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ABSTRACT
Pexastimogene devacirepvec (Pexa-Vec) is a vaccinia virus-based oncolytic immunotherapy designed to prefer-
entially replicate in and destroy tumor cells while stimulating anti-tumor immunity by expressing GM-CSF. An
earlier randomizedPhase IIa trial in predominantly sorafenib-naïvehepatocellular carcinoma (HCC)demonstrated
an overall survival (OS) benefit. This randomized, open-label Phase IIb trial investigated whether Pexa-Vec plus
Best SupportiveCare (BSC) improvedOSover BSCalone inHCCpatientswho failed sorafenib therapy (TRAVERSE).

129 patients were randomly assigned 2:1 to Pexa-Vec plus BSC vs. BSC alone. Pexa-Vec was given as
a single intravenous (IV) infusion followed by up to 5 IT injections. The primary endpoint was OS.
Secondary endpoints included overall response rate (RR), time to progression (TTP) and safety.

A high drop-out rate in the control arm (63%) confounded assessment of response-based endpoints.
Median OS (ITT) for Pexa-Vec plus BSC vs. BSC alone was 4.2 and 4.4 months, respectively (HR, 1.19, 95%
CI: 0.78–1.80; p = .428). There was no difference between the two treatment arms in RR or TTP. Pexa-Vec
was generally well-tolerated. The most frequent Grade 3 included pyrexia (8%) and hypotension (8%).
Induction of immune responses to vaccinia antigens and HCC associated antigens were observed.

Despite a tolerable safety profile and induction of T cell responses, Pexa-Vec did not improve OS
as second-line therapy after sorafenib failure. The true potential of oncolytic viruses may lie in the
treatment of patients with earlier disease stages which should be addressed in future studies.
ClinicalTrials.gov: NCT01387555
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Introduction

Hepatocellular carcinoma (HCC) is the third most common
cause of cancer-related deaths worldwide .1 Approximately
750,000 people develop HCC globally each year with ~80% of

cases reported in developing countries .2 Sorafenib and lenvati-
nib, both multikinase inhibitors that target multiple signaling
pathways, including vascular endothelial growth factor (VEGF)
signaling, 3–5 are the only systemic therapies currently approved
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for the first-line treatment of patients with advanced or meta-
static HCC .5–7 Nevertheless, drug-induced toxicities often
require dose reductions or treatment discontinuation.8,9

Moreover, tumor response is rare following RECIST criteria
.6,7,10 Several agents have been investigated in the setting of
sorafenib failure, 11–19 and so far, the multikinase inhibitors
cabozantinib14 and regorafenib, 15 and the PD-1 inhibitors
nivolumab16 and pembrolizumab17,19 have been approved for
this setting by the FDA (in the case of regorafenib also by the
EMEA). Furthermore, while ramucirumab, an antibody inhibit-
ing VEGF receptor-2, failed to improve survival of advanced
HCC patients in the second line setting, 13 it showed to have
a significant survival benefit in patients with AFP levels ≥400 ng/
mL18 and is awaiting approval in this patient population.
Because of the success of immune checkpoint inhibitors in
several cancer entities and the encouraging data from nivolumab
and pembrolizumab in HCC patients, different cancer immu-
notherapies have to be explored in HCC, which still remains an
important unmet medical need especially in the intermediate
and advanced stage.

Oncolytic immunotherapy represents a novel therapeutic plat-
form for the treatment of cancer with unique attributes compared
with conventional chemotherapy or targeted agents .20–24Oncolytic
viruses may not only selectively infect and lyse tumor cells relative
to normal cells leading to a broad therapeutic range but may also
reactivate the immune system against tumor-specific antigens.
Recently, the first oncolytic immunotherapy was approved for
melanoma (talimogene laherparepvec; T-VEC), paving the way
for Phase II/III development of oncolytic immunotherapies in
other indications.

Pexa-Vec (pexastimogene devacirepvec; JX-594) is a thymidine
kinase gene-inactivated oncolytic vaccinia virus engineered to
express the transgenes human granulocyte-macrophage colony-
stimulating factor (GM-CSF) and β-galactosidase .25–27 In phase
I/II trials of intratumoral (IT) injection into advancedHCC tumors
(primarily in the first-line setting), Pexa-Vec was well-tolerated,
and associated with a dose-related survival benefit .28

Herewe report the Phase IIb TRAVERSE studywhich evaluated
safety and efficacy of Pexa-Vec plus BSC compared to treatment
with BSC alone in patients whose tumor had progressed on/after
sorafenib treatment or who were intolerant to sorafenib. Viral and
immune correlate analyses were also performed. Thus, this is the
first large randomized trial of an oncolytic immunotherapy inHCC
patients and the second world-wide late-stage, randomized trial of
an oncolytic immunotherapy .29

