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Relationship between PD‑L1 expression, 
CD8+ T‑cell infiltration and prognosis 
in intrahepatic cholangiocarcinoma patients
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Abstract 

Background:  Programmed death- ligand 1 (PD-L1) seems to be associated with the immune escape of tumors, and 
immunotherapy may be a favorable treatment for PD-L1-positive patients. We evaluated intrahepatic cholangiocarci‑
noma (ICC) specimens for their expression of PD-L1, infiltration of CD8+ T cells, and the relationship between these 
factors and patient survival.

Methods:  In total, 69 resections of ICC were stained by immunohistochemistry for PD-L1, programmed death fac‑
tor-1 (PD-1), and CD8+ T cells. CD8+ T-cell densities were analyzed both within tumors and at the tumor-stromal 
interface. Patient survival was predicted based on the PD-L1 status and CD8+ T-cell density.

Results:  The expression rate of PD-L1 was 12% in cancer cells and 51% in interstitial cells. The expression rate of PD-1 
was 30%, and the number of CD8+ T-cells increased with the increase of PD-L1 expression (p < 0.05). The expression 
of PD-L1 in the tumor was correlated with poor overall survival(OS) (p = 0.004), and the number of tumor and intersti‑
tial CD8+ T-cells was correlated with poor OS and disease-free survival (DFS) (All p < 0.001).

Conclusions:  The expression of PD-L1 in the tumor is related to poor OS, and the number of tumor or interstitial 
CD8+ T-cells is related to poor OS and DFS. For patients who lose their chance of surgery, PD-L1 immunosuppressive 
therapy may be the focus of future research as a potential treatment.
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Background
Intrahepatic cholangiocarcinoma (ICC) is the second 
primary malignant tumor of the liver, originating from 
the intrahepatic bile duct [1–3]. ICC is characterized by 
a poor prognosis and various etiological factors [4]. In 
recent years, epidemiological studies [5, 6] have shown 
ethnic and regional differences and an increasing trend 

in the incidence of ICC. The etiology of ICC is mainly 
associated with basic biliary diseases, such as bile duct 
stones and primary sclerosing cholangitis [5, 7, 8]. Recent 
studies have reported an association between ICC and 
chronic viral hepatitis, including hepatitis B virus (HBV) 
and hepatitis C virus (HCV) infections [8, 9]. At present, 
radical surgery is still the only curative therapy for ICC 
[10–12]. However, most patients have few opportunities 
to receive radical resection because of the lack of early 
symptoms. Other remedies, such as radiotherapy, chem-
otherapy, and targeted therapy, are lack of efficacy [13–
16]. Thus, finding an effective treatment for ICC patients, 
especially for inoperable ICC patients, is significant.

Among the most promising approaches to activat-
ing therapeutic anti-tumor immunity is the blockade of 
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immune checkpoints. Evidence [17–20] suggests that 
programmed death-ligand-1 (PD-L1), an immune check-
point ligand, represses anti-tumor immunity through its 
interaction with the programmed death factor 1 (PD-1) 
receptor of T lymphocytes in various tumors. PD-1 is a 
transmembrane glycoprotein of the immunoglobulin 
B7-CD28 family, expressed by activated T cells, natural 
killer cells, etc. PD-L1, one of the essential PD-1 ligands, 
can be expressed on the surface of stromal and cancer 
cells. In chronic inflammation, PD-L1 is upregulated, and 
its binding to PD-1 induces T-cell exhaustion, thus pre-
venting autoimmunity development. If abundant PD-L1, 
secreted by cancer cells, binds to PD-1 in the tumor, T 
cells are directly inactivated. Therefore, the immune 
mechanisms associated with PD-1/PD-L1 are considered 
critical points for tumor immune escape [17, 18].

