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ABSTRACT

Background While programmed cell death protein 1 (PD-
1) and programmed death-ligand 1 (PD-L1) antagonists
have improved the prognosis for many patients with
melanoma, around 60% fail therapy. PVSRIPO is a non-
neurovirulent rhinovirus:poliovirus chimera that facilitates
an antitumor immune response following cell entry via the
poliovirus receptor CD155, which is expressed on tumor
and antigen-presenting cells. Preclinical studies show that
oncolytic virus plus anti-PD-1 therapy leads to a greater
antitumor response than either agent alone, warranting
clinical investigation.

Methods An open-label phase | trial of intratumoral
PVSRIPO in patients with unresectable melanoma
(American Joint Committee on Cancer V.7 stage llIB,

llIC, or IV) was performed. Eligible patients had disease
progression on anti-PD-1 and V-raf murine sarcoma

viral oncogene homolog B (BRAF)/mitogen activated
protein kinase kinase (MEK) inhibitors (if BRAF mutant).
The primary objective was to characterize the safety

and tolerability of PVSRIPO. Twelve patients in four
cohorts received a total of 1, 2 or 3 injections of PVSRIPO
monotherapy, with 21 days between injections.

Results PVSRIPO injections were well tolerated with no
serious adverse events (SAES) or dose-limiting toxicities
(DLTs) reported. All adverse events (AEs) were grade (G)

1 or G2 (G1 pruritus most common at 58%); all but two
PVSRIPO-treatment related AES were localized to the injected
or adjacent lesions (n=1G1 hot flash, n=1G1 fatigue). Four
out of 12 patients (33%) achieved an objective response per
immune-related response criteria (two observations, 4 weeks
apart), including 4/6 (67%) who received three injections.

In the four patients with in-transit disease, a pathological
complete response (pCR) was observed in two (50%) patients.
Following study completion, 11/12 patients (92%) reinitiated
immune checkpoint inhibitor-based therapy, and 6/12 patients
(50%) remained without progression at a median follow-up
time of 18 months.

Conclusion Intratumoral PVSRIPO was well tolerated.
Despite the limited number of PVSRIPO treatments relative

to the overall lesion burden (67% patients>5 lesions),
intratumoral PVSRIPO showed promising antitumor activity,
with pCR in injected as well as non-injected lesions in select
patients.

Trial registration number NCT03712358

BACKGROUND

While the recent Food and Drug Adminis-
tration approval of programmed cell death
protein 1 (PD-1) and programmed death-
ligand 1 (PD-L1) antagonist therapy has
improved the prognosis for some patients with
advanced melanoma, treatment comes with
significant limitations.'™ Primary resistance
at the time of initial drug exposure occurs
in around 60% of patients with melanoma,
and of those who have an initial response,
secondary resistance can then occur. There
are multiple mechanisms that drive primary
resistance to anti-PD-1 therapy, including
insufficient intratumoral T-cell trafficking/
function as well as descriptions of immune
inhibitory signaling within the tumor micro-
environment (TME).® Efforts to overcome
resistance, particularly the addition of anti-
cytotoxic T-lymphocyte-associated protein
4 (CTLA-4) directed therapy, increases
response rates to around 60% but also
results in a substantial increase in the risk of
severe toxicity.” One promising approach for
patients with melanoma who lack immune-
mediated antitumor responses to anti-PD-1
therapy is intratumoral delivery of agents
designed to promote antigen presentation
in the TME, which can revive or initiate anti-
tumor responses.”

Intratumoral delivery of the oncolytic
poliovirus PVSRIPO, the live attenuated,
type I poliovirus (Sabin) vaccine carrying
an internal ribosomal entry site (IRES) of
human rhinovirus type 2,% has shown initial
promise in patients with recurrent glioblas-
toma multiforme.'” PVSRIPO enters cells
via the poliovirus receptor CD155, which is
widely expressed on neoplastic cells in many
solid cancers,11 including melanoma,12 as well
as on all antigen-presenting cells (APCs) of
monocytic lineage."” Accordingly, PVSRIPO
elicits cytopathogenic damage and host
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innate type I/III interferon (IFN) responses in cancer
cells' and activates tumor-associated APC in the TME
in preclinical models."”” '° The activated APCs produce
sustained type I/III IFN dominant inflammation in the
TME, which controls tumor growth in murine immu-
nocompetent tumor models.”” ' The combined effects
stemming from viral targeting of neoplastic cells and
innate immune activation in the TME make intratu-
moral delivery of PVSRIPO a potentially effective strategy
to promote sustained antitumor response in combina-
tion with systemic PD-1 therapy.” "> '” Here, we present
results of the initial phase I trial of intratumoral PVSRIPO
in 12 patients with anti-PD-1 refractory, unresectable
melanoma.

