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Abstract
Tumor microvessel density (MVD) is a prognostic factor for patients with intrahepatic cholangiocarcinoma (ICC). Tumor-
infiltrating lymphocytes (TILs) are also key components of the tumor microenvironment that play important roles in ICC
progression. This study aimed to clarify the relationships between the MVD and immune status and prognosis in patients
with ICC. Immunohistochemical staining for cluster of differentiation 34 (CD34), cluster of differentiation 8 (CD8),
forkhead box protein P3 (Foxp3), and programmed death-ligand 1 (PD-L1) was performed. The relationships between the
MVD and clinicopathological characteristics and outcomes were analyzed. Additionally, the correlations between the MVD,
CD8+ and Foxp3+ TIL counts, and PD-L1 expression were evaluated. One hundred ICC patients were classified into high
(n= 50) and low (n= 50) MVD groups. The serum platelet and carbohydrate antigen 19-9 levels were higher in the low
MVD group than in the high MVD group (P= 0.017 and P= 0.008, respectively). The low MVD group showed a
significantly larger tumor size (P= 0.016), more frequent microvascular invasion (P= 0.001), and a higher rate of
intrahepatic (P= 0.023) and lymph node (P < 0.001) metastasis than the high MVD group. Moreover, the MVD showed a
high positive correlation with CD8+ TILs (r= 0.754, P < 0.001) and a negative correlation with Foxp3+ TILs (r=−0.302,
P= 0.003). In contrast, no significant correlation was observed between the MVD and PD-L1 expression in cancer cells
(P= 0.817). Patients with low MVDs had a significantly worse prognosis than those with high MVDs. Furthermore,
multivariable analyses revealed that a low MVD influenced recurrence-free survival. A decreased intratumoral MVD might
predict ICC patient outcomes. Tumor microvessels might be associated with ICC progression, possibly by altering TIL
recruitment.

Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most
common primary liver tumor after hepatocellular carcinoma
(HCC) and a major cause of cancer mortality and morbidity

worldwide [1]. ICCs are estimated to account for ~5–15%
of all primary liver cancers, and their incidence has been
increasing worldwide [2]. Although surgical resection is a
potentially curative treatment that improves ICC patient
outcomes, many patients are at risk of recurrence. Com-
bined systemic chemotherapy or radiotherapy has been
shown to help improve the outcomes for patients who have
undergone hepatic resection for ICC; however, their prog-
nosis remains poor because of tumor progression. Recently,
several reports have identified predictive tumor-specific
factors, including tumor, lymph node, metastasis (TNM)
classification, tumor differentiation, and vascular invasion
[3, 4]. However, the predictive risk factors that influence
recurrence among ICC patients have not been fully
investigated.

The tumor microenvironment (TME) is known to play an
important role in ICC progression [5]. The abundant
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desmoplastic stroma contains different nonimmune and
immune cells, including cancer-associated fibroblasts [6],
tumor-associated macrophages [7], endothelial cells (ECs)
[8], and lymphocytes [9], which are correlated with a poor
prognosis or immune response. Previously, an increasing
number of studies reported that tumor angiogenesis is
related to ICC progression. However, the detailed
mechanism underlying the role of the microvessel density
(MVD) in ICC progression and its clinical usefulness as a
predictive factor remain poorly understood.

Tumor-infiltrating lymphocytes (TILs) play a pivotal role
in tumor progression. In addition, the evaluation of TILs
can predict the outcomes of several cancer patients. Cluster
of differentiation (CD) 8-positive T lymphocytes, known as
cytotoxic T lymphocytes, are key immune cells that kill
cancer cells by releasing perforin and granzymes [10]. The
transcription factor forkhead box protein P3 (Foxp3) is a
specific marker of regulatory T lymphocytes. Foxp3+ T
lymphocytes exert an immune suppressive function by
producing several immune inhibitory cytokines [11]. Recent
studies have shown the relationships between the densities
of CD8+ and Foxp3+ TILs and patient prognosis in several
cancers [12–14]. In ICC, few studies have reported that
CD8+ and Foxp3+ T lymphocytes are associated with a
poor prognosis [15, 16]. More recently, immune checkpoint
blockade has been predicted to be an effective treatment for
several solid tumors. Programmed cell death-ligand 1 (PD-
L1) also plays a crucial role in tumor immunobiology in
ICC [17]. However, the relationship between tumor
microvessels and immune cells in ICC has not been fully
elucidated. This study aimed to investigate the relationship
between the MVD and tumor progression, focusing on
tumor microvessels and immune status in the TME.

