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Case Report

Early Experience of Oncolytic Virus Injection Combined with Sorafenib in a
Patient with Advanced Hepatocellular Carcinoma and Portal Vein Throm-

bosis
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INTRODUCTION

In South Korea, hepatocellular carcinoma (HCC) is the
sixth most common cause of cancer.' The development of
imaging modalities has enabled more accurate and earlier di-
agnosis of HCC, but the prognosis of advanced HCC re-
mains poor. Unfortunately, in advanced HCC, the role of
both locoregional therapy and systemic chemotherapy is
limited. Advanced HCC patients with preserved liver func-
tion treated with sorafenib had a median overall survival of
6.5-10.7 months.”

The idea of using live viruses to treat cancer has been stud-
ied since reports of tumor regression following viral infection

were published.” Live viruses, which can selectively replicate
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JX-594 is a modified oncolytic poxvirus designed to selectively replicate in and destroy cancer
cells. In a pilot study, JX-594 injection followed by sorafenib was well-tolerated in three patients
and associated with objective tumor responses. In this study, we report a case in which a
patient with advanced hepatocellular carcinoma and portal vein thrombosis was treated with a
combination of JX-594 and sorafenib. (J Liver Cancer 2020;20:177-182)
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in cancer cells and induce cell lysis, were first engineered in
the 1990s. However, the prototype oncolytic viruses showed
weak potency and unfavorable clinical outcomes.” To in-
crease potency, poxviruses such as vaccinia have been modi-
fied as oncolytic viruses.’

JX-594 is a modified oncolytic poxvirus designed to selec-
tively replicate in and destroy cancer cells. JX-594 was not
only well-tolerated by patients with HCC in phase 1 trial but
also induced replication within tumor, tumor necrosis and
decreased tumor perfusion.’ Since JX-594 has a different
mode of action compared to sorafenib, which is an inhibitor
of B-raf and vascular endothelial growth factor receptor,
combination of these two agents has a chance to increase ef-
ficacy in oncolysis. The combination therapy was treated to
three HCC patients in a pilot study. Since sorafenib inhibited
the replication of JX-594 in vitro, sequential therapy was ad-
ministered instead of concurrent treatment of the two agents.
The sequential combination therapy was well-tolerated by
the three patients and associated with objective tumor re-
sponses.” A randomized phase 3 study was initiated in Octo-

ber 2015 to determine whether treatment with JX-594 fol-
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lowed by sorafenib increases survival compared to treatment
with sorafenib in patients with advanced HCC who have not
received prior systemic therapy. In the following case report,
one patient with aggravated HCC and newly developed por-
tal vein thrombosis (PVT) despite receiving transarterial che-
moembolization (TACE) undergoes treatment with JX-594,

an engineered oncolytic virus, followed by sorafenib.

CASE REPORT

A 75-year-old man with advanced HCC, which showed no
response to TACE, was admitted to the hospital for a thera-
peutic trial. He was a 90-pack-year ex-smoker and heavy
drinker. He had a history of alcoholic liver cirrhosis, hyper-
tension, diabetes mellitus, and hyperlipidemia. He had no fa-
milial history of malignant tumors. TACE was administered
three times in the past nine months, but the tumor size in-
creased and newly appearing thrombosis in the middle he-
patic vein was noted in a follow-up computed tomography
(CT) scan (Fig. 1). The patient was diagnosed with the Inter-
national Union for Cancer Control cancer stage T3NOMO,
and Barcelona Clinic Liver Cancer stage C. Laboratory find-
ings reported normal complete blood count, slightly elevated
serum serum aspartate aminotransferase (AST) 43 IU/L,
normal serum alanine transferse (ALT) 13 TU/L elevated se-
rum creatinine (1.4 mg/dL), normal sodium level (142
mmol/L) and normal albumin level, bilirubin and prothrom-

bin time. The patient’s serum alpha-fetoprotein (AFP) level

=

was 30,110 ng/mL. His Child-Pugh score was 5A and Model
for End-Stage Liver Disease was 11.

