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Purpose: The aim of this study was to determine the Immunoscore as an independent
prognostic factor for cholangiocarcinoma and establish a useful prognostic model for post-
operative patients.

Methods: This retrospective study was performed to assess the correlation between the
clinicopathological features, tumor immune microenvironment, and prognosis of 76 patients
with cholangiocarcinoma. Multivariate analysis was used to identify independent factors
significantly associated with local recurrence-free survival (LRFS) and overall survival (OS).
Finally, we constructed a nomogram combining the Immunoscore with clinicopathologic
features to predict postoperative recurrence and OS.

Results: The present study showed that immune cell infiltration was negatively correlated
with tumor size, peripheral vascular invasion, lymph node metastasis, and tumor staging.
Kaplan—-Meier curves indicated that a decreased Immunoscore was associated with poor
prognosis. Multivariate analysis demonstrated that resection type, number of tumors, lymph
node metastasis, TNM staging, and the Immunoscore were significantly associated with
LRFS. For OS, the significantly correlated factors included resection type, peripheral vas-
cular invasion, TNM staging, and the Immunoscore. Immunoscore was superior to TNM
staging in predicting both LRFS and OS according to the receiver operating characteristic
analysis. Based on the results of the Cox regression analysis, a prognostic nomogram for the
postoperative recurrence of cholangiocarcinoma and OS of patients was established.
Conclusion: The results of this study suggest that the Immunoscore may be used as an
independent predictor of postoperative recurrence and OS of patients with cholangiocarci-
noma. The Immunoscore appears to offer distinct advantages over the TNM staging system.
By combining the Immunoscore and clinicopathological features, the proposed nomogram
provides a more accurate predictive tool for postoperative patients with cholangiocarcinoma.
Keywords: cholangiocarcinoma, prognosis, immune microenvironment, Immunoscore,
nomogram

Introduction

Cholangiocarcinoma (CCA) is a relatively common malignancy arising from the
biliary tree. According to the anatomical position, CCA can be divided into
intrahepatic cholangiocarcinoma (iCCA), hilar cholangiocarcinoma (hCCA), and
distal cholangiocarcinoma (dCCA)." The epidemiology, biological behavior, patho-
logical types, clinical management, and prognosis of each subtype are significantly
distinct. The incidence of hCCA and dCCA is markedly higher than that of iCCA.*
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In this article, CCA was classified as cancer that originates
from the interior of the liver and the extrahepatic bile duct.
CCA exhibits three gross types. iCCA is classified into the
mass-forming, periductal-infiltrating, and intraductal
growth types. hCCA and dCCA are classified into the
nodular-infiltrating, flat-infiltrating, and papillary types.
Each of the three gross types corresponds to one by one.
The incidence of CCA is comparatively insidious, and
characterized by difficulty for early diagnosis, rapid pro-
gression, and complicated anatomy. Surgery is the most
crucial treatment for CCA; however, many patients miss
the chance for radical surgical resection due to late
diagnosis.3’4 Patients with locally advanced, metastatic,
or relapsed disease can only receive chemotherapy or
other comprehensive treatments. However, these treat-
ments do not result in a satisfactory therapeutic response.
Advancements in targeted therapy and immunotherapy
offer new hope for patients with CCA, though the specific
effects warrant further verification.>® Therefore, the cur-
rent treatment of CCA mainly adopts a multimodal treat-
ment protocol based on radical surgical resection. Even
after receiving standard treatment, the high recurrence rate
poses substantial challenges to clinical management.
There are several limitations related to the current
study regarding the prognosis of CCA, and the systematic
prediction of the risk of recurrence or overall survival
(OS) is a formidable task. Currently, the TNM staging
system is principally used to guide clinical management
strategies and risk stratification. There are several types of
TNM staging or prognostic tools based on this system,
including the Okabayashi staging’ in Japan, Liver Cancer
Study Group of Japan staging,® Johns Hopkins Nathan
staging,” and American Joint Committee on Cancer
(AJCC)/TNM staging (7th and 8th editions); the most
important among those is the AJCC/TNM staging.* ™
Nonetheless, although international guidelines support
the TNM staging system, its limitations remain apparent.
For example, even in patients with disease at the same
stage, the probability of recurrence and OS may differ
considerably. Moreover, lymph node resection is not rou-
tinely performed in many countries. Approximately half of
the patients with iCCA in the database of SEER do not
have a clear lymph node status. Thus, TNM staging cannot
make a reliable prediction for the prognosis of those
patients. Previous studies showed that tumor biomarkers,
such as carcinoembryonic antigen, carbohydrate antigen
199 (CA199), and CA125 may be related to the prognosis
of CCA."® However, no conspicuous predictive value has

been found in clinical practice, perhaps due to the potential
heterogeneity of tumor cells of CCA.

Recently, active investigation has risen regarding the
tumor microenvironment, which is composed of tumor
cells, stromal cells (including vascular endothelial cells
and mesenchymal stem cells), and extracellular matrix. It
is the basis for tumor growth, invasion, and metastasis, and
affects the clinical treatment and prognosis of various types
of cancer. Studies have shown that the interaction between
cancer cells and the tumor microenvironment is bidirec-
tional and dynamic, and the latter is involved in both the
promotion and inhibition of tumor occurrence and
development.'"'? In particular, the crucial role of the
tumor immune microenvironment has become a research
hotspot in recent years. Studies found that the degree of
immune cell infiltration in the tumor microenvironment is
significantly related to restraining tumor progression.'>'?
For example, programmed death-ligand 1 (PD-L1) inhibi-
tors reactivate immune cells by blocking the binding of
programmed cell death 1 (PD-1) and PD-L1 to upregulate
T cell growth and proliferation, particularly cytotoxic CD8+
tumor-infiltrating lymphocytes (CD8+TILs). Furthermore,
PD-L1 inhibitors enhance the identification of tumor cells,
and activates the attack and killing functions of CD8+TILs
to accomplish the anti-tumor effects.'* Outstanding results
were shown in malignant tumor therapy, such as malignant
melanoma, non-small cell lung cancer, liver cancer, gastric
cancer, and kidney cancer.