Some inhibitors targeting PD-1/PD-L1 have also been 
shown to improve the prognosis of several malignan-
cies such as melanoma [21], gastric carcinoma [22], and 
non-small cell lung cancer [23]. Attention has currently 
been focused on the identification of predictive biomark-
ers for the selection of patients for treatment. The ques-
tion of whether the expression of PD-1/PD-L1 correlates 
with treatment outcomes has been addressed in most 
of pivotal trials, but the answer is still unclear. Some of 
these inconsistencies are assay-related, with no general 
consensus regarding which antibody to use, which cells 
to stain, and what cut-off value to choose. In addition, 
there is a close relationship between the density of CD8+ 
T-cells and the tumor immune environment. A decreased 
density of CD8+ T-cells always indicates tumor immune 
resistance[24]. The density of CD8+ T-cells, the expres-
sion of PD-L1, and the tumor progression and prognosis 
are closely related in colorectal cancer [25], gastric ade-
nocarcinoma [26], and hepatocellular carcinoma (HCC) 
[27]. Studies have demonstrated that the expression of 
PD-L1 in HCC is significantly higher than that in liver 
cirrhosis or chronic hepatitis [28, 29]. Moreover, HCC 
patients with high PD-L1 expression have a significantly 
worse prognosis. For advanced HCC patients, combi-
nation immunotherapy with sorafenib and nivolumab 
induces effective natural killer cell responses, resulting 
in a better prognosis than that for a single-drug treat-
ment [30]. However, information on the expression of 
PD-1/PD-L1 in ICC is very limited, and its relationship 
with clinical and histopathological features of this cancer 
remains unknown.

Unlike those in HCC, cancer cells in ICC are sur-
rounded by an abundant fibrous stroma. It is important 
to evaluate the expression of PD-1 and PD-L1 in vari-
ous cells in ICC. In this research, we aimed to examine 
the PD-L1 and PD-1 expression in 69 surgically resected 
ICC specimens from patients with various underlying 

risk factors and to determine its relationship with clinical 
parameters and pathological features, as well as with the 
density of CD8+ T-cells and patient survival.

Materials and methods
Patients and specimens
A total of 121 ICC patients underwent surgical treat-
ment at our hospital. Patients who met the inclusion 
criteria were enrolled in this study. Finally, 69 patients 
with resected ICCs were selected for this retrospective 
analysis.

The inclusion criteria including: (1) Radical resection 
was performed at the first treatment; (2) Confirmed by 
pathology; (3) Complete clinicopathological data.

Consents for operation and research were obtained in 
all individuals before the surgical resection. This study 
was approved by the Medical Ethics Committee of the 
Nanjing Drum Tower Hospital.

Collection of clinical and pathological data
Medical records of all patients were reviewed. Clinical 
and pathological information was tabulated, including 
the sex, age, virological markers, tumor markers, and 
hepatic function indicators.

Tumor TNM staging was performed using the 8th edi-
tion of the American Joint Committee on Cancer (AJCC) 
Staging Manual.

Pathological changes such as inflammation and cirrho-
sis in the uninvolved adjacent hepatic or bile duct tissue 
were also reviewed microscopically and analyzed accord-
ing to the Batts–Ludwig stages of inflammation and 
fibrosis.

Immunohistochemical staining
Representative 4-μm serial sections of a tumor were 
prepared for immunohistochemistry from 10% forma-
lin-fixed, paraffin-embedded tissue blocks. ICC tissues 
and non-tumor tissues for immunostaining were fol-
lowing deparaffinized, rehydrated, and antigen retrieval. 
All slides were baked at 60  °C overnight, subjected to 
microwave retrieval in citrate buffer, and exposed to 3% 
hydrogen peroxide for 10  min to block the endogenous 
peroxidase activity. Immunohistochemistry was per-
formed using anti-PD-1 (1:300, Proteintech), PD-L1 
(1:500, Proteintech), and CD8 (1:500, Abcam) as the 
primary antibodies in a humidified chamber at 4  °C 
overnight, followed by incubation with an anti-mouse 
peroxidase-conjugated secondary antibody (1:100, Dako) 
at 37 °C for 30 min. Both negative (without the primary 
antibody) and positive controls were included in each 
run. DAB detection kit (50:1, Dako) was used to visual-
ize slides, and expression status was assessed by light 
microscopy. All the sections were analyzed under a Leica 
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DM 2000 optical microscope (Leica Microsystems, Wet-
zlar, Germany), and microphotographs were collected 
using a Leica DFC320 digital camera (Leica).

Specimens were defined as positive if PD-L1 was 
expressed in ≥ 2% of cancer cells, as well as if PD-L1 and 
PD-1 were expressed in ≥ 2% of stromal cells.