METHODS

Patient population

A full list of inclusion and exclusion criteria can be found
on the clinicaltrials.gov website (https://clinicaltrials.
gov/ct2/show/NCT03712358>cond=pvsripo&draw=2&
rank=4). See online supplemental file 1 for the full clin-
ical protocol.

Briefly, patients were required to have histologi-
cally proven, unresectable, recurrent American Joint
Committee on Cancer (AJCC) V.7, stage IIIB, IIIC, or IV
melanoma, with three or fewer visceral metastases.'® All
patients were required to have disease progression after
anti-PD-1-based therapy. Patients whose tumors had V-raf
murine sarcoma viral oncogene homolog B (BRAF)"*"
mutations were required to have progressed on BRAF/
mitogen-activated protein kinase kinase (MEK) inhibitors
therapy as well. Prior intralesional therapies were allowed.
Staging was determined by computed tomography (CT)
of the chest, abdomen and pelvis, and/or whole-body
positron emission tomography scan and magnetic reso-
nance imaging (MRI) of the brain. Patients were admin-
istered trivalent inactivated IPOL® (Sanofi-Pasteur) at
least 1week prior to intratumoral injection of PVSRIPO
and were required to have a positive serum antipolio-
virus titer. To be treated, patients had to have at least one
injectable cutaneous, subcutaneous or nodal melanoma
lesion of 210 mm in longest diameter or multiple inject-
able melanoma lesions which in aggregate had a longest
diameter of 210 mm.

Study oversight

This study was an open-label phase I trial of PVSRIPO in
patients with anti-PD-1 refractory melanoma. Two authors
have equity in Istari Oncology (MG and DDB).

Study drug

PVSRIPO is the live attenuated, type I poliovirus (Sabin)
vaccine that was modified by exchange of its cognate IRES
with the corresponding segment from human rhinovirus
type 2. Dose-range finding and toxicology studies in
non-human primates documented the absence of viral
encephalomyelitis, poliomyelitis and meningitis with

intracerebral injection of PVSRIPO up to a dose of 5x10°
median tissue culture infective dose (TCID,) 1 The dose
of PVSRIPO for this trial was selected based on investiga-
tional new drug (IND)-directed toxicity studies and prior
experience from a phase I dose-escalation study in adults
with recurrent WHO G4 malignant glioma.'’ In the phase
I malignant glioma studies, patients received only one
planned treatment of intratumoral PVSRIPO, although
some patients received a second dose after amendments
to the protocol.

PVSRIPO was manufactured at the Biopharmaceu-
tical Development Program/National Cancer Institute-
Frederick. The dose selected for this single institution
trial was 1x10° TCID,, delivered via direct intratumoral
injection. The desired aliquot was prepared at the
intended volume (0.5mL) and drawn into a delivery
device (1mL syringe). PVSRIPO was then injected into
visible, palpable, or ultrasound-visualized lesions using a
single insertion point and redirecting the needle within
the lesion to disperse the volume equally within the entire
lesion.

Study design

We initially enrolled three patient cohorts each consisting
of three patients; a fourth cohort was later added to
test an alternate dosing strategy of repeated injections
into the same lesion. There was a minimum of 3weeks
between each cohort. Cohort 0 (n=3) received one full
dose (1x10® TCID,;) intratumoral injection of PVSRIPO
into one lesion. Cohort 1 (n=3) received two total doses
of PVSRIPO administered to two distinct lesions, with the
first lesion treated on day 1 and the second on day 22.
Cohort 2 (n=3) received three total doses of PVSRIPO
administered to three separate lesions: the first lesion was
treated on day 1, the second lesion on day 22, and the
third lesion on day 43. Finally, during the study, an amend-
ment allowed for an additional cohort of three patients to
receive multiple injections into the same lesion. In this
cohort (cohort 3), the same lesion was treated with three
intratumoral injections, given on days 1, 22, and 43. If
two or more patients in any cohort experienced a DLT,
a detailed prespecified dose-reduction plan would be
followed.

