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Reovirus, a replication competent RNA virus, has pre-
clinical activity against melanoma lines and xenografts.
We conducted a phase Il trial of reovirus in metastatic
melanoma patients. Patients received 3 x 10'° TCID50
on days 1-5 of each 28 day cycle, administered intra-
venously. Twenty-one eligible patients were enrolled.
Treatment was well tolerated without any dose reduc-
tions having to be implemented. Post-treatment biopsy
samples were obtained in 15 patients, 13/15 contained
adequate tumor for correlative analysis. In two patients,
productive reoviral replication (viral antigen coexpres-
sion with tubulin) was demonstrated, despite increase
in neutralizing antibody titers. There were no objective
responses although 75-90% tumor necrosis, consis-
tent with treatment effect, was observed in one patient
who had metastatic lesions surgically removed. Median
time to progression and survival were 45 days (range
13-96 days) and 165 days (range 15 days—15.8 months)
respectively. In conclusion, reovirus treatment was well
tolerated in metastatic melanoma patients; viral replica-
tion was demonstrated in biopsy samples. Based on pre-
clinical data showing synergy with taxane and platinum
compounds, a phase Il combination trial in metastatic
melanoma patients is ongoing.
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INTRODUCTION

Reovirus Serotype 3-Dearing Strain (Reolysin’) is a naturally occur-
ring, ubiquitous, nonenveloped double-stranded RNA virus.' While
community-acquired reovirus infection in humans is generally
mild and limited to the upper respiratory and gastrointestinal tract,
reovirus has been shown to replicate specifically in, and be cyto-
pathic against transformed cells possessing an activated Ras signal-
ing pathway.>¢ The specificity of the reovirus for Ras-transformed
cells, coupled with its relatively nonpathogenic nature in humans,
makes it an attractive anticancer therapy candidate.

The preferential lysis of cells with an activated Ras pathway by
reovirus appears to be due to the inhibition of double-stranded
RNA-activated protein kinase (PKR) in these cells.” In non-Ras
activated cells, PKR autophosphorylates in the presence of viral
transcripts, resulting in activation and inhibition of viral pro-
tein synthesis, thus preventing viral replication. In contrast, Ras-
activated cells inhibit the autophosphorylation of PKR, keeping it
in an inactive state, and allowing viral translation and eventually
oncolysis to take place.

Despite recent treatment advances,”® metastatic melanoma
remains incurable. Virotherapy or oncolytic virus treatment
driven immunotherapeutic approaches, such as use of HSV-1
strains encoding GMCSF [Oncovex (GMCSEF), currently in phase
II clinical testing®'], are gaining momentum as potentially
promising therapeutic alternatives in the treatment of this dis-
ease. Evidence of viral replication in metastatic deposits follow-
ing intravenous administration of viruses such as vaccinia virus in
other tumor types,'! supports that intravenous administration of
oncolytic agents represents a direction worth exploring further in
the treatment of metastatic malignancy.

Activation of the Ras pathway is observed in up to 60% of met-
astatic melanoma patients'? providing a strong rationale for testing
of Reolysin in the treatment of this malignancy. Melanoma lines
are highly permissive to reovirus-induced CPE" and antitumor
activity was observed with Reolysin’ in melanoma animal mod-
els.* Given the systemic nature of metastatic melanoma, intrave-
nous administration of Reolysin” was felt to be the most clinically
relevant route in our trial.

The primary objective of this phase II trial was, therefore, to
assess the antitumor effect of Reolysin” in patients with metastatic
malignant melanoma in terms of response rate and clinical benefit
rate (partial or complete response or stable disease for at least 8
weeks) and to assess the toxicity profile of Reolysin” administered
intravenously in patients with malignant melanoma. Two phase I
trials of single agent intravenous administration of Reolysin™ have
been previously completed.'>'® Doses up to 3 x 10" TCID50 days
1-5, of a 4-week cycle were well tolerated without dose-limiting
toxicity being observed; this is the dose chosen for our study.
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Secondary objectives included assessment of progression-free
and overall survival in melanoma patients treated with systemic
Reolysin’, assessment of viral replication in metastatic melanoma
deposits after intravenous administration of Reolysin’, and assess-
ment of the impact of pre-existing anti-reovirus immunity on the
efficacy and toxicity of Reolysin’ treatment.