In this study, CD8+ T cells were counted in the tumor 
and tumor stroma under a 40× magnification; the num-
ber of CD8+  T cells was counted in 3 specific regions, 
and the average value was calculated. To count CD8+ 
lymphocytes, three positive regions were selected in 
each slice, and the numbers of CD8+ tumor-infiltrating 
lymphocytes (TILs) and CD8+ non-tumor-infiltrating 
lymphocytes (NILs) were counted each time (400 times). 
The mean number was used as the lymphocyte count. 
Based on the numbers of CD8+ T-cells in the tumor and 
stroma, specimens were categorized into high-density 
(≥ 40/Hp) and low-density (< 40/Hp) subgroups.

Statistical analysis
All statistical analysis in this study was analyzed with 
SPSS 17.0 software (SPSS Inc, Chicago, Illinois, US). Data 
are shown as “mean ± standard deviation” and “median 
(range)”, as appropriate. The Student t-test and one-way 
analysis of variance (ANOVA) were performed to ana-
lyze differences between two groups. The Chi-square or 
Fisher’s exact test was utilized for comparison of ratios. 
Patient’s survival was estimated by the Kaplan–Meier 
method with a log-rank test. A Cox proportional hazard 
model was to evaluate risk factors of survival. The haz-
ard ratio (HR) and its 95% confidence interval (CI) were 
calculated. Differences were considered to be statistically 
significant when p < 0.05.

Results
Clinicopathological features, expression of PD‑L1 and PD‑1 
in ICC tissues
Among the 69 ICC patients, 40 were males, and 29 were 
females. The age ranged from 34 to 81  years old, with 
an average age of 60  years. The diameter of the tumor 
ranged from 0.5 to 12 cm. A single tumor was found in 
78.3% (54/69) of the patients, and multiple tumors were 
found in 21.7% (15/69) of the patients. Positive results 
of PD-L1 expression are shown in Fig.  1. Among the 
patients, 11.6% (8/69) were positive for PD-L1 expression 
in cancer cells, while in 50.1% (35/69) of the patients, 
PD-L1 was expressed in interstitial cells. The rate of PD-1 
expression in tumor lymphocytes was 30.4% (21/69). The 
relationship between clinicopathological features and 
PD-L1 expression, PD-1 expression are shown in Tables 1 
and 2, respectively.

Relationship between clinicopathological characteristics 
and PD‑L1/PD‑1 expression in intrahepatic 
cholangiocarcinoma
As shown in Table 2, lymphocytes exhibited significantly 
higher expression of PD-1 in smaller-size tumors (tumor 
size ≤ 5 cm) than in larger-size ones (tumor size > 5 cm) 
(p = 0.034). Cancerous cells exhibited significantly higher 
expression of PD-L1 in poorly and moderately differ-
entiated tumors (8/8) than in well-differentiated ones 
(23/61) (p = 0.043). PD-1-positive tumors (4/25) were 
more frequent than PD-1-negative tumors in patients 
with liver microvascular tumor thrombosis (p = 0.05). 
Cancer cells exhibited significantly higher expression of 
PD-L1 (p = 0.012) in patients with severe fibrosis (S3 or 
S4) than in those with weak fibrosis (S0, S1, or S2). The 
average numbers of CD8+ T-cells in PD-L1-positive 
tumors (36.3) were significantly higher than those in 
PD-L1-negative tumors (9.0) (p = 0.0001). In addition, 

Fig. 1  Representative immunohistochemical staining of PD-L1 and PD-1 in Intrahepatic Cholangiocarcinoma tissues. A Immunostaining for PD-L1 
expression in cancer cells; B Immunostaining for PD-L1 expression in interstitial cells; C Immunostaining for PD-1 expression on TILs. Shown at ×400 
original magnification
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the average number of CD8+ T cells in the PD-L1-pos-
itive stroma (15.8) was significantly higher than that in 
the PD-L1-negative stroma (8.4) (p = 0.0298). Moreo-
ver, the relationship between CD8+ T cell counts and 
PD-L1 expression in tumor and stroma are shown in 
Fig.  2. CD8+ T cell counts increased with the increase 
of PD-L1 expression both in the tumor (p < 0.0001) and 
stroma (p < 0.0001). The other results were not statisti-
cally significant.

