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Summary of Protocol Amendment Changes

Version
Dates

Summary of Major Changes by Section

12/18/2017
to
06/29/2018

Section 5.3 clarification of regional chemotherapy definition

Table 2 — Injection volume was updated to 0.5 ml for all lesions

Section 9.2 Clarification on biopsy

Section 10.1.4 — PVSRIPO stablility information was updated for consistency
Section 12 - Schedule of Study tests/ procedures and text were updated to include
footnotes for Cohort 1 and Cohort 2 activities. Number of research blood draws
was reduced. Follow-up was clarified.

Section 12.7.1 — In the definition of Immune-Related Stable Disease, the
confirmation at 4 weeks was removed. This was not clinically meaningful and is
not part of the study objectives.

Section 13.1.4 — Updated to define SAE reporting procedures

Information on Safety Oversight Committee (SOC) (Section 13.5) was removed.
This information is not applicable for an industry-sponsored trial.

Section 14.1 — Updated to reflect monitoring by the Sponsor, Istari, rather than
monitoring by the Duke Cancer Institute.

Administrative changes: formatting and cross referencing corrections throughout

06/29/2018
to
10/03/2018

Administrative change: corrected pagination in footer of document (error starting
on page 7 in previous version), updated title page with protocol number and
personnel change, updated table of contents with correct pagination, and updated
header with new version date.

Section 12: Table 3 — Combined column for Within 6 months with Screening
column and clarified with footnote, additional clarifications on biopsies and vital
signs were added in footnotes

10/03/2018
to
02/06/2019

Section 9.1.1 Added description of Cohort 3 where up to 3 injections are in the
same lesion with possible enrollment of 3 additional patients.

Figure 5- Incorporated Cohort 3 doing schema

Section 11.1 Inclusion Criterion 8 —added Cohort 3

Section 12.2 Treatment Period - Cohort 3 information was added into the
descriptions of each visit.

02/06/2019
to
05/15/2019

Section 12: Table 3 and Section 12.2 Treatment Period - Reduced stool sample
collection to one time at 10 days
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S PROTOCOL SYNOPSIS AND RESEARCH SUMMARY

5.1 PURPOSE
A Phase I study of oncolytic polio/rhinovirus recombinant (PVSRIPO) in patients with unresectable,
recurrent, American Joint Commission of Cancer (AJCC) Stage I1IB, IIIC, or IV melanoma at Duke
is planned to address the following objectives.

See Table 1 in Section 8 for specific objectives and endpoints.

5.2 BACKGROUND AND SIGNIFICANCE
The American Cancer Society estimates that 87,110 people will be diagnosed with melanoma and
9,730 people will die of melanoma of the skin in 2017, Although melanoma accounts for less than
5% of skin cancer cases, it causes a majority of skin cancer deaths'. Melanoma is the most common
fatal malignancy among young adults, and results in an average of 17.1 years of productive life lost
per death for adults between 20 to 49 years of age?. The number of new cases of melanoma in the
United States has been increasing for at least 30 years'.

Despite appropriate initial surgical therapy for melanoma, one-third of patients will develop
recurrence 24, Cutaneous and subcutaneous recurrences with or without concurrent systemic disease
affects a large portion of patients with recurrence. The site of first relapse in stage III disease was
found to be local/in-transit in 28% of cases, regional nodal in 21% of cases, and systemic in 51% of
cases in a large review?. In patients that recur after resection of stage II disease, 12% of first
recurrences were local/in-transit, 7% nodal, and 11% systemic. Local recurrence can be isolated
tumor deposits close to the primary lesion known as satellite lesions or in-transit disease, which
represents a specific form of recurrence whereby melanoma tumor deposits occur in the dermal or
subcutaneous lymphatic vessels. Tumor recurring in this fashion usually appears as multiple nodules
throughout the extremity as shown Figure 1. These lesions can also result in disabling effects, causing
pain, bleeding, and/or tremendous anxiety and psychological distress. Because this pattern of
recurrence represents multifocal involvement of the extremity’s lymphatic system, local excision of
these “in-transit” lesions is frequently followed by rapid recurrence or, due to extensive disease,
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resection is not possible. Furthermore, systemic disease is either present initially or eventually

develops in about 50% of patients with satellite or in-transit disease®.

Figure 1. In-transit Melanoma.