Primary source documentation of disease burden
consisted of tumor measurements and digital photo-
graphs taken at baseline, prior to treatment. Up to five
cutaneous lesions and up to five metastases (no more
than two visceral organs) were chosen as index lesions
for serial measurements throughout the study. Index
lesions were selected on the basis of their size (lesions
with longest bidimensionally perpendicular diameters;
at least 10mm in longest diameter or in aggregate if
multiple superficial lesions) and suitability for accurate
repeated measurements by imaging techniques and/or
clinical exam. Index lesions were selected in a way that
the number and distribution of index lesions could be
considered representative of the subject’s overall disease
status. Measurements were performed using imaging (CT,
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MRI, or ultrasound) or clinical exam (using a ruler or
calipers), and the same technique was used consistently
for lesions across time points. All other lesions, including
any measurable lesions not chosen as index lesions as well
as non-measurable lesions, were considered non-index
lesions and were assessed qualitatively over the course of
therapy but were not measured specifically.

Response was determined according to immune-
related response criteria (irRC) and repeated assessments
of index lesion tumor measurements over time as well
as qualitative assessment of non-index lesions.*” Tumor
measurement data in combination with photographic
records of lesions obtained prior to intervention were
used to establish baseline measurements, and measure-
ments were repeated at predetermined time points: days
22, 43, and 84 after initial PVSRIPO injection.

Confirmation of disease response to PVSRIPO at 4
weeks was planned according to irRC. However, after
PVSRIPO treatment, patients who were not having clin-
ical benefit, as determined by the principal investigator
(PI), were taken off study at earlier time points (before
the 4-week confirmation) so patients could pursue addi-
tional therapies. After patients were off study, patient
medical records were reviewed to capture any poststudy
therapies as well as progression free and overall survival.
Additional patient characteristics for manuscript prepara-
tion were obtained by PI chart review.

Biologic analyses

Immunohistochemistry for the poliovirus receptor
(CD155) on pretreatment tumor tissue was performed in
a Clinical Laboratory Improvement Amendment-certified
laboratory, and CD155 expression was assessed and quan-
tified by a trained dermatopathologist (figure 1)."" Stool
samples were collected on patients 1-5 on post-treatment
days 10, 22, 43, and 63 after PVSRIPO injection if they
remained on study to test for viral shedding. Because
the first five patients had no evidence of viral shedding
in the stool, an amendment was approved for only one
stool collection and analysis at day 10 after first injection
for the remaining patients. Patient 6 had stool collected
on days 10 and 21 due to timing of the amendment and
patients 7—12 had stool collected only on day 10 from first
PVSRIPO injection.

Statistical analysis

The primary objective was to characterize the safety
and tolerability of PVSRIPO in patients with AJCC V.7
unresectable stage IIIB, IIIC, or IV melanoma, as deter-
mined by the proportion of patients experiencing DLT."
Exploratory objectives were to describe response rates of
injected and non-injected lesions by following measure-
ments of lesions every 3 weeks and to determine patho-
logical response from tumor biopsies after treatment with
PVSRIPO. Patients were continuously monitored for toxic
effects during the study using Common Terminology
Criteria for Adverse Events V.4.03. DLT was defined as any
G4 or higher non-hematologial or hematological toxicity

Label | Patient | Intensity | % total
No.
A 1 ++ 95%
B 2 +Ht 95%
(o} 3 +Ht 95%
D 4 + 50%
E 5 + 95%
F 6 +t 95%
G il ++ 95%
H 8 + 95%
| 9 =+ 90%
J 1 negative
K 12 ++ 95%
Figure 1 CD155 expression in melanoma tissue.