Prognosis
All 69 patients completed the follow-up interviews, and 
34 of them died, while 35 were alive. Overall, the median 
overall survival (OS) was 24  months (range:0.3–88), 
and disease-free median survival (DFS) was 12  months 
(range:0.3–88). The relationship between survival and 
the expression of PD-L1 or PD-1 are shown in Fig. 3. The 
expression of PD-L1 in cancer cells was related to OS. The 

overall median survival rate (6.9 months) of the patients 
with PD-L1-positive cancer cells was significantly poorer 
than that of the PD-L1-negative patients (26.7  months) 
(p = 0.004). DFS (5.8  months) of the patients with can-
cer cells expressing PD-L1 was also poorer than that of 
PD-L1-negative patients (16.4 months), but there was no 
statistical difference (p = 0.107). The higher the PD-L1 
expression was, the worse the OS (p = 0.004).

The density of CD8+ T-cells in the tumor and stroma 
also correlated with OS and DFS. Results are shown in 
Fig. 4. The OS and DFS rates in the high CD8+ TIL and 
CD8+ NIL groups were significantly poorer than those 
in the low CD8+ TIL and NIL groups (All p < 0.001).

Based on the univariate analysis data shown in Table 3, 
the risk factors for a poorer ICC prognosis included the 
expression of PD-L1 in the tumor, the numbers of CD8-
positive TILs and NILs, the TNM stage, and high serum 
levels of direct bilirubin (DB) and gamma-glutamyl trans-
peptidase (γ-GT). Multivariate analysis with the Cox 

Table 1  Relationship between clinical characteristics and PD-L1 and PD-1 expression in intrahepatic cholangiocarcinoma

HBV hepatitis B virus, HBsAg hepatitis B surface antigen, CA19-9 Carbohydrate antigen 19–9, TB total bilirubin, DB direct bilirubin, ALT alanine transaminase, AST 
aspartate transaminase, γ-GT gamma-glutamyl transpeptidase

n PD-L1 expression PD-1 expression

Cancerous cell (+) p value Stromal cells (+) p value Lymphocyte (+) p value

Total number 69 8 (11.6%) 35 (50.7%) 21 (30.4%)

Age, years; median (range) 60 (34–81) 63 (46–79) 0.499 63
(43–81)

0.025 60 (50–76) 0.984

Gender 0.266 0.264 0.006

 Male 40 3 (7.5%) 18 (45%) 7 (17.5%)

 Female 29 5 (17.2%) 17 (58.6%) 14 (48.3%)

HBV infection 28 0.337 0.555 0.781

 HBsAg, positive 5 (17.9%) 13 (46.4%) 8 (28.6)

 HBsAg, negative 3 (7.3%) 22 (53.7%) 13 (31.7%)

CA19-9 > 39.9U/ml 38 0.494 0.726 0.177

 CA19-9, positive 3 (7.9%) 20 (52.6%) 9 (23.7%)

 CA19-9, negative 5 (16.1%) 15 (48.4%) 13 (41.9%)

TB > 20.5umol/L 13 1.0 0.803 0.33

 TB, positive 2 (15.4%) 7 (53.8%) 2 (15.4%)

 TB, negative 6 (10.7%) 28 (50%) 19 (33.9%)

DB > 6.8umol/L 10 0.865 0.187 0.974

 DB, positive 1 (10%) 7 (70%) 3 (30%)

 DB, negative 7 (11.9%) 28 (47.5%) 18 (30.5%)

ALT > 40U/L 16 0.644 0.184 0.916

 ALT, positive 3 (18.8%) 11 (68.8%) 5 (31.3%)

 ALT, negative 5 (9.4%) 24 (45.3%) 16 (30.2%)

AST > 40U/L 18 0.724 0.305 0.776

 AST, positive 3 (16.7%) 11 (61.1%) 5 (27.8%)

 AST, negative 5 (9.8%) 24 (47.1%) 16 (31.4%)

γ-GT > 35U/L 48 0.957 0.056 0.824

 γ-GT, positive 5 (10.4%) 28 (58.3%) 15 (31.3%)

