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Abstract. Herpesvirus entry mediator (HVEM) displays dual 
signals in T‑cell activation according to the ligands and intra‑
cytoplasmic effectors it interacts with. High HVEM expression 
may play an immunosuppressive role in several malignancies. 
The present study investigated the clinical impact of HVEM 
on intrahepatic cholangiocarcinoma (ICC), including its 
prognostic value, and association with clinicopathological 
features and immune status. The clinical data of 102 consecu‑
tive patients with ICC who underwent surgical treatment 
from January 2012 to December 2017 were collected. The 
expression of HVEM and different types of tumor‑infiltrating 
lymphocytes (TILs) were investigated in ICC tissue samples 
by immunohistochemical staining. HVEM expression was 
detected in the tumor tissues of 92 (90.2%) patients with ICC. 
Patients with high HVEM expression were more likely to 

have increased peripheral blood lymphocyte (PBL) concentra‑
tions (P=0.031), decreased CEA (P=0.036), low TNM stage 
(P=0.043) and high frequencies of small‑duct histological 
type (P=0.021) and BAP1 retained expression (P=0.010). 
Survival analysis showed that high HVEM expression was 
a favorable independent predictor of overall postoperative 
survival (P=0.034, hazard ratio=0.486, 95%  confidence 
interval=0.249‑0.945). In addition, no significant association 
of HVEM expression with CD4+ (P=0.512), CD8+ (P=0.750) 
or CD45RO+ (P=0.078) TILs was identified in the ICC tissues. 
These results indicate that HVEM may serve as a favorable 
prognostic marker for ICC. Furthermore, co‑stimulatory 
signals from HVEM may play a dominant role in the progres‑
sion of ICCs, which can be explained by an increase in the 
number of PBLs rather than a change in the number of TILs. 
However, the function of the HVEM network in ICC progres‑
sion is complex and requires further study.

Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most 
common primary hepatic malignant tumor after hepatocel‑
lular carcinoma (HCC) and its age‑adjusted incidence rate 
increased by almost 20% from 0.75 per 100,000 in 1992 to 
0.88 per 100,000 in 1999 (1). It is a highly fatal malignancy 
with a median postoperative survival time of 28 months (2). 
Once ICC has become unresectable, the median survival time 
is only 10 months (3). The main treatments for ICC include 
surgery, locoregional therapy and systemic chemotherapy. 
However, the efficacy of locoregional therapy for advanced or 
unresectable ICC is limited (4,5). A meta‑analysis (2) showed 
that patients with ICC did not benefit from systemic chemo‑
therapy based on gemcitabine, fluorouracil or oxaliplatin. 
Furthermore, the marked heterogeneity of ICC has led to a 
lack of effective targeted agents for the treatment of this fatal 
disease (5). Consequently, new drugs or therapeutic strate‑
gies are urgently required to improve the survival prognosis 
of patients with ICC. Immunotherapy is a rapidly evolving 
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therapeutic strategy in oncology. The immune system has 
the potential to recognise and eradicate cancer cells, and is 
regulated by a complex network of immune checkpoints. 
Cancers are able to evade host antitumor immune responses 
through immune escape mechanisms. Immune checkpoint 
inhibitors, including antibodies against programmed cell 
death protein 1 (PD‑1)/programmed death ligand 1orcytotoxic 
T‑lymphocyte‑associated protein 4, interrupt the mechanisms 
of immune resistance and exhibit durable and powerful anti‑
tumor activity in specific subsets of patients across several 
types of tumor (6).