Immunohistochemistry staining for the poliovirus receptor
(CD155) was conducted on pretreatment tumor tissue

for patients with available tumor biopsies. No tissue

was available for patient 10. In patient 11 (J), the sample
consisted of abundant macrophages; image shows the
magnified region of the small region of viable tumor from

a punch biopsy, which is negative for CD155. The brown
staining in patient 11’s tumor is melanoma pigmentation and
not CD155 staining. The intensity of the stain as reported by
a pathologist (+lowest intensity to +++highest intensity) is
listed in the table and the percent viable tumor on the slide
staining positive is reported as % total.

probably, possibly or definitively related to PVSRIPO with
the exception of vitiligo. All 12 patients who received
at least one injection of PVSRIPO were included in the
safety analyses. All toxicities were tabulated by type and
grade.

RESULTS

Twelve patients in four cohorts were enrolled and treated
over 17 months between November 2018 and March 2020
(table 1). The median age was 66 years (range 38-80);
50% (n=6) had stage IV disease with 50% (n=6) having
stage IIIC melanoma. Seven of the 12 patients (58%)
were considered to have primary resistance to anti-PD-1
therapy, while 4 (33%) were considered to have secondary
resistance, as classified according to the Society for
Immunotherapy of Cancer (SITC) taskforce consensus.”
One patient (patient 3) was felt to have had inadequate
exposure, due to limited treatment duration secondary to
rapid disease progression, to determine type of anti-PD-1
resistance. Additional patient characteristics of patients
enrolled and treated are summarized in table 1.

All patients received all PVSRIPO injections as planned.
Injected lesions included subcutaneous metastases
(n=8), superficial palpable lymph nodes (n=3), and one
external iliac lymph node injected using ultrasound guid-
ance. Only two patients on the study had M1b disease,
and no visceral lesions were injected. The median time
from patient consent to study end for all patients (n=12)
during which safety events were captured was 75 days.
The median time after the last injection to study end,
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during which safety events were captured, was 39 days
for patients receiving one injection (n=3), 21 days for
patients receiving two injections (n=3), and 31.5days for
the six patients who received three injections.

Treatment was well tolerated with no SAEs or DLIs.
Table 2 lists the frequency of AEs, stratified by all AEs
reported during the study period, and treatment-related
AEs attributed as possibly, probably or definitely related
to PVSRIPO treatment. Only G1 and G2 toxicities were
observed with no G3 or higher toxicities. G1 local-
ized pruritus was the most common toxicity, seen in
58% (8/12) of patients. Viral shedding in stool was not
detected in any patient.

Expression of the poliovirus receptor CD155 on tumor
cells was determined in 10 of the 11 patients with avail-
able pretreatment tumor biopsies (figure 1). No tumor
tissue was available for patient 10. Patient 11 had tumor
that was negative for CD155 expression. However, the
tumor biopsy for patient 11 had just a small area of viable
tumor, such that minimal tumor was present on the slide
to test for CD155. However, there was an abundance of
pigmentladen macrophages on the slide for patient 11
which did express CD155.

Of 12 patients, 4 (33%) achieved an objective response
per irRC; these four patients were all in cohort 2 or 3
and thus received three injections of PVSRIPO as listed
in table 1. Of the four patients with objective response,
two (patients 8 and 9) had three separate lesions injected
(eachlesion once), while two (patients 11 and 12) had one
lesion injected three times. Table 3 describes the types of
lesions injected and response in injected and non-injected
lesions for these four patients evaluable by irRC. Among
the four patients with in-transit disease (patients 5, 6, 9,
and 12), we observed pathological complete responses
(pCRs) (ie, no viable tumor detected in injected and
non-injected lesions biopsied) in two patients. In 67%
(8/12) of patients, no clinical benefit from PVSRIPO
was observed (as assessed by the PI of the clinical study).
These eight patients who did not appear to have a clinical
benefit after PVSRIPO were taken off study early and were
therefore unable to have disease progression confirmed
by irRC criteria because they received additional thera-
pies before the 4-week confirmation period (table 1). A
history plot of prior and subsequent therapies as well as
timing of these therapies is shown in figure 2.

