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Abstract

Purpose To determine the treatment outcome and prognostic factors for survival in patients with hepatocellular carcinoma
(HCC) and macrovascular tumor thrombosis (MTT).

Methods Between January 2010 and December 2018, 66 patients diagnosed with HCC and MTT, who received specific
treatment were included. Various clinical and imaging data, treatment methods, outcomes, prognostic factors, and overall
survival were evaluated. Outcomes were compared with those of 24 patients treated with supportive care.

Results Most patients with HCC and MTT showed disease progression (80.3%) and a low 5-year survival rate. The median
survival time after treatment was 13 months (vs. supportive care group 3 months, p <0.001). Main branch MTT (p =0.036),
extent of tumor thrombus > 1 segment (p =0.039), presence of ascites (p =0.009) and among treatment methods, systemic
therapy alone (p =0.007), and supportive care (p <0.001) compared with combined local with systemic therapies were
prognostic factors for poor survival.

Conclusions Although most patients with HCC and MTT showed disease progression, median survival time was signifi-
cantly longer than that with supportive care. Main branch and> 1 segment involvement of MTT and presence of ascites
were significant prognostic factors for poor survival. Combined local and systemic therapy over systemic therapy alone are
recommended for patients with these advanced stage HCCs.
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Introduction

Tumor macrovascular invasion of the hepatic and/or portal
vein branches occurs frequently during the natural course
of hepatocellular carcinoma (HCC) [1]. It has been reported
that approximately 10-40% of patients with HCC have portal
vein tumor thrombus at the time of diagnosis [2]. HCC with
macrovascular tumor thrombosis (MTT) is associated with
a poor prognosis and significantly reduces the median sur-
vival compared with HCC without MTT [3]. A combination
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of factors including the intrinsic aggressiveness of tumor;
large tumor size, high tumor grade, high serum alpha-feto-
protein (AFP) concentration, increased portal vein pressure,
increased risk of tumor spread, and reduced tolerance to
treatment may ultimately result in poor survival outcomes
ranging from 2 to 4 months after supportive care [4, 5].
The Barcelona Clinic Liver Cancer (BCLC) staging sys-
tem, endorsed by the American Association for the Study
of Liver Diseases (AASLD) and the European Association
for the Study of Liver (EASL) 2018 guidelines, classifies
HCC with MTT as advanced HCC (stage C) [6, 7]. Although
antiangiogenics are currently the only evidence-based thera-
peutic option for patients with HCC and MTT, studies have
shown a poor response rate and a slightly increased median
overall survival of 3.1-6.0 months in response to antian-
giogenic treatment [8, 9]. Locoregional therapies including
transarterial chemoembolization (TACE) are more com-
monly performed in the clinical practice in the Asia—Pacific
region. Therefore, TACE and/or radiation therapy (RT) are
suggested as an alternative or first-line treatment in patients
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with MTT and no extrahepatic metastasis in the clinical
practice guidelines of the Asian Pacific Association for
the Study of the Liver (APASL) [10], the Japan Society of
Hepatology (JSH) guidelines, the Hong Kong Liver Cancer
staging system [11, 12], and the Korean Liver Cancer Study
Group-National Cancer Center (KLCSG-NCC) [13]. HCC
with MTT is a heterogeneous group of diseases with variable
prognosis; the choice of treatment is based on the extent of
MTT, presence of extrahepatic metastasis, background liver
cirrhosis, and the patients’ performance status [6]. There-
fore, the optimal treatment for advanced-stage HCC is still
controversial. Individualized management strategies should
be investigated beyond the established recommendations
to broaden the treatment options including surgery, locore-
gional therapy, and systemic therapy.

In this study, we attempted to evaluate the outcomes of
various individualized treatment strategies and to determine
the prognostic factors for the survival outcome of patients
with HCC and MTT.

Materials and methods

Study population

This study was approved by our institutional review board
and the requirement for informed consent was waived

because of the retrospective nature of the study. Between
January 2010 and December 2018, 183 patients diagnosed

with HCC and MTT in the liver dynamic computed tomog-
raphy (CT) and magnetic resonance imaging (MRI) with
liver-specific contrast agent (Gadolinium ethoxybenzyl-
diethylenetriamine pentaacetic acid; Gd-EOB-DTPA,
Primovist, Bayer Schering Pharma, Berlin, Germany)
were enrolled in the study. MTT was defined as a visually
identified tumor thrombosis involving the major vessels
of liver such as the portal vein (PV), hepatic vein (HV),
and inferior vena cava (IVC). Among them, 116 patients
were excluded because of (1) supportive care without spe-
cific treatment (n=061), (2) no identifiable macroscopic
tumor thrombus (n=15), (3) presence of bland thrombosis
only (n=21), (4) transfer to other hospital without treat-
ment (n=15), (5) no follow-up imaging data after treat-
ment (n=06), (6) death without treatment (n=4), (7) other
malignant tumor confirmed by biopsy (n=3), and (8)
intraductal thrombus only (n=1). Finally, a total of 66
patients with HCC and MTT were included in this study
after excluding one patient who underwent hepatic resec-
tion, as resection is considered a curative treatment, which
is beyond the scope of this study (Fig. 1). In addition, of
the 61 patients who did not receive a specific treatment,
after excluding 37 patients (28 patients without follow-up
data after diagnosis, five who died immediately after diag-
nosis, three without identifiable tumor thrombosis, and one
with biopsy-proven cholangiocarcinoma), 24 patients were
classified into a supportive care group. These patients only
received conservative management according to the symp-
toms without a specific treatment for HCC and MTT.

Fig. 1 Flowchart of patient
selection

2010.1~ 2018.12, 183 patients searched for hepatocellular carcinoma
(HCC) and macroscopic tumor thrombosis (MTT) in PACS

Excluded 116 patients
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Clinical data analysis

Patients’ clinical characteristics were evaluated, includ-
ing age, sex, presence of chronic hepatitis, etiology of the
hepatitis, history of alcohol consumption, presence of co-
morbidities, Child—Pugh class, modified Union for Inter-
national Cancer Control (mUICC) stage, presence of lym-
phadenopathy, timepoint of developing tumor thrombosis
(whether at the time of initial diagnosis or recurrence in the
posttreatment period), and presence of extrahepatic metas-
tasis. Serum AFP, protein induced by vitamin K absence
or antagonist-II (PIVKA-II), albumin, bilirubin levels, and
the albumin-bilirubin (ALBI) grade were also determined.

