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Background/Aims: Patients with active cancer frequently develop venous thromboembolism
(VTE). However, there is little data about VTE in patients with advanced cholangiocarcinoma
(CCA). Therefore, we investigated the clinical significance of VTE in patients with advanced CCA.

Methods: We analyzed the data of a total of 332 unresectable CCA patients diagnosed between
2010 and 2020 in this retrospective study. We investigated the incidence and risk factors for VTE,
and its effect on survival in patients with advanced CCA.

Results: During a median follow-up of 11.6 months, 118 patients (35.5%) developed VTE. The
cumulative incidence of VTE was 22.4% (95% confidence interval [Cl], 0.18 to 0.27) at 3 months
and 32.8% (95% ClI, 0.27 to 0.38) at 12 months. Major vessel invasion was an independent
risk factor for VTE (hazard ratio, 2.88; 95% ClI, 1.92 to 4.31; p<0.001). Patients who developed
VTE during follow-up had shorter overall survival than patients who did not (11.50 months vs
15.83 months, p=0.005). In multivariable analysis, VTE (hazard ratio, 1.58; 95% Cl, 1.23 to 2.02;
p<0.001) was associated with poor overall survival.

Conclusions: Major vessel invasion is related to the occurrence of VTE in advanced CCA. The
development of VTE significantly decreases the overall survival and is an important unfavorable
prognostic factor for survival. (Gut Liver 2024;18:165-173)
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patic, depending upon the location. Most of these cancers

INTRODUCTION

Venous thromboembolism (VTE) occurs in 15% to 20%
of all cancer patients." VTE is clinically one of the most
important causes of morbidity and mortality in cancer pa-
tients.”” Several large epidemiologic studies have reported
the highest risk of VTE in intraabdominal tumors such as
ovarian, gastric, and pancreatic cancers.”® However, few
studies have been conducted on VTE in cholangiocarci-
noma (CCA).

CCA is a relatively rare disease, accounting for about 3%
of all gastrointestinal tumors.”* The incidence of CCA has
been reported to be higher in Asians.” CCA is a malignant
disease originating from the epithelium of the bile duct,
and is classified into intrahepatic, perihilar, and extrahe-

are highly lethal because they are diagnosed at an advanced
stage."”"" The clinical significance of CCA has increased
with the growth of disease burdens in recent years."*"
Some previous studies have investigated VTE occur-
rence in CCA patients. These studies have limitations in
that they do not represent the characteristics of the entire
patient group because they only targeted patients who had
undergone surgery.'"'* One study including all subtypes
of CCA reported that the incidence of VTE in CCA is ap-
proximately 14.7%. However, this study had limitations
because of the small number of VTE patients, and patients
with advanced CCA were only analyzed by subgroup
analysis. There was little data analyzing the occurrence of
VTE in CCA patients at an advanced stage. Nevertheless,
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the occurrence of VTE in advanced stages of CCA is clini-
cally important, because the risk of VTE in cancer patients
is higher in advanced stages than in early stages.”"'* Ac-
cordingly, there is an increased need for studies of VTE in
advanced CCA patients.

Therefore, the purpose of this study is to investigate
the clinical significance of VTE in patients with advanced
CCA.

MATERIALS AND METHODS

1. Study design and patients

This retrospective study investigated patients newly
diagnosed with CCA at a single tertiary center (Seoul Na-
tional University Hospital, Seoul, Korea) between 2010 and
2020, using an electronic medical records database (Fig. 1).
The diagnosis of CCA was confirmed using pathological
records, and we considered all subtypes of CCA, including
intrahepatic, hilar, and extrahepatic, except for gallbladder
cancer. Among them, we included patients with advanced
CCA, defined as those who had been diagnosed with un-
resectable CCA or recurred after operation.” We analyzed
those patients who had had adequate follow-up for at least
1 month. We excluded patients according to the following
exclusion criteria: VTE associated with causes other than
CCA, a diagnosis without pathologic confirmation, and
patients with insufficient data.

We defined VTE as all venous thromboembolisms,
including splanchnic venous thrombosis, deep vein throm-
bosis, or pulmonary thromboembolism."® Trained experts
confirmed the diagnosis of VTE based on radiologic stud-
ies such as Doppler sonography and/or computed tomog-
raphy.