 γ-GT, negative 3 (14.3%) 7 (33.3%) 6 (28.6%)
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Table 2  Relationship between pathological characteristics and PD-L1 and PD-1 expression in intrahepatic cholangiocarcinoma

MF mass-forming, CLC Cholangiolocellular Carcinoma, cICCconventional Intrahepatic Cholangiocarcinoma, MVI microvascular invasion

n PD-L1 expression PD-1 expression

Cancerous cell (+) p value Stromal cells (+) p value Lymphocyte (+) p value

Tumor size, cm 0.806 0.9 0.034

 > 5 cm 33 3 (9.1%) 17 (51.5%) 6 (18.2%)

 ≤ 5 cm 36 5 (13.9%) 18 (50%) 15 (41.7%)

Tumor number 0.812 0.348 0.499

 Single 54 6 (11.1%) 29 (53.7%) 18 (33.3%)

 Multiple 15 2 (13.3%) 6 (40%) 3 (20%)

Gross types 0.186 0.348 0.22

 MF 54 8 (14.8%) 29 (53.7%) 14 (25.9%)

 Non-MF 15 0 (0) 6 (40%) 7 (46.7%)

Differentiation 0.043 0.308 0.408

 Well 0 (0) 1 (2.8%) 1 (4.8%)

 Moderately 5 (63%) 29 (82.9%) 19 (90.4%)

 Poorly or undifferentiated 3 (37%) 5 (14.3%) 1 (4.8%)

CLC or cICC 14 3 (21.4%) 0.412 9 (64.3%) 0.256 3 (21.4%) 0.621

 MVI 25 4 (16%) 0.638 0 (0) 0.199 4 (16%) 0.005

 Neural invasion 69 8 (11.6%) 0.227 35 (50.7%) 0.988 21 (30.4%) 1.0

TNM stage 0.245 0.429 0.282

 I 28 1 (3.6%) 6 (21.4%) 8 (28.6%)

 II 25 5 (20%) 13 (52%) 6 (24%)

 III 5 1 (20%) 2 (40%) 1 (20%)

 IV 11 1 (9.1%) 6 (54.5%) 6 (54.5%)

Breakthrough the liver 12 1 (8.3%) 0.698 6 (50%) 0.956 3 (25%) 0.916

Grade of inflammation 0.961 0.504 0.853

 G0,G1or G2 60 7 (11.7%) 29 (48.3%) 19 (31.7%)

 G3 or G4 9 1 (11.1%) 6 (66.7%) 2 (22.2%)

Fibrosis/cirrhosis 0.012 0.77 0.686

 S0,S1 or S2 59 4 (6.78%) 29 (49.2%) 19 (32.2%)

 (S3 or S4) 10 4 (40%) 6 (60%) 2 (20%)

CD8 density/Hp

 CD8+ TIL ≥ 40 4 4 (100%)  < 0.0001 4 (100%) 1 (25%)

 CD8+ NIL ≥ 40 19 6 (31.6%)  < 0.0001 13 (68.4%) 8 (42.1%)

Fig. 2  Programmed death-ligand 1 (PD-L1) expression in tumor cells and the stroma increases with the increase of CD8+ TIL densities at each site. 
The CD8+ TIL densities in ICC were divided by quartiles into low and high. A Relation between PD-L1 expression and the number of CD8+ TILs in 
the tumor. B Relation between PD-L1 expression and the number of CD8+ TILs in the stroma



Page 6 of 10Deng et al. Cancer Cell Int          (2021) 21:371 

regression model showed that the expression of PD-L1 in 
the tumor, the number of CD8-positive NILs and a high 
serum level of γ-GT were significant independent risk 
factors for a poorer prognosis.

Discussion
In this study, conclusions were drawn based on a ret-
rospective analysis of 69 resected ICC specimens. We 
studied the expression of PD-L1 in ICC tumor and stro-
mal cells, the expression of PD-1 in lymphocytes, and 
the density of CD8+ TILs and NILs. The results showed 
that the expression of PD-L1 in ICC cancer cells but 
not in stromal cells was highly correlated with a poorer 

prognosis. The higher density of CD8+ lymphocytes in 
the tumor and stroma was related to a poor prognosis, 
which is different from the results of a previous study 
[31].

