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Abstract
Intrahepatic cholangiocarcinoma (ICC) is a rare malignancy with poor prognosis. The evaluation of recurrence risk after 
liver resection is of great importance for ICCs. We aimed to assess the prognostic value of intra- and peritumoral immune 
infiltrations and to establish a novel histopathology-related immunoscore (HRI) associated with ICC recurrence. A total of 
280 ICC patients who received curative resection between February 2005 and July 2011 were enrolled in our study. Patients 
were randomly assigned to the derivation cohort (n = 176) or the validation cohort (n = 104). Sixteen immune biomarkers 
in both intra- and peritumoral tissues were examined by immunohistochemistry. The least absolute shrinkage and selection 
operator (LASSO) Cox model was used to establish the HRI score. Cox regression analysis was used for multivariate analy-
sis. Nine recurrence-related immune features were identified and integrated into the HRI score. The HRI score was used to 
categorize patients into low-risk and high-risk groups using the X-tile software. Kaplan–Meier analysis presented that the 
HRI score showed good stratification between low-risk and high-risk groups in both the derivation cohort (P < 0.001) and 
the validation cohort (P = 0.014), respectively. Multivariate analysis demonstrated that serum γ-glutamyl transpeptidase, 
carbohydrate antigen 19-9, lymphoid metastasis, tumor numbers, and the HRI score were independent risk factors associ-
ated with recurrence-free survival (RFS). The combination of Shen’s model and HRI score provided better performance in 
recurrence prediction compared with traditional staging systems. The HRI score might serve as a promising RFS predictor 
for ICC with prognostic values.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most 
common type of liver cancer, accounting for 10 ~ 20% of 
all primary liver malignancies [1, 2]. Liver resection is 
the only curative treatment for ICCs and enables long-
term survival for selected patients. However, over 50% 
of patients recur after curative resection within the first 
12 months, and the early recurrence has been a major 
obstacle in clinical practice [3, 4]. Therefore, enhancing 
the prediction accuracy for recurrence risk may facilitate 
postoperative management for ICC patients. Currently, 
traditional staging systems [including the American Joint 
Committee on Cancer (AJCC) and Liver Cancer Study 
Group of Japan (LCSGJ) staging systems] and the nomo-
gram model (Shen’s model) [5] were all constructed based 
on clinicopathological features, which may provide use-
ful but insufficient information for more accurate recur-
rence prediction. Due to its heterogeneity, ICC within the 
same stage might comprise different subsets with differ-
ent molecular features and a large variation in prognosis. 
Thus, there is an urgent need for novel biomarkers or strat-
egies to improve the accuracy of recurrence prediction and 
facilitate treatment selection afterwards.

Histopathological evidence suggests that variable num-
bers of infiltrating immune cells can be found in different 
tumors of the same type at different locations in or around a 
tumor. Recently, it was found that the integration of infiltrat-
ing immune cells into immunoscore could effectively predict 
recurrence and patient survival [4, 6, 7], and it may even 
act as a new component of a TNM-immune classification 
for cancer patients. The new classification was based on the 
density and location of CD3- and CD8-positive cells instead 
of the function of T lymphocytes, implying that infiltrat-
ing immune cells could serve as a new immune parameter 
for the individualized prediction of tumor prognosis. Previ-
ously, we observed that the infiltration of tumor-associated 
macrophages (TAMs) [8], regulatory T cells (Tregs) [9] and 
CD20+ B cells [10] were associated with poor prognosis of 
hepatocellular carcinoma (HCC) after liver resection. We 
also observed that CCL2+ and CCL17+ tumor-associated 
neutrophils could recruit macrophages and Tregs to promote 
the tumor progression [11], and the effector function of γδT 
cells was substantially impaired in the tumor microenviron-
ment [12]. Though the potential clinical relevance of the 
density of infiltrating cells has already been evaluated in 
our previous study [13] and other studies [14, 15], the prog-
nostic values of immune cells and programmed cell death 
1 (PD1)/programmed death ligand-1 (PD-L1) for ICC are 
still controversial. Therefore, developing an individualized 
histopathology-related immunoscore (HRI) is necessary and 
may provide a better prediction performance.