5.3 CURRENT TREATMENT OPTIONS FOR IN-TRANSIT EXTREMITY MELANOMA
Current treatment options for patients with recurrent melanoma limited to the extremity only include
surgical resection, intra-lesional therapy with sclerosing agents or immune adjuvants, isolated limb
infusion, hyperthermic isolated limb perfusion (HILP), or amputation. Surgical excision is a
reasonable procedure when the lesion(s) are few in number and/or can be encompassed without
extensive skin grafting. However, surgical excision of in-transit lesions is often futile, with new
lesions appearing before surgical wounds have healed. Intra-lesional therapy with bacillus Calmette-
Guerin (BCG) or interferon can provide relief for small lesions that are primarily dermal in location”.
Regional chemotherapy which involves vascular isolation and perfusion of the extremity with
chemotherapy can achieve regional drug concentrations several orders of magnitude higher than
could be attained with systemic administration, with minimal systemic toxicity. Regional
chemotherapy is associated with complete response rates of 30% but has minimal impact on overall
survival®2. Although control of the extremity disease is important, most patients with advanced
disease of the extremity will die of systemic disease, and more effective strategies are needed.
Regional chemotherapy (isolated limb perfusion or isolated limb infusion) does not treat disease
outside the extremity, is limited to patients with extremity disease only (cannot perfuse head neck),
and can be toxic. Although regional chemotherapy is still an option, it’s becoming increasingly rare
due to more effective systemic therapy.

5.4 CURRENT NOVEL SYSTEMIC THERAPIES FOR METASTATIC MELANOMA
Metastatic melanoma has historically been associated with a poor prognosis and survival of less than
one year'®!, Historic systemic therapies include IL-2 and temozolomide, with associated overall
response rates of 16% and 9%, respectively'®L, Since 2011, multiple new therapies have become
FDA approved for the treatment of metastatic melanoma including unresectable in-transit disease.
Examples of novel therapy include mutation based targeted therapies such as vemurafenib, a BRAF
inhibitor, or trametinib, a MEK inhibitor 1213, For the 50% of melanoma patients with a BRAF
mutation, dramatic initial responses can occur in the majority of patients, but resistance develops
within 6-9 months 12,
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Immune blockade checkpoint inhibitors represent other recently developed novel systemic therapies.
Immune blockade therapies appear to have more long-term efficacy, do not appear as susceptible to
emergence of rapid resistance like mutation based therapy, and are not restricted to patients harboring
specific mutations. Melanoma is a highly immunogenic tumor related, in part, to the high mutational
load!'*. Melanoma has thus been the prototype for investigating several forms of immunologic
therapy!® including ipilimumab and pembrolizumab. Ipilimumab, a monoclonal antibody directed
against the CTLA-4 protein, promotes immune recognition of self-antigens and thus unleashes
cytotoxic activity of endogenous melanoma antigen-specific T lymphocytesi®. Pembrolizumab is a
monoclonal antibody that blocks programmed cell death ligand 1 (PD-1) and therefore counteracts
negative regulation of cytotoxic T-lymphocyte activity'Z. As a monotherapy, pembrolizumab had an
objective response rate of 45% in treatment naive patients and twelve month progression free survival
(PFS) was 52% in treatment naive patients 7. PD-1 based therapy has thus been established as a
cornerstone of systemic therapy for patients with advanced melanoma, yet the development of both
primary and late resistance remains a problem!®. Dual checkpoint inhibitor therapy can result in
higher response rates, but considerable toxicity remains a concern??, The combination of ipilimumab
and nivolumab (another PD-1 inhibitor) resulted in response rates of 57% and improved overall
survival (OS) for patients with metastatic melanoma, however treatment-related adverse events of
grade 3 or 4 occurred in 16.3% of the patients in the nivolumab group, 55.0% of those in the
nivolumab-plus-ipilimumab group, and 27.3% of those in the ipilimumab group'®. Thus toxicity with
nivolumab (PD-1 inhibitor) alone appears acceptable while the combination of nivolumab plus
ipilimumab results in unacceptable toxicity for more than half the patients that receive the
combination!®, While multiple strategies to optimize response are underway including dose reduction
in immunomodulatory agents, combination therapies, and predicted response by biomarkers or
clinical characteristics, there is opportunity for more directed and specific therapies.