Galon'>'® established the immune scoring system
(Immunoscore) to reveal the critical significance of the host
immune status in the prognosis of colon cancer. Through
a comprehensive analysis of the numeration and location of
CD3+ and CD8+ T cells, the immune status of patients with
colon cancer was scored. As a reliable and reproducible
quantitative indicator of the immune microenvironment, the
Immunoscore is an independent prognostic factor. It predicts
prognosis and improves the hierarchical management of
patients in clinical practice. Hence, it is essential for the
17220 Thus far, the
Immunoscore outperforms the traditional TNM staging in

development of immunotherapy.
predicting relapse, and the survival status had been confirmed
in numerous types of malignant tumors.' ' However, data on
immune infiltration in CCA are currently scarce, and further
investigation is warranted.

Nomograms can predict the probability of clinical
events, such as recurrence or death, for a specific individual
by utilizing clinicopathology variables to construct
a statistical prediction model.”*** The advantage of the
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nomogram is that it provides a personalized prediction of
the risk of clinical events based on specific disease char-
acteristics, which is superior to the estimation of the morbid

Table | Summary of Patient Characteristics

Characteristics

Number of Patients(%)

state by clinicians.”?>* In terms of treatment, the risk of Age (range) in years $248 3684
positive margins and lymph node metastasis can be evalu- <70 58 | 76.32%
ated using a nomogram prior to surgery. In addition, this >70 18 | 2368%
tool can assist clinicians in identifying patients who will Gender Male 46 | 60.53%
benefit more from the operation. Furthermore, establishing Female 30 | 3947%
a prognostic model for postoperative patients can forecast Tumor location Intrahepatic 21 | 27.63%
the benefits of adjuvant therapy, and the impact of treatment Extrahepatic 55 | 72.37%
on quality of life; therefore, it can help doctors and patients Obstructive jaundice YES s6 | 73.68%
in decision-making regarding interventions. Thus far, NO 20 | 2631%
nomograms have been widely used in numerous types of
cancer.”? Many researchers use it as an alternative, even the CEA Normal | 2921%
Abnormal 31 40.79%
new diagnosis or forecasting criteria. The influence of the
immune microenvironment on the occurrence and develop- CAI99 Normal 23 | 30.26%
ment of tumors has been well established. The usefulness of Abnormal >3 | T
the Immunoscore as a prognostic model for patients with CAI125 Normal 52 | 68.42%
tumors has also been confirmed in many types of cancer. Abnormal 24 | 31.58%
RO resection YES 66 | 86.84%
Patients and Methods NO 10 | Bex
Patients and Tissue Samples Number of Tumor '>2 :' 235‘;/
Tissue samples from 76 patients (21 and 55 cases with o
iCCA and extrahepatic cholangiocarcinoma [eCCA], Tumor size Largest diameter | I8 | 23.68%
respectively), treated in the Department of General 2 Sem ‘ .
Surgery, Xinhua Hospital affiliated to Shanghai Jiao I;a;g;:t diameter | 38 | 76.32%
Tong University School of Medicine (Shanghai, China)
from July 2008 to July 2013, were collected. We retro- Surrounding vascular invasion | YES 18 | 23.68%
spectively reviewed the clinicopathological characteris- No °8 | 763
tics, including age, sex, CA199, CA125, obstructive Surrounding tissues invasion YES 64 | 84.21%
jaundice, type of resection, tumor number, tumor size, NO 12 | 15.79%
tumor location, tumor grade, tumor staging, peripheral Lymphatic metastasis YES 28 | 36.84%
vascular invasion, surrounding tissue invasion, lymph NO 48 | 63.16%
node metastasis, postoperative adjuvant therapy, Ki-67 Tumor stage I 38 | 50.00%
proliferation index, CerbB2, vascular endothelial growth n 38 | 50.00%
factor (VEGF), epidermal growth factor receptor (EGFR),
. L . L Tumor grade | 26 | 34.21%
and microsatellite instability (MSI) (Table 1). Considering I 39 | 5132%
that tumor-specific treatments prior to surgery may affect m 1| 14.47%
the immune microenvironment and expression of other
.1 . . Postoperative adjuvant therapy | YES 29 | 38.16%
target proteins, = we excluded patients who had received NO 47 | 61.84%
tumor-specific treatment before surgery, such as che-
motherapy or radiation therapy. Obstructive jaundice was | Refapse during follow-up VES H“ 57‘89:/’
judged according to clinical symptoms and liver function NO 2 | 2l
(bilirubin levels) prior to the operation. Tumor grade and Survival during follow-up Death 51 | 67.11%
tumor stage were evaluated according to the 8th edition of Alive 25 | 3289%
the AJCC/TNM staging system for iCCA and eCCA. (Continued)
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Table | (Continued).