The Institutional Review Board of the Seoul National
University Hospital approved this retrospective study (IRB
number: H-2009-146-1159), and informed consent was
waived.

2. Data collection and definition

Patient characteristics were retrospectively collected,
including age, sex, body mass index, location of tumor,
clinical stage including major vessel invasions and distant
metastases, laboratory findings (carcinoembryonic anti-
gen, carbohydrate antigen 19-9), and treatment modalities
such as chemotherapy and surgery. Patients with CCA
were managed according to National Comprehensive
Cancer Network guideline during the follow-up period. In
cases of cancer recurrence after operation, the recurrence
date was defined as the date of diagnosis. This is because
this study was conducted on unresectable CCA patients
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who had received anticancer treatment or supportive care.
Anticancer treatment included palliative chemotherapy
and radiotherapy, and patients who received palliative
chemotherapy were defined as those whose disease status
had been evaluated at least once after initiation of chemo-
therapy. Major vessel invasion was defined as cancer inva-
sion of the hepatic artery, portal vein, and its branches and
variant hepatic vessels.” The Khorana score was calculated
as previously used in patients with cancer.”’ Progression-
free survival (PFS) is defined as the time from diagnosis to
cancer progression during first-line chemotherapy. Overall
survival (OS) was defined from the date of diagnosis to the
date of death in months, or the date of the last follow-up.

3. Study outcome measures

The primary outcome of this study was the incidence
and risk factors for VTE in patients with advanced CCA.
The secondary outcomes were defined as the prognostic
factors for CCA and the effect of VTE on PES and OS.

4. Statistical analysis

To compare the basic characteristics, we used the Stu-
dent t-test and chi-square test for continuous and dichoto-
mous variables, respectively. If any subgroups had fewer
than four subjects, the Fisher exact test was used instead of
a chi-square test. Cumulative incidence of VTE, PFS, and
OS were calculated using the Kaplan-Meier method. A log-
rank test was used to compare survival between groups in
univariable analysis. Survival data was gathered from the
national database of the Ministry of Public Administra-
tion. The body mass index of two patients was missing and
their Khorana score could not be obtained. Missing data
were replaced with the median because the number is very
small.

In multivariable analysis, a Cox proportional hazard
model was used to analyze the risk factors for VTE de-
velopment and survival. Variables with p<0.05 in univari-
able analysis were included in a multivariable analysis. A
three-state unidirectional illness-death model was used
to analyze death without VTE and factors related to VTE
development or death.'®* Moreover, to study the effect of
VTE onset time on mortality, we extended the multistate
model to include VTE onset time." The multistate model
was designed to analyze three different states (Supplemen-
tary Fig. 1). State 1 is a state of being alive without VTE at
the time of diagnosis. In state 2, the patient who developed
VTE is alive or in a transient state. State 3 is an absorbing
state in cases of death. This model has three potential tran-
sitions, depending on these states. Patients diagnosed with
CCA may develop VTE (transition 1) or die (transition 2)
after diagnosis. In addition, living patients with CCA who
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develop VTE might die (transition 3). p<0.05 indicated sta-
tistical significance. Statistical calculations were performed
with R environment ver. 4.1.0 (The R Foundation for
Statistical Computing, Vienna, Austria) using the mstate
library.

RESULTS

1. Baseline characteristics of the study population

Of the 534 patients newly diagnosed as having CCA
with at least a 4-week follow-up, 193 had resectable CCA.
Patients with advanced CCA included 97 patients with
postoperative relapse and 341 with unresectable CCA.
Among them, we excluded 106 patients according to the
exclusion criteria, and we analyzed a total of 332 patients
(Fig. 1). As a result, 118 patients (35.5%) were diagnosed
with VTE. The median follow-up period was 11.6 months
(range, 1 to 82 months). Table 1 shows the comparison
of baseline characteristics in the advanced CCA patients
according to VTE. Intrahepatic CCA was the most com-
mon (66.3%). Patients having recurrence after operation
(36.7% vs 15.4%, p<0.001) or who had received anticancer
treatment (84.1% vs 70.3%, p=0.005) had significantly less
VTE.