Herpesvirus entry mediator (HVEM), also known as 
tumor necrosis factor receptor superfamily 14, is widely 
expressed on a range of hematopoietic cells, including 
B cells, T cells, NK cells, monocytes and immature dendritic 
cells, and several non‑hematopoietic cells and tissues, 
including the liver, kidney and lung (7,8). HVEM is a ligand 
for cytokines of the TNF superfamily, including lymphotoxin 
α and lymphotoxin‑related inducible ligand that competes for 
glycoprotein D binding to HVEM on T cells (LIGHT), or a 
receptor for members of the immunoglobulin superfamily, 
including CD160 and B‑  and T‑lymphocyte attenuator 
(BTLA), under diverse physiological and pathological condi‑
tions. Interactions of HVEM with different family members 
occur at distinct sites, and result in some opposing func‑
tions. When HVEM expressed by antigen‑presenting cells 
interacts with TNF superfamily cytokines, the activation 
of T‑cell proliferation and cytokine production is triggered. 
Conversely, the binding of HVEM to CD160 or BTLA 
results in inhibitory signaling to T  cells  (9). However, 
Ritthipichai et al (10) reported that BTLA harnesses cyto‑
solic adaptor growth factor receptor‑bound protein 2 (GRB2) 
to provide co‑stimulatory signals to CD8+ T cells. Therefore, 
it appears that the HVEM/BTLA pathway plays a dual 
function in T‑cell activation.

In addition to normal hematopoietic and non‑hematopoi‑
etic cells, HVEM expression is detected in most cancer cells, 
including pancreatic and ampullary cancer (11), HCC (12), 
oesophageal squamous cell carcinoma (13), gastric cancer (14), 
clear cell renal cell carcinoma (15), ovarian cancer (16,17), 
breast cancer  (18) and melanoma  (19). In the majority of 
cases, the high expression of HVEM is associated with 
poor prognosis (12‑19) and is associated with low levels of 
tumor‑infiltrating lymphocytes (TILs) and downregulation of 
the local immune response (12,13,18). These previous studies 
suggest that HVEM is potentially an independent prognostic 
marker in patients with specific cancers and a potential target 
for antitumor therapy. However, the precise function of HVEM 
in ICC has rarely been studied. The present study aimed to 
investigate the clinical impact of HVEM in ICC, including 
its prognostic value and association with clinicopathological 
features and immune status.

Materials and methods

Patients and tissue samples. A total of 102 consecutive 
patients with ICC who underwent surgical treatment at 
Tianjin Medical University Cancer Institute and Hospital from 
January 2012 to December 2017 were evaluated in the present 
study. Cases with combined HCC‑CCA, composed of typical 

HCC and representative ICC, were excluded. In addition, 
patients who had undergone preoperative treatments, such as 
radiofrequency ablation, adjuvant chemotherapy or radiation 
therapy, were excluded. All patients were reviewed to confirm 
the diagnosis of ICC and to determine the stage according 
to the American Joint Committee on Cancer staging system 
(8th edition, 2017). Baseline clinicopathological features and 
information were reviewed and analyzed. All cases were 
regularly followed up every 3 months to determine whether 
tumor recurrence occurred. Disease‑free survival (DFS) was 
measured from the date of surgery to the date of first recur‑
rence or last follow‑up, whereas overall survival (OS) was 
defined as the interval between the date of first diagnosis of 
ICC and the date of death or last follow‑up.

Formalin‑fixed paraffin‑embedded tissues and hema‑
toxylin‑eosin stained slides from the 102 cases of ICC were 
collected. Tissue microarrays  (TMAs) with a thickness 
of 4‑µm consisting of 2‑mm cores of tumor samples were 
constructed by selecting a typical tumor region and a repre‑
sentative peritumoral area from each case.

The Medical Ethics Committee of Tianjin Medical 
University Cancer Institute and Hospital approved the present 
study (approval no. bc2019065), and written informed consent 
was obtained from all patients or their legal guardian.