Results

Patient characteristics, disposition and treatment

Between October 24, 2011 and June 4, 2013, 129 patients were
assigned to treatment and included in the intent-to-treat
analyses (Pexa-Vec plus BSC, n = 86; BSC alone, n = 43;
Figure 1). Twenty-five percent of patients were from North
America, 54% from Asia, and 21% from Europe.
Demographics and disease characteristics were generally
balanced between the two arms, except for mean age (Pexa-
Vec, 60; BSC, 55 years; p = 0.045; Table 1). Baseline charac-
teristics were macroscopic vascular invasion (23%),

extrahepatic disease (73%), Child-Pugh class A (88%), BCLC
stage C (85%), ECOG equal to 2 (3%), prior surgery (39%),
prior loco-regional therapy (69%), and prior radiation therapy
(19%). Most patients had progression on prior sorafenib
(88%) and one or more known risk factors for HCC, includ-
ing hepatitis B (51%), hepatitis C (14%) and alcohol (19%).
Patients had advanced-stage HCC (BCLC stage C 85%) with
preserved liver function (Child-Pugh class A 88%) and good
performance status (ECOG 0 or 1 97%). Patients exhibited
a high tumor burden in the liver, with a median sum of
longest diameters (SLD) of 104 mm, a median number of 4
target liver tumors as well as a high median alpha fetoprotein
(AFP) blood level (794 ng/mL) (55% patients >200 ng/mL at
baseline; median 863 vs. 398 ng/ml (p = 0.472) experimental
vs control arm, respectively).

Blinding of the study was not feasible due to the ethical issues
associated with sham intratumoral injection. Two patients on
the Pexa-Vec arm did not receive treatment. Of note, only 13%
of patients completed the protocol-specified regimen: 98% of
patients received the IV Pexa-Vec infusion, while 84%, 67%,
51%, 27%, and 13% went on to receive the 2nd, 3rd, 4th, 5th, and
6th treatments (all IT), respectively (Supplementary Table).
Approximately half the patients (51%) received at least three
IT treatments (over the course of the first 6 weeks) as adminis-
tered in the previous trial of Pexa-Vec in HCC.

Efficacy

Based on the ITT analysis with 109 deaths, the primary end-
point of OS with Pexa-Vec plus BSC vs BSC alone was not
met (HR, 1.19, 95% CI: 0.78 to 1.80; p = 0.428, stratified log-
rank test, Figure 2). Median OS was 4.2 for the Pexa-Vec plus
BSC arm and 4.4 months for the BSC alone arm.
A multivariate Cox analysis of prespecified baseline factors
revealed no statistically significant difference in survival
between the 2 arms within subgroups (Figure 3).

A total of 48 patients (37%) were not evaluable for tumor
response. In particular, there was a high drop-out rate in the
control arm, with 63% of Arm B patients not evaluable radio-
graphically. Therefore, no valid comparisons in response and dis-
ease control rate (DCR) can be made. DCR was 13% in the Pexa-
Vec/BSC group vs. 18% in the BSC alone group (Table 2). No
patient on either arm responded according to mRECIST. Median
TTPwas 1.8 (95%CI: 1.5 to 2.8months) inArmAvs 2.8months in
Arm B (95% CI: 1.5 months to not unable to evaluate due to
censoring; p = 0.463, stratified log-rank test). The overall HR was
1.33 (95% CI: 0.61 to 2.90; p = 0.478). One patient exhibited
a mixed response to Pexa-Vec treatment (Figure 4). The injected
tumor responded but the patient recurred at a distant site in the
liver. Though the patient had histological confirmation of HCC at
diagnosis, the recurrent tumor was classified as cholangiocarci-
noma upon histopathological analysis.

Safety

Adverse events (AEs) occurring more frequently among patients
receiving Pexa-Vec were mostly mild (grade 1–2) and included
pyrexia, chills, decreased appetite, nausea, hypotension, and
papulopustular rash. Six patients presented with at least one
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AE related to the IT injection procedure (7%): grade 3–4 AEs
included hypotension (2%), hepatic hemorrhage and staphylo-
coccal sepsis, upper abdominal pain, anemia, ascites, acute
respiratory failure, fluid overload, pleural effusion, acute renal
failure, and increased troponin (1% each).

The overall frequency of treatment-emergent AEs was
quite high in both arms, with 100% in the Pexa-Vec plus
BSC arm and 84% in the BSC alone arm (Table 3). Treatment-
related grade 3 AEs that occurred with a frequency of ≥5%
with Pexa-Vec were pyrexia and hypotension (8% each).