In this study, we examined the density and location of 32 
immune features using tissue microarray and immunohisto-
chemistry, and developed the HRI score using the least abso-
lute shrinkage and selection operator (LASSO) Cox method. 
We evaluated and validated the combined performance of 
the HRI score and Shen’s model by comparing with three 
traditional staging systems using the receiver operating char-
acteristic (ROC) curve analysis.

Materials and methods

Patients

Two hundred and eighty ICC patients who received liver 
resection at Zhongshan Hospital between February 2005 and 
July 2011 were enrolled in this study. The inclusion criteria 
were histopathological diagnosis of ICC, Child–Pugh class 
A, complete resection of tumors, no history of anticancer 
therapy previously, and no history of other types of can-
cer. The exclusion criteria were Child–Pugh class C, hilar 
or extrahepatic cholangiocarcinoma, distant or intrahepatic 
metastasis, or histopathologically proven combined hepato-
cellular cholangiocarcinoma. The pathological diagnosis of 
ICC was defined according to the World Health Organization 
criteria [16].

Tissue microarray, immunohistochemistry 
and evaluation of immune cells

In the present study, sixteen prognostic immune markers 
were chosen because of their close involvement in tumor 
growth (CD66b and PD1) [11, 17], tumor prognosis (CD3, 
CD4, CD8, CD57, CD68, Foxp3 and PD-L1) [8–10, 14, 
18–21], antitumor function (CD14) [22] and local immune 
response (CD20, CD27 and CD45RO) [23, 24] in liver can-
cer. CXCR5 was selected due to its role in the pathogenesis 
of primary biliary cirrhosis [25], while altered expression of 
CD45RA [12] and CD103 [26] has been observed in liver 
malignancy, but their prognostic values remain unclear. 
Tissue microarray (TMA) was conducted as previously 
described [27]. The immunohistochemistry was performed 
in accordance with the two-step protocol (Novolink Polymer 
Detection System, Novocastra) according to the manufactur-
er’s instructions. Detailed information of antibody dilution 
is provided in the Supplementary Table 1.

To evaluate the levels of immune infiltrations, three most 
independent and representative areas were selected and pho-
tographed (at ×200 magnification) with an Olympus digital 
camera in intra- and peritumoral tissues, respectively. Identi-
cal settings were used for each photograph, and high-reso-
lution spot-images were obtained and stored. Using Image-
pro plus 6.0 software (Media Cybernetics Inc.), the numbers 
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of positive staining cells were counted automatically and 
recorded as previously described [28], and mean values were 
used for statistical analysis [9]. Three representative spots 
presented good homogeneity of stained cells in each tumor 
and peritumor area.

Statistical analysis

Demographic, clinical and tumor characteristics are pre-
sented as percentages or median values. Pearson’s χ2 test or 
Fisher’s exact test was used for the analysis of categorical 
variables, and Wilcoxon test or Student’s t test for continuous 
variables. RFS curves were plotted using the Kaplan–Meier 
method and analyzed with the log-rank test. On the basis 
of RFS, the HRI score was established from the derivation 
cohort, and the weights for HRI represented the coefficient 
derived from the LASSO Cox analysis. The “glment” pack-
age was used as described [29]. The HRI score was validated 
with an internal dataset. According to the highest χ2 value 
defined by Kaplan–Meier curve analysis and log-rank tests, 
the X-tile software was used to identify the optimum cutoff 
value for the HRI score. Univariate and multivariate regres-
sion analyses were performed. The performance of staging 
systems and Shen’s model were compared with the rcorrp.
cens package in Hmisc [30] and evaluated with ROC curve. 
Statistical analysis was performed using R version 3.1.0 soft-
ware (R Foundation, Vienna, Austria). A P value < 0.05 was 
considered statistically significant.