Another strategy for melanoma treatment is oncolytic immunotherapy (proinflammatory effects of
viral tumor infection). Specifically, talimogene laherparpvec (T-VEC) is a modified herpes virus that
includes insertion and expression of a gene encoding human granulocyte macrophage colony-
stimulating factors (GM-CSF) which results in local GM-CSF production to recruit and activate
antigen presenting cells?l. T-VEC was FDA approved for unresectable melanoma based on results of
a Phase 3 randomized trial that showed durable response rates of 16.3% in the T-VEC arm compared
to 2.1% in the GM-CSF arm 223, While this was an improvement over direct GM-CSF injection,
few would advocate subcutancous GM-CSF as an effective therapy, therefore making a potentially
poor control arm therapeutic. Notably, T-VEC was given intralesional with resulting grade 3 or 4
adverse event occurring in > 2% of T-VEC treated patients?2.

Despite important recent advances in the treatment of metastatic melanoma, the ranges of durable
response rates are suboptimal and novel combination therapies with higher response rates may come
with unacceptable toxicity. Therefore a need to develop therapies with specific, sustained
antineoplastic effects remains.
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5.5 PVSRIPO

Oncolytic virotherapy (direct tumor cytotoxicity) has potential to elicit broad sustained, anti-
neoplastic effects stemming from combined direct viral cytotoxicity and innate antiviral activationZ.
PVSRIPO is the live attenuated, serotype 1 poliovirus vaccine (SABIN) that was modified by
exchange of the entire genetic cognate internal ribosomal entry site (IRES) with the corresponding
segment from human rhinovirus type 224, thus eliminating its neurovirulence. Since PVSRIPO is a
version of the serotype 1 live-attenuated poliovirus vaccine (PV1S), its immunogenic properties and
potential for long-term sequelae are expected to be similar. Poliovirus serotype 1 (PV1S) has been
safely administered to >10 billion individuals worldwide without untoward long-term immunogenic
sequela.

A DM6 DM440
0.1 10 0.1 10 Mol
0 8244872 0 8 44872 0 B 244872 0 8 2448 72 hpi

E - - - : elF4G
!"‘ - - -' .c..- *elF4G(Ct)

"' -Id; .. wee PR

- == ‘cleavage
P

J‘ "a" ;--— ;--..%gC

"t e BN pelass)
Hhafinen® | seseswens i
- - - - W - tubulin

Figure 2: Cytotoxicity of PVSRIPO in Melanoma Cell Lines. Melanoma cell lines DM6 (left) and
DM440 (right) were infected with PVSRIPO. Lysates were collected and tested for direct viral
cytotoxicity (elF4G cleavage), host cell demise (PARP cleavage) , and innate antiviral response (p-
elF2a).

PVSRIPO retains translation competence and cytotoxicity in neoplastic cells, which offers ideal
conditions for viral IRES-mediated ribosome recruitment due to unhinged protein synthesis control in
cancer?. To be successful, oncolytic viruses must also have tropism for tumor. The poliovirus
receptor (PVR), CD155, is a cell adhesion molecule of the Ig-like superfamily11 expressed during
embryonic development 2¢. CD155 is broadly expressed in glioblastoma (GBM) and melanoma?Z.
Upon binding CD155, viral RNA enters the cytoplasm and begins direct viral cytotoxicity through
engagement of anti-viral interferon response2s. PVSRIPO causes cytopathogenicity in melanoma cell
lines as showin in Figure 222. PVSRIPO also induces non-lethal infection of tumor associated
macrophages and recruits immune effector responses directed against tumor neoantigens®’.

In a phase 1 trial of intratumoral delivery of PVSRIPO in patients with recurrent GBM, there was one
dose limiting toxicity resulting from intracranial hemorrhage at removal of the catheter used to
infused PVSRIPO3% A recent trial update of all 61 patients treated on the phase 1 trial of PVSRIPO
showed a median OS of 12.3 months for the PVSRIPO group versus 10.5 months for the historical
controls. The 24 month OS rate of patients infused with 5x10” TCIDso of PVSRIPO was 21.1%
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compared to 13.5% in the historical control group (data not yet published). Encouraging results with
PVSRIPO led the FDA to grant PVSRIPO breakthrough therapy designation as a potential treatment
for patients with recurrent GBM in 2016. For more information on the pre-clinical work and clinical
work in GBM with PVSRIPO, please refer to the Investigator’s Brochure.