Various treatment methods were evaluated and the
median survival time after treatment was calculated by
month unit. The treatment outcomes were classified into
four categories; progressive disease (PD), stable disease
(SD), partial response (PR), and complete response (CR)
and were evaluated according to the modified Response
Evaluation Criteria in Solid Tumors (mRECIST) [14]. The
sum of enhancing tumor portions was indicated, as target
lesions and MTT was indicated as a non-target lesion. Axial
images were mainly used to measure the long diameter of
target lesions. We reviewed the baseline images at the time
of diagnosis, serial images during follow-up period and the
last follow-up images, and determined the outcome among
four categories.

Selection of treatment methods

Transarterial chemoembolization (TACE) was performed in
the patients with (1) Eastern Cooperative Oncology Group
(ECOG) performance status of 0-2, (2) Child—Pugh class
A or B, (3) platelet count > 75,000/mm?>, and (4) tolerable
hepatic function with a total bilirubin level <2 mg/dL, and
serum aspartate aminotransferase (AST)/alanine transami-
nase (ALT) <threefold limit of the normal range regardless
of the extent of MTT. However, patients with a poor general
condition such as (1) ECOG performance status 3 or 4, (2)
Child—Pugh class C, (3) serum creatinine > 1.5 mg/dL, or
(4) extensive extrahepatic disease (e.g., lymphadenopathy
or distant metastases) were not considered candidates for
TACE. Regarding the procedure, superselection of the feed-
ing arteries of the hyperstaining main tumor and MTT was
performed and a mixture of 50-75 mg doxorubicin (Adria-
mycin, [ldongPharm., Seoul, Korea) and 10 mL iodized oil
(Lipiodol; Guerbet, Aulnay-sous-Bois, France) was infused,
followed by embolization with gelatin sponge (Gelix,
Medical Impact Inc., Korea) 150-350 um, 350-510 um,
500-700 um according to the size of the feeding arteries
until a near stasis of arterial flow. Immediately after TACE,
lipiodol CT was performed to evaluate the lipiodolization
status of the tumor mass and MTT. Follow-up CT or MR

was usually performed at 2—3 months after the procedure to
evaluate the result of TACE, and if a viable tumor remained,
repeat TACE would be additionally performed. In case if
multiple TACEs were planned for large tumors prior to
the initial treatment, repeat TACEs were performed with
1-2 month interval.

Radiation therapy (RT) was performed in patients who
underwent TACE or were treated with antiangiogenics as a
palliative treatment. Patients who showed a poor response or
progression after TACE or antiangiogenics, or had a sympto-
matic condition, such as bile duct invasion, were selected for
RT. RT was performed with a total dose of 3750-6100 cGy
during 15-20 fractions depending on the tumor burden. Sys-
temic chemotherapy was usually administered with antian-
giogenics in patients with metastatic HCC and MTT, and
the regimen at our institution was doxorubicin plus cisplatin.

Imaging data analysis

Two reviewers (5 years and 11 years of experience in
abdominal radiology, respectively) reviewed the imaging
data obtained by liver dynamic CT and MRI with liver-spe-
cific contrast agent. Any disagreement was resolved by a
consensus. In case of multiple tumors in the liver, the largest
or/and relevant tumor mass leading to tumor thrombus (TT)
was indicated as the main tumor. The characterization of the
main tumor included the tumor location (central, periph-
eral, or both); the largest diameter of the tumor measured
in centimeters; tumor size (< 3 cm, 3-5 cm, > 5 cm); total
number of tumors; and type of morphology (nodular, infil-
trative, or bilobar). Regarding the tumor location, central
location was defined if the tumor was located at the level
of the main and first-order PV in the vicinity of hepatic
hilum. Peripheral location was defined if the tumor was
located at the level of second or distal to the second-order
PV branches near the periphery and subcapsular portion of
liver. In addition, the locations of TT, PV, and HV (central,
peripheral, or both) were investigated. Central location of
TT was defined as involvement of the main and first order
branch of PV, IVC, and the major branch of HV. Peripheral
location of TT was defined as involvement of a second- and
third-order branch of the PV and HV. The presence of co-
existing tumor thrombosis in other vessels, extent of portal
vein tumor thrombus (PVTT), presence of bile duct invasion
by TT, and co-existing bland thrombosis was also investi-
gated. The extent of PVTT was defined according to the
liver cancer study group of Japan classification: Vpl (third-
order branch), Vp2 (second-order branch), Vp3 (right or left,
first-order branch), and Vp4 (main or contralateral portal
vein) [15]. Among the four segments of the PV (main, first-,
second-, and third-order branches) and three segments of
the HV (IVC, main, and peripheral branches), involvement
of more than one segment with TT was defined as a longer
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extent> 1 segment. Liver conditions (normal, fatty liver,
chronic liver disease, or liver cirrhosis) and pattern of the
liver parenchyma in the hepatobiliary phase (HBP) of MRI
(normal, mild-to-moderate dysfunctional, or severe dysfunc-
tional pattern) were also evaluated. Chronic liver disease
was defined as the presence of hepatomegaly, hepatic angle
blunting on liver dynamic CT, or reticular pattern of the
parenchyma in the HBP of liver MRI. Liver cirrhosis was
defined as the presence of marginal serration. Regarding the
parenchymal pattern in the HBP, the absence of reticular pat-
tern in the parenchyma and a distinct vascular marking was
defined as ‘normal’; the presence of a mild reticularpattern
in the parenchyma, a slightly indistinct vascular marking and
mildly reduced parenchymal enhancement, was defined as
‘mild-to-moderate’ dysfunctional pattern, and the presence
of a severe reticular pattern in the parenchyma, an indistinct
vascular marking, and a reduced parenchymal enhancement
was defined as ‘severe’ dysfunctional pattern.