Results

Clinicopathologic characteristics of patients

A total of 280 ICC patients were randomly assigned to the 
derivation group (n = 176) or the validation group (n = 104). 
The demographic and clinicopathologic characteristics are 
summarized in Table 1. In the derivation cohort, 42.1% 
of patients (74/176) were infected with HBV and 1.14% 
(2/176) with HCV. The median tumor diameter was 6.0 
(4.0, 8.0) cm and 6.5 (4.9, 9.0) cm in the derivation and 
validation cohorts, respectively. Despite significant differ-
ence between the alanine aminotransferase (ALT) levels 
of the two cohorts, serum ALT values were still within the 
normal range and would not influence the liver function of 
ICC patients.

The study was censored on April 12, 2014. The median 
overall survival was 27.6 months (range, 1–100.5 months) 
and 31.2 months (range, 1–99.5 months) in the derivation 
and validation cohorts, respectively. During the follow-
up period, 71.6% (126/176) of patients developed recur-
rence in the derivation cohort and 71.2% (74/104) in the 

validation cohort; 63.1% (111/176) and 61.5% (64/104) 
of patients died in the derivation and validation cohorts, 
respectively.

Construction of HRI

Using the LASSO Cox analysis, 9 prognostic predictors 
were selected out of 32 immune features on the basis of 
RFS in the derivation cohort (Fig. 1a, b). Figure 1c pre-
sents the histological expression of nine immune features 
in intra- or peritumoral tissues, including CD3peritumoral (p), 
CD8intratumoral (T), CD45RAT, CD45RAP, CD66bT, CD68T, 
Foxp3T, PD1T and PD-L1T. The individualized HRI 
score was constructed, and the calculation formula is 
(1.6081 × the levels of CD45RAP − 1.4985 × the levels 
of CD3P − 0.9289 × the levels of CD8T − 0.3987 × the 
l eve l s  o f  CD45RAT + 1 .0428  ×  the  l eve l s  o f 
CD66bT − 1.0879 × the levels of CD68T + 8.5375 × the lev-
els of Foxp3T + 1.6075 × the levels of PD1T − 1.3851 × the 
levels of PD-L1T) × 10−3. Figure 2a indicates that the area 
under curve (AUC) values of HRI score (derivation cohort, 
0.734; validation cohort, 0.692) were better than those of 
selected immune features (derivation cohort, 0.500–0651; 
validation cohort, 0.481–0.639) in both cohorts.

The X-tile software was used to determine the optimum 
cutoff value of HRI score [31]. Patients were classified 
into two groups according to their HRI score: low-risk 
group (≤ − 0.14) and high-risk group (>− 0.14), with 
the AUC values 0.691 (95%CI, 0.617–0.766) and 0.676 
(95%CI, 0.568–0.784) in the derivation and validation 
cohorts, respectively. The 1-, 3- and 5-year recurrence 
rates in the high-risk group were worse than those in the 
low-risk group in both cohorts (derivation cohort: low vs. 
high, P < 0.001; validation cohort: low vs. high, P = 0.014) 
(Fig. 2b).

Prognostic predictors

The results of both univariate analysis and multivariate anal-
ysis using Cox regression model are listed in Table 2 and 
Supplementary Table 2. Factors with P < 0.1 in univariate 
analysis, including carcinoembryonic antigen (CEA), carbo-
hydrate antigen 19-9 (CA19-9), ALT, γ-glutamyl transpepti-
dase (GGT), HRI score, lymphoid metastasis, tumor number, 
and diameter, were enrolled in multivariate analysis. The 
multivariate analysis revealed that CA19-9, GGT, tumor 
number, lymphoid metastasis, and the HRI score remained 
independent risk factors for recurrence and overall survival 
after liver resection. The highest hazard ratios (HRs) were 
observed in three factors, HRI score, lymphoid metastasis 
and tumor numbers (≥ 3 nodules).
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Integration of HRI score and Shen’s model

To compare the performance of the AJCC 7th, AJCC 8th, 
and LCSGJ staging systems, and Shen’s model in recur-
rence prediction, the ROC analysis was performed. In the 
derivation cohort, the AUC values of the AJCC 7th, AJCC 
8th, LCSGJ, and Shen’s model were 0.607, 0.603, 0.618 and 
0.650, respectively. Similar AUC values were observed in 
the validation cohort (AJCC 7th, 0.591; AJCC 8th, 0.589; 
LCSGJ, 0.575; Shen’s model, 0.611).