Materials and methods

Patients and specimen preparation

All consecutive patients with ICC who had undergone
hepatic resection from September 1992 to November 2019
at Kyushu University Hospital in Japan were enrolled. The
patients who had undergone resection for primary ICC
without preoperative chemotherapy or radiation were
selected retrospectively. The samples included resected
liver specimens from these patients. Preoperation and
postoperation de-identified clinical information were
obtained from electronic and paper records. Complete charts
for clinical data were available for all patients, and consent
for research use of their resected tissue was obtained. To
evaluate the histological features, the specimens were fixed
in 10% formalin solution, embedded in paraffin, and sec-
tioned into 4-µm-thick slices. In addition, this study was

approved by the ethics committee of our hospital according
to the ethical guidelines of the Japanese government
(approval number: 30–454).

Evaluation of TILs, fibrosis, and necrosis

The percentage of TILs was assessed based on H&E
staining according to a previously reported standardized
methodology for scoring TILs in solid tumors [18]. TILs
were evaluated in the tumor cell compartment under light
microscopy (×200 magnification, ×20 objective lens, and
×10 ocular lens; 0.950 mm2 per field). All sections from
each ICC patient were reviewed. The most fibrotic and
necrotic areas within the tumor were selected at low mag-
nification (×40), and then the fibrosis and necrosis grades
were evaluated in a representative field at high magnifica-
tion (×200). The fibrotic component was divided into the
following three categories: mild, <10%; moderate, 10–60%;
and severe, more than 60% of the tumor. The grade of
necrosis was defined as positive when it occupied more than
10% of the tumor and negative when it was absent. Histo-
logical evaluations were performed independently by two
observers (KY and KK) who were blinded to the clinical
background of the subjected patients. If the difference
between the data was more than 10%, it was recalculated.
The average finding of the two observers was taken as the
final histological data.

Immunohistochemical analysis

The sliced sections were deparaffinized in xylene and rehy-
drated in a graded series of ethanol. Subsequently, the spe-
cimens were subjected to antigen retrieval [37 °C incubation
for 30min, 0.2% trypsin in 0.01mol/L phosphate-buffered
saline for cluster of differentiation 34 (CD34) staining; 98 °C
incubation by microwave for 20min, Tris-EDTA buffer (pH
9.0) for CD8 and Foxp3 staining; and 120 °C incubation by
autoclave for 10min, Tris-EDTA buffer (pH 9.0) for PD-L1
staining]. Next, the specimens were treated with 0.3% H2O2

for 5 min to inhibit the endogenous peroxidase activity. The
primary antibodies, including a mouse monoclonal anti-
CD34 antibody (Clone QBEnd 10; Agilent Technologies,
Santa Clara, CA, USA), mouse monoclonal anti-CD8 anti-
body (Clone C8/144B; Agilent Technologies), mouse
monoclonal anti-Foxp3 antibody (236A/E7; Abcam, Cam-
bridge, UK), and rabbit monoclonal anti-PD-L1 antibody
(E1L3N; Cell Signaling Technology, Danvers, MA, USA),
were applied to the specimens at a dilution of 1:100 and
incubated overnight at 4 °C. The next day, the specimens
were incubated with labeled streptavidin–biotin for 1 h at
room temperature. Color development was performed using
3,3′-diaminobenzidine, followed by counterstaining with
Mayer’s hematoxylin.
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All sliced sections from each patient were reviewed by
two observers (KY and KK) and representative areas of the
invasive component of the tumor were selected from sec-
tions stained with H&E. One section from each paraffin
block per tumor was selected for immunohistochemical
staining. The average MVD detected by CD34 staining was
determined for the five areas of the tumor with the highest
vascular density in the intratumoral area by counting the
CD34-positive microvessels under light microscopy (×200
magnification, ×20 objective lens, and ×10 ocular lens;
0.950 mm2 per field). The average CD8+ and Foxp3+ TIL
counts were calculated for the five areas with the highest
staining density in the intratumoral area by counting CD8+
and Foxp3+ T cells under light microscopy (×400 magni-
fication, ×40 objective lens, and ×10 ocular lens; 0.237 mm2