Immunohistochemistry (IHC). TMA slides were heated at 65˚C 
for 2 h, routinely dewaxed in xylene and rehydrated in gradient 
ethanol. After antigen retrieval, the slides were blocked with 
3% hydrogen peroxide (PV‑6002; Beijing Zhongshan Golden 
Bridge Biotechnology Co., Ltd.) for 10 min at room tempera‑
ture to quench the endogenous peroxidase activity. The sections 
were incubated with primary antibodies at 4˚C overnight and 
37˚C for 1 h, followed by HRP‑conjugated secondary anti‑
body at 37˚C for 1 h. Then, the sections were visualised with 
3,3'‑diaminobenzidine (ZLI‑9017; OriGene Technologies) for 
5 min at room temperature and counterstained with hema‑
toxylin for 1 min at room temperature. Appropriate positive 
(formalin‑fixed paraffin‑embedded sections of human lung 
tissue) and negative controls were designed and used for each 
round. The sections were observed and recorded using a light 
microscope (BX61, Olympus ).

The primary antibodies used in the present study were 
as follows: HVEM/TNFRSF14 (MAB3561; concentration, 
16 µg/ml; R&D Systems, Inc.), CD4 (ab133616; dilution, 1:500; 
Abcam), CD8 (ab17147; dilution, 1:50; Abcam) andCD45RO 
(sc‑1183; dilution, 1:500; Santa Cruz Biotechnology, Inc.).

The staining pattern revealed that HVEM was expressed 
in the cytoplasm and cell membrane. The staining was evalu‑
ated semiquantitatively by multiplying scores for the intensity 
and percentage of positive tumor cells; representative images 
are presented in Fig. 1. The intensity of staining was divided 
into four subgroups: Score 0, negative; score 1, mild; score 2, 
moderate; and score 3, strong. The percentage of staining 
was determined as follows: Score 0, <1%; score 1, 1‑25%; 
score 2, 26‑50%; score 3, 51‑75% and score 4, 76‑100% (17). 
Total scores of ≤6 and ≥8 were defined as low and high HVEM 
expression, respectively.

In the case of lymphocyte subset staining, the numbers 
of CD4+, CD8+ and CD45RO+ T cells that infiltrated into the 
ICC tissues were counted manually. Four randomly selected 
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areas were counted for each sample at a magnification of x200 
(Fig. 2). The average value was recorded for each sample.

All IHC scoring was performed independently by 
two investigators without knowledge of the clinical data. Final 
agreement on the scores was reached through full discussion.

Analysis of histological classification and frequent mutations 
in ICC. Our previous study (20) classified this cohort into 
two subtypes, namely large‑duct and small‑duct types with 
regard to histological characteristics, S100P expression and 
Alcian blue scores (Data S1). The number of cases identified 
as large‑duct and small‑duct types of ICC were 21 (20.6%) 
and 81 (79.4%) respectively. Frequently mutated genes in ICC, 
including isocitrate dehydrogenase  1/2 (IDH1/2), BRCA1 
associated protein 1 (BAP1), AT‑rich interaction domain 1A 
(ARID1A) and polybromo 1 (PBRM1) were also analyzed 
(Data S1). DNA sequencing showed that 17 cases  (16.7%) 
harboured IDH1/2 mutations, whereas IHC analysis showed 
the loss of expression of BAP1, ARID1A and PBRM1 in 
46 (45.1%), 20 (19.6%) and 33 (32.4%) of cases, respectively.

Statistical analysis. Categorical variables (clinicopathological 
factors) are presented as total numbers and frequencies and 
were evaluated by Chi‑square test. Continuous variables 
(number of TILs) are presented as medians with ranges and 
were compared using Mann‑Whitney U test. Survival analysis 
was calculated by the Kaplan‑Meier method and assessed by 
log‑rank test for univariate analysis. Cox proportional hazards 
model was used for analyzing the prognostic value of HVEM 
expression and other clinical factors. The results are presented 
as the hazard ratio (HR) and 95% confidence intervals (CIs). 
A two‑tailed P<0.05 was considered to indicate a statistically 

significant difference. SPSS Statistics 24 (IBM Corp.) was 
used for data analysis.