Characteristics Number of Patients(%)
CD3 + TlLs in Tl High 42 | 55.26%
(314.01+138.94)

Low 34 | 44.74%
CD3 + TlLs in IM High 42 | 55.26%
(283.09+129.41)

Low 34 | 44.74%
CD8 + TlLs in TI High 34 | 44.74%
(188.13+118.65)

Low 42 | 55.26%
CD8 + TlLs in IM High 37 | 48.68%
(229.86+140.87)

Low 39 | 51.32%
Ki-67 staining index Low 29 | 34.52%

Moderate 30 | 35.71%

High 25 | 29.76%
CerbB2 expression in tumor Positive 26 | 40.63%

Negative 38 | 59.38%
VEGF expression in tumor Positive 15 | 27.78%

Negative 39 | 72.22%
EGFR expression in tumor Positive 13 | 23.64%

Negative 42 | 76.36%
MSI MSI-L 9 21.43%

MSS 33 | 7857%

Peripheral vascular invasion and surrounding tissue inva-
sion were diagnosed by preoperative imaging, including
contrast-enhanced computed tomography or magnetic
resonance imaging of the abdomen, and confirmed
through histopathological evaluation by an anatomical
pathologist.”> The Ki-67 proliferation index, CerbB2,
VEGF, EGFR, and MSI were obtained from the
pathological report prepared by the Department of
Pathology.

Following surgery, the tissue samples were fixed in
10% formalin buffer, embedded in paraffin, and sliced
into tissue sections (thickness: 4 um). The histopathologi-
cal examination of hematoxylin and eosin (HE)-stained
tissue sections was performed according to the criteria

2326 and the diagnosis of

described in previous studies,
CCA was independently reached by two experienced
pathologists. This study was conducted in accordance
with the Declaration of Helsinki, and was approved by

the Ethics Committee of Xinhua Hospital affiliated to

Shanghai Jiao Tong University School of Medicine.
Informed consent was provided by the patients prior to
participation.

Clinical Management and Patient
Follow-Up

Blood routine, liver function, renal function, blood coagu-
lation routine, serological tumor index, indocyanine green
retention at 15 min, abdominal enhanced computed tomo-
graphy, abdominal enhanced magnetic resonance imaging,
and three-dimensional visualization technique were per-
formed prior to the operation. The resectability of the
tumor was determined by evaluating the general condition
and other important organ functions, liver reserve function,
and tumor stage. Following the individualized evaluation
of the patients, the best surgical strategy was formulated,
and RO resection was achieved as far as possible on the
premise of protecting the functions of important nerves,
blood vessels, and organs. The specific mode of operation
is chosen by the chief surgeon according to the condition
of the patient during the operation. For these patients, the
aforementioned laboratory measurements were collected
before the first operation.

Patients were followed up clinically and radiologically
every 3 months after surgery, and the hospital review or
medical records for other reasons were also analyzed.
Histopathological of the second operation or imaging
examinations were performed to diagnose tumor recur-
rence. The endpoint of the follow-up was defined as
local recurrence and death related to any cause, while
patient prognosis was defined as local recurrence-free sur-
vival (LRFS; time from tumor resection to the first diag-
nosis of local recurrence) and OS (interval from the date of
surgery to death due to any cause). At the end of the
follow-up, the observations were reviewed.

Immunohistochemistry

Paraffin sections were dewaxed thrice in xylene, rehy-
drated with a series of different concentrations of ethanol,
rinsed with distilled water, and placed in citric acid antigen
retrieval buffer (pH6.0) in a microwave oven (at medium
heat for 15 min) for antigen retrieval. After cooling, the
sections were washed thrice with phosphate-buffered sal-
ine for 5 min, and incubated in 3% H,O, in the dark for 25
min to block endogenous peroxidase. Subsequently, the
tissue was covered with 3% albumin from bovine serum,
blocked at room temperature for 30 min for serum

submit your manuscript

11362

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Wu et al

blocking, and incubated with CD-3 antibody (#ab231451;
Abcam) at 1:300 dilution and CDS8 antibody (#ab85792;
Abcam) at 1:300 dilution at 4°C overnight; of note, water
was added to the wet box to prevent evaporation of the
antibodies. The next day, sections were incubated with
horseradish peroxidase-conjugated secondary reagents for
50 min at room temperature. After washing with phos-
phate-buffered saline, freshly 3,3'-diaminobenzidine solu-
tion was added for development, and the time-controlled
color development was performed under a microscope;
brown color indicated positivity. After counter-staining
with hematoxylin for 3 min, the sections were rinsed and
differentiated with hematoxylin differentiation solution for
a few seconds, until hematoxylin returned to blue color.
Finally, the sections were dehydrated using a series of
different concentrations of alcohol and xylene, and sealed
with gum. The negative control section was incubated with
phosphate-buffered saline instead of the primary antibody
(Figure 1A), and the positive control section was obtained
from healthy lymph node tissue.'®*’ (Figure 1B)

Immunohistochemical Evaluation
Semi-Quantitative Analysis

Immunostaining sections were independently interpreted
and scored under the microscope by two experienced
pathologists who were blinded to the clinical data.

Disagreements in interpretation and scoring were resolved

through discussion. According to previous studies,'®?! the
overall number of TILs was evaluated using HE-stained
sections. According to the densities of TILs, the scores
were none (0), rare (1), moderate (2), and abundant (3)
(Figure 1C-E). Tissue specimens were classified as nega-
tive (score: 0—1) or positive (score: 2-3).