Twenty-three patients experienced an AE leading to death, 17
in armA (20%) and 6 in arm B (24%). The primary reason for an
AE-related death was a hepatic failure, 6 in arm A (7%) and 2 in
arm B (8%); other reasons were related to the worsening of liver
function and progression of the disease. One death in arm
A (1%) was considered possibly related to treatment (hepatic
failure). The treating physician stated while the progressive

disease was the likely cause of death, the contribution of Pexa-
Vec to the patient’s liver failure could not be completely ruled
out due to the absence of CT imaging just prior to death. No
deaths were considered procedure-related.

Assessment of quality of life and time to symptomatic
progression was confounded by the high patient dropout rate.

Pexa-Vec replication and shedding

Induction of antibodies to the Pexa-Vec transgene product β-
galactosidase was used as a marker of Pexa-Vec replication
and transgene expression (β-galactosidase is not present in the
virion product; high-level expression requires replication).
Fifty-six percent of evaluable arm A patients (39/70) exhibited
an induction of anti-β-galactosidase antibodies over the
course of the study, thereby indicating robust Pexa-Vec repli-
cation in these patients.

Figure 1. CONSORT diagram of sorafenib-pretreated patients with advanced hepatocellular carcinoma in the TRAVERSE study.
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In addition, urine and throat swab samples were collected for
Pexa-Vec titer (infectious unit) analysis. Pexa-Vec was recovered
from throat swabs at the pre-day 8 timepoint in 36% (9/25)
evaluable arm A patients. Samples for all subsequent timepoints
(days 15, 22 and 29) were negative. All urine samples were tested
negative at all timepoints (24 patients; days 8, 15, 22, 29).

Rectal swab samples were tested for Pexa-Vec genomes by
qPCR analysis given that it was not feasible to perform a plaque
assay on these samples. Genomes were detected at the pre-day 8
timepoint in 21% (5/24) evaluable arm A patients. Samples from
all subsequent timepoints (days 15, 22 and 29) were negative.

Finally, a subset of Pexa-Vec related pustules were sampled and
tested; Pexa-Vec could be recovered from the site of skin pustules.

T cell induction to Pexa-Vec, β-galactosidase and tumor
antigens

ELISPOT analysis of PBMCs from patients (23 patients for
vaccinia and 22 patients for β-galactosidase) indicated that

most developed increased T-cell responses to vaccinia and β-
galactosidase peptides, although the T-cell responses to β-
galactosidase were not as strong as the responses to vaccinia
(Figure 5(a,c)). Even though the T-cell responses were mea-
sured using a cultured ELISPOT assay, a clear signal for an
increase in T-cells from baseline was observed in many
patients. The number of T-cells was usually highest at week
6 (for patients with post-dose samples after week 6). Statistical
difference was observed between baseline and post-dose
responses for both vaccinia in the paired T-test (p = 0.0002)
and beta-galactosidase (p = 0.0004). Notably, analysis of
PBMCs from 10 patients from the control arm indicated
that there were no statistical increases between baseline and
post-dose responses for both vaccinia (p = 0.8153) and beta-
galactosidase (p = 0.8190) (Figure 5(b,d)). HCV-specific T-cell
responses were observed in a subset of HCV positive patients
(number of positive/total patients: arm A 3/4; arm B 0/3;
Supplementary Figure).

T-cell responses to the following tumor-associated antigens
were also measured: MAGE-A1, MAGE-A3, MAGE-A4, AFP,
NYESO-1, SSX2 and Survivin. These antigens have been asso-
ciated with HCC in a subset of patients, 30–32 although tumor
antigen expression was not confirmed on patients from this study.
Tumor antigen-specific T-cell responses were observed in five

Table 2. mRECIST response assessment (ITT).

Best mRECIST Tumor Response Pexa-Vec + BSC(N=86) BSC(N=43)

Not Evaluable (NE) - n (%)
Due to:

21 (24) 27 (63)

Death - n (%) 5 (6) 1 (2)
AE - n (%) 6 (7) 2 (5)
Physician’s Decision - n (%) 6 (7) 1 (2)
Consent withdrawal - n (%) 2 (2) 23 (53)
Intercurrent illness - n (%) 2 (2) 0 (0)

Complete Response (CR) - n (%) 0 0
Partial Response (PR) - n (%) 0 0
Stable Disease (SD) - n (%) 11 (13) 8 (19)
Progressive Disease (PD) - n (%) 37 (43) 7 (16)
Disease Control Rate (CR, PR, or SD) 0.13 0.19
95% CI for DCR (0.07, 0.22) (0.08, 0.33)
P-value 0.349
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Figure 2. Kaplan-Meier estimates overall survival (OS). OS was computed on all
randomized patients. Those patients who had not died or were lost to follow-up
at the time of database lock were censored on the last date on which they were
known to be alive.