Results

HVEM expression in ICC and adjacent liver tissues. HVEM 
expression in the ICC tissues exhibited significant heteroge‑
neity. No HVEM staining was detected in the tumor tissues of 
10 cases (9.8%), whereas the tumor tissues of the other cases 
exhibited mild‑to‑strong staining. According to the aforemen‑
tioned classification criteria, low and high HVEM expression 
was detected in 50 and 52 of the 102 specimens, respectively. 
In addition, the peritumoral liver tissues in all cases presented 
mild‑to‑moderate staining of HVEM (Fig. 1, Table I).

Association between HVEM expression and clinico­
pathological characteristics in patients with ICC. The study 
cohort included 57 males (55.9%) and 45 females (44.1%), 
with a mean age of 57.7±9.4  years (range, 28‑77  years). 
Fifty‑five cases (53.9%) underwent lymphadenectomy.

Patients with high HVEM expression had an increased 
peripheral blood lymphocyte (PBL) concentration (P=0.031), 
decreased CEA concentration (P=0.036), low TNM stage 
(P=0.043) and high frequencies of small‑duct histological 
subtype (P=0.021) and BAP1 retained expression (P=0.010) 
(Table I). The association between HVEM expression and PBL 
concentration indicated that HVEM expression might enhance 
the immune response by increasing the number of PBLs in 
patients with intrahepatic cholangiocarcinoma.

Prognostic significance of HVEM in patients with ICC. 
Survival analysis revealed 3‑year DFS and OS rates of 

Figure 1. Representative images of HVEM immunohistochemical staining and the corresponding histology with hematoxylin‑eosin staining in ICC tissues and 
adjacent liver tissues. (A) Histology and (B) mild‑to‑moderate staining of HVEM in peritumoral liver tissues. (C) Histology and (D) low expression of HVEM 
in ICC tissues. (E) histology and (F) high expression of HVEM in ICC tissues. Scale bar, 200 µm. HVEM, herpesvirus entry mediator; ICC, intrahepatic 
cholangiocarcinoma.
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30.4 and 59.4%, respectively. The median survival time was 
42.9 months, and the median follow‑up period was 25.1 months 
(range, 4.9‑100.0 months).

Univariate analysis showed that patients with ICC and high 
HVEM expression had significantly improved the survival 
DFS time (P=0.008) and OS (P=0.005) than patients with low 
HVEM expression. In addition, the neutrophil‑lymphocyte 
ratio, CA19‑9 concentration, T  category and M  category 
were prognostic factors for DFS and OS in ICC (P<0.020). 
Multivariate analysis included these five factors with 
P<0.02, and revealed that high HVEM expression was a 
favorable independent predictor of OS (P=0.034, HR=0.486, 
95% CI=0.249‑0.945) in ICC. However, HVEM expression 
only tended to be an independent prognostic factor for DFS 
(P=0.054, HR=0.604, 95% CI=0.361‑1.009) in ICC, because 
the association with DFS did not reach statistical significance 
(Fig. 3, Table II).

Association of HVEM expression with TILs in ICC. TILs 
were investigated by IHC to explore the underlying mecha‑
nism of the predictive value of HVEM expression in ICC. 
The number of CD4+, CD8+ and CD45RO+ TILs in different 
ICC tissue samples varied significantly and did not follow a 
normal distribution. The results revealed that HVEM expres‑
sion was not significantly associated with CD4+ (P=0.512), 
CD8+ (P=0.750) or CD45RO+ (P=0.078) TILs (Fig.  2, 
Table III). The results indicate that HVEM expression has 
no significant effect on the infiltration of T‑cell subsets into 
ICC tissues.