Automatic Quantitative Analysis

Sections were scanned using a digital pathological slice
scanner (PRECICE 500B; Unic-tech Company), and the
iViewer software of the device was used for image interpre-
tation. Firstly, the whole film was observed at 100x multi-
ples, combined with HE staining to identify the tumor
interior (TI) and invasive margin (IM), and enlarged to
400x multiples to capture two image areas with the highest
TIL density at each region using the screenshot function. For
slides stained with CD3 or CD8, two high-density images
both in the TI and IM regions were captured, respectively.
The Image-Pro plus 6.0 software was used for computer-
assisted image analysis to measure the numeration of positive
staining cells and recorded in mm?. The density of each of the
TIL subgroup regions was recorded separately. Each lym-
phocyte subgroup in TI and IM is classified into two cate-
gories according to the cut-off threshold (0 and 1 denote low
and high, respectively). Binary scores for each immune cell
type in different tumor regions are determined according to
the cut-off threshold.'”'®2° (Figure 2). The Immunoscore for
each patient was obtained by the sum of four binary score

Figure | Immunohistochemistry control. (A) the negative control sections incubated with phosphate buffer saline instead of the primary antibody; (B) the positive control
sections taken from lymph node tissue; (C) the overall TILs level of rare/few was evaluated in HE; (D) the overall TILs level of moderate was evaluated in HE; (E) the overall

TILs level of prominent was evaluated in HE.
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High density in Tl

CD8+

W

Low density in IM

High density in Tl Low density in IM

Figure 2 Representatively images of immunohistochemistry. According to the cut-off thresholds, tumor-infiltrating lymphocytes density of CD3+ and CD8+ at Tl and IM
were categorized into high density or low density. Each patient’s Inmunocore obtained by the sum of four binary score values.

Abbreviations: Tl, tumor interior; IM, invasive margin.

values and ranged from 0 to 4. For example, Im0 indicates
that CD3 and CDS8 showed low density in both tumor areas;
Iml denotes one high density and three low densities; and
Im4 represented high densities for the two markers in both
regions. According to this rule, five patient groups were
defined: ImO; Im1; Im2; Im3; and Im4 (Figure 3).

Statistical Analysis

All statistical analyses were performed using SPSS version
17.0 (SPSS Inc., Chicago, IL, USA) and the R programming
language. Quantitative data were expressed as the mean =+
standard deviation. The density of CD3+TILs and CDS§
+TILs in TI and IM satisfied the normal distribution after
testing. The association between the densities of TIL subtypes
and the dichotomous variable was analyzed using Student’s
t-test, and the respective value of t-tests was selected based on
the results of the Levene’s variance equality test. The one-way
analysis of variance test was utilized to analyze the association
between densities of TILs and polytomous variables. The least
significant difference #-test was employed to perform multiple
comparisons between multiple samples means. The chi-
squared test or Wilcoxon rank-sum test was used to analyze
the categorical variables, where appropriate. The cut-off
threshold for the density of CD3+ and CD8+ TILs in each
region was obtained through the “minimum P-value”
approach, and corrected by 100-fold cross-validations (the
cut-off thresholds for CD3+ and CD8+ TILs were: TI,
285.71 cells/mm” and 182.69 cells/mm?; and IM, 276.09

cells/mm?” and 231.59 cells/mm?, respectively).”’?* LRFS
and OS were analyzed through Kaplan—-Meier curves, and
the Log rank test was used to assess the significance of the
univariate survival analysis. Independent risk factors affecting
relapse and OS were assessed using the Cox proportional
hazards model. Receiver operating characteristic curves
were used to compare the sensitivity and specificity of the
Immunoscore and TNM staging in predicting LRFS and OS.
Finally, we used the nomogram to establish a predictive model
of prognosis. All tests were bilateral, and p-values <0.05
denoted statistically significant differences.

The nomogram was based on the results of the multi-
variate regression analysis, and compiled using the RMS
package in R version 3.6.2 (http://www.R-project.org/).

Moreover, it was subjected to bootstrap resamples for inter-
nal validation to decrease the over-fitting bias. The bootstrap
corrected concordance index (C-index) was calculated and
used to predict the performance of the nomogram, which
indicates the probability of consistency between relapse or
OS calculated using the model and the actual observation.
The C-index ranges from O to 1. Higher C-index values

denote more accurate predictions.”**’

Results
Patient Characteristics
All patients underwent surgery prior to July 2013, and were

followed up until July 2018. None of the patients were lost to
follow-up. The median LRFS and median OS were 11.87
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Immune infiltration

CD3

Hi or+ Hi
Hi or+ Hi

Tl

Immunoscore

CD8

Score

°r = 0, 1o0r2
+
or = 0,1o0r2

0,1, 2, 3o0r4

Figure 3 Immunoscore model. Immunoscore was established based on the numeration of two lymphocyte populations (CD3+ and CD8+) distributed in the Tl and IM
regions of cholangiocarcinoma. Precise quantification performed on slide sections using a computer-assisted image analysis software. Densities of each immune cell in Tl and
IM were categorized into Hi or Lo density according to the cut-off value. Each patient’s Inmunocore obtained by the sum of four binary score values. According to this rule,
patients were stratified into 5 groups, ranging from 10 to 14. For example, |4 means that both immune cells with high densities in each tumor region, and 10 means that both

cells with low densities at each tumor region.

months and 19.72 months, respectively. Using the Kaplan—
Meier method, the probability of LRFS at 1 year, 3 years, and
5 years was 63.2%, 38.5%, and 17.0%, respectively. The
probability of OS was 57.1%, 39.7%, and 21.5%, respec-
tively. Other clinicopathological features are shown in
Table 1. Among the 21 cases of iCCA, there were six, 12,
and three cases of mass-forming, periductal-infiltrating, and
intraductal growth types, respectively. Among the 55 cases of
eCCA, there were 23, 19, and 13 cases of nodular-infiltrating,
flat-infiltrating, and papillary types, respectively. Chi-
squared analysis did not reveal a significant difference
between the two groups (P=0.202).

