptions of linear regression.

This Cox proportional hazards model was significant for short-term prognosis (P < 0.001), as shown in Figure 2A. The
derived formula of the model is “total points = 8.943957 x AST + 10 x Child-Pugh + 8.046718 x CD20 + 7.799139 X paired-
adjacent tissues CD4 + 1.036407 x paired adjacent tissues CD8”. Validation in the test cohort confirmed the predictive
capacity of the model for early survival prognosis in patients with ICC. Furthermore, internal validation revealed a C-
index of 0.76 [95% confidence interval (95%CI): 0.65-0.87], indicating excellent validation efficiency. Kaplan-Meier

analysis demonstrated a significantly lower survival time for high-risk patients than for low-risk patients (P < 0.001)
(Figure 2B).

Establishment of a 3-year survival Cox proportional hazards model for ICC

Variable selection for the 3-year survival Cox proportional hazards model incorporated expression of paired adjacent
tissues CD8 (P = 0.001), paired adjacent tissues CD4 (P = 0.02), CK (P = 0.04), and a series of crucial clinical factors
(including tumor necrosis (P = 0.03), tumor metastasis (P = 0.01), and Child-Pugh (P = 0.001)) into the model. The key
variables included in the model passed the normality tests, demonstrating a trend towards normal distribution (P > 0.05),
which meets the conditions for linear regression. The established model is significant for long-term prognosis (P < 0.001),
as illustrated in Figure 3A. The derived formula of the model is “total points = 3.142282 x tumor necrosis + 4.352792 x
tumor metastasis + 10 x Child-Pugh - 3.111830 x CK + 3.992448 x paired adjacent tissues CD4 - 5.153573 X paired adjacent
tissues CD8”. Internal validation yielded a C-index of 0.69 (95%ClI: 0.65-0.73), indicating permissible validation efficiency.
Kaplan-Meier analysis revealed a significantly lower survival time for high-risk patients than for low-risk patients (P <
0.001) (Figure 3B).

WJGO | https://www.wjgnet.com 4096 October 15,2024 | Volume16 | Issue10 |

Jaishideng®



Wang ZR et al. Immune-based prognostic models for ICC

Table 2 Cox regression analysis for factors affecting the 1-year survival of intrahepatic cholangiocarcinoma in 141 patients enrolled in

cohorts

No. of participants (n =

Univariate analysis HR

Multivariate analysis HR

Variable 141) (95%Cl) P value (95%Cl) P value

AST 0.002 0.002
Normal 81 0.20 (0.07, 0.56) 0.18 (0.06, 0.53)
Abnormal 60 1 1

Child-Pugh <0.001 <0.001
Group A 136 1 1
Group B B 9.35 (2.74, 31.94) 68.29 (9.34, 499.16)

CD20 0.009 <0.001
High B 1 1
Low 136 0.19 (0.06, 0.64) 0.08 (0.02, 0.29)

Paired adjacent tissues 0.08 -

CD20
High 90 1
Low 511 2.14 (0.91, 5.03)

CD4 0.14 -
High 65 1
Low 76 0.52 (0.21, 1.24)

Paired adjacent tissues CD4 0.39 0.05
High 75 1 1
Low 66 0.68 (0.28, 1.65) 0.39 (0.16, 0.98)

CD8 0.29 -
High 94 1
Low 47 1.59 (0.67, 3.78)

Paired adjacent tissues CD8 0.46 0.002
High 37 1 1
Low 104 7.75 (1.04, 57.78) 57.49 (4.44, 744.84)

CK 0.23 -
High 16 0.51 (0.17, 1.53)
Low 125 1

Paired adjacent tissues CK 0.07 =
High 133 1
Low 8 3.06 (0.90, 10.40)

