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Sorafenib combined with radiation therapy for advanced hepatocellular
carcinoma with portal and hepatic vein invasion extending to the inferior
vena cava: a complete response case according to modified RECIST criteria
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The prognosis of patients with advanced hepatocellular carcinoma (HCC) with tumor
thrombus extending to the inferior vena cava (IVC) is extremely poor. Herein, we present
a rare case of advanced HCC that was treated with sorafenib and radiotherapy, leading to
complete remission. This patient had a 9 cm infiltrative HCC occupying almost the entire
left lobe with a tumor thrombus extending through the hepatic vein, IVC, and left portal
vein. The patient received 400 mg sorafenib twice daily. One year after the start of sorafenib,
intensity-modulated radiation therapy for viable HCC and tumor thrombus was performed
with a dose of 5,500 cGy. Twenty-seven months after the starting date of sorafenib, there
was no intratumoral arterial enhancement, which suggested a complete response according
to the modified RECIST criteria. This case suggests that the combination of sorafenib and
radiotherapy might provide clinical benefits in patients with advanced HCC with IVC tumor
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INTRODUCTION

Hepatocellular carcinoma (HCC) often metastasizes to the
lymph nodes, bones, and lungs. The prognosis is particularly
poor for patients with HCC with tumor thrombi in the main
vasculature, such as the portal vein, hepatic vein, and even
inferior vena cava (IVC); the median overall survival (OS) of
patients with IVC invasion is only 2-3 months, if untreated.'
Indeed, patients with HCC extending to the IVC may devel-

op secondary Budd-Chiari syndrome, pulmonary infarction,

Corresponding author: Joong-Won Park

Center for Liver and Pancreatobiliary Cancer, National Cancer Center, 323
llsan-ro, llsandong-gu, Goyang 10408, Korea

Tel. +82-31-920-1605, Fax. +82-31-920-2799

E-mail: jwpark@ncc.re.kr

and lung metastasis.’

Systemic therapy is the standard treatment for HCC with
vascular invasion.” Sorafenib is an oral multikinase inhibitor
which blocks the key mediators of hepatocarcinogenesis in-
cluding Raf-1 and vascular endothelial growth factor."’
Sorafenib is the first oral systemic agent for advanced or un-
resectable HCC.

Radiotherapy (RT) is one of the possible treatment options
for patients with major vascular invasion. RT focused on
macroscopic vascular invasion can reduce the extent of vas-
cular invasion, leading to the restoration of blood flow to the
non-tumor liver tissue.” Some retrospective studies have sug-
gested that RT is a feasible and safe option to palliate HCC
with IVC invasion, with a 1 year OS rate of 53.6%, a response

rate of 59.2%, and possible severe complication rate of 1.2%.”
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RT may help prolong the OS of HCC patients with macro-
vascular invasion.

Here, we report an extremely rare case of initially unresect-
able advanced HCC with tumor thrombus extending to the
IVC, treated with a combination of sorafenib and RT, result-
ing in a complete response (CR) after multidisciplinary treat-
ment. This case report was described according to the CARE

guidelines available from https://www.care-statement.org/.

CASE REPORT

A 48 year-old man presented with a large liver mass de-
tected on ultrasonography screening at another hospital with
epigastric pain. He had chronic hepatitis B; however, he was

not under regular surveillance. Liver function was preserved

with a Child-Pugh score of 5, and the Eastern Cooperative
Oncology Group performance status was 1. Initial liver dy-
namic computed tomography (CT) revealed an approxi-
mately 9 cm infiltrative HCC occupying almost the entire left
lobe with a tumor thrombus extending through the hepatic
vein, the IVC and the left portal vein (Fig. 1).