At time of last follow-up for all patients (range 10-25
months), 11 of 12 patients (92%) treated with PVSRIPO
had gone on to receive additional immune checkpoint
inhibitor therapy. Subsequent therapies after PVSRIPO
are listed in table 1 and depicted in figure 2. Six patients
died during the follow-up period related to progressive
metastatic melanoma. At the time of data cut-off (median
18 months), 6 of 12 patients (50%) currently remain alive
without evidence of further disease progression (table 1).
Below are clinical details for two patients with confirmed
responses to PVSRIPO.

Patient 9 presented with extensive in-transit disease of
the right lower extremity without any other metastatic

disease as shown in figure 3A. He had previously received
four cycles of nivolumab with clinical progression and
an extensive whole-body rash, which was worst on the
chest and extremities. The patient was enrolled to cohort
2 and received three PVSRIPO injections into three
different lesions on the lower extremity 15 days after
the patient’s last cycle of nivolumab. Nine days after the
first injection, both the injected and non-injected lesions
appeared to regress as shown in figure 3B. The patient’s
lesions continued to decrease in size consistent with an
immune-related response criteria-confirmed partial
response (irPR). On day 63 after the first PVSRIPO injec-
tion (figure 3C), pathological analysis of biopsies taken of
both an injected lesion and a non-injected lesion showed
melanophages only, without viable tumor, consistent with
pCR. Following study completion, the patient then went
on to receive an additional cycle of nivolumab but then
discontinued nivolumab therapy, as the rash returned; the
patient declined additional treatment. At the time of last
follow-up, 16 months after the first injection of PVSRIPO,
the patient continues to have scattered, flat, pigmented
lesions remaining which have been stable (figure 3D,E);
his clinical picture is consistent with treated disease and
there is no other metastatic disease on serial whole-body
imaging.

Patient 8 presented with melanoma of unknown primary
with dermal and regional lymph node metastases. Prior to
enrolling on study, he was noted to have clinical progres-
sion after initially receiving three cycles of nivolumab and
then switching to three cycles of pembrolizumab due to
an infusion reaction (figure 4A,B). The patient was then
enrolled in the current study in cohort 2 and received
three injections of PVSRIPO into three different lesions.
Approximately 10 days after the first PVSRIPO injection,
the injected lesion appeared to be regressing. At day 63,
the patient had >75% reduction in all index lesions as
shown in the photos and CT scans in figure 4C,D. The
irPR was confirmed 3 weeks later with CT scan. Because
the patient had residual disease, he was taken off study
before the 4-week confirmation of irPR in order to resume
systemic therapy. The patient subsequently received four
cycles of pembrolizumab and remains without progres-
sion 17 months from PVSRIPO treatment.

Three patients (patient 8, 9, and 11) with objective
responses to PVSRIPO were taken off study and reini-
tiated on anti-PD-1 therapy as part of standard of care.
Patient 12 (immune related stable disease (irSD) and
pCR) did not resume anti-PD-1 therapy. Currently, all
four of the patients with objective responses to PVSRIPO
remain without progression as listed in table 1 and
depicted in figure 2. Of the eight patients with no clin-
ical benefit after PVSRIPO (as assessed by clinical study
PI), all received additional treatment after going off-
study. Subsequent treatments for eight of these patients
consisted of checkpoint inhibitor therapy, including
anti-PD-1 therapy (n=4), anti-PD-1 plus anti-CTLA-4/
ipilimumab (n=2), and anti-PD-1 plus other investiga-
tional agents (n=2). Of those eight patients, two currently
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Table 2 Adverse Events (AEs)