Prognostic value of PBL and TIL subsets in ICC. Survival 
analysis demonstrated that patients with high PBL 
concentration shad a significantly prolonged OS time 
(P=0.048) and an increased DFS time that was not statisti‑
cally significant (P=0.097) in ICC (Fig. S1). Meanwhile, CD4+, 
CD8+ and CD45RO+ TILs were not significantly associated 
with DFS (P=0.934, P=0.717 and P=0.816, respectively) or OS 
(P=0.958, P=0.485 and P=0.416, respectively) in patients with 
ICC (Figs. S2‑S4).

Table I. Continued.

	 HVEM expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Low	 High	 P‑value

Sex			   0.439
IRID1A			   0.273
  Lost	 12 (60.0)	 8 (40.0)	
  Retained	 38 (46.3)	 44 (53.7)	
PBRM1			   0.727
  Lost	 17 (51.5)	 16 (48.5)	
  Retained	 33 (47.8)	 36 (52.2)	

Values are presented as n (%). HVEM, herpesvirus entry mediator; 
Neu, neutrophil; Lym, lymphocyte; Mon, monocyte; IDH1/2, 
isocitrate dehydrogenase 1/2; BAP1, BRCA1 associated protein 1; 
IRID1A, AT‑rich interaction domain 1A; PBRM1, polybromo 1.

Table I. Association between HVEM expression and clinico‑
pathological characteristics in 102  patients with intrahepatic 
cholangiocarcinoma.

	 HVEM expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Low	 High	 P‑value

Sex			   0.439
  Male	 26 (45.6)	 31 (54.4)	
  Female	 24 (53.3)	 21 (46.7)	
Age (years)			   0.411
  ≤60	 30 (52.6)	 27 (47.4)	
  >60	 20 (44.4)	 25 (55.6)	
Hepatitis B			   0.397
  Negative	 32 (52.5)	 29 (47.5)	
  Positive	 18 (43.9)	 23 (56.1)	
Neu (x109/l)			   0.723
  ≤5.0	 41 (48.2)	 44 (51.8)	
  >5.0	 9 (52.9)	 8 (47.1)	
Lym (x109/l)			   0.031
  ≤2.0	 38 (56.7)	 29 (43.3)	
  >2.0	 12 (34.3)	 23 (65.7)	
Mon (x109/l)			   0.727
  ≤0.6	 33 (47.8)	 36 (52.2)	
  >0.6	 17 (51.5)	 16 (48.5)	
CEA (µg/l)			   0.036
  ≤5	 36 (43.9)	 46 (56.1)	
  >5	 14 (70.0)	 6 (30.0)	
CA19‑9 (U/ml) 			   0.570
  ≤39	 28 (46.7)	 32 (53.3)	
  >39	 22 (52.4)	 20 (47.6)	
Histological grade			   0.868
  G1‑G2	 29 (48.3)	 31 (51.7)	
  G3	 21 (50.0)	 21 (50.0)	
T category			   0.193
  T1‑T2	 42 (46.7)	 48 (53.3)	
  T3‑T4	 8 (66.7)	 4 (33.3)	
N category			   0.141
  N0	 19 (51.4)	 18 (48.6)	
  N1	 13 (72.2)	 5 (27.8)	
M category			   0.156
  M0	 44 (46.8)	 50 (53.2)	
  M1	 6 (75.0)	 2 (25.0)	
TNM stage			   0.043
  I‑II	 16 (48.5)	 17 (51.5)	
  III‑IV	 16 (76.2)	 5 (23.8)	
Histological subtype			   0.021
  Large‑duct	 15 (71.4)	 6 (28.6)	
  Small‑duct	 35 (43.2)	 46 (56.8)	
IDH1/2			   0.479
  Wild type	 43 (50.6)	 42 (49.4)	
  Mutant 	 7 (41.2)	 10 (58.8)	
BAP1			   0.010
  Lost	 29 (63.0)	 17 (37.0)	
  Retained	 21 (37.5)	 35 (62.5)	
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Discussion

Immunotherapeutic strategies aim to enhance the host 
antitumor immune response and restrain the ability of tumors 
to evade that response by blocking co‑inhibitory signals. 
Given the limited efficacy of the PD‑1‑targeting antibody 
pembrolizumab in the treatment of biliary tract cancer in 
clinical trials (21), targeting HVEM could be a complemen‑
tary or alternative strategy to improve the outcome of patients 

with ICC. However, it is necessary to determine the expression 
status of HVEM and its association with clinical outcome in 
patients with ICC in order to support this suggestion.