The patient was diagnosed with advanced-stage HCC
(Barcelona Clinic Liver Cancer C; modified Union for Inter-
national Cancer Control TANOMO, stage IVa) without liver
biopsy based on typical imaging findings in December 2010.
Blood tests showed a white blood cell count of 4,870/mm’, a
hemoglobin level of 14.2 g/dL, platelet count of 123,000/uL,
aspartate aminotransferase concentration of 72 IU/L, alanine
aminotransferase concentration of 64 IU/L, the total protein

level of 6.7 g/dL, total albumin level of 3.6 g/dL, prothrom-

Figure 1. Initial liver dynamic computed tomography imaging findings. (A) Infiltrative hepatocellular carcinoma, left lobe lateral section with left
hepatic vein in the arterial phase (red arrows). (B) Inferior vena cava tumor thrombus in the delayed phase (red arrow).

Figure 2. Follow-up liver dynamic computed tomography imaging findings after 1 year of sorafenib treatment. (A) Decreased size of infiltrative
hepatocellular carcinoma, left lobe lateral section with left hepatic vein in the arterial phase (red arrows). (B) Decreased size and mass effect of

inferior vena cava tumor thrombus in the delayed phase (red arrow).
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bin time of 92%, and total bilirubin concentration of 0.8
mg/dL. His serum hepatitis B virus DNA level was 545,671
IU/mL with hepatitis B e-antigen positivity. The patient was
treated with 0.5 mg of entecavir per day. The initial level of
alpha-fetoprotein (AFP) was 10.2 ng/mL, and the protein in-
duced by the absence of vitamin K or antagonist-1I (PIVKA-
1) was >2,000 mAU/mL. First, we planned systemic treat-
ment with sorafenib. The patient was treated with sorafenib
400 mg twice daily, beginning in December 2010. One year

after the start of sorafenib, the main mass of the left lobe lat-

eral section was reduced with decreasing arterial enhance-

ment. The left portal vein tumor thrombus, which appeared
to be in the umbilical portion, also decreased in extent com-
pared with the initial CT. The mass effect of the tumor
thrombus extending to the IVC was also reduced (Fig. 2).
Then, intensity-modulated radiation therapy with simultane-
ous integrated boost for viable HCC and tumor thrombus
was performed with a dose of 5,500 cGy with 22 fractions for
planning target volume (PTV)-1 and 4,400 cGy with 22 frac-
tions for PTV-2 (Fig. 3). Twenty-seven months after the
starting date of sorafenib, there was no intratumoral arterial

enhancement in all target lesions and no hot uptake in posi-

Figure 3. Intensity modulated radiation therapy with Simultaneous integrated boost radiotherapy. Prescription dose to target volumes: planning
target volume (PTV)-1, 5,500 cGy with 22 fractions; PTV-2, 4,400 cGy with 22 fractions.

Figure 4. Follow-up liver magnetic resonance imaging on hepatobiliary phase on May 2021. (A) Obliteration of Lt. portal vein and left hepatic vein
in the hepatobiliary phase. (B) No tumor arterial phase enhancement and radiation-induced parenchymal change in atrophic liver left lateral

section in the hepatobiliary phase.
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Figure 5. Clinical course of the patient with alpha-fetoprotein (AFP), prothrombin induced by vitamin K absence (PIVKA)-I1.

tron emission tomography/CT on the left liver, which sug-
gested CR according to the modified response evaluation cri-
teria in solid tumors criteria version 1.1. In August 2013, the
total bilirubin level increased to 5.1 mg/dL. Subsequently,
sorafenib was discontinued after 127 weeks of treatment.
During the follow-up period, 10.6 years from initiation of
sorafenib, there was still no intratumoral arterial enhance-
ment. On the last follow-up liver magnetic resonance imag-
ing in July 2021, there was no tumor arterial phase enhance-
ment (Fig. 4). RT-induced parenchymal changes in the
atrophic left lateral section were noted, and the left portal
vein and left hepatic vein were obliterated with a contracted
thrombus. The level of AFP was 2.0 ng/mL, and the PIVKA-
II level was 276 mAU/mL in May 2021 (Fig. 5).