To evaluate the prognostic value of the HRI score in 
combination with the current prognostic system, the HRI 
score was integrated with Shen’s model. As shown in 
Fig. 3, the performance of the combination of the HRI 
score and Shen’s model (AUC, derivation cohort: 0.752, 
95%CI, 0.688–0.835; validation cohort: 0.710, 95%CI, 
0.607–0.813) was superior to other staging systems 
(AUC, derivation cohort, 0.603–0.650; validation cohort, 
0.575–0.611) in both datasets.

Table 1   Demographic, clinical, 
and tumor characteristics of 
patients with intrahepatic 
cholangiocarcinoma

HBV hepatitis B virus, HCV hepatitis C virus, AFP α-fetoprotein, CEA carcino-embryonic antigen, CA19-
9 carbohydrate  antigen 19-9, ALT alanine aminotransferase, GGT​ γ-glutamyl transpeptidase, VI vascular 
invasion
Values are presented as no. (%) or median (Q1, Q3)

Patient demographics Derivation cohort (n = 176) Validation cohort (n = 104) P value

Age, year
 < 60 99 (56.3%) 54 (51.9%) 0.56
 ≥ 60 77 (43.8%) 50 (48.1%)

Sex (male), n (%) 101 (57.4%) 72 (69.2%) 0.07
Etiology
 HBV 74 (42.1%) 44 (42.3%) 0.89
 HCV 2 (1.1%) 2 (1.9%)
 Others 100 (56.8%) 58 (55.8%)

Liver cirrhosis, yes (%) 37 (21.0%) 33 (31.73%) 0.06
AFP, ng/mL 2.7 (1.8, 4.6) 2.8 (2.0, 5.0) 0.31
CEA, μg/mL 2.3 (1.4, 4.6) 2.4 (1.4, 3.7) 0.94
CA19-9, U/ml 37.7 (13.4, 372.2) 37.9 (17.3, 137.6) 0.86
Albumin, g/L 43.0 (40.0, 45.0) 43.5 (39.8, 46) 0.79
Bilirubin, μmol/L 11.7 (8.8, 15.3) 12.1 (9.2, 16.5) 0.45
ALT, IU/L 19.0 (13.8, 32.0) 25.0 (16.0, 42.3) 0.02
GGT, U/L 47.0 (29.0, 92.0) 55.0 (33.8, 107.0) 0.38
Platelets, 103/μL 177.5 (141.5, 218.0) 190 (137.8, 216.3) 0.79
Tumor nodularities, n (%)
 1 149 (84.7%) 81 (77.9%) 0.16
 2 14 (8.0%) 8 (7.7%)
 ≥ 3 13 (7.4%) 15 (14.4%)

Tumor diameter, cm 6.0 (4.0, 8.0) 6.5 (4.9, 9.0) 0.29
Tumor differentiation
 I–II 121 (68.8%) 70 (67.3%) 0.91
 III–IV 55 (31.3%) 34 (32.3%)

Vascular invasion (yes), n (%) 8 (4.6%) 6 (5.8%) 0.86
Lymphoid metastasis (yes), n (%) 8 (4.6%) 9 (8.7%) 0.26
Direct invasion and local extrahe-

patic metastasis (yes), n (%)
2 (1.1%) 0 (0.0%) 0.53

Resection type, n (%)
 Minor resection 105 (59.7%) 61 (58.7%) 0.48
 Major resection 71 (40.3%) 43 (41.3%)