CD68 0.12 -
High 9 0.38 (0.11, 1.29)
Low 132 1

Paired adjacent tissues 0.10 -

CD68
High 52 0.49 (0.21, 1.15)
Low 89 1

AST: Aspartate aminotransferase.
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Table 3 Cox regression analysis for factors affecting the 3-year survival of intrahepatic cholangiocarcinoma in 141 patients enrolled in

cohorts

No. of participants (n =

Univariate analysis HR

Multivariate analysis HR

Variable 141) (95%Cl) Pvalue (95%Cl) Pvalue

Tumor necrosis 0.01 0.03
0 50 1 1
0.5 6 1.31 (1.03, 1.62) 1.26 (1.13,1.41)
1 85 1.93 (1.20, 3.12) 1.73 (1.06, 2.84)

Tumor metastasis <0.001 0.008
No 20 1 0.47 (0.27,0.82)
Yes 121 2.53 (1.48, 4.32) 1

Child-Pugh 0.001 <0.001
Group A 136 1 0.17 (0.07, 0.46)
Group B 5 4.49 (1.80,11.22) 1

CD20 0.03 -
High 61 1
Low 80 1.65 (1.06, 2.58)

Paired adjacent tissues 0.74 -

CD20
High 83 1
Low 58 1.48 (0.96, 2.26)

CD4 0.09 -
High 16 1
Low 125 2.04 (0.89, 4.69)

Paired adjacent tissues CD4 0.15 0.02
High 100 1 2.01 (1.13,3.57)
Low 41 0.70 (0.43, 1.14) 1

CD8 0.16 -
High 73 1
Low 68 1.35 (0.88, 2.07)

Paired adjacent tissues CD8 0.01 <0.001
High 84 1 0.4 (0.25, 0.67)
Low 57 1.75 (1.15, 2.68) 1

CK 0.01 0.04
High 112 1 0.58 (0.35, 0.96)
Low 29 1.86 (1.15, 3.02) 1

Paired adjacent tissues CK 0.16 -
High 104 1
Low 37 1.39 (0.88, 2.19)

CD68 0.30 -
High 113 1
Low 28 0.74 (0.42,1.31)

Paired adjacent tissues 0.35 -

CD68
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High 130 1

Low 11 0.65 (0.26, 1.60)

0: No necrosis; 0.5: Partial necrosis; 1: Large or complete necrosis.
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Figure 2 Establishing a 1-year Cox proportional hazards prognosis model for intrahepatic cholangiocarcinoma using stepwise selection
and Cox multivariate regression. A: 1-year prognosis model nomogram established through multivariate COX regression using variables from stepwise

selection of the 1-year prognostic model; B: Kaplan-Meier analysis of the 1-year prognosis model indicates a significant worsening in prognosis for high-risk vs low-
risk individuals within 1 year (P < 0.001). AST: Aspartate aminotransferase.
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Figure 3 Establishing a 3-year Cox proportional hazards prognosis model using stepwise selection and Cox multivariate regression. A: 3-
year prognosis model nomogram established through multivariate Cox regression using variables from model selection of the 3-year prognostic model; B: Kaplan-
Meier analysis of the 3-year prognosis model indicates a significant decrease in prognosis in high-risk vs low-risk individuals within 3 years (P < 0.001). N: No; Y: Yes;
0: No necrosis; 0.5: Partial necrosis; 1: Large or complete necrosis.

Validation of model parameters using bootstrap analysis

The robustness of the two Cox proportional hazards models was explored through bootstrap analysis, which involved
resampling with replacement from the original dataset. We estimated the distribution of population parameters by
generating multiple bootstrap sample sets and assessed the predictive performance of the models. After 500 iterations of
resampling from the original data, the 1-year predictive model exhibited a C-index of 0.761 (95%CI: 0.669-0.853)
(Figure 4A) and the 3-year predictive model produced a C-index of 0.693 (95%Cl: 0.642-0.744) (Figure 4B). These results
confirmed the reliability and predictive accuracy of our prognostic survival models for patients with ICC.
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Figure 4 Bootstrap analysis for model efficiency. A: Histogram of bootstrap validation for the 1-year prognostic model; B: Histogram of bootstrap validation
for the 3-year prognostic model. The left image in each panel represents the efficiency obtained from bootstrap validation, while the right image shows the quality
standard curve during the validation process.