per field). Immunohistochemical evaluations were per-
formed independently by two observers (KY and KK) who
were blinded to the clinical background of the subjected
patients. If the difference between the data was more than
10%, it was recalculated. The average finding of the two
observers was the final immunohistological data.

Image analysis

The enhancement patterns of hypo-, iso-, or hyperattenua-
tion were qualitatively defined by comparing each sur-
rounding liver parenchyma in the hepatic arterial phase
(HAP). Using the following criteria, each lesion was clas-
sified into one of three groups: (1) the hypovascular group,
in which nodules demonstrated iso- to hypo-attenuation
without hyperattenuation areas in the HAP; (2) the rim-
enhancement group, in which nodules demonstrated
hyperattenuation areas in the tumor peripheral margin
measuring <50% of the lesion volume in the HAP; and (3)
the hypervascular group, in which nodules demonstrated
hyperattenuation areas measuring >50% of the lesion
volume in the HAP [19]. In the case of multiple ICC
lesions, the largest was evaluated. The enhancement pat-
terns of the nodules in the HAP were evaluated indepen-
dently by two observers (KY and SI) who were blinded to
the clinical background and pathological results of the
patients.

Statistical analysis

Standard statistical analyses were used to evaluate
descriptive statistics, including means, medians, fre-
quencies, and percentages. Continuous variables were
compared using the Mann–Whitney U-test and
Kruskal–Wallis test. Categorical variables were compared
using the χ2 test or Fisher’s exact test. Univariate and
multivariate survival analyses were performed using Cox
proportional hazard models. Cumulative overall survival

(OS) and recurrence-free survival (RFS) rates were calcu-
lated using the Kaplan–Meier method, and differences
between curves were evaluated using the log-rank test. OS
was calculated as the number of years from the date of
surgery to the date of the last follow-up or death. To identify
postoperative prognostic factors, several variables found to
be independent in univariate analyses were included in the
overall multivariate Cox proportional model to analyze both
OS and RFS. All statistical tests were two-sided, and a
value of P < 0.05 was considered to indicate statistical
significance. All statistical analyses were performed using
JMP14 software (SAS Institute, Cary, NC, USA).

Results

The 100 enrolled patients included 68 men and 32 women,
the median age was 66 years (range: 33–87 years), and the
median OS and RFS times were 3.2 and 1.3 years,
respectively. Regarding the etiology of ICC, ten patients
had hepatitis B virus infection, and ten patients had hepatitis
C virus infection. Eleven of the 100 patients were diagnosed
with liver cirrhosis by pathological features.

Of these 100 patients, 77 were treated with complete
resection (R0), whereas 23 patients received a nearly
complete resection (R1). In our institution, lymph node
dissection was performed according to whether lymph node
metastasis was suspected on the preoperative abdominal
computed tomography (CT) scan [20]. Pathological exam-
inations revealed that 23 (43.4%) of the 53 patients who
underwent lymph node dissection had lymph node metas-
tasis. Regarding radiological analyses, 74 patients whose
enhancement CT images remained in the electronic medical
records were enrolled to examine the relationship between
the MVD and enhancement CT patterns.