Statistical analysis

The numerical data were presented as mean and standard
deviation and the categorical data were presented as percent-
ages. Univariate and multivariate analyses using the Cox
proportional hazard ratio were performed to determine the
prognostic factors for survival. Kaplan—-Meier curves were
generated to determine the survival rates during the follow-
up period. Log-rank test was performed to evaluate the dif-
ferences in the survival curves among the several categories.
All statistical analyses were performed using statistical soft-
ware (SPSS, version 21; Chicago, IL, USA) and two-sided p
values < 0.05 were considered statistically significant.

Results

Clinical characteristics and the imaging findings
of the study population

The clinical characteristics of the patients and imaging
data are presented in Tables 1 and 2. The mean age was
59.4+10.9 years, and the majority were male patients
(n=58, 87.9%). Most of the patients had chronic hepatitis
(95.5%); the etiology of the hepatitis was mostly viral hepa-
titis B (82.8%) and C (6.3%). Near half of the patients had
co-morbidities (n=28, 42.4%). Most of the patients were
Child-Pugh class A (74.2%) and the mUICC stages were 3,
4a, and 4b. Eight (12.1%) patients had lymph node metasta-
sis, 12 (18.2%) had extrahepatic metastasis (8 lung, 2 bone,
2 adrenal, and 1 peritoneal carcinomatosis), and 10 (15.2%)
patients had ascites. The median serum AFP was 554.3 ng/
mL and ALBI grade was mostly grade 1 (54.5%) and 2
(42.4%). The mean largest diameter of the main tumor was
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Table 1 Clinical information of patients who received specific treat-
ments (n=66)

Number of patients (n=66)

Age (years old, mean+ SD) 59.4+10.9
Male gender, n (%) 58 (87.9)
Chronic hepatitis, n (%) 63 (95.5)
Etiology of hepatitis, n (%)

HBV 52 (82.5)

HCV 4(6.3)

Alcoholic 13 (20.6)
Child-Pugh class, n (%)

A 49 (74.2)

B 13 (19.7)

C 4 (6.0)
Alcohol history, n (%) 31 (47)

Timepoint of developing tumor thrombosis

Initial diagnosis 44 (66.7)
Recurrence 22 (33.3)
Co-morbidity, n (%) 28 (42.4)
Diabetes mellitus (DM) 9(32.1)
Hypertension (HTN) 10 (35.7)
DM +HTN 9(32.1)
Others (congestive heart failure, 4(14.3)
chronic renal disease, stroke)
mUICC stage
Stage 3 19 (28.8)
Stage 4a 41 (62.1)
Stage 4b 6(9.0)
AFP (ng/mL, median, range) 554.3 (60,498.65)
AFP >200 ng/mL, n (%) 38 (57.6)

PIVKA II (mAl/mL, median, range)
ALBI (Albumin-Bilirubin) grade

711.0 (74,984)

Grade 1 36 (54.5)

Grade 2 28 (42.4)

Grade 3 2 (3.0
Extrahepatic lymphadenopathy, n (%) 8 (12.1)
Extrahepatic metastasis, n (%) 12 (18.2)

7.2+4.1 cm, and most of the tumors (84.8%) were >3 cm.
A single tumor was presented in 37.9% of the patients; how-
ever, 28.8% of patients had multiple tumors more than three.
Central location of the main tumor was observed in 40.9%
of the patients. The type of morphology of the tumors was
mainly nodular (56.9%) followed by infiltrative (41.5%).
Most of the TT were in the PVs (96.9%) and two patients
had TT in the HVs. Central location of TT was observed in
60.6% of patients. Ten patients (15.2%) had a co-existing TT
in other vessels such as HVs, IVC, and PVs. Among the four
categories of the extent of PVTT, first-order branch involve-
ment was the most common (42.2%) followed by second-
order branch involvement (25.0%). Nine patients (13.6%)



Japanese Journal of Radiology (2019) 37:781-792

785

Table 2 Imaging findings of patients with HCC and macrovascular
tumor thrombosis (MTT) who received specific treatments

Number
of patients
(n=066)
Location of main tumor (HCC), n (%)
Central 19 (28.8)
Peripheral 38 (57.6)
Both 8 (12.1)
The largest diameter of main tumor (cm, mean+SD) 7.2+4.1
3cm> 10 (15.4)
3-5cm 14 (21.5)
Scm< 41 (63.1)
Number of tumors, n (%)
1 25(37.9)
2-3 22 (33.3)
4-6 9 (13.6)
7-10 10 (15.2)
Tumor type, n (%)
Nodular 37 (56.9)
Infiltrative 27 (41.5)
Bilobar 1(1.5)
Location of tumor thrombosis
Central 12 (18.2)
Peripheral 26 (39.4)
Both 28 (42.4)
Co-existing tumor thrombosis in other vessels, n (%) 10 (15.2)
Extent of portal venous tumor thrombosis (PVTT)?*
VP1 (third-order branch) 10 (15.6)
VP2 (second-order branch) 16 (25.0)
VP3 (right or left first portal vein) 27 (42.2)
VP4 (main portal vein) 11 (17.2)
Bile duct invasion of tumor thrombosis, 1 (%) 20 (30.3)
Co-existing bland thrombosis, n (%) 9 (13.6)
Ascites, n (%) 10 (15.2)
Background liver: liver cirrhosis 58 (87.9)
Parenchymal pattern of liver on hepatobiliary phase
Normal 34.9)
Mild-to-moderate dysfunctional pattern 44 (72.1)
Severe dysfunctional pattern 14 (23.0)

#According to liver cancer study group of Japan classification

had a co-existing bland thrombosis and 20 patients (30.3%)
showed bile duct invasion by the TT. Liver background was
mostly liver cirrhosis (87.9%). Mild-to-moderate dysfunc-
tional pattern (72.1%) was the most common parenchymal
type in the HBP of liver MRI.