Description of the Overall TILs, CD3 and

CD8 Expression, and Immunoscore

In the semi-quantitative analysis, we found that TILs were
present in TI and IM in all CCA specimens by examining
HE-stained sections. The overall TIL infiltration was cate-
gorized into four types: no immune-infiltrating lympho-
cytes; sparse or scattered lymphocytes; diffusely uniformly
distributed lymphocytes; and dense nodular lymphocyte
populations.>' In the present study, the overall TILs levels
were distributed in 76 patients as follows: rare/few (21
patients, 27.60%); moderate (33 patients, 43.40%); and
abundant (22 patients, 28.90%) (Table 1).

The expression of CD3 and CDS8 was detected in tumor
samples of all patients through the use of computer automatic
quantitative analysis software. The expression in both
regions varied among individuals, and the number of positive

lymphocytes in TI and IM was similar. The highest and

lowest cell density was exhibited by CD3+TILs in TI
(314.01£138.94 cells/mm”) and CD8+TILs in TI (188.13
+118.65 cells/mm?), respectively (Table 1). For the distribu-
tion of the Immunoscore in this study, the 10, I1, 12, 13, and 14
were 18 (23.69%), 13 (17.10%), 14 (18.42%), 15 (19.74%),
and 16 (21.05%) cases, respectively.

Association Between Immune Infiltration

and Clinicopathological Parameters

Of note, the overall TIL levels had no significant correla-
tion with clinicopathological data (Table 2). Similarly, the
densities of TIL subtypes, including CD3+TILs and CD8
+TILs, also had no significant correlation with the overall
TIL levels. These observations may be related to the high
intratumoral heterogeneity or to our insufficiently repre-
sentative data in this study.

The density of CD3+TILs in TI was inversely related to
age. In elderly patients aged >70 years, the density of CD3
+TILs was 234.16+102.36 cells/mm?, which was signifi-
cantly less than that of CD3+TILs (338.19+140.13 cells/
mm?) in patients aged <70 years (P=0.005). However, this
relationship was not evident in other TIL subgroups. In
patients with tumors of diameter >5 cm, the density of CD3
+TILs in IM and CD8+TILs in TI showed a significant
decline (P=0.038 and P=0.050, respectively). The reason
for this finding may be that the tumor exerts an inhibitory
effect on the immune microenvironment when it grows to
a specific size. In tumors that had invaded peripheral blood
vessels, the density of CD8+TILs was significantly decreased
to that of patients in whom the tumors had not invaded blood
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Table 3 Correlation Between Clinicopathological Parameters and Prognosis

Characteristics Categories Recurrence Death
Yes, n No, n )(2 p-value | Yes, n No, n )(2 p-value

Age <70 32 26 0.519 | 0471 38 20 0.069 | 0.793
>70 12 6 13 5

Gender Male 26 20 0.229 | 0.632 29 17 0.778 | 0.378
Female 18 12 22 8

Tumor location Intrahepatic 13 8 2.321 0.128 14 7 0.258 | 0.611
Extrahepatic 31 24 37 18

Obstructive jaundice 31 25 1544 0.214 39 17 0.035 | 0.852

13 7 12 8

CEA Normal 25 20 1.074 | 03 32 13 0.005 | 0.946
Abnormal 19 12 19 12

CAI199 Normal 12 I 1.568 | 0.211 15 8 1.324 | 0.25
Abnormal 32 21 36 17

CAI125 Normal 31 21 0.569 | 0.451 37 15 0.12 0.729
Abnormal 13 I 14 10

RO resection YES 37 29 2.168 | 0.141 42 24 4.503 | 0.034
NO 7 3 9 |

Number of Tumor | 40 31 4.537 | 0.033 47 24 0713 | 0.398
2 4 | 4 |

Tumor size Largest diameter 2 5cm | 9 9 0.517 | 0.472 38 20 1.759 | 0.185
Largest diameter < 5cm | 35 23 13 5

Surrounding vascular invasion YES I 7 1.961 0.161 15 3 5789 | 0.016
NO 33 25 36 22

Surrounding tissues invasion YES 37 27 0.002 | 0.967 45 19 1.077 | 0.299
NO 7 5 6 6

Lymphatic metastasis YES 19 8 5603 | 0.018 21 6 2.757 | 0.097
NO 25 24 30 19

Tumor stage Il 19 19 6.963 | 0.008 23 25 3.826 | 0.05
1] 25 13 28 10

Tumor grade | 16 10 2614 | 0271 15 I 4711 0.095
Il 21 18 28 I
1] 7 4 8 3

Postoperative adjuvant therapy | YES 18 I 0.069 | 0.793 18 I 1.246 | 0.264
NO 26 21 33 14

Ki-67 staining index Low 16 13 3.017 | 0.221 15 14 5.343 | 0.069
Moderate 16 14 24 6
High I 4 10 5

CerbB2 expression in tumor Positive 16 9 1.404 | 0.236 16 9 3.678 | 0.055
Negative 23 14 28 9

VEGF expression in tumor Positive 8 7 0.488 | 0.485 10 5 0.014 | 0.907
Negative 26 23 28 I