The histopathological definition of cholangiocarcinoma
(CCA) was based on the classification proposed by the
World Health Organization. CCA is classified into intra-
hepatic, perihilar, and distal types, based on its biliary tree
location. Peripheral and perihilar CCA were diagnosed in
72 and 28 cases, respectively. Peripheral CCA cases were
classified into the following subtypes: mass-forming (MF),
periductal infiltrating (PI), and intraductal growth (IG)
types. Sixty-seven (93.1%), four (5.6%), and one (1.3%)
tumor were classified as MF, PI, and IG, respectively.
Recently, peripheral and perihilar CCAs have been reported
to show similar pathologic characteristics and outcomes
[21]. In addition, the large-duct type of ICC may share
molecular features with perihilar CCA [22]. Moreover, it is
difficult to discriminate perihilar type from peripheral type
solely by the tumor location. Perihilar type can develop in
the hepatic hilar area, which resembles the perihilar type.
Therefore, this study included 28 perihilar CCAs in ICC.
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Comparison of the clinicopathological
characteristics between patients with high
and low MVDs

The median MVD in the intratumoral area was 39.5/
0.950 mm2 (range: 7.2–128.6/0.950 mm2), and a cutoff
value of 40.6/0.950 mm2 was applied using a receiver
operating characteristic (ROC) curve (area under the curve,
0.669; sensitivity, 71.1%; specificity, 64.8%, P= 0.003).
The cutoff value classified 50/100 patients (50.0%) as the
high MVD group (≥40.6/0.950 mm2) and 50/100 patients
(50.0%) as the low MVD group (<40.6/0.950 mm2). Fig-
ure 1 shows the representative high and low MVD for the
immunohistochemical staining of CD34.

The clinicopathological characteristics of patients in the
high and low MVD groups are shown in Table 1. Overall,
the serum platelet counts and carbohydrate antigen 19-9
(CA19-9) levels were high in patients with low MVDs
compared with those with high MVDs (median 13.3 vs.
21.6 × 104/μL, P= 0.017; median 34.9 vs. 90.4 U/mL, P=
0.008). The patients with a low MVD had a significantly
larger tumor size (median 3.5 vs. 5.0 cm, P= 0.016) than
those with a high MVD. Moreover, microvascular invasion
and intrahepatic and lymph node metastasis were more
frequently observed in patients with low MVDs than in
those with high MVDs [18/50 (36.0%) vs. 34/50 (68.0%),
P= 0.001; 13/50 (26.0%) vs. 24/50 (48.0%), P= 0.023; 4/
50 (8.0%) vs. 19/50 (38.0%), P < 0.001, respectively].

Comparison of each attenuation pattern on
enhancement CTs between patients with high and
low MVDs

In addition, the relationship between the intratumoral
MVD and radiological features of attenuation patterns in
the HAP on enhancement CTs was confirmed. According
to the above criteria [19], the attenuation patterns in ICCs
were classified as hypovascular (hypo, n= 28), rim-
enhancement (rim, n= 27), and hypervascular (hyper,
n= 19) types (Fig. 2a). The attenuation patterns were

significantly correlated with the MVD in ICCs (P < 0.001;
Fig. 2b). ICCs with low MVDs were significantly reflec-
ted as hypovascular lesions on enhancement CTs com-
pared with ICCs with high MVDs [ratio of hypovascular
lesions: 7/42 (16.7%) vs. 21/32 (65.6%), P < 0.001].
Furthermore, as shown in Supplementary Fig. 1, the
patients with hypervascular lesions in ICCs on enhance-
ment CTs showed favorable prognoses compared with the
hypo- and rim-enhancement groups (OS, P= 0.059; RFS,
P= 0.043).

Relationships between the MVD, CD8+
and Foxp3+ TILs, and PD-L1

Next, the relationships between the MVD, CD8+ and
Foxp3+ TILs, and PD-L1 expression in cancer cells in ICC
tissues were clarified. According to the consensus evalua-
tion of TILs [18], the proportion of infiltrating intratumoral
inflammatory cells was variable in ICC tissues (Fig. 3a).
Interestingly, a highly statistically significant relationship
was observed between the MVD and intratumoral TIL
count (r= 0.562, P < 0.001; Fig. 3b).