Treatment outcomes

Overall, 36.8% of the patients were treated with transarterial
chemoembolization (TACE), 13.2% were treated with TACE

Table 3 Treatment outcomes of the patients with HCC and MTT

Number of patients (n=66)

Methods of treatment

TACE 25 (37.8)

TACE+RT 9 (13.6)

TACE + RT + antiangiogenics 7 (10.6)

TACE + antiangiogenics 4(6.0)

RT + antiangiogenics 4(6.0)

Antiangiogenics + CTX 3(4.5)

Antiangiogenics 14 (21.2)
Outcomes of treatment

Progressive disease 53 (80.3)

Stable disease 4(6.1)

Partial response 8 (12.1)

Complete response 1(1.5)
Survival rate (%)

6 month 77

1yr 55

3yr 34

Syr 7

Median survival time after treatment
(months, 95% CI)

13.0 (9.7-16.3)

TACE transarterial chemoembolization, RT radiation therapy, CTX
chemotherapy, yr year, CI confidence interval

with radiation therapy (RT), 11.9% were treated with TACE
with RT and antiangiogenics, 5.9% were treated with RT and
antiangiogenics, 4.5% were treated with TACE and antiangi-
ogenics, 4.4% were treated with antiangiogenics and chemo-
therapy, and 20.6% were treated with antiangiogenics alone.
Most of the patients showed disease progression (80.3%).
The median survival time after treatment was 13 months
(95% C19.7-16.3). The 6-month, 1-year, 3-year, and 5-year
survival rates were 77%, 55%, 34%, and 7%, respectively
(Table 3, Figs. 2, 3).

Comparison with the supportive care group

The clinical, imaging data, and the median survival time
of supportive care group compared with those of treated
group are presented in Supplementary Table 1. The sup-
portive care group showed a more advanced Child—Pugh
class, ALBI grade (p <0.001), and mUICC stage (p =0.013)
than the treated group. The tumor masses were larger in size
(11.94+4.7 vs. 7.2+ 4.1), more frequently multiple (91.7%
vs. 62.1%), and with central location (87.5% vs. 40.9%) in
the supportive care group. Longer extent of TT (more than
1 segment, 91.7% vs. 65.2%), main PV involvement with TT
(75% vs. 17.2%), and as cites (91.7% vs. 15.2%) were more
common in the supportive care group. The median survival
time was 3 months (95% CI 2.4-3.6) which was significantly
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Fig.2 56-year-old male with HCC and macrovascular tumor
thrombosis (MTT) showing disease progression. a—c Initial con-
trast-enhanced CT images in the portal phase show a long segmen-
tal tumor thrombosis in the main-, first-, second-, and third-order
branches of the portal vein. There were metastatic LAP in the porta
hepatis (yellow arrows) and ascites (double lined arrow). d Initial

liver MRI in the hepatobiliary phase shows an infiltrative tumor in the
liver S4 segment (yellow arrows). Note the indistinct vascular mark-
ings and marked reticular pattern of the background liver. e Although
he was treated with antiangiogenics, bile duct invasion by the tumors
and the ascites progressed. The patient died 5 months after the sys-
temic treatment

Fig.3 59-year-old male with HCC and MTT showing improvement
after treatment. a, b Pretreatment MRI in the portal phase shows
tumor thrombosis in both first-order portal veins and multinodu-
lar HCC masses in the right anterior and left medial segments. This
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tumor and the tumor thrombosis markedly decreased with lipiodoliza-
tion. He is alive after 8 months of follow-up
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shorter than that of the treated group (13 months, 95% CI
9.7-16.3, p<0.001).

Prognostic factors for survival

The prognostic factors for survival are listed in Tables 4, 5
and the Kaplan—Meier curves are presented in Fig. 4.

In the univariate analysis, mUICC stage 4b was signifi-
cantly related to the survival among clinical variables. Main
portal vein involvement with TT (Vp4) among four catego-
ries of PVTT, longer extent of TT > 1 segment, presence of
other intrahepatic tumor, and presence of ascites were signif-
icant prognostic factors for survival. Regarding the treatment
strategies, supportive care and systemic therapy alone were
significant prognostic factors for poor survival compared
with local and combined local with systemic therapies.

Multivariable Cox regression analyses confirmed that
main portal vein involvement with TT (Vp4, HR 5.46; 95%

CI 1.12-26.71; p=0.036), longer extent of TT > 1 segment
(HR 3.24; 95% CI 1.06-9.89; p=0.039), and presence
of ascites (HR 3.95; 95% CI 1.40-11.14; p=0.009) were
significant prognostic factors for poor survival. The sup-
portive care group was included in the categories of treat-
ment methods, and systemic therapy alone (HR 3.48; 95%
CI 1.40-8.61, p=0.007) and supportive care (HR 11.25;
95% C14.08-31.04, p<0.001) were associated with a poor
overall survival compared with two other groups, i.e., local
therapy, and combined local with systemic therapies.

Discussion

In our study, the majority of the patients showed disease
progression (80.3%) and a low 5-year overall survival
(OS). However, the 1-year OS of our study population was
slightly better than those of the previous studies (56% vs.

Table 4 Univariate Cox
regression analysis of

Univariate analysis

prognostic factors for survival Hazard ratio 95% CI p value

Number of tumor (multiplicity, > 2) 1.82 0.88-3.77 0.109
Tumor size (cm, mean + SD) 1.06 0.99-1.13 0.118
Infiltrative tumor type 1.56 0.78-3.12 0.211
Bilobar tumor type 5.14 0.65-40.58 0.121
ARBI (Albumin-bilirubin) grade 3 5.99 0.75-47.67 0.091
Child-Pugh class C 2.27 0.48-10.80 0.303
mUICC stage 4b 8.90 2.80-28.33 0.001 >*
Central location of TT 1.53 0.72-3.25 0.270
Extent of PVTT