Major vessel invasion was also significantly higher in

the patient group with VTE (34.4% vs 63.2%, p<0.001).
Baseline carbohydrate antigen 19-9 was significantly
higher in patients with VTE (1,929 U/mL vs 7,462 U/mL,
p=0.022). There was no significant difference between two
groups in other variables.

2. Primary study outcomes

Of the 118 VTE patients, 45 of them (38.5%) had VTE
at the time of CCA diagnosis. Visceral venous thrombosis
was the most common with 97 patients (82.9%), pulmo-
nary thromboembolism with 27 patients (23.1%), and deep
vein thrombosis with 14 patients (12.0%). Among visceral
venous thrombosis cases, portal vein thrombosis was the
most common type of VTE, accounting for 74 patients
(Table 2). Only 13.6% (16/118) of patients with VTE had
cholangitis prior to diagnosis of VTE.

The cumulative incidence rates of VTE were 22.4% (95%
confidence interval [CI], 0.18 to 0.27) at 3 months and
32.8% (95% CI, 0.27 to 0.38) at 12 months (Fig. 2).

In the univariable analysis, hilar location, major vessel
invasion and anticancer treatment recurrences after opera-
tion were factors that significantly affected the incidence
of VTE. In multivariable analysis, major vessel invasion
(hazard ratio [HR], 2.88; 95% CI, 1.92 to 4.31; p<0.001),
was an independent risk factor for the onset of VTE. Hilar
location (HR, 0.18; 95% CI, 0.06 to 0.52; p=0.002), anti-

Diagnosed as CCA
with follow-up over 4 wk

(n=534)

Resectable CCA
(n=193)
after operation

(n=96) v

Recurrence after
operation

[ No evidence of disease

(n=97)
[

l

[ Unresectable CCA J

(n=341)

v

(n=4

Advanced CCA
38)

1

No pathologic confirmation (n=8)

VTE due to other causes (n=55)

v

Insufficient data (n=43)

Total included patients
(n=332)

|

Patients with VTE
(n=118)

A 4

Patients without VTE
(n=214)

Fig. 1. Study flowchart. CCA, cholan-
giocarcinoma; VTE, venous throm-
boembolism.
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Table 1. Baseline Characteristics of Patients According to the Presence of VTE

Characteristic All patients (n=332) Patients without VTE (n=214)  Patients with VTE (n=118) p-value
Mean age, yr 63.9 63.7 64.0 0.808
Male sex 212(63.9) 131(60.9) 81(69.2) 0.219
Mean body mass index, kg/m2 23.5 23.5 23.3 0.768
Tumor location 0.008
Hilar 107 (32.2) 81(37.7) 26 (22.2)
Intrahepatic 220 (66.3) 132 (61.4) 88(75.2)
Extrahepatic 5(1.5) 1(0.5) 4(3.4)
Clinical stage
Major vessel 148 (44.6) 74 (34.4) 74 (63.2) <0.001
Distant metastasis 252 (75.9) 166 (77.2) 86 (73.5) 0.411
Recurrence after operation 97(29.2) 79 (36.7) 18 (15.4) <0.001
Anticancer treatment 263 (79.2) 180 (84.1) 83(70.3) 0.005
Laboratory findings, mean
CEA, ng/mL 60.4 70.6 42.5 0.616
CA19-9, U/mL 3,914 1,929 7,462 0.022
Khorana score
Low 243(73.2) 160 (74.4) 83(70.9) 0.520
Intermediate 84 (25.3) 52 (24.2) 32(27.4) 0.635
High 3(0.9) 1(0.5) 2(1.7) 0.594
Data are presented as number (%) unless otherwise indicated.
VTE, venous thromboembolism; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9.
Table 2. Anatomical Distribution of Venous Thromboembolism 1.00
Site No. (%)
o)
Initial venous thromboembolism 45 (38.5) S 0.75 A
DVT&PTE 39(33.3) IS
DVT 14 3
PTE 27 £ 0.50-
Visceral venous thrombosis 97(82.9) g
Portal vein 74 g
Superior mesenteric vein 8 g 0.25 A
Hepatic vein 13 O
Inferior vena cava 12
Others 8 T T T T T T T )
- - - 0 10 20 30 40 50 60 70
DVT, deep vein thrombosis; PTE, pulmonary thromboembolism.
Months
No. at risk

cancer treatment (HR, 0.42; 95% CI, 0.28 to 0.63; p<0.001),
and recurrence after operation (HR, 0.57; 95% CI, 0.33 to
0.96; p=0.036) showed significant protective effect on the
development of VTE (Table 3).