Accordingly, immunohistochemical staining was per-
formed to confirm the detailed distribution of T lympho-
cytes. The ICC patients with low MVDs had higher CD8+
and lower Foxp3+ TIL counts than those with high MVDs
(median CD8+ TIL counts: 19.9 vs. 24.8 cells/0.237 mm2;
median Foxp3+ TIL counts: 7.6 vs. 3.9 cells/0.237 mm2).
More importantly, highly statistically significant relation-
ships were observed between the MVD and CD8+ TIL
count (r= 0.754, P < 0.001; Fig. 3c, d) and Foxp3+ TIL
count (r=−0.302, P= 0.003; Fig. 3d, e). Cutoff values of
CD8+ and Foxp3+ TILs were decided based on the
respective median values (25.5 cells/0.237 mm2 for CD8+
and 5.0 cells/0.237 mm2 for Foxp3+) for further prognostic
analysis. The clinicopathological characteristics of patients
in the high and low CD8+ TIL and Foxp3+ TIL groups are
shown in Supplementary Table 1. Moreover, PD-L1
expression levels in ICC cells were evaluated by IHC.
The cutoff point for PD-L1 expression was defined at 1% of

Fig. 1 Representative features
of microvessels in intrahepatic
cholangiocarcinoma. Cases of
intratumoral high (n= 50, a)
and low (n= 50, b) MVDs
(×200 magnification).
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total cancer cells as previously described [23], and the
patients were divided into PD-L1 negative (n= 51) and PD-
L1 positive (n= 49) groups (Fig. 4a, b). There were no
significant differences between PD-L1 expression and
MVDs or CD8+ and Foxp3+ TILs (Fig. 4c).

Regarding the degree of fibrosis and necrosis, the pro-
portion of fibrosis was classified as mild (n= 66), moderate
(n= 23), and severe (n= 11) in the ICC stroma (Fig. S2a).
Fifty-one ICCs showed necrosis, and 49 showed no necrosis
(Fig. S2b). No significant difference was found between the

Fig. 2 Representative features
and comparison of each
attenuation pattern on
enhancement CTs (n= 74).
a In the arterial phase,
hypovascular lesions (n= 28,
white arrowhead), rim-
enhancement (n= 27), and
hypervascular lesions (n= 19)
were observed on enhancement
CTs. b Correlation between the
MVD and each attenuation
pattern on enhancement CTs.

Table 1 Comparison of the
clinicopathological factors
between patients with high and
low microvessel densities
(MVDs) following hepatic
resection of intrahepatic
cholangiocarcinoma.

Factors High MVD (n= 50) Low MVD (n= 50) P value

Age (years) 65 (33–82) 67 (39–87) 0.424

Sex (male/female) 35/15 33/17 0.668

HBV (+, %) 4 (8.0%) 6 (12.0%) 0.505

HCV (+, %) 5 (10.0%) 5 (10.0%) 1.000

Albumin (g/dL) 4.1 (3.2–5.3) 4.1 (2.9–4.7) 0.729

Total bilirubin (mg/dL) 0.7 (0.2–1.8) 0.7 (0.4–8.7) 0.637

ALP (U/L) 307.0 (127–1344) 351.5 (125–1337) 0.143

γ-GTP (IU/L) 76.5 (24–574) 94.5 (11.7–1071) 0.508

Platelets (×104/μL) 13.3 (5.2–44.0) 21.6 (10.4–54.3) 0.017*

Total lymphocytes (×103/uL) 1.5 (0.4–4.0) 1.4 (0.4–2.8) 0.391

ICG15 (%) 11.6 (1.9–31.0) 9.1 (2.3–23.6) 0.179

CEA (ng/mL) 2.8 (0.0–117.5) 2.6 (0.4–30.7) 0.664

CA19-9 (U/mL) 34.9 (0.0–531.9) 90.4 (0.6–98106) 0.008*

Tumor size (cm) 3.5 (0.5–12.0) 5.0 (1.7–9.5) 0.016*

Tumor localization (peripheral type/perihilar type) 40/10 32/18 0.075

ICC subtype (n= 72)
MF/PI/IG

38/2/0 29/2/1 0.426

Poor differentiation (%) 27 (54.0%) 32 (64.0%) 0.309

Microvascular invasion (%) 18 (36.0%) 34 (68.0%) 0.001*

Bile duct invasion (%) 19 (38.0%) 23 (46.0%) 0.418

Intrahepatic metastasis (%) 13 (26.0%) 24 (48.0%) 0.023*

Lymph node metastasis (%) 4 (8.0%) 19 (38.0%) <0.001**

Histological liver cirrhosis (%) 7 (14.0%) 4 (8.0%) 0.338

Data are presented as n (%) or the median (range).