Vpl 1

Vp2 2.64 0.69-10.03 0.153

Vp3 2.31 0.66-8.12 0.192

Vp4 5.16 1.28-20.77 0.021*
Long extent of TT (> 1 segment) 2.96 1.22-7.21 0.016*
Co-existing bland thrombus 1.54 0.55-4.36 0.411
Presence of tumor thrombus in other vessels 1.40 0.57-3.43 0.460
Presence of other intrahepatic tumor 2.18 1.03-4.58 0.041*
Background liver: Cirrhosis 2.09 0.63-6.97 0.228
Parenchymal pattern on HBP: severe dysfunctional 2.40 1.00-5.76 0.050
Presence of extrahepatic LAP 2.57 0.98-6.78 0.056
Presence of extrahepatic metastasis 1.05 0.43-2.58 0.910
Ascites 5.85 2.39-14.32 0.001 >*
Methods of treatment

Local tx 1

Local with systemic tx 1.27 0.51-3.16 0.611

Systemic tx 3.18 1.45-6.96 0.004*

Supportive care 15.34 6.59-35.72 0.001 >*

p value < 0.05 was considered significant

PVTT portal vein tumor thrombosis, 77 tumor thrombosis, HBP hepatobiliary phase, LAP lymphadenopa-
thy, zx treatment, SD standard deviation, C/ confidence interval
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Table 5 Multivariate Cox
regression analysis of

Multivariate analysis

prognostic factors for survival Hazard ratio® 95% CI p value

Number of tumor (multiplicity, >2) 1.74 0.78-3.86 0.176
Tumor size (cm, mean + SD) 1.06 0.97-1.16 0.218
Extent of PVTT

Vpl 1

Vp2 2.54 0.57-11.23 0.219

Vp3 2.80 0.69-11.22 0.147

Vp4 5.46 1.12-26.71 0.036*
Long extent of TT (> 1 segment) 3.24 1.06-9.89 0.039*
Presence of tumor thrombus in other vessels 1.83 0.69-4.91 0.227
Presence of other intrahepatic tumor 2.03 0.91-4.56 0.085
Background liver: Cirrhosis 3.42 0.76-15.44 0.110
Parenchymal pattern on HBP: severe dysfunctional 2.37 0.89-6.33 0.085
Presence of extrahepatic LAP 3.84 0.36-40.75 0.264
Presence of extrahepatic metastasis 1.40 0.49-3.95 0.521
Ascites 3.95 1.40-11.14 0.009*
Methods of treatment

Local tx 1

Local with systemic tx 1.01 0.36-2.85 0.983

Systemic tx 3.48 1.40-8.61 0.007*

Supportive care 11.25 4.08-31.04 0.001 >*

p value < 0.05 was considered significant
?Adjusted for age, sex, Child—Pugh class, ARBI grade, and mUICC stage

17.8-30.9%) [16, 17]. This difference in the survival might
stem from the heterogeneous study population of each study.
A similar study from Taiwan reported that the worst OS and
the study population consisted of patients with PVTT solely
in the main and first-order branches [16]. Conversely, Kim
et al. reported an even better 5-year OS compared with that
in our study (12% vs. 7%), probably due to the fact they only
included patients with segmental PVTT [18]. However, in
another study, Luo et al. included all patients with PVTT of
both main and segmental branches similar to our study, and
they reported a slightly lower 1-year OS (56% vs. 30.9%)
[17]. This result may be attributed to the different treatment
methods applied in each study; the previous study included
only TACE, whereas we included various kinds of treatment.
The median survival time of the supportive care group was
3 months in our study, which was significantly lower than
that of the treated group and comparable to that in the previ-
ous reports [4, 19].

HCC with MTT is more common in tumors of larger size
and higher histologic grade [20]. The mean tumor size in
our study was 7.2 cm, which is slightly smaller than that in
the previous studies (9.8—11.1 cm) [17, 18]; however, 84.8%
of the tumors were >3 cm. Previous reports indicated the
tumor size as one of the prognostic factors for survival [16,
21]; however, the tumor size was not a significant factor
for survival in this study as demonstrated by the univariate
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and multivariate analyses. This result can be explained by
the intrinsic aggressiveness of tumors with MTT showing
mostly large size in this study population.

The extent of MTT was the common significant factor for
both unfavorable treatment and survival outcome, consistent
with the findings of the previous reports [16, 17, 19, 21, 22].
In other words, main branch involvement with PVTT and
IVC involvement were related to significantly worse OS and
treatment response than those of segmental PVTT (second-
and third-order branches). Therefore, our study supports the
need for further stratification of BCLC stage C according to
the extent of PVTT corresponding to findings of the previ-
ous reports [19]. In addition to the extent of MTT, a longer
extent> 1 segment of MTT was additional prognostic factor
for poor survival. Thus, along with the main branch involve-
ment, the longer extent of MTT > 1 segment should be con-
sidered during patient selection.

Ascites was a prognostic factor for poor survival despite
the adjustment of various clinical and laboratory variables.
However, there is some controversy regarding ascites as
a significant factor for survival. Ajit et al. also reported
ascites as a prognostic factor along with Child—Pugh class,
a response to TACE [24]. However, although ascites was a
significant factor in the univariate analysis, it was excluded
from the multivariate analysis in other studies [16, 25].
Instead, serum bilirubin was suggested as a significant
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Fig.4 Kaplan—Meier curves show the patients’ survival rates accord-
ing to several prognostic factors. a Location of PVTT. The median
survival time is significantly lower with main branch TT (purple line)
than that with a third-order branch TT (blue line, p=0.036). b Long
extent of tumor thrombosis, more than one segment. The median sur-
vival time with a longer TT (green line) is significantly lower than
that with a one segment TT (blue line, p=0.016). ¢ Presence of

prognostic factor [17, 25]. Conversely, serum bilirubin was
not a significant factor in this study, because the levels were
mostly <2 mg/dL, except in five patients, and the mean
serum bilirubin level was only 1.08 mg/dL, which is within
normal limits. Serum bilirubin level is a good representative
of the hepatic function. It is included in the Child—Pugh
classification and may be related to imaging parameters such
as parenchymal pattern of the liver background on HBP. In
this context, the presence of a severe dysfunctional pattern
showing decreased biliary excretion of liver specific agent
(Gd-EOB-DTPA) was investigated. This imaging parameter