(Continued)
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Table 3 (Continued).
Characteristics Categories Recurrence Death
Yes, n No, n )(2 p-value | Yes, n No, n xz p-value
EGFR expression in tumor Positive 7 6 1.117 | 0.291 8 5 1.076 | 0.3
Negative 28 14 31 I
MSI MSI-L 4 1.426 | 0.232 7 2 0.041 | 0.84
MSS 21 12 21 12

vessels. Among the 76 patients, peripheral blood vessel
invasion was noted in 18 patients, and the densities of CDS8
+TILs in TI and IM in these patients were 133.26+112.10 and
164.36£127.97 cells/mm?, respectively. Among the remain-
ing 58 patients without vascular invasion, the density was
205.17£116.32 (P=0.024) and 250.19+139.47 cells/mm>
(P=0.023), respectively. However, the surrounding tissue
invasion was not significantly associated with differences in
TIL density. Lymph node metastasis and TNM staging
showed a conspicuous negative correlation with immune
infiltration. Particularly in TNM staging, all TIL subgroups
had a negative correlation with tumor staging; P-values of
CD8+TILs in TI and IM were 0.001 and 0.027, respectively.
This indicates that advanced tumor stages are linked to more

A CD3 1im

LoLo vs HiHi : HR, 3.441(1.442-8.329)
P corrected = 0.0006

7]
'S
X 05 —— HiHi C
HiLo
0.0-1 T T T 1
0 20 40 60 80 »
Survival time ( mouths) L
14
-
B CD8 1i/im
1.0
: LoLo vs HiHi : HR, 2.841(1.432-5.636)
P corrected = 0.0012
7]
& .
& 0.5 LT HiHi
HiLo
1 —— LoLo
0.0 T T T 1
0 20 40 60 80

Survival time ( mouths)

pronounced effects on the immune microenvironment.
Notably, TIL densities in CCA patients with CerbB2-
positive expression were markedly higher than those
observed in patients with CerbB2-negative expression. This
suggests that the expression of CerbB2 plays a role in tumor
immune microenvironment changes and is correlated with
the pathogenesis of CCA. Nevertheless, the elucidation of
this mechanism warrants further research. The high-
frequency mutation (36.8%) of the ErbB signaling pathway
in gallbladder cancer, confirmed by whole somatic mutation
spectrum in the Department of General Surgery, Xinhua
Hospital affiliated to Shanghai Jiao Tong University School
of Medicine, may have some association with this mechan-
ism. The ERBB2/3 signaling pathway promotes the

Immunoscore (CD3-CD8 ctim )
1004

Log rank:P<0.0001

50_: L‘-‘—' —
E 13
: —— 10
] I

0 1 1 = 1 1

0 20 40 60 80

Survival time (mouths)

Figure 4 Kaplan—Meier curve analysis of LRFS in cholangiocarcinoma patients. (A) Kaplan—Meier curves for LRFS according to T-cell (CD3+) density evaluated in combined
tumor regions (Tl and IM). (B) Kaplan—Meier curves for LRFS according to cytotoxic T-cell (CD8+) density evaluated in combined tumor regions (Tl and IM). Patients at risk
at each interval in the Kaplan—Meier survival curves for the duration of LRFS are shown. (C) Kaplan—Meier curves comparing LRFS in patients with different Inmunoscores.
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Table 4 Correlation Between TILs, Inmunoscore and Prognosis

Characteristics Categories Recurrence Death
Yes, n No, n X p-value Yes, n No, n xz p-value

Level of overall TILs Rare/few 13 8 4.146 0.126 14 7 2.826 0.243
Moderate 20 13 24 9
Prominent Il Il 13 9

CD3 + TlLs in Tl High 22 20 7.947 0.005 25 17 8.798 0.003
Low 22 12 26 8

CD3 + TlLs in IM High 20 22 12.802 0.001 24 18 10.258 0.001
Low 24 10 27 7

CD8 + TlLs in Tl High 16 18 8.852 0.003 18 16 9.382 0.002
Low 28 14 33 9

CD8 + TlLs in IM High 19 18 7.631 0.006 20 17 12.487 0.001
Low 25 14 31 8

CD3 + TlLs in TI/IM HiHi 12 18 18.377 0.0006 16 14 14.337 0.0002
HiLo 18 6 17 7
LoLo 14 8 18

CD8 + TlLs in TI/IM HiHi 13 12 14.268 0.0012 12 13 15.977 0.0001
HiLo 9 12 14 7
LoLo 22 8 25 5

CD3/CD8 High 9 2 2.181 0.14 9 2 1.056 0.304
Low 35 30 42 23

Immunoscore 10 13 5 17.406 0.0001 16 2 21,631 0.0001
I 8 5 9 4
12 7 4 7 4
13 9 7 12 4
14 7 I 7 I

progression of gallbladder cancer by upregulating PD-L1
cellular immune escape.®*' This suggests the presence of
similar pathways in CCA, and may assist in the further
development of immunotherapy for CCA in the future. We
did not detect a noticeable correlation of VEGF, EGFR, MSI,
or other factors with tumor immune infiltration (Table 2).
Similarly, correlation analysis of the Immunoscore and clin-
icopathological data showed significant correlations between
the Immunoscore and tumor size (P=0.034), peripheral vas-
cular invasion (P=0.008), lymphatic metastasis (P=0.018),
TNM staging (P=0.001), tumor grade (P=0.039), and
CerbB2 (P=0.004) (by Wilcoxon rank-sum test).