He was a candidate for systemic chemotherapy and en-
rolled in an open-label trial of JX-594, an oncolytic virus,
combined with sorafenib. After thorough review and upon
obtaining informed consent from the patient, JX-594 was in-
jected directly into the tumor via ultrasound guidance in
three trials administered in three-week intervals, at a dose of
1X10” plaque forming units per dose. The procedure was
performed by a professionally trained radiologist. Initially,
the JX-594 injections were tolerable to the patient. The only
adverse effect observed was transient flu-like symptoms such
as mild fever and mild myalgia. Sorafenib was given as com-
bination chemotherapy at 400 mg twice daily, starting three
weeks after the JX-594 injection. A CT scan 1.5 months after
the oncolytic virus injection showed increased tumor size,
but the arterial enhancing portion of the tumor was de-
creased (Fig. 2). The AFP level was also decreased to 1,576
ng/mL (Fig. 3). The overall response evaluation was a partial
response (PR) by the modified Response Evaluation Criteria
in Solid Tumors (mRECIST).

During the next four months, the total size of the tumor
continued to decrease, and finally reached 64% of the base-
line at week 16 of the study. During that period, the base tu-
mor structure collapsed and only a few small enhancing nod-
ules remained (Fig. 4A). According to the mRECIST criteria,
the tumor response was PR, and the patient continued re-

ceiving sorafenib treatment. From week 16 to week 26, the

Figure 1. (A) After three sessions of transarterial chemoembolization, the tumor size increased to 5.8 cm in diameter. (B) Tumor thrombus was noted

in the middle hepatic vein (arrow).
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tumor size measured in CT imaging showed no interval
change, but the small nodules persisted. The tumor response
showed stable disease. However, in week 30 of the study, the
size of the small enhancing nodules increased (Fig. 4B). The
diameter of the whole tumor showed no significant change.
Between weeks 36 and 40, the patient was admitted for eight
days with diarrhea and fever. He continued to take sorafenib

for three weeks. After recovering from diarrhea, the week 40

Figure 2. Study week 6 of JX-594 injections. The size of the total tumor
increased from 5.8 cm to 7.0 cm in diameter, but the enhancing portion

of the tumor decreased.
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CT scan showed an increase in the tumor size from 4.0 cm to
4.6 cm in the largest diameter (Fig. 4C). The AFP level also in-
creased to 3,013 ng/mL. Despite the clinical progression of the
disease, there were no other effective treatments and the patient
continued on sorafenib. However, he experienced diarrhea,
general weakness, and loss of appetite. His dose of sorafenib
was decreased to half. He stopped sorafenib after week 54 as
multiple, new intrahepatic lesions appeared on the CT images
and his performance status deteriorated (Fig. 4D). From week
54, the goal of treatment was changed to best supportive care.
He expired from sudden respiratory arrest on week 67 after an
injection of JX-594. This study was approved by the Institu-
tional Review Board of Soonchunhyang University Hospital,
Bucheon, Korea (SCHBC-2015-12-003). The study protocol
conformed to ethical guidelines of the World Medical Associa-

tion Declaration of Helsinki.

DISCUSSION

Oncolytic viruses have multiple mechanisms of action.®
First, JX-594 is a modified poxvirus designed to selectively

replicate in cancer cells.” It can selectively infect and directly
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Figure 3. Graph of alpha-fetoprotein (AFP) values throughout the JX-594 trial.
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Figure 4. (A) Study week 16 of JX-594 injections. The total size of the tumor decreased to 3.7 cm in diameter. There are only a few small arterial
enhancing nodules inside the tumor. (B) Study week 30 of JX-594 injections. The size of the enhancing nodules within the necrotic material (arrow)
increased. (C) Study week 40 of JX-594 injections. The total tumor size increased to 4.6 cm in diameter. (D) Study week 54 of JX-594 injections. Multiple

intrahepatic metastases appeared.