ascites. The median survival time is significantly lower with ascites
(green line, p<0.001) (d) treatment methods. The median survival
time is significantly lower with systemic therapy alone (yellow line,
p=0.004) and supportive care (purple line, p <0.001) than that with
local therapy (blue line) and combined local with systemic therapies
(green line)

was a significant factor for the survival only in the univari-
ate analysis and not in the multivariate analysis. Ascites and
ALBI grade are additional representatives of the liver func-
tion. Several reports demonstrated that the ALBI grade is an
important predictor for the treatment outcome and survival
[26, 27], although ALBI grade was not a significant factor
for survival in this study. However, when combining sup-
portive care and treated groups, the ALBI grade turned out
to be a significant prognostic factor for survival (HR 4.48,
p=0.017, Suppl. Table 2). The small difference in ALBI
grades among the treated patients and the small size of the
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study population can be limitations for the analysis of ALBI
grade as a prognostic factor. Serum AFP is one of the reli-
able biomarkers for HCC and is related to the tumor size,
vascular invasion, and prognosis of HCC [28]. A recent
report demonstrated that radiologic ascites, total bilirubin,
and AFP were all related to short-term survival during the
post-hepatectomy period in HCC and PVTT group [23].
However, AFP was not a significant factor for OS in our
study. Comparing the two studies, the mean serum AFP in
our study was much higher than that shown by Huo et al.
(7703 vs. 1210 ng/mL). This discrepancy might be due to the
fact that the majority of HCCs in their report were solitary
(about 90%), which can be candidates for surgery [23]. They
also indicated the extent of PVTT as a significant prognostic
factor for the long-term survival.

In this study, we compared the three groups, i.e., local
therapy alone, combined local with systemic therapies, and
systemic therapy alone, and the systemic therapy alone
group demonstrated a worse median survival than that of the
combined locoregional with systemic therapy group and was
associated with a poor prognosis. Hence, we recommend a
treatment strategy of combining locoregional and systemic
therapies even for patients with advanced stage HCCs with
MTT according to the patient’s condition.

As previously mentioned, the current clinical practice
guidelines recommend antiangiogenics for the treatment of
HCC with MTT. However, HCC with MTT is a heterogene-
ous group of diseases; therefore, various treatment strategies
might be applied including surgical resection for resectable
cases [29, 30]. Studies on the efficacy of aggressive locore-
gional therapies are actively undergoing. There are several
studies demonstrating good treatment outcomes of TACE
[18, 21, 31-33], TACE combined with RT [34-37], and
TACE combined with antiangiogenics [38, 39]. Other alter-
native treatment strategies including radioembolization [40]
and hepatic arterial infusion chemotherapy [8, 41] can also
be suggested based on the patient’s condition. Yttrium-90
trans-arterial radioembolization (TARE) is an emerg-
ing treatment strategy for advanced-stage, unresectable
HCC. The reported median survival time of TARE-treated
patients is 9.7 months [42], and the 6-month, 1-year OS are
76% and 47%, respectively [43], comparable to our results
(13 months, and 77% and 55%, respectively). On the other
hand, several studies continue to support antiangiogenics for
the treatment of advanced-stage HCC, because alternative
treatment modalities lack the high-quality evidence [44, 45].
Recently, a randomized clinical trial demonstrated a better
treatment outcome and survival benefit for patients treated
with TACE and RT compared with those of patients treated
with antiangiogenics [46], thereby supporting the results of
the previous observational studies [37, 35]. Therefore, indi-
vidualized multidisciplinary management planning is nec-
essary for patients with advanced-stage HCC. Considering
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several prognostic factors such as main branch involvement,
longer extent of MTT, and presence of ascites, appropriate
selection of patient for a more aggressive treatment, and
subdivision and stratification of patients according to the
prognosis would be possible.

There are several limitations in this study. First, a rela-
tively small number of patients were analyzed. Second, the
retrospective design could have incorporated selection bias
and inherent flaws in the data analysis. Third, not all patients
were with treatment-naive HCC. Previously treated HCC
cases that developed MTT at the time of recurrence were
also included. Fourth, heterogeneous treatment strategies
were all analyzed resulting in few cases with a rarely applied
treatment. To overcome the lack of data in some group, we
simplified the various treatment methods into three groups
for the comparative analysis. Fifth, there were several miss-
ing data in the clinical and imaging variables. Sixth, not all
HCC masses were pathologically confirmed in this study.
Seventh, six patients were lost to follow-up due to transfer
to other hospitals. These patients’ data were considered as
censored data when calculating OS using the Kaplan—-Meier
method.

In conclusion, the majority of HCC with MTT cases
showed disease progression after a specific treatment and a
low 5-year survival rate. Main branch involvement, longer
extent of MTT, and presence of ascites were the prognos-
tic factors for the patient’s survival. Although patients with
HCC with MTT are in the advanced stage, specific treat-
ment such as aggressive locoregional therapy combined with
systemic therapy over systemic therapy alone would be rec-
ommended according to the patient’s condition such as the
extent and location of the MTT and the presence of ascites.

Funding No funding was received for this study.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflicts of
interest.

Ethical statement This study was approved by our institutional review
board and informed consent was waived, because this is a retrospective
study using pre-existing data. We declare that all human studies have
been performed in accordance with the ethical standards laid down in
the 1964 Helsinki declaration and its later amendments.

References

1. Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, Blanc JF,
et al. Sorafenib in advanced hepatocellular carcinoma. N Engl J
Med. 2008;359:378-90.

2. Chan SL, Chong CC, Chan AW, Poon DM, Chok KS. Man-
agement of hepatocellular carcinoma with portal vein tumor



Japanese Journal of Radiology (2019) 37:781-792

791

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

thrombosis: review and update at 2016. World J Gastroenterol.
2016;22:7289-300.

Costentin CE, Ferrone CR, Arellano RS, Ganguli S, Hong TS,
Zhu AX. Hepatocellular carcinoma with macrovascular inva-
sion: defining the optimal treatment strategy. Liver Cancer.
2017;6:360-74.