Bleeding volume, ml 200 (100, 400) 200 (100, 400) 0.57
Occlusion, min
 < 15 min 115 (65.3%) 66 (63.5%) 0.85
 ≥ 15 min 61 (34.7%) 38 (36.5%)
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Discussion

Growing evidence indicated that the type, density, and loca-
tion of immune cells within a tumor sample may strongly 
influence the evolution of various cancers and may provide 
prognostic information [9, 32, 33]. In the present study, we 
developed a novel histopathology-related immunoscore 
based on ICC TMA, which was independently associated 
with patients’ recurrence and overall survival. In stage I–III 
ICC patients, the combination of HRI score and Shen’s 
model provided better performance in recurrence prediction, 
suggesting that the HRI score could contribute prognostic 
information and act as an individual immune signature in 
prognostic prediction systems.

For the construction of the HRI score, 32 immune fea-
tures, examined histologically in peri- and intratumoral 

tissues, were reduced to nine potential predictors with the 
LASSO method. Apart from the advantage in predictor 
selection, this method can also enable the panel of selected 
immune features to be combined into the HRI score. 
Recently, multimarker analyses have been widely used in 
studies of various tumors, such as a 5-gene signature in colo-
rectal cancer [34], 5-gene score in hepatocellular carcinoma 
[35], and immunoscore signature in gastric cancer [36]. In 
the present study, the novel HRI score was developed on the 
basis of 32 immune features and presented good discrimina-
tion in the derivation cohort (AUC, 0.734) and validation 
cohort (AUC, 0.692), respectively.

We herein showed that the nine immune feature-based 
immunoscore was significantly correlated with RFS. The 
corpus of data strongly suggested that tumor behavior 
may result from the balance between the tumor invasion 
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process and the response of the host of which the local 
immune reaction in a major component [37, 38]. Incon-
sistent with Galon’s study [39], Li’s study [36], and other 
studies [33, 40], two peritumoral- and seven intratu-
moral-specific immune markers were identified in intra-
hepatic cholangiocarcinoma patients, suggesting that the 

distribution and function of immune cells also vary in dif-
ferent tumor types. We observed that the densities of peri-
tumoral CD3+ and intratumoral CD8+ T cells were associ-
ated with patients’ recurrence after partial hepatectomy. 
Previously, CD3+ and CD8+ T cells were reported to be 
correlated with cancer recurrence and overall survival in 
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patients with colorectal cancer [41] and HCC [20], imply-
ing that CD3+ and CD8+ cell populations may contrib-
ute to the antitumor immune response. Evidence in mice 
revealed that the upregulation of PD-L1 and recruitment 
of Foxp3+ Tregs in tumor microenvironment were depend-
ent on the presence of CD8+ lymphocytes [42]. CD45RA, 
an immune marker of naïve T cells, was found to exhibit 
reduced sensitivity to oxidative stress-induced cell death 
and maintained their suppressive function, a phenomenon 
that may be attributed to their observed high anti-oxidative 
capacity [43]. In our study, we observed that the peritu-
moral and intratumoral densities of CD45RA-positive 
cells were associated with the prognosis of intrahepatic 
cholangiocarcinoma patients. Consistent with our previous 

studies [13, 18], the presence of intratumoral CD66b+ (the 
marker of neutrophil) cells was observed as a poor prog-
nostic predictor for ICC patients. Mechanistic evidence in 
mice indicated that neutrophils could facilitate liver metas-
tasis by expressing substantial fibroblast growth factor-2 
[44]. Inconsistent with a previous study on TAMs in liver 
cancer [45], we revealed that a low density of intratumoral 
macrophages was correlated with tumor progression and 
poor postoperative prognosis. Evidence in gastric cancer 
[46] indicated that TAM-derived CXCL8 could contribute 
to the immunosuppressive microenvironment by inducing 
PD-L1+ macrophages, providing a new opportunity for 
cancer immunotherapy. The HRI score is an individual-
ized signature integrated with recurrence-related immune 