RESULTS

Patients

Twenty three patients have enrolled onto this study. One patient
died of sepsis after signing consent but prior to receiving any treat-
ment and, as such, is not included in this study summary. Another
patient was found to be ineligible because of not meeting minimum
size of metastatic lesions as per trial eligibility criteria. Patient and
tumor characteristics at registration of the remaining 21 eligible
patients are presented in Table 1. Median number of prior treat-
ment regimens was 2 (range 1-4).

Treatment course
The median number of cycles administered was 1 (range 1-4). No
dose reductions had to be implemented due to toxicity.

Toxicity

In general, treatment was well tolerated. Few severe (grade 3-4)
treatment related toxicities were reported, with fatigue (9.5%),
lymphopenia (9.5%), and hyponatremia (9.5%) being the most
common. Nonhematologic and hematologic grade 1-2 toxicities
most commonly reported were fatigue (66.7%), nausea (57.1%),
fever (52.4%), and anemia (42.9%), respectively (Table 2).

Table 1 Patient characteristics at study entry

n=21

Male 9 (42.9%)
Female 12 (57.1%)
Median age 65
(Range) (22-80)
M stage

Mla 3 (14.3%)

Milb 2(9.5%)

Milc 16 (76.2%)
Dominant disease

Visceral 11 (52.4%)

Soft tissue 9 (42.9%)

Osseous 1 (4.8%)
ECOG PS

0 10 (47.6%)

1 10 (47.6%)

2 1 (4.8%)
Prior radiation therapy 8(38.1%)

Prior systemic therapy
20 (95.2%)
8(38.1%)

Chemotherapy

Immunologic or vaccine therapy

Molecular Therapy vol. 20 no. 10 oct. 2012

Intravenous Reolysin treatment for metastatic melanoma

Clinical course

Patients have discontinued treatment due to death (1 pt); disease
progression (19 pts); increased bleeding from an inguinal site
(1 pt). The death on study was a 47-year-old female who died
15 days after the start of treatment due to clinical deterioration.
Median time to progression was 45 days (range 13-96 days) and
median survival was 165 days (range 15 days-15.8 months).
Figure 1 displays the Kaplan-Meier curves for the distribution of
progression-free survival and overall survival times.

No disease responses meeting PR or CR criteria were observed
in study patients, although extensive tumor necrosis was seen in
the surgical specimen of a patient who had two metastatic cutane-
ous lesions surgically removed due to hemorrhage. This patient
had received two treatment cycles; although her cutaneous metas-
tases remained stable in size, they became clinically necrotic with
bleeding and symptomatic anemia which necessitated removal of
two of these lesions. Pathology showed 75-90% tumor necrosis in
these lesions, consistent with treatment effect (Figure 2). Overall
only 6 patients remained on treatment with stable disease for >8
weeks. As such, the trial did not meet the previously defined effi-
cacy rule in order to proceed to the second stage of accrual and
closed to further enrollment.

Table 2 Treatment-related (possibly, probably, definitely) toxicities®

Grade 1/2, Grade 3, Grade 4,
Toxicity % % %
Constitutional ~ Fatigue 66.7 9.5 0
symptoms Fever 524 0 0
Chills 47.6 0 0
Myalgia 47.6 0 0
Blood/bone Anemia 38.1 4.8 0
marrow Thrombocytopenia 33.3 0 0
Neutropenia 19.0 0 0
Leukopenia 14.3 0 0
Lymphocytopenia 0 9.5 0
Gastrointestinal  Nausea 57.1 0 0
Anorexia 429 0 0
Vomiting 28.6 0 0
Diarrhea 14.3 0 0
Pain Headache 14.3 0 0
Pulmonary Cough 28.6 4.8 0
Dyspnea 14.3 4.8 0
Metabolic Hypoalbuminemia 14.3 4.8 0
laboratory Hyponatremia 0 9.5 0
Hypophosphatemia 4.8 4.8 0
Hypercalcemia 0 0 4.8
Hyperuricemia 0 0 4.8
LDH 0 4.8 0
Neurology Confusion 4.8 4.8 0
Musculoskeletal/ Muscle weakness 4.8 4.8 0
soft tissue
Reported by >2 patients or at least 1 patient with a grade 3-4.
1999
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Figure 1 Clinical outcome of study patients.

Figure 2 Extensive necrosis of a resected metastatic melanoma
lesion in a Reolysin® treated patient. A sheet of viable melanoma cells
is seen in the lower right with abrupt transition to the necrotic area at
left. Ghost outlines of necrotic melanoma cells are seen in the upper
cell.