Liu PH, Huo TI, Miksad RA. Hepatocellular carcinoma with
portal vein tumor involvement: best management strategies.
Semin Liver Dis. 2018;38:242-51.

Jiang JF, Lao YC, Yuan BH, YinJ, Liu X, Chen L, et al. Treat-
ment of hepatocellular carcinoma with portal vein tumor throm-
bus: advances and challenges. Oncotarget. 2017;8:33911-21.
Heimbach JK, Kulik LM, Finn RS, Sirlin CB, Abecassis
MM, Roberts LR, et al. AASLD guidelines for the treatment
of hepatocellular carcinoma. Hepatology (Baltimore, MD).
2018;67:358-80.

Aghemo A. Update on HCC management and review of the new
EASL guidelines. Gastroenterol Hepatol. 2018;14:384—6.
Song DS, Song MJ, Bae SH, Chung WJ, Jang JY, Kim YS,
et al. A comparative study between sorafenib and hepatic arte-
rial infusion chemotherapy for advanced hepatocellular car-
cinoma with portal vein tumor thrombosis. J Gastroenterol.
2015;50:445-54.

Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, et al.
Efficacy and safety of sorafenib in patients in the Asia-Pacific
region with advanced hepatocellular carcinoma: a phase III ran-
domised, double-blind, placebo-controlled trial. Lancet Oncol.
2009;10:25-34.

Omata M, Cheng AL, Kokudo N, Kudo M, Lee JM, Jia J,
et al. Asia-Pacific clinical practice guidelines on the manage-
ment of hepatocellular carcinoma: a 2017 update. Hepatol Int.
2017;11:317-70.

Kudo M, Kitano M, Sakurai T, Nishida N. General rules for the
clinical and pathological study of primary liver cancer, nationwide
follow-up survey and clinical practice guidelines: the outstanding
achievements of the liver cancer study group of Japan. Dig Dis
(Basel, Switzerland). 2015;33:765-70.

Yau T, Tang VY, Yao TJ, Fan ST, Lo CM, Poon RT. Develop-
ment of Hong Kong Liver Cancer staging system with treatment
stratification for patients with hepatocellular carcinoma. Gastro-
enterology. 2014;146(1691-700):e3.

Korean Liver Cancer Study Group (KLCSG) and National Can-
cer Center (NCC). 2014 KLCSG-NCC Korea practice guideline
for the management of hepatocellular carcinoma. Gut Liver.
2015;9:267-317.

Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment
for hepatocellular carcinoma. Semin Liver Dis. 2010;30:52-60.
Kudo M, Izumi N, Ichida T, Ku Y, Kokudo N, Sakamoto M, et al.
Report of the 19th follow-up survey of primary liver cancer in
Japan. Hepatol Res. 2016;46:372-90.

Lo YC, Hsu FC, Hung SK, Tseng KC, Hsieh YH, Lee MS, et al.
Prognosticators of hepatocellular carcinoma with intrahepatic vas-
cular invasion. Ci ji yi xue za zhi = Tzu-chi Med J. 2019;31:40-6.
Luo J, Guo RP, Lai EC, Zhang YJ, Lau WY, Chen MS, et al.
Transarterial chemoembolization for unresectable hepatocellular
carcinoma with portal vein tumor thrombosis: a prospective com-
parative study. Ann Surg Oncol. 2011;18:413-20.

Kim JH, Shim JH, Yoon HK, Ko HK, Kim JW, Gwon DI. Chem-
oembolization related to good survival for selected patients with
hepatocellular carcinoma invading segmental portal vein. Liver
Int. 2018;38:1646-54.

Sinn DH, Cho JY, Gwak GY, Paik YH, Choi MS, Lee JH,
et al. Different survival of Barcelona clinic liver cancer stage
C hepatocellular carcinoma patients by the extent of portal
vein invasion and the type of extrahepatic spread. PLoS ONE.
2015;10:e0124434.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Yoneda N, Matsui O, Kobayashi S, Kitao A, Kozaka K, Inoue
D, et al. Current status of imaging biomarkers predicting the
biological nature of hepatocellular carcinoma. Jpn J Radiol.
2019;37:191-208.

Jang TY, Huang CI, Yeh ML, Lin ZY, Chen SC, Chuang WL.
The prognosis of bulky hepatocellular carcinoma with nonmajor
branch portal vein tumor thrombosis. Medicine. 2019;98:e15066.
Silva JP, Berger NG, Tsai S, Christians KK, Clarke CN, Mogal
H, et al. Transarterial chemoembolization in hepatocellular carci-
noma with portal vein tumor thrombosis: a systematic review and
meta-analysis. HPB (Oxford). 2017;19:659-66.

Huo L, Wei W, Yan Z, Lei Z, Xie Y, Gong R, et al. Short-term
and long-term outcomes of liver resection for HCC patients with
portal vein tumor thrombus. Cell Biosci. 2019;9:23.

Ajit Y, Sudarsan H, Saumya G, Abhishek A, Navneet R, Piyush
R, et al. Transarterial chemoembolization in unresectable hepa-
tocellular carcinoma with portal vein thrombosis: a perspective
on survival. Oman Med J. 2014;29:430-6.

Abdelmaksoud AH, Mandooh S, Nabeel MM, Elbaz TM, Shousha
HI, Monier A, et al. Portal vein thrombosis in unresectable Hcc
cases: a single center study of prognostic factors and management
in 140 patients. Asian Pac J Cancer Prev. 2017;18:183-8.

Tada T, Kumada T, Toyoda H, Tsuji K, Hiraoka A, Michitaka K,
et al. Impact of albumin-bilirubin grade on survival in patients
with hepatocellular carcinoma who received sorafenib: an analysis
using time-dependent receiver operating characteristic. J Gastro-
enterol Hepatol. 2019;34:1066-73.

Mohammed MAA, Khalaf MH, Liang T, Wang DS, Lungren MP,
Rosenberg J, et al. Albumin-bilirubin score: an accurate predic-
tor of hepatic decompensation in high-risk patients undergoing
transarterial chemoembolization for hepatocellular carcinoma. J
Vasc Interv Radiol JVIR. 2018;29(1527-34):el.