Table 2   Cox proportional 
hazards regression model 
showing the association of 
variables with RFS

CEA carcino-embryonic antigen, CA19-9 carbohydrate antigen 19-9, ALT alanine aminotransferase, GGT​ 
γ-glutamyl transpeptidase, HRI histopathology-related immunoscore, CI confidence interval

Variables Univariate analysis Multivariate analysis

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

CEA (≥ 5/< 5, ng/mL) 1.007 0.999–1.016 0.09
CA19-9 (≥ 37/< 37, U/mL) 1.001 1.000–1.001 <0.001 1.001 1.000–1.001 < 0.001
ALT (≥ 35/< 35, U/L) 1.005 1.001–1.010 0.02
GGT (≥ 40/< 40, U/L) 1.004 1.002–1.005 <0.001 1.003 1.000–1.005 0.03
Tumor numbers
1 nodule 1.110 1.052–1.170 < 0.001
2 nodules 0.897 0.466–1.123 0.75 0.88 0.445–1.743 0.71
≥ 3 nodules 2.100 1.123–3.927 0.02 3.029 1.543–5.947 0.001
Tumor diameter, cm 1.087 1.030–1.147 0.003
Lymphoid metastasis (yes/no) 1.997 0.928–4.297 0.08 2.763 1.179–6.473 0.02
HRI score (low/high) 7.787 3.714–16.328 < 0.001 2.511 1.683–3.748 < 0.001
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Fig. 3   ROC curves for three staging systems, Shen’s model, and the 
combination of HRI and Shen’s model in the derivation cohort and 
the validation cohort (Liver Cancer Study Group of Japan [LCSGJ]; 

American Joint Committee on Cancer [AJCC] 7th edition; AJCC 8th 
edition). ROC receiver operating characteristic
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features. In the multivariate Cox analysis, the performance 
of HRI score in predicting recurrence was statistically sig-
nificant when adjusted for other covariates.

Our clinicopathological analysis revealed that CA19-9, 
GGT, tumor number, and lymphoid metastasis were also 
indicative of poor RFS in stage I-III ICCs. Of note, CA19-9 
was identified as a prognostic tumor marker in our previous 
studies [47, 48], in which elevated CA19-9 was associated 
with advanced TNM stages and poor prognosis. It is widely 
perceived that the prognosis of liver cancer relies on tumor 
stage and underlying liver function [49]. GGT is a relatively 
sensitive indicator of malignant liver disease and has been 
reported to be associated with the risk of liver cancer [50]. 
Consistently, GGT was reported to be associated with RFS 
in our study. Also, previous reports [5, 48] have revealed 
that the presence of multiple nodules may affect patient sur-
vival independently. Also, increased tumor numbers may 
be indicative of satellite nodules or intrahepatic metastasis. 
Based on these clinical and immunological predictors, the 
combination of HRI score and Shen’s model provided better 
performance in survival prediction.

Our study remains to be improved in several aspects. 
First, the prognostic model was established based on the 
data from a single liver center in China. Further external 
validation is needed for the HRI score. Second, in the pre-
sent study, HBV-infected patients accounted for 42.1% of 
all patients, and only patients with resectable ICC were 
enrolled. It is necessary to validate our results in other 
geographic regions to extend our results and to increase 
sample variability. Third, the biologic mechanisms of 
the candidate markers such as CD3P, CD8T, CD45RAT, 
CD45RAP, CD66bT, CD68T, Foxp3T, PD1T, and PD-L1T 
require to be further explored and elucidated.

In conclusion, the HRI score, established on the basis 
of nine immune features, might be a potential prognostic 
predictor for recurrence in stage I–III ICC patients. The 
combination of Shen’s model with the HRI score may help 
the risk evaluation of individual recurrence and facilitate 
the clinical management for patients with intrahepatic 
cholangiocarcinoma.
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