PD-L1 can be secreted by both cancer cells and intersti-
tial cells in tumors [17]. Ye et al. [31] have reported that in 
31 ICC cases, no expression of PD-1 was found in tumor 
cells. The results were different for PD-L1 expression in 
ICC, and a strong expression of PD-L1 in patients was 
predictive of a poor prognosis. Sabbatino et al. [32] shown 
that the expression rate of PD-L1 in ICC tumor cells was 
only 29.6% (8/27), and the prognosis for these PD-L1-ex-
pressing patients was poor. Sato et al. [33] have reported 

Fig. 3  PD-L1 expression in ICC is correlated with worse OS. Association of OS and DFS with tumor PD-L1 expression (A, B) and stromal PD-L1 
expression (C, D). Association of OS and DFS with PD-1 expression in TILs (E, F). The probabilities of overall and disease-free survival were estimated 
using the Kaplan–Meier method and compared using the log-rank statistics or the Cox proportional hazards regression model
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a high incidence of cholangiocarcinoma in young people 
working at a printing plant in Osaka, Japan; the disease 
is related to long-term exposure to organic solvents, and 
the researchers classified these cases as occupational 
exposure-related cholangiocarcinoma. They studied the 
association of occupational cholangiocarcinoma with 
this particular location. The expression of PD-L1 in occu-
pational cholangiocarcinoma was 100% (10/10), which 

was significantly higher than that in non-occupational 
cholangiocarcinoma (10%, 2/23), and the prognosis was 
poor. The results of our study showed that normal bile 
duct epithelial cells hardly expressed PD-L1; only 11.6% 
(8/69) of the samples were positive for the expression of 
PD-L1 in tumor cells, while the incidence of expression 
of PD-L1 in interstitial cells was 50.1% (35/69). Similar to 
the previous findings, the presence of PD-L1 expression 
suggested a poor prognosis for the patients, in terms of 
both OS or DFS. Our team’s previous research on ICC 
revealed that patients with PD-L1 expression level ≥ 2% 
had worse OS. Then we chose expression level ≥ 2% as 
a positive expression of PD-L1. Similar to other tumors, 
there are discrepancies in the PD-L1 expression rate in 
ICC among different investigators, which may be due 
to differences in the immunohistochemical antibodies, 
tissue samples, and immunohistochemical evaluation 
methods used. Thus, based on published tumor-related 
results, a high level of expression of PD-L1 consistently 
suggests a poor prognosis for the patient, and the expres-
sion of PD-L1 is a potential predictor and therapeu-
tic target for ICC. At present, studies on the expression 
and mechanism of action of PD-L1 in HCC have made 

Fig. 4  Increasing intratumoral and stromal CD8+ T-cell densities in ICC are correlated with worse OS and DFS. Association of OS and DFS with the 
CD8+ T-cell density within tumors (A, B) and in the stroma (C, D). Probabilities of overall and disease-free survival were estimated using the Kaplan–
Meier method and compared using the log-rank statistics or the Cox proportional hazards regression model. The upper quartile was used as the 
breakpoint for the stromal CD8+ T-cell density, and the approximate lower and upper quartiles were used for the tumor CD8+ T-cell density. The 
reported HRs for the intratumoral CD8+ T-cell density reflect the survival comparison between tumors with a high density (≥ 40 CD8+ T cells/Hp) 
and those with a low density (< 40 CD8+ T cells/Hp)

Table 3  Univariate and multivariate analyses of prognostic 
factors in patients with intrahepatic cholangiocarcinoma

DB direct bilirubin, γ-GT gamma-glutamyl transpeptidase

Univariate 
analysis

Multivariate analysis

p Exp (B) 95% CI p

PD-L1 cancerous cell(+) 0.002 0.339 0.118–0.959 0.042

 CD8+ TIL ≥ 40 0.009

 CD8+ NIL ≥ 40 0.002 0.382 0.147–0.994 0.048

TNM stage 0.003

DB > 6.8umol/L 0.002

γ-GT > 35U/L 0.006 0.252 0.083–0.759 0.014



Page 8 of 10Deng et al. Cancer Cell Int          (2021) 21:371 

progress. Calderaro [27] believes that the expression of 
PD-L1 can reflect the clinical and pathological features of 
HCC, and PD-L1-positive tumors are more aggressive. In 
terms of the treatment, a PD-L1-targeted drug combina-
tion with sorafenib is more effective than monotherapy in 
treating HCC patients.