Detection of replicating reovirus in tumor samples
Fifteen patients had tumor biopsies performed at ~1 week fol-
lowing treatment, timing in which reovirus replication has been
detected by plaque assay and electron microscopy in a prior
phase I trial.’* Of these biopsies, 13 contained metastatic tumor.
Productive reoviral replication (viral antigen coexpression
with tubulin) (Figure 3) was detected in two of the 13 tumors.
Coexpression of the reovirus with p38 was also demonstrated in
these two samples (Figure 3). Of note, both patients had a longer
progression-free survival (80 and 87 days, respectively) as com-
pared to the median survival of 45 days in this study, although the
small sample size prevents any statistical conclusions.

BRAF/KRAS mutation status

The KRAS and BRAF mutation status was examined in 11/13
biopsy patients for whom adequate tumor was available. KRAS
was wild type in all 13 patients and BRAF mutations were detected
in 2 of 13 patients. There was no association between detection
of the V600E mutation and reoviral replication, but the patient
sample size and the small number of positive samples prevents
definitive conclusions.

2000

© The American Society of Gene & Cell Therapy

Detection of neutralizing anti-reovirus antibodies
(NARA)

All 21 patients had baseline serum samples for determination of
neutralizing anti-reovirus antibodies (NARA) titers, and 13 of
the 21 patients had pre- and post-treatment samples available for
evaluation of NARA response. Results per individual patient are
given in Figure 4. All 21 patients had pre-existing anti-reovirus
neutralizing antibodies. In all 13 patients, in whom pre- and post-
treatment samples were available, there was a significant induction
of NARA response following treatment, which peaked at 30 days
following treatment initiation. In all 13 patients the post-treat-
ment NARA titers exceeded 1/2,000, whereas in 9/13 patients the
peak endpoint titer reached 1/10,000. The median fold increase
from baseline was 247-729 with a range of 81 to 2,187. It is of note
that the two patients who had reoviral replication demonstrated
in their tumors (V-7 and V-17 in Figure 3), had comparable or
higher baseline NARA titers (both above 1/100) as compared
to other study patients, which increased significantly following
treatment, thus indicating that high baseline NARA levels do not
preclude reovirus replication in tumor tissue following systemic
administration.

DISCUSSION

We report on the first phase II trial assessing the efficacy of reovi-
rus as a single agent in the treatment of metastatic melanoma. A
modest median progression-free survival of 45 days and a median
overall survival of 168 days were observed. Although the trial did
not proceed to its second stage, due to not meeting the predeter-
mined efficacy rule, it did convincingly demonstrate productive
replication of reovirus in melanoma tissue following intravenous
administration, the first such demonstration in this tumor type.
Methodologies used in other clinical trials of different tumor
types to assess reoviral replication, frequently included tech-
niques such as recovery of live virus from tumor deposits or in
situ hybridization which cannot convincingly distinguish between
input and progeny virus."” Reovirus is using the tubulin scaffold
of the cell in order to replicate'®'’; the reovirus core protein mu
2 determines the filamentous morphology of viral inclusion
(“factories”) by interacting with and stabilizing microtubules."
Coexpression of reovirus antigens and tubulin in biopsy samples
from our study patients is therefore indicative of viral replication
in these metastatic melanoma tumors. Preclinical experiments
in melanoma models also indicate that p38 and MAPK signaling
represent key molecular alterations promoting reoviral replica-
tion."” Coexpression of p38 in the reovirus positive biopsy samples
supports this hypothesis.

Although our data do not support use of reovirus as mono-
therapy in the treatment of malignant melanoma, they do dem-
onstrate productive reoviral replication in melanoma metastases
(2/13 patients), following intravenous administration. Pockets of
replication can easily be missed on biopsies either based on loca-
tion in the tumor or relative timing of the biopsies and replica-
tion. Although this result may still underestimate the level and
incidence of replication, it serves as a proof-of-principle upon
which future treatment regimens incorporating reovirus can be
based. Preclinical data support that combination of reovirus with
chemotherapy agents such as paclitaxel and cisplatin can lead

www.moleculartherapy.org vol. 20 no. 10 oct. 2012



© The American Society of Gene & Cell Therapy

Intravenous Reolysin treatment for metastatic melanoma

Figure 3 Expression of reoviral proteins in post-treatment metastatic melanoma biopsies, as demonstrated with the Nuance system. (a)
Hematoxylin and eosin (H&E) stain, (b) reovirus stain (fluorescent red), (c) tubulin stain (fluorescent green), (d) cells coexpressing both targets are
fluorescent yellow, (e) higher magnification of an area of double positive cells indicative of productive reovirus infection (blue color, hematoxylin
counterstain), (f) coexpression of reovirus (fluorescent red) with p38 (fluorescent green) in tumor cells results in fluorescent yellow.
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Figure 4 Increase in reoviral titers was observed in all 13 patients in whom baseline and post-treatment samples were available; titers
reached their peak at 1 month following treatment initiation in the majority of patients.