3. Secondary study outcomes

The overall median PFS in the VTE group was 8.56
months (95% CI, 6.47 to 13.87), and in the non-VTE
group, 9.67 months (95% CI, 8.80 to 12.77). This is not sta-
tistically significant (p=0.122) (Fig. 3). In the univariable
analysis, distant metastases affected PFS. The multivariable
Cox regression analysis showed distant metastases (HR,
2.61; 95% CI, 1.60 to 4.30; p<0.001) was the only indepen-
dent risk factor for reduced PFS (Table 4).

The median OS was 11.50 months (95% CI, 10.00 to
14.63) and 15.83 months (95% CI, 14.17 to 19.40) in the
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332 160 68 35 21 14 5 1

Fig. 2. Cumulative incidence of venous thromboembolism.

VTE and non-VTE groups, respectively. The VTE group
showed a significantly shorter OS (p=0.005) (Fig. 3). In
univariable analysis, major vessel invasion, anticancer
treatment, recurrences after operation, and VTE were
factors that affected the OS. As a result of multivariable
analysis in Cox regression analysis, distant metastases (HR,
1.47; 95% CI, 1.11 to 1.95; p=0.007) and VTE (HR, 1.58;
95% CI, 1.23 to 2.02; p<0.001) are risk factors for a shorter
OS. On the other hand, anticancer treatment (HR, 0.32;
95% CI, 0.24 to 0.43; p<0.001) had a favorable effect on
OS (Table 5). And patients with recurrence after operation
showed relatively better prognosis than those who were
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Table 3. Risk Factors for the Development of Venous Thromboembolism until the Date of Last Follow-up or Death after a Diagnosis of Cholangio-
carcinoma

Univariable Multivariable
Factor
HR (95% CI) p-value HR (95% CI) p-value
Age >60 yr 1.00 (0.70-1.50) 0.931
Male sex 1.30 (0.85-1.90) 0.242
Location
Extrahepatic Reference Reference
Hilar 0.23 (0.08-0.67) 0.007 0.18 (0.06-0.52) 0.002
Intrahepatic 0.47 (0.17-1.28) 0.138 0.41(0.15-1.14) 0.086
Major vessel invasion 2.90 (2.00-4.20) <0.001 2.88(1.92-4.31) <0.001
Distant metastasis 0.97 (0.64-1.40) 0.864
Anticancer treatment 0.38(0.25-0.57) <0.001 0.42(0.28-0.63) <0.001
Recurrence after operation 0.32(0.19-0.53) <0.001 0.57 (0.33-0.96) 0.036
HR, hazard ratio; Cl, confidence interval.
A 1.00 B 1.00
g
S 0.75 1 0.75
S ©
[ 2
8 g
‘T 0.50 A £ 0.50
S ©
g 0.25 - 0.25 -
o Non-VTE
[ Non-VTE
VTE VTE "o oy T o
0 10 20 30 40 50 0 10 20 30 40 50 60 70 80
Months Months
No. at risk No. at risk
Non-VTE 198 65 21 9 4 2 Non-VTE 214 150 78 43 20 13 5 2 0
VTE 97 26 2 1 1 0 VTE 118 61 24 9 6 4 1 1 1

Fig. 3. Comparison of (A) progression-free survival and (B) overall survival between the venous thromboembolism (VTE) group and the non-VTE
group.

Table 4. Prognostic Factors Influencing Progression-Free Survival

Univariable Multivariable
Factor
HR (95% Cl) p-value HR (95% Cl) p-value

Age >60 yr 0.75 (0.54-1.00) 0.079
Male sex 0.91(0.66-1.30) 0.589
Location

Extrahepatic Reference

Hilar 0.42(0.17-1.00) 0.057

Intrahepatic 0.49 (0.20-1.20) 0121
Major vessel invasion 0.73(0.51-1.00) 0.073 0.94 (0.65-1.40) 0.741
Distant metastasis 2.60(1.60-4.10) <0.001 2.61(1.60-4.30) <0.001
Recurrence after operation 0.86 (0.61-1.20) 0.390
Venous thromboembolism 1.20 (0.80-1.70) 0.437 1.30 (0.89-1.90) 0.180

HR, hazard ratio; Cl, confidence interval.
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initially diagnosed with unresectable CCA (HR, 0.68; 95%
CIL 0.51 to 0.97; p=0.009) (Table 5).