ALP alkaline phosphatase, CA19-9 carbohydrate antigen 19-9, CEA carcinoembryonic antigen, γ-GTP γ-
glutamyl transpeptidase, HBV hepatitis B virus, HCV hepatitis C virus, ICG15 indocyanine green retention
rate at 15 min, IG intraductal growth, MF mass-forming, MVD microvessel density, PI periductal infiltrating.

*P < 0.05; **P < 0.001.
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Fig. 3 Representative features
of CD8 and Foxp3
immunohistochemically
staining and comparisons of
the MVD and each
immunohistochemical finding.
a Variable features of
intratumoral TILs (×200
magnification). b Relationship
between the MVD and TILs.
c Representative features of high
and low CD8+ TILs and
d relationship between the
MVD and CD8+ TILs.
e Representative features of
high and low Foxp3+ TILs
(×400 magnification).
f Relationship between the
MVD and Foxp3+ TILs.

Fig. 4 Representative features
of PD-L1 expression in
intrahepatic
cholangiocarcinoma. PD-L1
negative (n= 51, a) and positive
(n= 49, b) cases (×200
magnification). c Relationships
between PD-L1 expression
and MVDs and CD8+ and
Foxp3+ TILs.
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MVD and fibrosis (P= 0.835; Fig. S2c). Necrosis was also
not significantly related to the MVD (P= 0.058; Fig. S2d).

Prognosis analysis of patients with ICC according to
the MVD, CD8+ and Foxp3+ TILs, and PD-L1

The OS and RFS curves for patients with high and low
MVDs are shown in Fig. 5. Patients with a low MVD had a
significantly worse prognosis than those with a high MVD
for both OS and RFS (median OS time: 1.6 vs. 7.4 years, P
< 0.001; median RFS time: 0.7 vs. 8.8 years, P < 0.001)
(Fig. 5). The OS and RFS curves with respect to CD8+ and
Foxp3+ TIL counts and PD-L1 expression are shown in
Supplementary Fig. 3. Patients with a low CD8+ TIL count
had a significantly worse RFS than those with a high CD8+
TIL count (median RFS time: 1.0 vs. 4.2 years, P= 0.023)
and tended to show a worse, but not statistically significant,
OS (median OS time: 2.7 vs. 6.0 years, P= 0.090) (Fig.
S3a). Patients with a high Foxp3+ TIL count had a sig-
nificantly worse prognosis than those with a low Foxp3+
TIL count for OS (median OS time: 2.3 vs. 6.0 years, P=
0.045) but not for RFS (median RFS time: 1.0 vs. 2.8 years,
P= 0.051) (Fig. S3b). Patients with high PD-L1 expression
had a significantly worse prognosis than those with low PD-
L1 expression for OS (median OS time: 1.9 vs. 7.4 years,
P= 0.048) but not for RFS (median RFS time: 1.4 vs. 1.1
years, P= 0.521) (Fig. S3c).

To evaluate clinical continuous variables, the following
cutoff values were decided using ROC curves: 54 years for
the patient’s age, 4.0 g/dL for the serum albumin level, 2.1
ng/mL for the serum carcinoembryonic antigen (CEA),
84.6 U/mL for the serum CA19-9 level, and 3.2 cm for the
tumor size. The 28 cases of perihilar type were excluded
from the prognostic analysis. Univariate analyses showed
that the significant prognostic factors for OS were low
MVD, low CD8+ TIL count, PD-L1 positivity, large tumor
size (≥3.2 cm), positivity for microvascular invasion, and
intrahepatic and lymph node metastases. Univariate ana-
lyses showed that the significant prognostic factors for RFS

were low MVD, low CD8+ TIL count, high serum CA19-9
level (≥84.6 U/mL), large tumor size (≥3.2 cm), positivity
for microvascular invasion, and intrahepatic and lymph
node metastases. Multivariate analysis identified PD-L1
positivity, large tumor size (≥3.2 cm), and positivity for
lymph node metastasis as significant prognostic factors that
influenced OS and low MVD and positivity for intrahepatic
metastasis as significant prognostic factors that influenced
RFS (Table 2).