Firstly, the present study confirmed that HVEM was 
expressed in 90.2% of 102 ICC specimens using IHC, and 
found that high HVEM expression was a favorable indepen‑
dent predictor of postoperative survival and associated with 
a trend towards low CD45RO+ TIL concentrations in patients 
with ICC. These data are consistent with a recent study by 

Figure 2. Representative images of immunohistochemical staining of TIL subsets in intrahepatic cholangiocarcinoma. (A) Low and (B) high levels of CD4+ 
TILs. (C) Low and (D) high levels of CD8+ TILs. (E) Low and (F) high levels of CD45RO+ TILs. Scale bar, 200 µm. TIL, tumor‑infiltrating lymphocyte; 
HVEM, herpesvirus entry mediator.

Figure 3. Kaplan‑Meier curves for patients within intrahepatic cholangiocarcinoma. Patients with high expression of HVEM had prolonged (A) disease‑free 
survival and (B) overall survival. HVEM, herpesvirus entry mediator.
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Sideras et al (11), who showed that high tumor expression of 
HVEM (P=0.001) and a high CD8/FoxP3 TIL ratio (P=0.006) 
were significantly associated with improved cancer‑specific 
survival in patients with pancreatic and ampullary cancer. 
In another study, a bioinformatic analysis using The Cancer 
Genome Atlas database confirmed that the expression of 
HVEM mRNA was positively associated with OS in bladder 
cancer (22). However, these data are inconsistent with results 
obtained in previous studies on other tumor types (12‑19). 
Thus, the function of HVEM in tumors is complex and 
may be tumor‑type specific. Notably, HVEM is an immune 
checkpoint molecule that provides bidirectional signals in 
T‑cell activation based on the ligands and intracytoplasmic 
effectors it interacts with. A previous study suggested that 
the co‑stimulatory HVEM/LIGHT signaling pathway facili‑
tates the activation of tumor‑specific T cells, leading to the 
eradication of tumors (23). BTLA is predominantly located 
in tumor‑specific T cells, and its binding to HVEM in tumor 
cells suppresses the response of tumor‑specific CD8+ T cells, 
resulting in tumor immune evasion (9). BTLA also provides 
co‑stimulatory signals in CD8+ T cells by harnessing the cyto‑
solic adaptor GRB2 (10). However, the immunosuppressive 
function of HVEM appears to be predominantly effective in 
carcinoma. In several other malignancies, the high expression 
of HVEM has been found to be associated with low levels 
of tumor‑infiltrating T cells and the decreased expression of 
interferon‑γ, perforin and granzyme B (12,13,18). HVEM gene 