The key for a sustained suppression is lasting antigen specific immunity. Strategies that promote
antigen presentation in the tumor microenvironment may revive pre-existing antitumor immunity
and/or initiate new responses, thereby increasing the anti-tumor immune repertoire. Recent data
suggests that the tumor cytotoxicity and interferon dendritic cell activation of PVSRIPO elicit a
tumor antigen specific cytotoxic T cell response?2. Specifically, in addition to direct infection and
killing of cancer cells, PVSRIPO’s ability to promote anti-tumor responses may result in its ability to
infect and activate antigen presenting cells which mediate stimulation of specific cytotoxic T cells in
vitro. These cytotoxic T cells can recognize tumor-associated antigens such as MART1, a melanoma
tumor-associated antigen??. The ability of oncolytic virotherapy to target tumor directly and provide
specific, sustained anti-tumor responses is worthy of further exploration in solid maligancies such as
melanoma.

5.6 RATIONALE FOR PVSRIPO IN MELANOMA
The pathogenesis of GBM and melanoma have many similarities given their shared neuroectodermal
origin. CD155 (PVR) is expressed on the majority of melanoma cell lines and PVSRIPO causes
cytotoxicity of melanoma cells as shown in Figure 222, There is compelling data in preclinical in vitro
and in vivo models of melanoma demonstrating the potential therapeutic benefit of PVSRIPO.
PVSRIPO infection of melanoma cell lines (DM6, DM440) results in cytotoxicity and lysis from an
interferon response and cleavage of elF4G (associated with the viral protease 2A) as shown in Figure
22 In vitro, PVSRIPO infection of dendritic cells (DCs) led to DC activation and MART1 (a
melanoma associated antigen) specific cytotoxic T cell responses’. Furthermore, predictors of
response to immunotherapy include an immune active tumor profile with type I interferon emerging
as important in CD8 mediated tumor response®!32. In vitro, PVSRIPO infection of DCs induced
sustained type I IFN-dominant responses and cytokine production?. Human DC cells exposed to
PVSRIPO oncolysate were able to pick up released tumor antigen, present antigen, and prime T cells
in an in vitro DC-T cell stimulation assay as shown Figure 3%.

In vivo, single intratumoral injection of PVSRIPO elicits significant anti-tumor efficacy in the murine
immunocompetent B16 melanoma model?2. Importantly, PVSRIPO injection into mice was linked to
systemic anti-melanoma antigen-specific cytotoxic T cell lymphocyte (CTL) responses that were
evident in lymphocytes isolated from tumor-draining lymph nodes and spleen. Confirming
observations in mouse xenotransplantation models, PVSRIPO infusion in the immunocompetent B16
mouse model elicited a series of immune cell invasion steps: 1) neutrophils (peak at 1-2 days post
PVSRIPO and rapid disappearance thereafter); 2) DCs (infiltration setting in at day 6 and continuing
thereafter); 3) CD4/CDS8 T cells (infiltration setting in at day 6-7 and continuing thereafter)?>. This
series of events indicates that, by unleashing a natural innate pro-inflammatory response, PVSRIPO
oncolysis turns the immunological ‘cold’ tumor microenvironment into a hotbed of inflammation and
immunogenicity. PVSRIPO infection of tumors, by damaging neoplastic cells and activating IFN
responses in antigen-presenting cells, elicits anti-tumor immunity as shown in%,
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These preclinical models provide the rationale for PVSRIPO use in recurrent cutaneous melanoma.
The subcutaenous delivery is also attractive as a less invasive approach and the possibility of reduced
systemic toxicities. However, if clinical efficacy is demonstrated in the subcutaneous disease model,
there is the possibility of injecting or infusing other metastatic lesions (lung, lymph node, brain).
Importanly this trial will lead to a phase 1/2 trial of PVSRIPO on combination with immune
checkpoint blockade (PD-1/PD-L1). The combination therapy has potential to overcome resistance to

monotherapy and generate a more robust immune response.
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Figure 3: Human Dendritic Cells (DC) Co-Incubated with DM6 Melanoma Cell Line Oncolysate
Stimulate Tumor Antigen-Specific T Cell Responses In Vitro. Top panel: Schema of assay. Bottom
panel: T cells were co-cultured with autologous DCs pulsed with oncolysate from PVSRIPO treated
DM6 (melanoma ceel line) cells and the stimulated effector T cells were then harvested and tested in a
CTL assay against tumor cells (red bar), tumor antigens (black bars), irrelevant tumor antigens (white
bars). Each bar represents average % specific lysis and SD of triplicate samples.