Table 1. Demographic and baseline characteristics of the patients (Intent-to-
treat population).

Variable

Pexa-Vec +
BSC

(N = 86)
BSC

(N = 43)

Age (years)- Mean (SD)* 60 (11) 55 (12)
*p = .005

Gender – n (%)
Female 14 (16) 10 (23)
Male 72 (84) 33 (77)

Stratum: Asian Region – n (%)
Asian 46 (54) 24 (56)
non Asian 40 (47) 19 (44)

Stratum: Sorafenib Therapy – n (%)
Intolerance 11 (13) 5 (12)
Progression 75 (87) 38 (88)

Stratum: Extra-hepatic spread – n (%) 62 (72) 32 (74)
Race – n (%)

Asian 52 (62) 26 (62)
White 30 (36) 15 (36)
Other 2 (2) 1 (2)

Cirrhosis – n (%) 57 (66) 30 (70)
Etiology of Disease – n (%)

Hepatitis B 42 (49) 24 (56)
Hepatitis C 10 (12) 8 (19)
Alcohol 17 (20) 7 (16)
NASH 8 (9) 4 (9)
Other 10 (12) 1 (2)

Child-Pugh Status – n (%)
Class A 76 (88) 37 (86)
Class B (7 points) 10 (12) 6 (14)

ECOG PS – n (%)
Grade < 2 82 (95) 43 (100)
Grade 2 4 (5) 0 (0)

BCLC Stage (based on local) – n (%)
B-Intermediate 11 (13) 9 (21)
C-Advanced 75 (87) 34 (79)

AFP (ng/mL)
Median (Range) 863

(2–1802066)
398

(1–516204)
> 200 – n (%) 51 (62) 20 (50)

TK-1 (DU/L), Median (Range) 350 (7–5587) 219
(35–1706)

Duration of Prior Sorafenib (months), Median
(Range)

4 (1–41) 4 (1–26)

Prior non-systemic therapies – n (%)
Surgical resection 33 (38) 17 (40)
TACE 49 (57) 27 (63)
RFA 16 (19) 9 (21)
Radiation Therapy 19 (22) 6 (14)

Macroscopic vascular invasion – n (%) 20 (23) 10 (23)
Tumor burden (SLD) in the liver (mm), Median

(Range)
105 (15–257) 102

(34–314)

e1615817-4 M. MOEHLER ET AL.



patients against the tumor antigens MAGE-A1, MAGE-A3 and
Survivin (Figure 5(e); data not shown for Survivin). MAGE-A1
and MAGE-A3 are among the most frequently expressed tumor
antigens in HCC patients with an expression frequency of 75%
and 70%, respectively .30,31 These data suggest that Pexa-Vec can
induce or reactivate tumor-specific T-cells in patients.

Discussion

There is a great need for agents with novel mechanisms-of-
action in the setting of sorafenib-refractory HCC .33 The
advent of immune checkpoint inhibitors for the treatment of
various cancers including HCC has put the development of
effective cancer immunotherapies in the spotlight. It is well
known that the immune system plays a central role in hepa-
tocarcinogenesis and HCC progression .34 However, the het-
erogeneity of HCC also affects its tumor microenvironment

and the infiltrating immune cells. In this regard, an immune
subclass of HCC has recently been defined .35 Therefore, not
all HCC patients will benefit equally from different kinds of
immunotherapy. However, it has been shown that HCCs with
a higher proportion of T cells and cytotoxic cells as well as
a lower proportion of macrophages and Th2 cells generally
have a better survival .36 Hence, developing immunotherapies
which modulate the frequency and activity of these immune
cells in HCC appears to be a promising approach.

Pexa-Vec is a vaccinia virus-based oncolytic immunother-
apy engineered to preferentially infect and replicate in tumor
cells while producing GM-CSF from infected tumor cells,
thereby exposing additional tumor antigens in the context of
virus infection and GM-CSF expression. A previous study in
predominantly sorafenib-naïve HCC, both tumor response
and an overall survival improvement (when comparing high
vs low-dose Pexa-Vec treatment) was demonstrated .28

Figure 3. Overall survival in selected subsets. Hep B, hepatitis B; Hep C, hepatitis C; EtOH, alcohol, NASH, non-alcoholic steatohepatitis; HR, hazard ratio; LCL lower
control limit; UCL, upper control limit.