Discussion

In the current study, we first determined that a low intra-
tumoral MVD is a significant predictive factor in patients
with ICC. In addition to histological evaluations, a hypo-
vascular lesion on an enhancement CT significantly reflects
a low MVD in ICC tissues. Furthermore, a low intratumoral
MVD is strongly correlated with low CD8+ and high
Foxp3+ TIL counts, whereas no significant correlations
were found with fibrosis, necrosis, and PD-L1 expression in
cancer cells. Taken together, a decreased intratumoral MVD
is significantly associated with ICC progression, possibly by
altering the recruitment of intratumoral TILs.

Previous studies have demonstrated that tumor micro-
vessels predict a poor prognosis in ICC patients who have
undergone radical resection. However, discrepancies exist
among these results. Some reports showed that high MVD
was associated with poor prognosis in ICC patients [24–
26]. On the other hand, Aishima et al. showed that a
decreased intratumoral arterial vessel density significantly
reflected aggressive tumor behavior and poor prognoses in
ICC patients [27]. Nanashima et al. also showed that a
lower microvessel count was correlated with tumor
malignancy in 37 ICC patients [28]. Consistent with these
results, we confirmed that low MVDs were highly asso-
ciated with a worse prognosis of ICC patients than those
with high MVDs. Tumor angiogenesis has been described
as a modulator of tumor malignant activities in several

Fig. 5 Relationship between
MVD and overall and
recurrence-free survival in
ICC patients who underwent
hepatic resection. The solid line
shows survival in patients with
high MVD and the dotted line
shows survival in patients with
low MVD.
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cancer types because it provides the route for micro-
vascular invasion and metastasis and maintains tumor
conditions such as oxygen and nutrients. Our results
demonstrated that a high blood supply is not always
associated with ICC progression. In the current popula-
tion, the tumor size of the low MVD group was sig-
nificantly larger than that of the high MVD group, which
suggests that low vascularity may affect tumor growth.
Tumor angiogenesis may be necessary for tumor growth
at an early stage, but at the advanced stage, the decreased
microvessels may have some effect on tumor progression.

Recent studies found that ICCs showed typical hypo-
vascular lesions, and patients with hypovascular lesions in
the HAP had significantly poor prognoses [19, 29]. Con-
sistent with these findings, our results that ICCs with
hypovascular lesions on enhancement CTs significantly
reflected low MVDs in ICC tissues and poor prognoses are
plausible. The enhancement patterns on CT strongly cor-
related with the intratumoral MVD; therefore, it might be a
prognostic predictor in the preoperative assessment. Thus, a
histological MVD evaluation combined with radiological
enhancement patterns on CTs can be helpful to stratify risk
among ICC patients.

As cited above, an increasing number of studies have
demonstrated that tumor angiogenesis is associated with
poor prognosis in patients with ICC; however, the detailed

association between tumor microvessels and ICC progres-
sion has not been fully elucidated. In this study, we eval-
uated the relationship between the MVD and TILs,
revealing a high correlation between the MVD and CD8+
and Foxp3+ TIL counts. In ICC, Vigano et al. found that
CD3+ and CD8+ TILs were associated with higher sur-
vival and lower recurrence rates, whereas Foxp3+ TILs
were associated with a worse prognosis [30]. Consistent
with this finding, our results provided evidence that low
CD8+ and high Foxp3+ TIL counts were associated with a
poor prognosis in ICC patients. Importantly, we identified
that intratumoral MVDs showed a strong positive correla-
tion with the CD8+ TIL count and a negative correlation
with the Foxp3+ TIL count in ICC. These findings suggest
that tumor microvessels might regulate antitumor immunity
through the attenuation of cytotoxic TILs and activation of
regulatory TILs in ICC.