PD-1 is mainly located in the cytoplasm of lympho-
cytes. We divided lymphocytes into tumor-infiltrating 
lymphocytes (TILs) and non-tumor-infiltrating lym-
phocytes (NILs) according to whether PD-1-positive 
lymphocytes infiltrated in the tumor cell mass or not. 
Ye et  al. have performed PD-1 immunohistochemical 
staining on all ICC specimens, and a large number of PD-
1-positive T lymphocytes were observed in the tumor or 
in the stroma, whereas no PD-1 expression was observed 
in tumor cells. Sabbatino et al. have found that PD-1 was 
expressed in TILs to a different degree. Among them, 
TILs with low, middle, and high levels of expression 
accounted for 42.3% (11/26), 23.1% (6/26), and 34.6% 
(9/26), but there was no statistical relationship between 
the expression of PD-1 and OS of the patients. Sato’s 
results have shown that the numbers of PD-1-positive 
lymphocytes and CD8+ T cells infiltrating in the tumor 
were significantly higher in occupational cholangiocar-
cinoma than in non-occupational cholangiocarcinoma, 
but this study did not report the existence of a correlation 
between PD-1 and OS. We found that the rate of PD-1 
expression in tumor lymphocytes was 30.4% (21/69), sug-
gesting that the expression rate of PD-1 was not signifi-
cantly different from that of ICC occurrence. Currently, 
there is no PD-1-targeted therapy for ICC; however, 
the results of some studies [30, 34] suggest that the tar-
geted drug lenvatinib, combined with a PD-1 inhibitor, 
nivolumab, is superior to sorafenib monotherapy in the 
treatment of advanced HCC patients, which provides the 
directions for PD-1 drug therapy in patients with ICC.

After PD-L1 binds to PD-1, T lymphocytes are inacti-
vated and lose their immune killing effect [17]. However, 
the correlation between the number of CD8-positive 
T cells and the expression of PD-1 or PD-L1 is not very 
clear. Studies by Ye et  al. on ICC [31], Gabrielson et  al. 
on HCC [35], and Thompson et al. on gastric adenocarci-
noma[26] have led to similar conclusions that the expres-
sion of PD-L1 is negatively correlated with the number 
of CD8-positive T cells. Xie et al. [36] have found in 167 
HCCs that the number of CD8+ T cells in PD-L1-posi-
tive tumors (mean 75/Hp) was much higher than that in 
PD-L1-negative tumors (mean 25/Hp; p < 0.0001). The 
difference is explained by the accumulation of CD8+ T 
cells in the tumor microenvironment, where they can 
stimulate the expression of PD-L1 by releasing specific 
factors. PD-L1 is not continuously expressed in tumor 
cells. Our results are similar to those of the previous 

study and show that patients with high CD8+ TIL and 
NIL counts have a poor prognosis. In PD-L1-positive 
patients, the numbers of CD8+ T cells, including TILs 
and NILs, are higher than those in PD-L1-negative 
patients, and the higher the number of CD8+ TILs is, the 
poorer the OS and DFS of the patients are. Similarly, the 
higher the number of CD8+ NILs (≥ 40/hp), the poorer 
the OS and DFS of the patients are. We hypothesized 
that in the cases of high expression of PD-L1 or PD-1, 
the number of CD8+ T cells increases not as a result of 
PD-L1- or PD-1-caused dysfunction but because of the 
compensatory mechanism, which leads to an increase in 
the number of CD8-positive T cells.