Impact of Immune Infiltration and Clinical
Parameters on LRFS and OS

The Kaplan—Meier curve was used for the univariate ana-
lysis of the correlation between clinicopathological data

and prognosis (Table 3). The number of tumors was sig-
nificantly negatively correlated with LRFS (median: 22.87
vs 8.7 months; P=0.033, Log rank test). The risk of recur-
rence was significantly increased in patients with lymph
node metastasis versus those without metastasis (median:
18.33 vs 34.15 months, respectively; P=0.018, Log rank
test). Univariate analysis indicated a marked negative cor-
relation between LRFS and TNM staging (median: 9.00 vs
40.93 months; P=0.008, Log rank test) (Table 3). For the
TIL subgroups, the densities in the TT and IM regions were
jointly analyzed. According to the method of density bin-
ary classification described in previous studies, LoLo is
a type with low density of CD3+TILs and CD8+TILs in
both regions, LoHi/HiLo is a type with high density of
CD3+TILs or CD8+TILs in a single tumor area, and HiHi
is a type with high density of CD3+TILs and CD8+TILs in
both regions. In the joint analysis, CD3+TILs and CD8
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Figure 5 Kaplan—Meier curve analysis of OS of cholangiocarcinoma patients. (A) Kaplan—Meier curves for OS according to T-cell (CD3+) density evaluated in combined
tumor regions (Tl and IM). (B) Kaplan—Meier curves for OS according to cytotoxic T-cell (CD8+) density evaluated in combined tumor regions (Tl and IM). Patients at risk at
each interval in the Kaplan—Meier survival curves for the duration of OS are shown. (C) Kaplan—Meier curves comparing OS in patients with different Immunoscores.

+TILs showed a strong positive correlation with LRFS.
Subgroup analysis showed that the median LRFS between
the HiHi and LoLo groups in CD3+ TILs was 44.40 versus
8.57 months, respectively (corrected P=0.0006, Log rank
test) (Figure 4A), and 40.93 versus 8.97 months, respec-
tively in CD8+TILs (corrected P=0.0012, Log rank test)
(Figure 4B). The Immunoscore significantly positively
affected LRFS (Figure 4C); the median LRFS of 10, I1,
12, I3, and 14 was 6.87, 12.90, 25.70, 40.93, and 60.00
months, respectively (P<0.0001) (Table 4).

Univariate analysis showed that variables, such as resec-
tion type, peripheral vascular invasion, and TNM staging
were significantly related to OS (Table 3). The analysis
indicated that achievement of RO resection was associated
with significantly prolonged OS versus incomplete resection
(median: 24.87 vs 7.37 months, respectively; P=0.034, Log
rank test). The median OS of patients with or without
peripheral vascular invasion was significantly different
(median: 19.43 vs 32.97 months, respectively; P=0.016,
Log rank test). For TNM staging, a significant negative
correlation with OS was observed (median: 32.03 vs 13.93
months; P=0.050, Log rank test). The joint analysis showed
a strong positive correlation between the density of CD3
+TILs and CD8+TILs with OS. In the subgroup analysis, the

median OS between HiHi and LoLo groups in CD3+TILs
was 49.40 versus 9.70 months, respectively (corrected
P=0.0002, Log rank test) (Figure 5A), and 46.67 versus
9.87 months, respectively in CDS8+TILs (corrected
P=0.0001, Log rank test) (Figure 5B). The Immunoscore
significantly affected OS (Figure 5C); the median OS of 10,
I1, 12, I3, and 14 was 9.70, 10.03, 21.86, 46.67, and 60.20
months, respectively (P<0.0001) (Table 4).

Multivariate Cox Regression and

Nomogram
In the multivariable Cox regression analysis of LRFS,
significant variables identified in the univariate analysis
were included in this model, namely the number of
tumors, lymph node metastasis, TNM staging, and the
Immunoscore. Resection type, which is a factor that sig-
nificantly affects prognosis in clinical practice, was also
included. The results showed that the Immunoscore was an
independent factor affecting LRFS in CCA regardless of
inclusion of the TNM stage in the model (Table 5).

In the multivariate Cox regression analysis of OS, the
variables included in the model were resection type, per-
invasion, TNM staging, and the

ipheral vascular
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Table 5 Multivariate Analysis of Recurrence and Survival
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Immunoscore. The results showed that the Immunoscore
had a significant positive correlation with OS regardless of
inclusion of the tumor stage in the model. This finding
indicates that the Immunoscore was an independent risk
factor affecting the OS of patients with CCA (Table 5).

Receiver operating characteristic analysis was used to
compare the diagnostic efficiency of TNM staging and the
Immunoscore with regards to the LRFS and OS of patients
with CCA. The results showed that the Immunoscore had
a significant predictive value for LRFS and OS, and
showed a conspicuous advantage over TNM staging
(Figure 6).

Based on the results of the multivariate analysis of
LRFS and OS, we constructed a prognostic nomogram of
recurrence and OS, respectively. Data analysis showed that
I3 ranks between I1 and 12 in the nomogram, and this may
be due to the distribution of prognostic data for cases with
12 and I3. In this part of the cases, the number of recur-
rence and death was much more than the number of cases
that did not occur, and there was minimal difference
between 12 and I3 in terms of disease-free survival and
OS. Therefore, the multivariate Cox regression analysis
showed that the prognosis of I3 was worse than that of
12 in the nomogram. However, it showed that disease-free
survival and OS were significantly increased with the
increase in scores. Internal verification using the bootstrap
method showed that the C-index of the recurrence and OS
prediction models was 0.760 (Figure 7) and 0.745 (Figure
8), respectively.