DISCUSSION

The presence of IVC tumor thrombus is one of the most
significant factors for poor prognosis in HCC patients. In
this case, the initial liver function was well preserved with an-
tiviral treatment, and partial remission was achieved 1 year of
sorafenib treatment. The patient received RT at that time,
when the tumor burden was reduced and the tumor extent

was relatively localized. Intensity-modulated radiotherapy
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using a simultaneous integrated boost technique also facili-
tated safe and effective delivery of high doses to tumors. After
approximately three years of long-term sorafenib therapy, his
liver function decreased, presenting with hyperbilirubinemia
and increased ascites. Sorafenib was discontinued after 127
weeks of treatment. CR status has been maintained since
then. This case suggests that the combination of sorafenib
and RT might provide clinical benefits in patients with ad-
vanced HCC who have macrovascular invasion.

The rationale for combining radiotherapy with sorafenib is
targeting the RAS-RAF-MAPK and VEGFR signaling path-
ways, which are specifically activated after exposure to radia-
tion and responsible for radioresistance phenomena.
Sorafenib and RT represent complementary strategies, as RT
may be useful to prolong the effect of sorafenib through the
control of macroscopic disease, when sorafenib may target
latent microscopic disease.

Sorafenib may contribute to enhancing the radiosensitivity
of HCC by improving oxygenation of tumor. Moreover, the
antiproliferative effects of sorafenib may delay tumor pro-
gression outside the RT field. RT also may improve the over-
all response by reducing tumor burden. Therefore, combina-
tion of sorafenib and RT might be an effective and novel

therapeutic strategy with improved antitumor effects.
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Cha et al. reported the feasibility of sorafenib combined
with local RT in advanced HCC patients with macrovascular
invasion or distant metastasis. They analyzed 31 patients who
were treated with a daily dose of 800 mg of sorafenib and ra-
diotherapy, showing an in-field response rate of 100% in the
primary group who received RT for primary liver lesions (13
patients) according to the modified RECIST." Their median
OS was 7.8 months, and there were no cases of radiation-in-
duced hepatic toxicity. However, three patients (17%) expe-
rienced hand-foot syndrome with grades 3-4. There was one
case of grade 3 duodenal bleeding that was manageable after
conservative care.

Chen et al.” reported a phase 2 study of combined sorafenib
and RT in patients with advanced HCC. Among 40 patients,
22 (55.0%) achieved CR or partial remission at the initial as-
sessment, and 18 (45%) had stable or progressive disease.
The 2 year OS and in-field progression-free survival rates
were 32% and 39%, respectively.” Six patients (15%) devel-
oped treatment-related grade >3 hepatic toxicity during the
sequential phase, and three of them were fatal.

In an effort to improve outcomes in advanced HCC, the
combination of systemic therapy and RT is an attractive
strategy, which may result in better long-term control. The
mechanisms of additive effects combining these modalities
are complex and include decreased tumor hypoxia and ra-
diosensitization of endothelial cells. The antiangiogenic effect
of sorafenib might result in a relative normalization of blood
flow in tumors with more efficient delivery of oxygen and
therapeutic agents to the target HCC cells." Regarding the
timing of radiotherapy, it is not clear whether concurrent or
sequential radiotherapy leads to a better outcome. Many
clinical trials have been performed to evaluate the efficacy
and safety of a combination of systemic therapy and radio-
therapy for HCC,™""" however, the evidence for the best tim-
ing is insufficient. In this case, radiotherapy was decided at a
point in time when the extent of the tumor was relatively lo-
calized, and the benefit of radiotherapy was judged to out-
weigh the risk.

Based on this case, the use of systemic therapy in combina-
tion with RT might prolong the OS of patients with IVC tu-

mor thrombus. Further elucidation of the mechanisms of in-
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teraction between sorafenib and RT and the clinical implications

for macrovascular invasion are also warranted.
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