a

Figure 4. Patient 211–001 exhibited a response to Pexa-Vec treatment in the injected tumor as demonstrated by CT scans of this patient before (baseline), during
(intervention) and 23 weeks after treatment showing a strong reduction in the extent of the tumor at week 23.
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The TRAVERSE study is the first large, international ran-
domized study of an oncolytic immunotherapy in HCC. In
this Phase IIb study evaluating Pexa-Vec plus BSC vs. BSC
alone, no difference in OS as the primary endpoint was
observed. Major prognostic factors relating both to tumor
burden and underlying liver function were well-balanced in
both arms. Although there was also no significant difference
between the two arms for the secondary endpoints, DCR, RR
and TTP, any conclusion is severely limited by the high drop
out and non-evaluable patient rate on both arms, with 24%
and 63% of patients not being evaluable for response in the
investigational and control arm, respectively. The inability to
blind the study treatment almost certainly led to the high
drop-out rate on the control arm; blinding was not feasible
as it is not ethical to perform a sham IT procedure.

Pexa-Vec treatment had an acceptable safety profile.
Frequently occurring AEs were mostly flu-like symptoms,
a safety profile similar to other OVs .29 The only grade 3 or
4 AEs occurring in ≥5% of Pexa-Vec treated patients were
hypotension and pyrexia. One death was potentially related to
Pexa-Vec treatment.

Induction of immune responses to vaccinia, the β-
galactosidase transgene, HCV and tumor antigens were
observed in a subset of patients during the first 6 weeks. By
contrast, anti-tumor immune responses have not been
reported in patients treated with sorafenib. Furthermore, sup-
pression of hepatitis B virus (HBV) replication was also
observed in HCC patients in a Phase 1 study of Pexa-Vec .37

Although cross-study comparisons must be considered at
best as hypothesis generating analyses, it is notable that the

median OS in the control arm on TRAVERSE (4.4 months) is
much shorter than the median survival in the control arm of
other second-line HCC studies that enrolled at approximately
the same time using similar entry criteria; for instance 8.2
months in the brivanib BRISK PS study, 12 7.3 months in the
everolimus EVOLVE-1 study, 38 7.6 months in the ramucir-
umab REACH study, 13 9.7 months in the axitinib trial, 11 and
7.8 months in the regorafenib RESORCE study which led to
the subsequent approval of regorafenib in the sorafenib-
refractory setting .15 Although it is unclear why OS on
TRAVERSE for both the control and the treatment arms
was lower (~4 vs ~7–8 months) compared to that of these
phase 3 studies in the second-line setting despite similar entry
criteria, it is notable that TRAVERSE enrolled a greater num-
ber of patients from Asia and those with hepatitis B than
other phase 3 studies.

Interestingly, the only other completed late-stage trial of an
oncolytic immunotherapy – the OPTiM study of T-VEC in
advanced melanoma – revealed in a subset analysis an OS
benefit in treatment naïve and earlier stage patients but not
treatment-refractory and later stage patients .29 T-VEC effi-
cacy was most pronounced in patients with earlier-stage dis-
ease and in patients who did not receive prior systemic
therapy. This observation is similar to the data generated
with Pexa-Vec in HCC. In a prior study of three IT injections
of Pexa-Vec in patients with primarily sorafenib-naïve HCC,
a statistically significant improvement in OS was observed in
a high dose cohort vs a low-dose cohort .28 These observations
from both T-Vec and Pexa-Vec trials may indicate that ear-
lier-stage and treatment-naïve disease is more likely to

Table 3. Treatment-emergent adverse events (TEAEs) of all grades and grades 3–5 by treatment arm, regardless of relationship (incidence ≥10% in Arm A).

Treatment Arm

Pexa-Vec+ BSC
(N = 84)
n(%)

BSC alone
(N = 25)
n(%)