Liu C, Xiao GQ, Yan LN, Li B, Jiang L, Wen TF, et al. Value
of alpha-fetoprotein in association with clinicopathological
features of hepatocellular carcinoma. World J Gastroenterol.
2013;19:1811-9.

Kokudo T, Hasegawa K, Matsuyama Y, Takayama T, Izumi N,
Kadoya M, et al. Survival benefit of liver resection for hepatocel-
lular carcinoma associated with portal vein invasion. J Hepatol.
2016;65:938-43.

Zhang ZM, Lai EC, Zhang C, Yu HW, Liu Z, Wan BJ, et al. The
strategies for treating primary hepatocellular carcinoma with por-
tal vein tumor thrombus. Int J Surg. 2015;20:8-16.

Xue TC, Xie XY, Zhang L, Yin X, Zhang BH, Ren ZG. Tran-
sarterial chemoembolization for hepatocellular carcinoma with
portal vein tumor thrombus: a meta-analysis. BMC Gastroenterol.
2013;13:60.

Le Y, Shen JX, Zhang YF, He MK, Kan A, Chen HL, et al. Tran-
sarterial chemoembolization related to good survival for selected
patients with advanced hepatocellular carcinoma. J Cancer.
2019;10:665-71.

Abdella H, Shaker MK, Montasser IF, Sobhi M, Aly H, Sayed A,
et al. Outcome of transarterial chemoembolization in Egyptian
patients with hepatocellular carcinoma and branch portal vein
thrombosis. Indian J Gastroenterol. 2018;37:127-32.

Jeong Y, Shin MH, Yoon SM, Song GW, Kim KH, Ahn CS, et al.
Liver transplantation after transarterial chemoembolization and
radiotherapy for hepatocellular carcinoma with vascular invasion.
J Gastrointest Surg. 2017;21:275-83.

Kim GA, Shim JH, Yoon SM, Jung J, Kim JH, Ryu MH, et al.
Comparison of chemoembolization with and without radiation
therapy and sorafenib for advanced hepatocellular carcinoma with
portal vein tumor thrombosis: a propensity score analysis. J Vasc
Interv Radiol JVIR. 2015;26:320 e6-9 e6.

Li MF, Leung HW, Chan AL, Wang SY. Network meta-analysis
of treatment regimens for inoperable advanced hepatocellular

@ Springer



792

Japanese Journal of Radiology (2019) 37:781-792

37.

38.

39.

40.

41.

42.

carcinoma with portal vein invasion. Ther Clin Risk Manag.
2018;14:1157-68.

Shen L, Xi M, Zhao L, Zhang X, Wang X, Huang Z, et al. Com-
bination therapy after TACE for hepatocellular carcinoma with
macroscopic vascular invasion: stereotactic body radiotherapy
versus sorafenib. Cancers. 2018;10:516.

Hu H, Duan Z, Long X, Hertzanu Y, Shi H, Liu S, et al. Sorafenib
combined with transarterial chemoembolization versus transarte-
rial chemoembolization alone for advanced-stage hepatocellu-
lar carcinoma: a propensity score matching study. PLoS ONE.
2014;9:96620.

Choi GH, Shim JH, Kim MJ, Ryu MH, Ryoo BY, Kang YK, et al.
Sorafenib alone versus sorafenib combined with transarterial
chemoembolization for advanced-stage hepatocellular carcinoma:
results of propensity score analyses. Radiology. 2013;269:603—11.
Somma F, Stoia V, Serra N, D’Angelo R, Gatta G, Fiore F.
Yttrium-90 trans-arterial radioembolization in advanced-stage
HCC: the impact of portal vein thrombosis on survival. PLoS
ONE. 2019;14:¢0216935.

Kodama K, Kawaoka T, Aikata H, Uchikawa S, Inagaki Y,
Hatooka M, et al. Comparison of clinical outcome of hepatic
arterial infusion chemotherapy and sorafenib for advanced hepa-
tocellular carcinoma according to macrovascular invasion and
transcatheter arterial chemoembolization refractory status. J Gas-
troenterol Hepatol. 2018;33:1780-6.

Jia Z, Jiang G, Tian F, Zhu C, Qin X. A systematic review on
the safety and effectiveness of yttrium-90 radioembolization for

@ Springer

43.

44,

45.

46.

hepatocellular carcinoma with portal vein tumor thrombosis.
Saudi J Gastroenterol. 2016;22:353-9.

Kim PH, Choi SH, Kim JH, Park SH. Comparison of radioemboli-
zation and sorafenib for the treatment of hepatocellular carcinoma
with portal vein tumor thrombosis: a systematic review and meta-
analysis of safety and efficacy. Korean J Radiol. 2019;20:385-98.
Finn RS, Zhu AX, Farah W, Almasri J, Zaiem F, Prokop LJ, et al.
Therapies for advanced stage hepatocellular carcinoma with mac-
rovascular invasion or metastatic disease: a systematic review and
meta-analysis. Hepatology (Baltimore, MD). 2018;67:422-35.
Han K, Kim JH, Ko GY, Gwon DI, Sung KB. Treatment of hepa-
tocellular carcinoma with portal venous tumor thrombosis: a com-
prehensive review. World J Gastroenterol. 2016;22:407-16.
Yoon SM, Ryoo BY, Lee SJ, Kim JH, Shin JH, An JH, et al. Effi-
cacy and safety of transarterial chemoembolization plus external
beam radiotherapy vs sorafenib in hepatocellular carcinoma with
macroscopic vascular invasion: a randomized clinical trial. JAMA
Oncol. 2018;4:661-9.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Hepatocellular carcinoma and macrovascular tumor thrombosis: treatment outcomes and prognostic factors for survival
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Study population
	Clinical data analysis
	Selection of treatment methods
	Imaging data analysis
	Statistical analysis

	Results
	Clinical characteristics and the imaging findings of the study population
	Treatment outcomes
	Comparison with the supportive care group
	Prognostic factors for survival

	Discussion
	References