into synergistic cytotoxicity by increasing apoptosis in treated
tumors.?**" Furthermore, phase I trials have demonstrated the
safety of intravenous administration of reovirus in combination
with chemotherapeutic agents such as docetaxel, gemcitabine, and
carboplatin/paclitaxel.?** Based on these preclinical data and the
clinical safety data, a phase II trial of reovirus in combination with
paclitaxel and carboplatin in patients with metastatic melanoma is
ongoing (clinicaltrials.gov NCT00984464).

A multiple fold increase of neutralizing antibodies against the
reovirus was observed in all our patients in whom pre- and post-
treatment serum samples were available (median fold increase
247-729) consistent with data from phase I trials.">'%** Although
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the presence of neutralizing antibodies did not preclude reoviral
replication in the tumors of two study patients (both having pre-
treatment NARA titers >1/100), NARA might still have decreased
the efficacy of reovirus monotherapy. Of note, the prevalence of
neutralizing reovirus antibodies in adult humans has been found
to be higher than 50% and up to 100%, depending on the study.***
Combination with immunosuppressants such as cyclophosphamide
could address this problem by modifying the humoral immune
response:'* a phase I trial of reovirus/cyclophosphamide combina-
tion (REO-012) is ongoing in the UK. Combinatorial strategies with
certain chemotherapy agents such as gemcitabine can also attenuate
the NARA response.”
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Of note, melanoma cell death by reovirus has been shown
to elicit an antitumor immune response.’*? In this context, the
use of immunosuppressants or chemotherapeutic agents needs
to be carefully timed in order to exert its positive impact against
humoral immune response, but still allow the triggering of antitu-
mor immune response induced by viral lytic cell death. Although
our study was not designed to incorporate an assessment of anti-
tumor immune response in the context of reoviral treatment, the
latter should represent an important correlative endpoint in future
reovirus trials in melanoma patients.

In summary, this phase II trial, although it did not meet its pri-
mary efficacy endpoint, convincingly demonstrated replication of
reovirus in melanoma metastases following intravenous adminis-
tration despite high NARA titers. These data support development
of reovirus as a novel agent in treatment of malignant melanoma
as part of combinatorial strategies.

MATERIALS AND METHODS
Eligible patients had to be 18 years of age or older and have histologic or
cytologic confirmation of metastatic malignant melanoma with at least
one lesion which could be accurately measured in at least one dimension
as >20mm with conventional techniques or >10mm with spiral CT.
Eligible patients should have failed at least one treatment regimen for
metastatic disease. They were also required to have an Eastern Cooperative
Group Performance Score of 0-2; life expectancy of 212 weeks; acceptable
hematologic function defined as absolute neutrophil count >1,500/ul,
platelets 2100,000/pl, and hemoglobin >9 g/dl; adequate hepatic and renal
function defined as total bilirubin <1.5 X the institutional upper limit of
normal, aspartate aminotransferase <2.5 x upper limit of normal, and
creatinine <1.5 x upper limit of normal. Because of the theoretical concern
that reovirus treatment might impact on cardiac function, patients were
required to have a baseline left ventricular ejection fraction of >50% as
assessed by echocardiogram or MUGA and normal troponin T levels.
Patients were required to be >4 weeks from any prior chemotherapy
(6 weeks for nitrosourea or mitomycin-C), and >2 weeks from radiation
therapy, immunotherapy or treatment with small molecule cell cycle
inhibitors. Patients with known brain metastases, known HIV positivity,
and pregnant and nursing women were excluded.

Study treatment. Reolysin’ was administered at a dose of 3 x 10'° TCID50
per day in 250ml 0.9% sodium chloride, infused intravenously over 60
minutes daily on days 1-5 of a 4-week cycle. Toxicity was graded according
to the National Cancer Institute Common Terminology Criteria Version
3.0. Reolysin" was decreased by one dose level in subsequent cycles for
interim grade 4 hematologic toxicity, 2grade 2 cardiac toxicity, and >grade
3 other nonhematologic toxicity. A maximum of three dose reductions
were allowed (1 x 10'° TCID50 per day, days 1-5; 3 x 10° TCID50 per day,
days 1-5; then 1 x 10° TCID50 per day, days 1-5). Grade 3 flu-like symp-
toms of <72 hours duration and grade 3 fever <72 hours duration did not
require dose modification.