silencing can significantly inhibit the proliferation and growth 
of tumor cells by inducing CD8+ cells and upregulating the local 
immune response in esophageal squamous cell carcinoma (13). 
Knockdown of HVEM has been shown to increase the sensi‑
tivity of activated T cells in ovarian cancer (13,16). In addition 
to having a modulating effect on immune function, HVEM 
may act directly on tumor cells. In oesophageal cancer (13) 
and clear cell renal cell carcinoma (15), HVEM gene silencing 
was shown to significantly reduce cell proliferation activity 
in vitro and in vivo. Thus, HVEM may drive tumor develop‑
ment via multiple pathways. However, the results of the present 
study of ICC do not appear to support these theories that high 
expression of HVEM can inhibit the immune function of 
T cells, resulting in tumor development. In the present study, 
high HVEM expression was associated with decreased CEA 
levels (P=0.036), low TNM stage (P=0.043) and improved 
survival outcome (P<0.01). This may be because, firstly the 
co‑stimulatory signals from HVEM play a dominant role in 
the progression of ICC. In a study of melanoma, the tumor 
expression of HVEM was shown to be positively associated 
with the expression of BTLA on TILs by co‑immunofluo‑
rescence analysis (19). Therefore, HVEM/BTLA may inhibit 
tumor progression primarily by interacting with the cyto‑
plasmic adapter GRB2 to stimulate T‑cell activation in ICC. 
Furthermore, increased immune responses may occur due 
to the binding of HVEM with LIGHT or other checkpoint 
regulators that have not yet been confirmed in patients with 
ICC. Secondly, mutation of HVEM in the extracellular or 
cytoplasmic domain may prevent it from binding to its ligands 
or influence the recruitment of adaptor protein (9), resulting in 
distinct roles of HVEM expression in different types of tumors. 
The HVEM signaling network in cancer remains unknown. 
Given the evident genetic and histological heterogeneity of 
ICC, further study is required to reveal the precise signaling 
pathways in which HVEM participates, and determine whether 
HVEM may be an effective therapeutic target in ICC.

The immune activity of HVEM can be indirectly demon‑
strated by the numbers of PBLs and TILs, which are closely 
associated with patient survival in solid tumors. Previous 
studies showed a significant association of high HVEM 
expression with low levels of CD4+, CD8+ and CD45RO+ TIL 
and poor prognosis in HCC (12) and esophageal squamous cell 
carcinoma (13). Tsang et al (18) observed that outcomes were 

Table III. Association between tumor HVEM expression and 
TILs in intrahepatic cholangiocarcinoma. 

	 HVEM expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Low	 High	 P‑value

CD4+ TILs	 55 (1‑1,196)	 44 (2‑842)	 0.512
CD8+ TILs	 20 (1‑573)	 17 (1‑599)	 0.750
CD45RO+ TILs	 58 (3‑782)	 36 (2‑774)	 0.078

Values are presented as median (range). HVEM, herpesvirus entry 
mediator; TIL, tumor‑infiltrating lymphocyte.

Table II. Univariate and multivariate analysis for prognostic factors in intrahepatic cholangiocarcinoma.

	 DFS	 OS
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Multivariate 	 Multivariate
	 Univariate	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 Univariate	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 P‑value	 HR	 95% CI	 P‑value	 P‑value	 HR	 95% CI	 P‑value

NLR, ≤3 vs. >3	 0.012	 1.380	 0.699‑2.727	 0.353	 0.004	 1.798	 0.785‑4.115	 0.165
CA19‑9, ≤40 vs. >40 U/ml	 0.017	 1.446	 0.857‑2.441	 0.167	 0.019	 1.549	 0.794‑3.022	 0.200
T category, T1‑T2 vs. T3‑T4	 0.013	 1.628	 0.757‑3.500	 0.212	 0.000	 2.707	 1.155‑6.344	 0.022
M category, M0 vs. M1	 0.000	 2.601	 1.054‑6.419	 0.038	 0.009	 1.281	 0.453‑3.620	 0.641
HVEM expression, low vs. high	 0.008	 0.604	 0.361‑1.009	 0.054	 0.005	 0.486	 0.249‑0.945	 0.034