Discussion

The characteristics of CCA include highly aggressive dis-
ease, propensity for recurrence, and poor prognosis.
Surgical resection remains the best method currently avail-
able to improve the long-term survival of patients and
achieve a favorable prognosis.”* Unfortunately, recrudes-
cence is always possible, and there are no effective strate-
gies to reduce the risk of recurrence. According to clinical
practice and previous studies, parameters such as resection
type and tumor staging have a specific relationship with
recurrence and OS. However, this does not fully explain
all clinical events. For example, patients with similar clin-
icopathological parameters and tumor stage may have
enormously different prognoses, which may be related to
the interaction between the tumor and the immune
response.'>® It has been demonstrated in various types
of cancer that the immune system plays an essential role in
the occurrence and progression of tumors. Innovative and
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Figure 6 Comparison of the sensitivity and specificity between the Immunoscore system and the TNM staging system in predicting LRFS and OS of cholangiocarcinoma
patients. (Left) ROC curves showed predictive values for both systems in predicting LRFS; (Right) ROC curves showed predictive values for both systems in predicting OS.
The Immunoscore system was found to be superior to the TNM staging system both in LRFS and OS prediction. ROC, receiver operating characteristic; AUC, area under

the ROC curve.
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Figure 7 Nomogram to predict the probabilities of |, 3 and 5-year recurrence probability. Points are assigned for RO resection, Number of Tumor, lymph node metastasis,
Tumor stage and Immunoscore by drawing a line upward from the corresponding values to the “Points” line. Draw an upward vertical line to the “Points” bar to calculate
points. Based on the sum, draw a downward vertical line from the “Total Points” line to calculate I, 3 and 5-year recurrence probability. Internal validation using the

bootstrap method showed that the C-index for the model was 0.702.

highly effective immunomodulatory therapies had an
excellent performance in the treatment of various types
of cancer, including melanoma, lung cancer, and kidney

cancer.’>?> However, data on the role of the immune
system in the treatment and prognosis of patients with
CCA is lacking.
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Figure 8 Nomogram to predict the probabilities of |, 3 and 5-year survival probability. Points are assigned for RO resection, Surrounding vascular invasion, Tumor stage and
Immunoscore by drawing a line upward from the corresponding values to the “Points” line. Draw an upward vertical line to the “Points” bar to calculate points. Based on the
sum, draw a downward vertical line from the “Total Points” line to calculate I, 3 and 5-year survival probability. Internal validation using the bootstrap method showed that

the C-index for the model was 0.704.

The
Immunoscore can be used as a promising predictor of

findings of our study confirmed that the
recurrence and OS of CCA. After adjusting for covariates,
the Immunoscore also played a statistically significant role
in predicting relapse and OS. Furthermore, we constructed
a nomogram that can accurately assess the risk of recur-
rence and OS after CCA surgery, which has important
guiding significance for the selection of subsequent treat-
ment. By evaluating the immune microenvironment,
immune intervention can be performed. This intervention
aims to activate the anti-tumor immune response that is
highly aggressive against cancer cells, and is an essential
supplement to the surgical treatment of patients with CCA.

Studies showed that the tumor immune microenvironment
is important in predicting response to anti-tumor drug treat-
ment. For example, breast cancer patients with a high degree of
immune infiltration respond better to chemotherapy.®>** In
addition, in neoadjuvant therapy, high immune cell infiltration
has a significant correlation with a high response rate.*>-
Similarly, better response to chemotherapy and longer survival
time were observed in colon cancer patients with liver metas-
tasis and a higher degree of infiltration of CD8+TILs at the
margin of tumor invasion.*” Prospective randomized clinical
trials are warranted to further clarify the value of the
Immunoscore in tumor prediction.

Given the universality of the tumor immune microen-
vironment, the Immunoscore is an influential prognostic

factor that has significant predictive value for tumor recur-
rence and OS. Moreover, it provides a tool or target for the
development of new treatment methods (including immu-
notherapy). As a biomarker for the classification of cancer,
the Immunoscore has great significance in clinical deci-
sion-making. This includes the reasonable stratification of
patient treatment, and identification of high-risk patients
who could benefit the most from adjuvant therapy.>*>%3°
As one of the emerging strategies for tumor therapy,
immunotherapy has become a research hotspot in recent
years. Van den Eynde*® reported that tumors withstand the
continuous pressure of adaptive immunity during the pro-
cess of spread and progression. From the perspective of
the immune system, tumor behavior is the result of
a balance between tumor invasion and the host’s immune
response; of note, the local immune response is the most
crucial component. Studies have shown that higher
degrees of local immune infiltration are linked to better
prognosis and lower risk of recurrence.'*'*** Thus, asses-
sing T cell infiltration in tumors according to the
Immunoscore is expected to provide a more reliable treat-
ment strategy for improving the clinical prognosis of
patients with CCA. Furthermore, some researchers pro-
pose that the tumor mutational burden promotes immune
cell infiltration into the tumor microenvironment.*' In our
study, 76 cases of CCA had high tumor infiltration, indi-
cating that CCA may be an immunogenic tumor with high
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tumor mutational burden. Therefore, immunotherapy may
yield excellent results in the treatment of CCA.

The present study had certain limitations. Firstly, this
was a retrospective investigation. Secondly, we performed
internal validation of the nomogram; hence, further exter-
nal validation is warranted to determine whether it could
be universally applied.

Conclusion

The Immunoscore can be used as an independent predictor
of postoperative recurrence and OS in patients with CCA,
and provides distinct advantages over TNM staging.
Taking into account the impact of the immune status on
tumor progression, this prognostic model established by
the nomogram includes variables (eg, resection type and
traditional TNM staging), innovatively combined with the
Immunoscore. The results demonstrated that the nomo-
gram can accurately predict postoperative recurrence and
OS in patients with CCA.
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