Recently, immune checkpoint inhibitors (ICIs) have
been highlighted as an effective treatment strategy for
several cancers [31]. In HCC, we and others previously
reported that PD-L1 expression in cancer cells was asso-
ciated with a poor clinical outcome [23, 32, 33]. However,
the prognostic impact of PD-L1 expression in ICC
patients remains controversial [16, 34, 35]. Our results
showed that PD-L1 expression was associated with poor
prognoses in ICC patients. Relationships between PD-L1

Table 2 Univariate and multivariate analyses of risk factors for overall and recurrence-free survival following hepatic resection of peripheral
cholangiocarcinoma.

Factors Overall survival Recurrence-free survival

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Low MVD 2.82 (1.30–6.13) 0.009* 2.21 (0.25–2.25) 0.177 2.97 (1.42–6.21) 0.004* 3.77 (1.38–10.3) 0.010*

Low CD8+ TILs 2.59 (1.20–5.60) 0.015* 0.75 (0.24–2.25) 0.601 2.33 (1.18–4.59) 0.015* 0.47 (0.18–1.23) 0.123

High Foxp3+ TILs 1.30 (0.63–2.70) 0.480 1.11 (0.58–2.14) 0.750

PD-L1 positive 2.54 (1.15–5.61) 0.021* 2.70 (1.06–6.87) 0.037* 1.35 (0.70–2.61) 0.371

Age (≥54) 0.68 (0.31–1.51) 0.341 0.60 (0.28–1.27) 0.181

Male 1.21 (0.54–2.73) 0.647 1.48 (0.70–3.15) 0.307

Albumin (<4.0 g/dL) 1.86 (0.90–3.86) 0.096 1.39 (0.72–2.71) 0.327

CA19-9 (≥84.6 U/mL) 2.13 (0.98–4.64) 0.056 2.02 (1.00–4.07) 0.049* 0.85 (0.35–2.08) 0.727

Tumor size (≥3.2 cm) 7.05 (1.67–29.7) 0.008* 5.39 (1.17–24.7) 0.030* 3.78 (1.46–9.77) 0.006* 2.44 (0.82–7.29) 0.109

Poor differentiation 1.14 (0.54–2.42) 0.729 1.31 (0.66–2.60) 0.432

Microvascular invasion (+) 2.87 (1.26–6.53) 0.012* 1.97 (0.75–5.12) 0.167 2.73 (1.36–5.50) 0.005* 1.61 (0.68–3.83) 0.276

Bile duct invasion (+) 1.51 (0.73–3.15) 0.268 1.05 (0.53–2.08) 0.883

Intrahepatic metastasis (+) 3.24 (1.54–6.81) 0.002* 1.60 (0.71–3.62) 0.258 3.39 (1.74–6.58) <0.001** 2.44 (1.05–5.70) 0.039*

Lymph node metastasis (+) 3.76 (1.65–8.58) 0.002* 7.36 (2.19–24.8) 0.001* 2.33 (1.01–5.36) 0.046* 2.31 (0.73–7.26) 0.153

Histological liver
cirrhosis (+)

1.75 (0.66–4.63) 0.258 1.39 (0.54–3.61) 0.495

CA19-9 carbohydrate antigen 19-9, CD8 cluster of differentiation 8, CI confident interval, Foxp3 forkhead box protein P3, HR hazard ratio,
MVD microvessel density, PD-L1 programmed death-ligand 1, TILs tumor-infiltrating lymphocytes.

*P < 0.05; **P < 0.001.
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expression in ICC cells and CD8+ and Foxp3+ TILs and
microvessels were not found in this study. These results
suggest that PD-L1 expression in cancer cells might be
involved in epigenetic mechanisms that are unique to ICC
cells, not the effects of the immune status in TMEs.
However, the number of TILs and level of PD-L1
expression in ICC suggested that ICIs might provide
effective treatment.

This study has some potential limitations. First, this was
a single-center and long-term retrospective study designed
to examine prognostic factors influencing OS and RFS. This
case series included patients treated in postoperative adju-
vant chemotherapy, which might influence their long-term
outcomes. Second, our findings suggest that cancer-
associated ECs can produce some mediators and regulate
the antitumor immune response in ICC. However, we did
not examine the detailed mechanisms. Finally, all other
distributions of tumor-infiltrating immune cells and factors
that affect angiogenesis were not clarified, all of which
require further work.
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