Fig. 4 is the result of analysis using a three-state uni-
directional illness-death model to confirm the effect of
VTE on OS. We did not include patients who have VTE
at diagnosis of CCA when analyzing the multistate model
(Supplementary Fig. 1). As a result, patients diagnosed
with CCA rapidly transitioned to death after developing
VTE. Of the 276 patients diagnosed with CCA without
VTE, 183 (66.3%) died (transition 1) and 56 (91.8%) of the
62 patients who developed VTE died (transition 2) (odds
ratio, 14.07; 95% CI, 0.11 to 0.26; p=0.002).

We also performed a subgroup analysis of patients with
VTE to analyze the effects of anticoagulation, and 31.4%
(37/118) of VTE patients received anticoagulation. Patients

— Without VTE — VTE (transition 1)
fffff Without VTE — death (transition 2)
""""""""" VTE — death (transition 3)

Cumulative hazard
w
1

0 1 2 3 4 5 6 7
Years

Fig. 4. Multistate model of state occupation probabilities during the
entire follow-up period showing clinical course in patients with ad-
vanced cholangiocarcinoma at risk of venous thromboembolism (VTE)
and death.

Table 5. Prognostic Factors Influencing Overall Survival

who received anticoagulation had a significantly better OS
(p=0.010) (Supplementary Fig. 2), but anticoagulation was
not a statistically significant prognostic factor in multivari-
able analysis (HR, 0.81; 95% CI, 0.52 to 1.26; p=0.349)
(Supplementary Table 1).

DISCUSSION

The clinical significance of VTE in advanced CCA is
not understood well. This study shows that VTE is more
likely to occur in patients with major vessel invasion. On
the other hand, patients with hilar CCA or who had re-
ceived anticancer treatment had lower incidence of VTE.
Portal vein thrombosis was the most common type of
VTE. There was no difference in PFS between the two
groups, but OS was significantly shorter in the VTE group.
Distant metastases and VTE were independent risk factors
for worsening OS. In addition, CCA patients without VTE
rapidly transitioned to death when VTE developed.

In this study, VTE occurred more frequently than in
previous studies.” This may be because this study was con-
ducted in patients who were diagnosed with higher stages
of CCA, including 75.9% having distant metastases, than in
the other study.” The occurrence of VTE according to the
location of CCA had a similar tendency to that of a previ-
ous study.”” VTE occurred more frequently in intrahepatic
CCA. This may be due to direct invasion of intrahepatic
CCA into the portal venous system."*

Cancer treatments such as chemotherapy are known to
increase the risk of VTE.* However, in this study, the non-
VTE group received more anticancer treatments. This may
be because the target patient group was different. Seventy-
five percent of patients in this study with advanced CCA
received chemotherapy, which is much higher than a pre-
vious study (19%), which included a broad stage of CCA

Univariate Multivariable
Factor
HR (95% Cl) p-value HR (95% Cl) p-value

Age >60yr 0.98(0.77-1.30) 0.883
Male sex 0.91(0.72-1.20) 0.433
Location

Extrahepatic Reference

Hilar 0.42(0.17-1.00) 0.057

Intrahepatic 0.49 (0.20-1.20) 0.121
Major vessel invasion 1.40 (1.10-1.80) 0.003 1.26 (0.97-1.65) 0.086
Distant metastasis 1.30 (0.97-1.70) 0.085 1.47 (1.11-1.95) 0.007
Anticancer treatment 0.30 (0.23-0.40) <0.001 0.32(0.24-0.43) <0.001
Recurrence after operation 0.58 (0.45-0.76) <0.001 0.68(0.51-0.97) 0.009
Venous thromboembolism 1.60 (1.30-2.10) <0.001 1.58(1.23-2.02) <0.001

HR,
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hazard ratio; Cl, confidence interval.
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patients.” In addition, since the period after recurrence
was analyzed in patients who had undergone surgery, there
was no VTE related to operation.