destroy tumor cells. The thymidine kinase (TK) gene of JX-
594 is inactivated, so viral replication becomes dependent
upon cellular TK, which is more concentrated in tumor cells
with abnormal cell cycles than in normal cells. Infection and
replication result in an acute inflammatory response, which
is toxic to tumor cells. Second, JX-594 induces an adaptive
immune response. A transgene encoding human-granulo-
cyte-macrophage colony-stimulating factor (GM-CSF) was
inserted to induce antitumor immunity. In addition to pro-
ducing viral antigen, the modified virus can release GM-CSF
to induce an acute inflammatory response. T-cell activation
then follows to establish adaptive immunity. Third, JX-594
has acute anti-vascular effects. A group of HCC patients who
received intra-tumoral JX-594 injections in a phase II study
showed decreased tumor perfusion measured by dynamic
magnetic imaging five days after JX-594 injection. Normal
liver tissues did not show reduced perfusion."

Oncolytic virus injections directly to the tumor itself were
both tolerable and safe. JX-594 treatment was well-tolerated

in phase I and showed promising efficacy in a phase II tri-
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al.”" Transient flu-like symptoms were the only adverse ef-
fect. There was no acute increase in AST or ALT, indicating
there was minimal toxicity on healthy hepatocytes. Adverse
effects on blood vessels, such as the occurrence of hyperten-
sion, were also not found. No new adverse effects related to
the oncolytic virus were observed in this patient.

Advanced HCC patients with preserved liver function and
treated with sorafenib had a median overall survival of 6.5-
10.7 months.” However, advanced HCC patients with portal
vein thrombosis and treated with sorafenib showed an even

In this

shorter median overall survival of 3.1-7.2 months.""

case, the patient had HCC with portal vein thrombosis when
initial dosage of JX-594 was injected and survived 15.6
months after the first injection. It could be suggested that
combination of JX-594 with sorafenib induced survival gain
of 8.4 to 12.5 months, which is longer than that of sorafenib
alone. Therefore, restricted to this case, it could be suggested
that JX-594 had more dominant effect on the patient’s sur-
vival gain.

The best response in this case was obtained four months
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after the injection and was sustained for three more months.
It is clear that the oncolytic virus demonstrated an antitumor
effect at the beginning. However, the final tumor response
was unfavorable in this case. It is uncertain whether the virus
weakened or the host immunity interfered with the virus.
Other trials have reported that neutralizing antibodies to JX-
594 did not interfere with intra-tumoral JX-594.*"* However,
there is a possibility that the host immune environment may
change and attack the virus with time. The cause of failure
should be investigated by future studies.

The interim results suggested that the study was unlikely to
meet the primary objective by the time of the final analysis
and the enrollment of the patient stopped in August 2019.
The data of phase 3 trial of JX-594 is not officially released
yet. Other multiple systemic agents have been studied to im-
prove outcomes. Novel chemotherapeutics, such as lenva-
tinib, regorafenib and nivolumab, have undergone clinical
trial, but the outcomes of these new agents show no signifi-
cant difference compared to sorafenib.”"” Recently, atezoli-
zumab plus bevacizumab has proven better outcomes in
overall survival and progression-free survival than sorafenib
in a global, open-label, phase 3 randomized trial named IM-
bravel50. Atezolizumab-bevacizumab resulted in progres-
sion-free survival of 6.8 months, 2.5 months more than
sorafenib.'® This trial included patients who had portal vein
invasion, and is still ongoing. We reported a case of sequen-
tial combination therapy with oncolytic virus and sorafenib.
The patient obtained a favorable response in the first seven
months, but the tumor progressed thereafter. Further re-
search is needed to analyze the mechanism of progression

and enhance the efficacy of oncolytic virus injection.
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