G1 G2 G2
All AEs n (%) n (%) Treatment related AEs n (%)
White blood cell count elevation 1(8) Erythema
Hypothyroidism 1(8) Erythema non injected lesion
Abdominal pain 1(8) Fatigue
Constipation 3 (25) Injection site itching
Diarrhea 2(17) Pruritus (generalized)
Dyspepsia 1(8) Tingling
Anal fissure 1(8) Skin infection 1(8)
Nausea 1(8) Bruising
Vomiting 1(8) 1(8) Pruritus skin (localized)
Chills 1(8) Discoloration injected lesion
Erythema 5 (42) Hot flashes
Erythema non-injected lesion 1(8)
Edema limbs 1(8)
Fatigue 1(8)
Injection site itching 1(8)
Pain 2(17)
Pruritus (generalized) 1(8)
Tingling 1(8)
Vaginal infection 2(17)
Skin infection 1(8)
Urinary tract infection 1(8)
Bruising 2(17)
Bleeding 1(8)
Biopsy site drainage 2(17)
Tumor bleeding 2 (17)
Creatinine increase 1(8)
Anorexia 1(8) 2(17)
Pain in extremity 1(8)
Tumor pain 1(8) 1(8)
Dizziness 1(8)
Headache 1(8)
Cough 2(17)
Nasal Congestion 2(17)
Postnasal drip 1(8)
Pruritus (localized) 7 (58)
Rash maculopapular 2(17)
Lesion discoloration 1(8)
Fever blister 1(8)
Inflammation at biopsy site 1(8)
Petechiae 1(8)
Serosanguinous drainage 1(8)
Soreness biopsy site 1(8)
Hot flashes 1(8)

AE, adverse event; G, grade.
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Table 3 Response details in patients evaluable by irRC

Patient Total Lesion(s) injected (n)/type Presence of Response in injected Response in non-injected
ID lesions (n) of lesion injected visceral lesion(s) lesion(s)/path lesions/path/lesion type
8 4 3/palpable lymph nodes No irPR irPR/path not assessed/regional
dermal metastases
9 >10 3/subcutaneous in-transit  No irPR/pCR irPR/pCR/subcutaneous in-transit
metastases metastases
11 2 1*/palpable lymph node No irPR irPR/path not assessed/regional
dermal metastasis
12 >10 1*/subcutaneous in-transit  No irSD/pCR irSD/pCR/subcutaneous in-transit
metastasis metastases

*3 injections into the same lesion.
irPR, immune-related response criteria-confirmed partial response; irRC, immune-related response criteria; irSD, immune-related
response criteria-confirmed stable disease; path, pathological evaluation; pCR, pathological complete response.

remain without disease progression at a median follow-up  eight patients who did not have objective responses from
of 22.5 months (figure 2). After receiving checkpoint  PVSRIPO included targeted therapy (n=2), radiation
inhibitor therapy, additional treatments pursued by the (n=2), talimogene laherparepvec (n=2), chemotherapy

Investigator Assessed Reason for Therapy Discontinuation PVSRIPO Investigator Assessed Benefit to Additional Therapy
ID Benefit from initial anti-PD-1

B ) @ ) B o o0 ©
5+ ® ® | X
7 ® @ O ®
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No benefit from initial anti-PD-1

: eI e ] X
» | I ® o ll8 o ®
3 il e ® O ®

¢ i el e S e o

: o "R
z — ’
Time (Mos)
24 |21 [-18 [a2 [-6 |33 3 6| 12| 18| 21| 24

anti-PD-1 therapy based clinical trial Non checkpoint therapy [l Last prior therapy stopped due to toxicity X Censored . Death
Investigator assessed benefit from anti-PD-1 [l Investigator assessed NO benefit from anti-PD-1 R Objective Response to PVSRIPO . Time of treatment failure
I anti-PD-1 + anti-CTLA-4 benefit not assessed Investigator assessed benefit from anti-PD-1 + anti-CTLA-4 * Received therapies > 24 months prior to PVSRIPO

Figure 2 Event history plot. Visual depiction of patients’ therapies prior to and after PVSRIPO. Patients are grouped on the
basis of physician-assessed benefit of initial anti-PD-1 therapy, noted on the left side of the panel. Left top panel shows patients
who had an initial benefit from anti-PD-1 (programmed cell death protein 1) therapy while left bottom panel shows patients
who did not have initial benefit from anti-PD-1 therapy. The X-axis shows time in months before PVSRIPO and then months
after PVSRIPO except where d is indicated. The duration of treatment is indicated by length of the block,;red dots indicate
time of disease progression. Light blue is assessed benefit to PD-1; dark blue is no benefit to PD-1; dark green is PD-1 plus
anti-CTLA-4 (cytotoxic T -lymphocyte-associated protein 4) therapy for which response could not be assessed (limited time
or limited exposure); light green is benefit from PD-1 plus anti-CTLA-4 therapy; and purple indicates therapy stopped due