Preferred Term All grades Grade 3 Grade 4 All grades Grade 3 Grade 4

Number (%) of Patients with at least one AE 84 (100) 45 (54) 8 (9) 21 (84) 7 (28) 2 (8)
Pyrexia 67 (80) 7 (8) 1 (1) 3 (12) 0 (0) 0 (0)
Chills 44 (52) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0)
Abdominal pain 32 (38) 4 (5) 0 (0) 8 (32) 3 (12) 0 (0)
Decreased appetite 31 (37) 0 (0) 0 (0) 3 (12) 2 (8) 0 (0)
Nausea 30 (36) 1 (1) 0 (0) 4 (16) 1 (4) 0 (0)
Hypotension 24 (29) 8 (9) 0 (0) 3 (12) 2 (8) 0 (0)
Rash pustular 24 (29) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Anemia 22 (26) 9 (10) 0 (0) 4 (16) 2 (8) 0 (0)
Fatigue 22 (26) 3 (4) 0 (0) 2 (8) 1 (4) 0 (0)
Ascites 21 (25) 3 (4) 0 (0) 8 (32) 1 (4) 0 (0)
AST increased 20 (24) 14 (17) 4 (5) 6 (24) 5 (20) 1 (4)
Blood bilirubin increased 20 (24) 17 (20) 2 (2) 4 (16) 3 (12) 1 (4)
Influenza like illness 20 (24) 0 (0) 0 (0) 2 (8) 0 (0) 0 (0)
Vomiting 18 (21) 2 (2) 0 (0) 2 (8) 0 (0) 0 (0)
Diarrhea 17 (20) 0 (0) 0 (0) 5 (20) 1 (4) 0 (0)
Abdominal pain upper 16 (19) 3 (4) 0 (0) 2 (8) 0 (0) 0 (0)
Asthenia 16 (19) 4 (5) 0 (0) 4 (16) 1 (4) 0 (0)
Edema peripheral 16 (19) 2 (2) 0 (0) 4 (16) 0 (0) 0 (0)
Abdominal distension 15 (18) 0 (0) 0 (0) 2 (8) 1 (4) 0 (0)
Constipation 15 (18) 0 (0) 0 (0) 3 (12) 0 (0) 0 (0)
Headache 14 (17) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
ALT increased 13 (15) 11 (13) 0 (0) 2 (8) 2 (8) 0 (0)
Back pain 11 (13) 3 (4) 0 (0) 2 (8) 1 (4) 1 (4)
Insomnia 11 (13) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Dyspnea 10 (12) 1 (1) 0 (0) 3 (12) 2 (8) 0 (0)
Musculoskeletal pain 9 (11) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Pleural effusion 9 (11) 2 (2) 0 (0) 0 (0) 0 (0) 0 (0)
Pruritus 9 (11) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
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respond to oncolytic immunotherapy treatment. This may be
expected as an oncolytic viral infection of tumors can trigger
induction of anti-tumor immunity .28,39–42 The limited life-
span of patients with very advanced stage disease may not
allow sufficient time for patients to first develop and then
respond to any induced anti-tumor immunity. Alternatively,
pre-treated late-stage patients may not be the optimal target
patient population for oncolytic virus-based anti-tumor activ-
ity, particularly if mediated by immune induction, given their
relatively more suppressed immune status.

Another potential efficacy limiting factor may have been
neutralizing antibodies (NAb) against JX-594. Although NAb
were not measured in this study, it is known from the pre-
vious JX-594-IT-HEP007 trial that NAb are present in

patients (in 50% at baseline and in all patients 4 weeks after
treatment start) .28 While the presence or absence of NAb at
baseline did not correlate with survival duration in that study,
it remains possible that anti-viral immunity limited the activ-
ity of JX-594 in the present study.

Agents with novel mechanisms-of-action are required for
patients with HCC .33 Recent studies of immune checkpoint
inhibitors, including the PD-1 inhibitors nivolumab16 and
pembrolizumab17,19 as well as the CTLA-4 blocking antibody
tremelimumab, 43,44 have shown promise in HCC patients.
Given that oncolytic immunotherapies such as Pexa-Vec
infect tumors and prime anti-tumor immunity, Pexa-Vec
may complement immune checkpoint inhibitors, which are
designed to enable an existing anti-tumor immune response,
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Figure 5. ELISPOT analysis of immune response to vaccinia, β-galactosidase and tumor antigens before (pre-dose) and 6 weeks after treatment (post-dose). Detection
of T-cells specific for (a) vaccinia and (c) β-galactosidase peptides for all evaluable patients treated with Pexa-Vec (23 patients for vaccinia [A] and 22 patients for β-
galactosidase [C]) and for 10 patients in the control arm (b = vaccinia and d = β-galactosidase peptides) is shown. The y axis represents the SFC/2x10E05 of the
sample normalized by subtracting the respective negative pool (NC). The grey diamonds represent the 95% confidence interval. The data points depicted with an
x indicate that one of the replicate values for either the sample or the respective negative pool was missing. (e) Detection of T-cells specific for tumor-associated
antigen peptides for two patients with detectable responses against MAGE-A1 and MAGE-A3, respectively. Detection of T-cells specific for HCV peptides in HCV
positive patients (Supplementary Figure).
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or other types of immunotherapy, which modulate the tumor
microenvironment, e.g. by increasing the frequency of
immune effector cells such as T cells in the tumor tissue.
Overall, combination treatments including tyrosine kinase
inhibitors, immunotherapeutic agents and locoregional thera-
pies may yield the strongest results and therefore need to be
explored in future trials.

In conclusion, this is the first late-stage study of an onco-
lytic immunotherapy in HCC patients. Patients enrolled in the
TRAVERSE trial had failed prior sorafenib therapy. The study
did not meet its primary endpoint of OS improvement. Thus,
consistent with the mechanism-of-action of oncolytic immu-
notherapies – infection of tumors and in situ vaccination –
and the data from this and other oncolytic virotherapy studies
strongly suggest that oncolytic immunotherapy agents may be
best indicated for a more fit patient population, and not
treatment-refractory patients.