Numerous studies have shown that PD-1/PD-L1 are 
important components of the tumor immune escape [18, 
37], and their role is related to the defect in T lympho-
cyte immune function [38, 39]. The traditional view is 
that the number of CD8-positive T cells in tumor tissues 
represents the number of active T cells and reflects the 
immune activity of the organism against the tumor [39, 
40]. The binding of PD-L1 to PD-1 results in the inacti-
vation of T lymphocytes and the loss of their immune 
killing effect, thereby promoting the development of 
tumors. Ye et al. [31] have discovered that the expression 
of PD-L1 in the tumor was negatively correlated with 
the number of CD8-positive T cells. Similarly, Gabriel-
son et  al. [35] have also concluded, based on a study of 
65 HCC cases, that the expression of PD-L1 in tumor tis-
sue is negatively correlated with the number of CD8-pos-
itive T cells. However, in tumor-surrounding tissue, the 
expression of PD-L1 was positively associated with the 
number of CD8+ T cells, similar to normal liver tissue. 
The results may indicate that PD-L1 expression is related 
to the inactivation of CD8+ T cells.

However, some studies have not found a positive cor-
relation between the number of CD8-positive T cells 
and the expression of PD-1 or PD-L1. Xie et al. [36] have 
retrospectively studied 167 cases of HCC and specu-
lated that when CD8-positive T cells are accumulated 
in the tumor microenvironment, they may stimulate the 
expression of PD-L1 by releasing specific factors and 
that the expression of PD-L1 is not continuous in tumor 
cells. Our results showed that the numbers of CD8-
positive TILs and NILs were significantly higher in PD-
L1-positive tumors than in PD-L1-negative tumors, and 
the higher the density of CD8-positive T cells was, the 
poorer the OS and DFS of the patient were. Therefore, 
we hypothesized that the number of CD8-positive T cells 
does not directly represent the number of active T cells, 
especially in PD-1- or PD-L1-positive tumors, and that 
CD8-positive T cells may be in a hypofunctional state. 
Based on the multivariate analysis data, the expression 
of PD-L1 in the tumor, the number of CD8-positive NILs 
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and a high serum level of γ-GT are independent risk fac-
tors for a worse prognosis of ICC.

Underlying liver diseases may affect the PD-1/PD-L1 
expression. Wang et  al. [29] have studied the HCC 
pathology and found that the PD-1 expression is associ-
ated with the viral load in HBV liver infection. The higher 
the HBV viral load is in the serum, the higher the posi-
tive rate of PD-1 is in liver tissue. Zhang et al. [41] have 
shown that increased expression of PD-1 may inhibit 
immunity, which is beneficial for viral replication, pro-
longs the course of chronic hepatitis B and promotes the 
progression of hepatitis B to liver cirrhosis. Our study did 
not show a significant correlation between HBV infec-
tion and the expression of PD-1 or PD-L1 in the tumor. 
However, the incidence of background hepatic fibrosis or 
cirrhosis was significantly higher in the PD-L1-positive 
ICC patients than in the PD-L1-negative group. In addi-
tion, there was a relationship between clinicopathologi-
cal features and PD-1/PD-L1 expression. Ye’s [31] results 
have shown poorer ICC differentiation at a later TNM 
stage, which was related to a high expression of PD-L1 
in ICC cells. Sabbatino et al. [32] have also reported that 
increased expression of PD-L1 was associated with an 
earlier T stage. Our study also showed that the volume of 
PD-1-positive tumors was significantly smaller than that 
of PD-1-negative tumors. PD-1-positive tumors were 
more likely to lead to MVI.

The main limitations of this study were the small num-
ber of ICC cases with a complete follow-up, due to a low 
incidence, a low resection rate of ICC tumors, single-
center experience and that the patients were scattered 
over a large geographic area. In addition, no detection 
of CD8+ T cell activity was performed in this study. In 
addition, because of the use of different antibodies for 
immunohistochemistry and different individual judg-
ment standards, the results from different research cent-
ers are not comparable.

Conclusions
PD1/PD-L1-targeted immunotherapy is the most 
promising treatment option for improving the sur-
vival of ICC patients. The results of clinical trials of 
anti-PD-1 drugs in HCC patients are very satisfac-
tory, making the prospects for immunotherapy of liver 
malignancies brighter. However, our results suggest 
that high expression of PD-L1 in tumor cells in ICC is 
associated with an elevated CD8+ TIL density and a 
poor prognosis. The specific mechanism remains to be 
elucidated. Evaluation of ICC patients by immunohis-
tochemistry and other methods before treatment may 
help develop individualized approaches to the treat-
ment with PD-1/PD-L1 inhibitors.
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