DFS, disease‑free survival; OS, overall survival; NLR, neutrophil‑lymphocyte ratio; HVEM, herpesvirus entry mediator.
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poor in patients with breast cancer with low levels of TIL and 
HVEM‑positive tumors. These findings indicate that HVEM 
suppresses TILs and promotes tumor progression. However, 
the present study found that HVEM expression was not signifi‑
cantly associated with CD4+ (P=0.512), CD8+ (P=0.750) or 
CD45RO+ (P=0.078) TILs, indicating that HVEM expression 
has no significant effect on the infiltration of T‑cell subsets 
into ICC tissues. In addition, these findings do not support the 
suggestion that HVEM is a favorable prognostic marker for 
ICC. Therefore, the prognostic value of these TIL subsets was 
further determined and the results revealed that CD4+, CD8+ 
and CD45RO+ TILs were not significantly associated with 
DFS or OS in patients with ICC (P>0.05). Furthermore, the 
effect of HVEM on PBLs was investigated, and it was found 
that high HVEM expression was associated with an increased 
PBL concentration (P=0.031). The association between PBL 
concentration and prognosis was further investigated, and 
survival analysis showed that patients with high PBL concen‑
tration shad a significantly prolonged OS (P=0.048) and an 
increased DFS that was not statistically significant (P=0.097) 
in ICC. Thus, it appears that the role of HVEM involves the 
activation of tumor immunity by increasing the number of 
PBLs in patients with ICC. This finding indicates that HVEM 
may be a favorable prognostic marker for ICC, although it also 
appears to be inconsistent with results obtained in previous 
studies on HCC. In one study, the levels of membrane and 
soluble HVEM were downregulated and upregulated on PBLs, 
respectively, and the latter was positively associated with 
advanced tumor stages, suggesting that the role of HVEM 
maybe immunosuppressive  (24). Furthermore, in another 
study, blockade of the BTLA/HVEM pathway increased 
IFN‑γ production in the circulating T cells of patients with 
HCC (25).

In general, PBLs should infiltrate into the tumor microen‑
vironment at an early stage of tumor progression to play a part 
in immune surveillance. Therefore, elevated PBL and TILs 
should be associated with improved prognosis (9,10,13,18), 
which our studies in ICC did not support. However, tumor 
signaling pathways are complex, andthe antitumor effect 
of HVEM in ICC may be achieved through other signaling 
pathways, rather than by direct alteration of the infiltration of 
lymphocytes. Alternatively, an association of TIL subsets with 
HVEM expression and prognosis may exist in ICC; however, 
the association did not reach statistical significance in the 
present study, which may be due to the small sample size. The 
HVEM network is complicated, and its effect on TILs and 
PBLs in ICC requires further study.

The association of HVEM expression with several 
clinicopathological characteristics was investigated in the 
present study, and it was revealed for the first time, to the best 
of our knowledge, that HVEM expression is positively associ‑
ated with the frequencies of small‑duct type (P=0.021) and 
BAP1 retained expression (P=0.010) in ICC. ICCs are hetero‑
geneous tumors that can be histologically subdivided into two 
types based on the size of the biliary duct, namely small‑duct 
and large‑duct types (26). In addition, this classification indi‑
viduates ICC subgroups with different clinicopathological 
and molecular characteristics (26,27). Therefore, high HVEM 
expression appears to be a specific feature of small‑duct type 
ICC. BAP1 is a commonly mutated gene involved in histone 

modification and chromatin remodelling in ICC (28), and its 
mutation is strongly associated with loss of expression of the 
corresponding protein (29). The association identified between 
BAP1 mutation and HVEM expression in ICC progression 
may provide a new direction for study of the HVEM network 
in tumor immunity.

The present study has some limitations. Firstly, the small 
sample of data from a single institution may lead to false nega‑
tive results in the statistical analysis. Secondly, the effects of 
HVEM blockade on immunity and tumor progression were 
not investigated in vitro and in vivo due to the lack of available 
HVEM inhibitors.

In conclusion, the present study demonstrated for the 
first time, to the best of our knowledge, that high HVEM 
expression was significantly associated with improved post‑
operative survival and low TNM stage in ICC, indicating 
that HVEM might be a favorable prognostic marker for ICC. 
Furthermore, the co‑stimulatory signals from HVEM may 
play a dominant role in the progression of ICC, which may be 
explained by an increase in the number of PBLs rather than 
a change in the number of TILs. However, the function of the 
HVEM network in ICC progression is complex and requires 
further study.
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