to toxicity. Patients were censored (X) and deceased (black circle). Non-checkpoint therapies included BRAF (v-raf murine
sarcoma viral oncogene homolog B1)/MEK (mitogen-activated protein kinase kinase) inhibition, radiation, T-VEC, and surgery.
Orange indicates other clinical trials in which patients were enrolled that included anti-PD-1 as part of the experimental
regimen. The single asterisk (patients 4, 5, and 2) indicates patients who received therapies for the treatment of metastatic
melanoma greater than 24 months prior to PVSRIPO. The double asterisk indicates patient 4 was on anti-PD-1-based therapy
plus chemotherapy. Patient number in the trial is listed under ID; patients underlined and bolded with ? are those who had an
objective response to PVSRIPO. d, day; PD-1, programmed cell death protein 1; T-VEC, talimogene laherparepvec.
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Figure 3 Patient 9 clinical photographs. (A) Pre-PVSRIPO, (B)

9days after first PVSRIPO injection, (C) 63 days after first

PVSRIPO injection, (D) 5 months after first PVSRIPO injection, and (E) 12 months after first PVSRIPO injection.

(n=1) or additional clinical trials for other investigational
agents (n=2) (table 1). In total, 6 of 12 (50%) patients
treated in the trial currently remain without progression
at the median follow-up 18 months.

DISCUSSION

This study demonstrated that the intratumoral injection
of PVSRIPO is feasible and safe in patients with unresect-
able stage IIIB/C and limited stage IV melanoma. The
safety profile of PVSRIPO compares favorably with other
intralesional therapies, with the most common AE being
G1 localized pruritus occurring in approximately 60% of
patients; importantly no G3 or higher AEs were observed
in this study.”’ Additionally, early signs of clinical activity
were seen, as 4 of 12 patients had an objective response,
despite the limited number of PVSRIPO treatments

Figure 4 Patient 8 clinical photographs and corresponding
CT scans. (A) Photograph of lesions pre-PVSRIPO treatment;
the subcutaneous lesions to be injected are outlined in
purple. (B) Pre-PVSRIPO treatment CT scan; the red circle
outlines subcutaneous lesions. (C) Photograph of lesions

63 days after first PVSRIPO injection. (D) CT scan 63 days
after first PVSRIPO injection; the red circle outlines remaining
subcutaneous lesions.

relative to the overall lesion burden (67% patients>5
lesions).

Oncolytic viruses are increasingly being used for the
treatment of many cancers.” **# Given these encouraging
responses and the relatively favorable safety profile of local
tumor injections, the development of additional, mecha-
nistically refined recombinant viruses for clinical use in
melanoma is ongoing.” ** PVSRIPO targets a single host
cell receptor that is widely upregulated in solid neopla-
sias, CD155."" Indeed, 10 of 11 patients with available
tumor had expression of CD155 confirmed in this study
(figure 1). The patient with negative CD155 expression
(patient 11) had only a small area of viable tumor obtained
from the punch biopsy. However, there were abundant
pigment-laden macrophages on the pre-PVSRIPO tumor
biopsy for patient 11. These pigmented macrophages
may have signified ongoing effects from prior anti-PD-1
therapy, even though the last dose of anti-PD-1 therapy
was 90 days prior to PVSRIPO.” Additionally lack of
CD155 expression on tumor cells has been associated
with responsiveness to anti-PD-1 therapy.12 * However, the
abundance of CD155 expressing macrophages may have
also contributed to response from PVSRIPO given that in
preclinical models, PVSRIPO causes non-lethal infection
of tumor associated macrophages,'” '® and emerging data
show this may be the primary mechanism associated with
PVSRIPO’s antitumor response.16