DISCUSSION

ICC, a highly malignant liver tumor, presents considerable challenges in treatment and management. Besides well-known
risk factors such as smoking, alcohol consumption, and HBV, conditions such as recurrent suppurative cholangitis or
liver fluke may also trigger ICC. The effects of these factors on immune cells within the TME and on patient outcomes
warrant deeper investigation[16]. Immune cells associated with tumors are critical in the prognosis of ICC, with the
composition and distribution of immune cells in cancerous and adjacent tissues being closely linked to the survival
prognosis of patients with ICC. For example, CD8+ cells in paired adjacent tissues are significant in predicting short-term
and long-term survival outcomes for ICC[17]. The infiltration of CD8+ cells in paired adjacent tissues is closely associated
with the survival prognosis of patients with ICC, consistent with the findings of other studies. CD8+ T cells, also known
as cytotoxic T cells, are generally regarded as favorable prognostic markers in various tumors[7]. CD20+ cells, which are a
subtype of B cells, also showed correlation with better OS[10]. In addition, CD68+ expression-an important marker of
macrophages-has been suggested to be associated with the prognosis of ICC[18]. Our analysis did not show a significant
strong correlation with the prognosis. This discrepancy may be attributed to the limited sample size, inclusion of patients
at advanced stages of ICC during data collection, and different treatment methods used in our study. Future research
should focus on expanding the sample size to further investigate this relationship between CD68 and prognosis of ICC.

The TME has multiple regulatory mechanisms for the expression of immune cells, including increased immunosup-
pressive metabolites and enzymes, malnutrition, hypoxia, increased acidity, large amounts of extracellular ATP and
adenosine, dysregulated bioenergy and purinergic signals, and ion imbalance[19], which leads to significant differences
in the composition of immune cells between tumors and adjacent tissues. Furthermore, complex interactions between
tumor cells and immune cells may influence the function and distribution of immune cells in the TME[20]. For a more
accurate prediction of the survival prognosis of patients with ICC, we employed sophisticated statistical methods and
model validation in this study. By combining clinical indicators, postoperative pathological indicators, and the distri-
bution of immune cells, effective nomograms predicting 1-year and 3-year survival for patients with ICC were
established. Thus, this study provides a new and comprehensive prognostic tool for ICC. However, our findings do
require further validation, particularly in other independent cohorts, to ensure the robustness of the model in predicting
prognosis and survival. Moreover, other potential prognostic indicators, such as tumor-related genetic variations,
metabolites, and their interactions with immune cells, merit further investigation.

In conclusion, this study offers a novel perspective for understanding and predicting ICC prognosis. Immune cells,
particularly those in cancerous and adjacent tissues, may serve as new biomarkers for assessing ICC prognosis.
Compared with existing prognostic indicators and models for ICC, our model based on immune cells and their
interactions with tumors may provide more accurate predictions and facilitate personalized treatment plans for patients
with ICC. From a clinical practice perspective, our model involves performing immunofluorescence staining for multiple
markers on the cancerous and adjacent tissues of patients with ICC who have undergone surgical resection, and then
conducting prognostic analysis. Nowadays, Immunofluorescence technology has now reached a high level of maturity
and is widely adopted, owing to its strong feasibility and ease of implementation.
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Limitations

This study had certain limitations. First, as a retrospective study, the data analyzed were historical, and diagnostic and
treatment standards, techniques, medications, and disease management strategies may have changed between the
studied cohort and current patients with ICC. There may be some biases when using future collected ICC samples to
validate models. In addition, the sample size was relatively small at 141 participants, potentially introducing bias into the
conclusions. However, the establishment of early and late prognosis models for patients with ICC undergoing surgery
remains clinically significant. Consequently, expanding the sample size and performing comprehensive analyses is
essential for improving understanding of the prognostic factors that influence ICC.

CONCLUSION

We developed Cox regression models for 1-year and 3-year survival predictions of patients with ICC who underwent
resection, which has positive implications for establishing a more comprehensive prognostic model for ICC based on
tumor immune microenvironment and immune cell changes in the future.
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