Materials and methods

Patients

Patients with a histological or clinical diagnosis of advanced
HCC who had radiographic progression on or after sorafenib
treatment, or who were intolerant to sorafenib were eligible.
Clinical diagnosis was based on EASL-EORTC guidelines .45

Patients were required to have at least one tumor in the liver
amendable to IT injection and measurable by modified
RECIST .46 Other eligibility criteria included liver function
of Child-Pugh Class A or B7 (without ascites), an Eastern
Cooperative Oncology Group performance status (ECOG PS)
≤2, and adequate hematologic, hepatic and renal function.

All patients provided written informed consent before
study enrollment. The study was approved by the institutional
review board or ethics committee at each center and complied
with the provisions of the Good Clinical Practice guidelines
and the Declaration of Helsinki and local laws.

Study design and treatment

Patients were randomly assigned (2:1) to receive Pexa-Vec
plus BSC or BSC alone. Patients were stratified based on
sorafenib discontinuation (progression vs. intolerance), extra-
hepatic spread (yes vs. no), and region (Asian vs. non-Asian).
Patients randomized to Pexa-Vec received doses of 109 plaque
forming units (pfu) intravenously (IV) on day 1 followed by
up to 5 IT treatments at day 8 and Week 3, 6, 12 and 18.
Treatment was discontinued either due to the occurrence of
both centrally confirmed radiologic progression, based on
modified RECIST for HCC and site-determined symptomatic
progression, as defined by the ECOG scale and/or the
Functional Assessment of Cancer Therapy–Hepatobiliary
Symptom Index 8 (FHSI-8) questionnaire or to clinical and
symptomatic deterioration suggestive for progressive disease.
Blinding of the study was not feasible due to the ethics/risk/
benefit associated with the sham intratumoral injection.
Changes to the modified RECIST for HCC were implemented
to reflect the unique mechanism-of-action of Pexa-Vec. This
included confirmation of progression, to avoid premature

discontinuation of therapy in patients with possible pseudo-
progression, as implemented for other immunotherapy agents
.47 Primary liver tumors as well as extrahepatic tumors were
tracked as the target or non-target lesions.

Assessments

The primary endpoint was OS and secondary endpoints
included time to progression (TTP), overall response rate
(ORR), disease control rate (DCR) as assessed by mRECIST
for HCC, time to symptomatic progression (TSP), safety,
tolerability and quality of life (QoL). Tumor measurements
were performed every 6 weeks during treatment by contrast-
enhanced, dual-phase computed tomography or magnetic
resonance imaging (MRI). Confirmatory assessments were
performed at consecutive imaging after the initial demonstra-
tion of the response. Assessments were performed locally by
investigators and reviewed centrally by a blinded independent
radiologic review committee. Results for TPP, ORR, and DCR
were based on this central review. Safety assessments in
patients who received at least one dose of study therapy
included adverse events (AEs) and clinical laboratory tests
(National Cancer Institute Common Terminology Criteria
for Adverse Events [CTCAE], version 4.03).

Viral genome quantitation by qPCR

The concentration of viral DNA in blood was assessed over
time using a quantitative Real-time PCR assay validated for
clinical sample testing. Samples were collected before treat-
ment on day 1, and on days 15, 22 (before the second treat-
ment), and 29. Amplification was performed using the
“Multicode RTx®” technology (Luminex Corp. Madison, WI)
together with a forward primer (TAC.GTC.CTA.TGG.ATG.
TGC.ACC) and reverse primer (TAG.TGC.TCT.ATA.CTC.
ATA.CGC.TT), which specifically amplify JX-594 viral DNA
by binding to the viral DNA sequence and a transgene
sequence, respectively. The assay was demonstrated to have
good accuracy, precision, and linearity for clinical sample
testing. Sensitivity of the assay for testing whole blood and
rectal swab samples was the following: LOD of 78 copies/mL
and LOQ of 150 copies/mL for whole blood samples and 177
copies/mL and 450 copies/mL for rectal swabs.