Despite encouraging results from anti-PD-1 therapy
for patients with metastatic melanoma, the majority of
patients do not respond to anti-PD-1 thera;)y initially or
subsequently develop acquired resistance.”” Dual check-
point inhibitor therapy with anti-CTLA-4 plus anti-PD-1
results in higher response rates, but carries substantial
toxicity, with a high percentage of patients experiencing
clinically significantG3/G4 AFEs." Given resistance and
toxicity, additional therapeutic options are clearly needed
which balance efficacy and risk. One promising strategy
to overcome resistance to anti-PD-1 is to consider combi-
nation approaches with intratumoral oncolytic virus
therapy.7 *® Encouraging early data suggest the poten-
tial for synergism between intratumoral oncolytic virus
therapy in combination with systemic therapy, whereby
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oncolytic virus therapy can promote immune responses
within the TME that may overcome resistance to anti-PD-1
therapy.” * * Preclinical studies in murine melanoma
models indicate that PVSRIPO induces activation of
tumor antigen specific cytotoxic T lymphocytes.'” Intratu-
moral delivery of PVSRIPO could ultimately be an effec-
tive strategy to support sustained antitumor responses
alone or in combination with systemic anti-PD-1 therapy
by converting ‘cold’ tumors to ‘hot’ tumors characterized
by active engagement of antitumor immune responses.'”'°

While multiple strategies to overcome anti-PD-1 resis-
tance are ongoing, defining and characterizing resistance
to anti-PD-1 can be complicated in some patients.”’ Given
the complexity of defining response and resistance in
these patients, recent SITC guidelines have been estab-
lished to provide a standard definition for anti-PD-1
resistance.” These guidelines, developed and published
during the current study time period and therefore not
available during trial design, include recommendation
of confirmatory imaging of anti-PD-1 progression 4-12
weeks after the first observation of progression to account
for pseuodoprogression. In our study, failure of anti-PD-1
therapy as needed for study entry was determined by clin-
ical judgment of treating providers, and confirmation of
progression on anti-PD-1 therapy 4-12 weeks after the
first observation was not required.

Five patients in this study received PVSRIPO within
30 days of their last dose of anti-PD-1 therapy and there-
fore did not have confirmatory observation of anti-PD-1
progression prior to trial entry; this includes three of the
four patients (patients 8, 9, and 12) who had an objective
response after PVSRIPO. Thus, prior anti-PD-1 therapy
(including possible pseudoprogression) could have
contributed to response noted in patients 8, 9, and 12.
While this potentially limits interpretation of the effects
of PVSRIPO, pseudoprogression is only thought to occur
in about 10% of patients; thus, it would be unlikely that
pseudoprogression occurred in 3 of 12 patients (25%) in
this study.

All four patients who achieved an objective response
in our study received three injections of PVSRIPO. Two
received three injections into a single lesion only, while
the other two responders had three separate lesions
injected (each lesion injected once). Interestingly, all four
of these patients began to have clinical evidence of tumor
regression approximately 10 days after the first PVSRIPO
injection. The optimized dosing regimen for PVSRIPO in
unresectable mucosal or cutaneous melanoma is being
examined in an ongoing multicenter phase II study; this
includes injecting multiple lesions per dosing cycle and
repeated dosing with PVSRIPO every 3—4 weeks. Patients
with confirmed anti-PD-1 refractory unresectable mela-
noma will be randomized to receive PVSRIPO alone (to
determine contribution of effect/optimized dosing) or
in combination with anti-PD-1 therapy (see clinicaltrials.
gov). This trial requires confirmation of disease progres-
sion on anti-PD-1 therapy in concordance with SITC
guidelines prior to randomization.*

While patients with stage IV disease were included in the
current study, only two patients had M1b disease, both of
whom had progression of visceral (non-injected) lesions
and died at 9 months and 23 months after PVSRIPO
therapy. This phase I trial is therefore limited in evalu-
ating activity in non-injected visceral lesions, although
response was observed in non-injected subcutaneous and
nodal lesions (eg, patient 9; see figure 3). Other limita-
tions include the small sample size, as this was primarily a
safety and feasibility study. Thus, while our results suggest
that PVSRIPO may have benefit for patients with refrac-
tory melanoma, the role of injectable therapies is still
being defined, particularly in the setting of anti-PD1 and
CTLA-4 checkpoint inhibitors.

CONCLUSION

In this phase I trial, intratumoral PVSRIPO was well toler-
ated; encouraging antitumor responses were observed.
The favorable safety profile demonstrated in this study,
along with the antitumor responses, suggests that
PVSRIPO, either alone or in combination with anti-PD-1,
may be an effective treatment in anti-PD-1 refractory
melanoma.
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