Response assessment. RECIST criteria v1.0*> were employed for assess-
ment of response. Patients had imaging evaluation at baseline, week 4, and
every 8 weeks thereafter.

Statistical analysis. A single arm two-stage phase II trial was designed
to test the null hypothesis that the true clinical benefit rate with Reolysin’
is at most 50% against the alternative hypothesis of the true benefit rate
with Reolysin’ at least 70%, with a 90% power at a 0.1 level of significance.
Twenty patients were to be enrolled at the first stage of the trial. If at least
11 of these 20 patients remained on treatment for at least 8 weeks with 2
or more patients having a CR or PR, the trial was to proceed to the second
accrual stage.
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Determination of NARA titers. Patients’ serum for determination of NARA
titers was collected at baseline, and before each subsequent treatment cycle
(i.e., every 4 weeks if the patient remained on study). Dilutions of patient
serum were treated with a constant dose of reovirus known to cause 80%
cell death on 1929 mouse cells. The serum:virus mix was incubated for
2-3 hours to allow any antibodies in the serum to bind and neutralize the
virus, before transferring onto L929 cells. At 72 hours the cell survival was
measured by MTT assay. An anti-reovirus rabbit antibody was used as a
positive control for this assay. The NARA titer was expressed as the last
dilution where any neutralization occurred before cell killing was resumed
to that seen in the virus-only treated controls.

Assessment of reovirus replication in metastatic deposits. The first 15
patients enrolled in the trial had biopsies performed at 7 days + 1 day
after treatment initiation. Three core needle biopsies were obtained under
CT or ultrasound guidance. Paraffin sections were examined to assess
cytopathic effect, expression of reovirus antigens, tubulin and p38 by
immunohistochemistry.

Our immunohistochemistry protocol has been previously published.***
The Benchmark LT automated system from Ventana Medical Systems
(Tucson, AZ) was employed according to the manufacturer’s specifications.
In brief, optimal conditions were determined by comparing different
antibody concentrations with no pretreatment, to protease pretreatment
(Protease 1, 4 minutes) and to cell conditioning. Applying these protocols
in reovirus infected cell lines (NH3, HN5, SIHN 5B, PJ41, CAL27, CHL,
A375, D04, SK-Me128, WM1791C, and corresponding uninfected control
cells) tested and evaluated in a blinded fashion, it was determined that the
optimal concentration conditions for antibodies used in this study were:
reovirus (1:6,000, antigen retrieval for 30 minutes, Ab was provided by
Dr Matt Coffey); tubulin (1:100, antigen retrieval for 30 minutes; Abcam,
Cambridge, MA) and p38 (1:200 antigen, retrieval for 30 minutes; Abcam,
Cambridge, MA). Since the reovirus antibody is goat derived, tissue
was incubated with the primary antibody for 20 minutes, followed by
incubation with a rabbit/anti-goat antibody diluted at 1:1,000. The antigens
were detected with the Ultraview Universal DAB or Fast Red system from
Ventana with a counterstain of hematoxylin.

The Nuance system (Cambridge Research Institutes) was employed for
interpretation of colocalization. This is a microscope/computer based interface,
which dissects the colorimetric based signal for the different chromogens,
and then converts these color-based signals to fluorescence-based signals.
This allows one to readily perform “fluorescence—mixing” combinations to
determine if a given cell has neither, one, or two or more signals.

KRAS and BRAF mutation analysis. Hematoxylin and eosin stained sec-
tions and 10 micron thick unstained sections were obtained from form-
alin-fixed, paraffin-embedded tissue. The hematoxylin and eosin stained
sections were reviewed, and tumor areas with >20% malignant nuclei were
selected for macrodissection. Approximately 1cm of material or all avail-
able tissue was scraped and Proteinase K digested overnight. Extraction
was performed using the automated column based QIAamp DNA Mini Kit
on the QIA cube extraction system (Qiagen, Valencia, CA).

The seven common KRAS mutations at codons 12 and 13 were tested
using the KRAS Mutation Detection Kit (Qiagen) (previously DxS) on the
Light Cycler 480 (Roche Diagnostics, Indianapolis, IN). The BRAF assay
is an allele specific PCR with resolution of the amplicons by fragment
analysis on an ABI 3130 x 1 (Life Technologies, Carlsbad, CA). Assays
were performed as previously described.*
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