Distant metastases and VTE are significant independent
risk factors in reducing OS. These results are consistent
with previous studies. Jeon et al.” analyzed patients with
resectable and advanced CCA and reported VTE occurred
in 14.7% and that an advanced stage and VTE significantly
reduced survival rates. Lu et al."* reported that the develop-
ment of portal vein tumor thrombus significantly reduced
the survival rate in patients with intrahepatic CCA who
had undergone surgery. Some studies have reported that
VTE reduced survival rate in other cancers as well. Frere
et al." studied pancreatic cancer patients, and the patients
with VTE had significantly shorter OS. Lee et al."” reported
that VTE occurred more frequently in advanced cases and
worsened the survival rate in gastric cancer patients.

It is unclear how VTE affects cancer’s poor prognosis.
Patients with VTE may have more biologically aggressive
cancer.” Certain cancers are actively involved in the devel-
opment of hypercoagulable state through procoagulants
such as tissue factor, and this clinical hypercoagulable sta-
tus is a surrogate for adverse tumor biology.”> Some studies
report that overexpression and increased levels of tissue
factor are associated with a poor prognosis in pancreatic
and ovarian cancer.*” In addition, a recent study investi-
gated cancer-associated thrombosis in pancreatic cancer
at the molecular level and reported that vascular cell adhe-
sion molecule-1 was also associated with hypercoagulable
state and tumor progression.” Based on these results, ac-
tive tumor biology causes a more hypercoagulable state,
which leads to increased VTE and mortality. Further stud-
ies are needed to confirm this hypothesis.

We found that VTE had no significant effect on PFS.
Because the definition of PFS was based on first-line che-
motherapy, the relation between CCA and VTE occurring
after disease progression could be less. The number of
patients was too small to perform subgroup analysis by
specific cycle of chemotherapy. Further large-scale studies
on the relationship between VTE occurrences and cancer
progression according to a specific cycle of chemotherapy
are needed in the future.

Prophylactic anticoagulation and treatment are recom-
mended for VTE in cancer patients.” However, anticoagu-
lation for VTE in cancer patients is often difficult to per-
form in many patients because of the high risk of bleeding
and recurrence of VTE.* In this study, anticoagulation was
associated with a prolonged OS, but it was not significant
in multivariable analysis. Since this is a retrospective study
and the number of patients analyzed in subgroup analysis
is insufficient, it is difficult to explain the relationship be-

tween anticoagulation and survival rate. Further studies on
anticoagulation for VTE in advanced CCA patients will be
needed in the future.

This study has several limitations. First, since it is a ret-
rospective study, there may be unexpected bias. Since CCA
is a rare disease, we focused on including more patients
in analysis. We also performed multivariable analysis to
adjust for confounding factors. Second, it is a single-center
study. Our institution is one of the largest tertiary referral
centers in South Korea, and the severity of patients tended
to be relatively high. It might affect a higher rate of VTE
compared to other studies. Therefore, validation through
a multicenter study is needed in the future. Third, both
tumor thrombus and bland thrombosis are included in
VTE. However, it is difficult to differentiate between tumor
thrombus and bland thrombus based on imaging findings.
A subgroup analysis was considered for the VTE subtype,
but it was not performed because the number of patients
was not sufficient for the analysis. Fourth, the causes of
death in patients with VTE have not been investigated. The
national database from the Ministry of Public Administra-
tion does not provide causes of death. Therefore, we used
a multistate statistical model to describe the relationship
between VTE and mortality.

This study has several strengths. To the best of our
knowledge, this study is the largest study based on real
world data investigating VTE in advanced CCA. And this
is the first study to show the impact of newly developed
VTE on the OS in advanced CCA using a validated mul-
tistate statistical model. Thus, it is meaningful despite its
retrospective nature.

In conclusion, major vessel invasion is a risk factor for
the occurrence of VTE in patients with advanced CCA.
Distant metastases and VTE are prognostic factors for
reducing OS, and the risk of death rapidly increases fol-
lowing the onset of VTE. Therefore, the occurrence of
VTE might have the potential to be a predictor of clinical
course. It is necessary to verify these results through a pro-
spective cohort study in the future.
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