Shedding analysis by PFU plaque assay

Shedding was assessed by collecting throat swab and urine
samples before treatment on days 1 (Baseline) and 8 and on
days 15, 22, and 29. Pustules were swabbed over the outlying
skin when they arose, typically within 1 week after the first IV
infusion. Throat and pustule swabs were placed in 3 mL of
Becton Dickinson Universal Viral Transport Media (BDUM),
vortexed and frozen until testing, whereas virus from urine or
plasma samples was recovered by centrifugation and resus-
pended in Tris buffer prior to testing. The plaque assay was
demonstrated to have suitable accuracy, precision, and linear-
ity for clinical sample testing and to have a range of 20–4,000
PFU/mL. Infectious viral units of JX-594 were detected as
plaques three days after seeding virus on a monolayer of
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U-2 OS cells. Plaques of the recombinant virus that expressed
E. coli β-galactosidase were visualized by X-gal staining
(5-bromo-4-chloro-indolyl-beta-D-galactopyranoside) in
agarose solution, which renders plaques blue if β-
galactosidase is expressed.

Elispot analysis of T-cell responses to viral and tumor
antigens

Cellular immunity for each patient was assessed by Elispot on
PBMCs from blood samples taken prior to treatment and on
week 6, week 12, or the completion of the study. ELISPOT
analysis was performed using whole antigen, rather than
HLA-restricted peptides, for stimulation. This source of anti-
gen allowed for the induction of immune responses from all
patients irrespective of haplotype. Briefly, PBMCs from
patients were stimulated by pulsing 1 × 106 cells/mL with
either a Vaccinia/B-gal pepmix pool (LPT Laboratories) or
a tumor-associated antigen pepmix pool (LPT Laboratories),
consisting of libraries of overlapping peptides specific for each
antigen. A subset of PBMCs treated with the Vaccinia/B-gal
pepmix pool (seven patients) was also treated with a HCV
pepmix pool (LPT Laboratories). The pulsed cells were
expanded by culturing in CTL medium for at least 7 days in
the presence of IL-17 (10ng/mL final concentration) and IL-
15 (5 ng/mL final concentration). Cells were then harvested
and seeded on 12-well plates coated with antibodies to inter-
feron-gamma. Specificity to beta-galactosidase, vaccinia,
HCV, and tumor antigens was tested in duplicate by challen-
ging cells with individual pepmixes of overlapping peptides (1
pg/mL final concentration). Each plate included a negative
(medium-alone) control. After overnight incubation, plates
were developed and spot-forming cells (SFC) expressing inter-
feron-gamma were enumerated on a plate reader using
ImmunoSpot Software (Cellular Technology Ltd.). The fre-
quency of T cells specific to each antigen was expressed as
SFC per input cell number. A positive response was defined as
a signal of at least 30 SFC/2x105 cells and at least 2 times the
magnitude of the negative control.

Assay for immunogenicity

Serum samples from patients treated with JX-594 were tested for
antibodies to beta-galactosidase. Detection was performed with
a GLP-validated electrochemiluminescence (ECL) immunoassay
utilizing the Meso Scale Discovery (MSD) platform. Briefly, serum
samples were diluted 1:25 in Diluent/Block buffer and loaded on
MSD plates coated with human beta-galactosidase (Sigma-Aldrich)
after which 500 pg/mL biotin labeled goat anti-human kappa and
goat anti-human gamma antibodies (Bethyl Laboratories, Inc.) was
bound. The plates were then incubated with ruthenium labeled
(Sulfo-Tag) Streptavidin (1.0 µg/mL) followed by development
with a tripropylamine (TPA)-containing read buffer (Mesoscale)
and measurement of the ECL signal with a MSD Sector Imager
2400 (Meso ScaleDiscovery®, Cat. #R92TC-2). The positive control,
rabbit anti-human beta-galactosidase (Lifespan Biosciences), was
loaded on each plate at 200ng/mL (LPC) and1000ng/mL (HPC) in
4% normal human serum. The negative control on each plate was
pooled healthy serum. The plates also included wells coated with

Human IgG (R&DSystems),Human IgM (Rockland), andHuman
IgA (Rockland) as binding controls.

Cut point and end point titer determination

Samples that tested positive in a screening step were tested in
a confirmatory assay to identify true positives by assessing the
specificity of the signal through competition with soluble beta-
galactosidase. Positive signals were defined using a statistically deter-
mined, study-specific screening and confirmatory cutpoints calcu-
lated from background ECL signals of 110 patients' Day 1 predose
samples. The screening cutpoint CPwas set to a theoretical 5% false-
positive rate (95%confidence Interval) and the confirmatory stepCP
was set to a theoretical 0.1% false-positive rate (99.9% confidence
interval).48 To calculate the CP values, the data was transformed to
Log (base 10) and assessed for normality using the Shapiro–Wilk
test. After removal of outliers, a non-parametric analysis was used to
calculate theCP for the screening step, whereas a parametric analysis
was used to calculate the CP for the confirmatory step. The relative
level of antibodies in samples was expressed as end point titer (EPT),
defined as the reciprocal of the last dilution above the CP (set in this
study at twice the Negative Control mean signal).
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