5.7 DESIGN AND PROCEDURE
Patients must have histologically proven unresectable, recurrent, melanoma, stage I11B/C, or stage IV
(AJCC staging must be documented in patient’s medical record, as determined by CT of the chest,
abdomen and pelvis, and/or whole body PET scan, and MRI of the brain within 4 weeks prior to
administration of study drug). Patient must have directly injectable disease (at least 1 cutaneous or
subcutaneous melanoma lesion at least 10 mm in size (measurable lesion) when 1 dose is planned, at
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least 2 measurable lesions when 2 doses are planned, and 3 measurable lesions when 3 doses as
planned according to dose escalation). Patients must have at least one measurable lesion that will not
be injected. Therefore, the number of injectable lesions may make a subject ineligible for the study
depending on when they enroll. Patients with injectable disease must have disease that is palpable or
able to be visualized and easily accessible for intratumoral injection. If superficial, the lesion(s) must
be documented photographically. Patients must have at least 2, 3, or 4 lesions, depending on when
they are enrolled in the study, that qualify as measurable (index) lesions per irRC (Immune related
response criteria); except for cutaneous lesions, where sum of diameter for superficial lesions must be
at least 10 mm3* Eligible patients may have received prior therapies including nivolumab,
ipilimumab, pembrolizumab, and BRAF/MEK inhibitors. Major exclusion criteria include active
severe co-morbidities, autoimmune diseases, or active infections.

Patients can have up to 3 separate lesions injected with PVSRIPO according to the dose
escalation/reduction criteria described in Section 9.1.1. Index lesions that are ulcerated or oozing
will not be eligible for injection. The PI or designated personnel will select the index lesions for
injection. Unresectable disease is required for eligibility, however if the disease becomes resectable,
the disease can be surgically resected at any time, at the discretion of the PI.

5.8 SELECTION OF SUBJECTS
All inclusion/exclusion criteria may be found in Section 11.

5.9 DATA ANALYSIS AND STATISTICAL CONSIDERATIONS

A maximum of 9 patients will be accrued to this trial at an accrual rate of about 1-2 patients per
month.

The Primary Objective is to characterize the safety and tolerability of PVSRIPO in melanoma.
Common Terminology Criteria for Adverse Events (CTCAE) version 4 will be used to assess adverse
events. The DLT criteria are defined in Section 9.1.2

Three patients minimum will be treated with PVSRIPO. See Section 9.1.1 for dose escalation and
dose reduction plan. Between each cohort a minimum of three weeks is required before additional
enrollment.

Upon completion of the trial, all toxicities will be tabulated by type and grade.

Response to PVSRIPO will be determined with immune-related response criteria (irRC). Full detail
of irRC is listed in Table 4 Section 12.7.1.
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Figure 4: Study Schema
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7 BACKGROUND AND SIGNIFICANCE

7.1 STUDY DISEASE
Melanoma is the most deadly form of skin cancer and has been increasing in incidence for 30
years! Despite important recent advances in the treatment of metastatic melanoma, reviewed
thoroughly in Section 5.2, the ranges of durable response rates are suboptimal and novel
combination therapies with higher response rates may come with unacceptable toxicity.
Therefore, a need to develop therapies with specific, sustained, antineoplastic effects remains.

7.2 STUDY AGENT: PVSRIPO

7.2.1 PVSRIPO Overview
PVSRIPO is based on the prototype neurovirulent poliovirus (PV) serotype 1 PV1S vaccine
modified by exchange of its internal ribosomal entry site (IRES) with its counterpart from human
rhinovirus type 2 (HRV2), generating PVSRIPO. PVSRIPO is characterized by loss of the
inherent neurovirulence of PV2¢32, For more details on the make-up, mechanism of action, and
formulation of PVSRIPO, please refer to the Investigator’s Brochure.

7.2.2 PVSRIPO Tumor Tropism
Every aspect of PVSRIPO oncolytic immunotherapy is dominated by its relationship with its host
cell receptor, CD1552%42, CD155 is broadly expressed in neuroectodermal malignancies, e.g.
malignant glioma and melanoma.

7.2.3 PVSRIPO Pre-Clinical Experience
In animal tumor models including the B16 model, oncolytic PVs elicit efficient anti-neoplastic
effects resulting in tumor regression and, eventually, destruction?. There is histologic evidence
for direct, virus-mediated tumor cell killing and indirect, host-mediated inflammatory responses
directed against melanoma. Preclinical data in melanoma is reviewed in Section 5.6.

PVSRIPO was subjected to extensive dose-range finding, toxicology, biodistribution, shedding
and neutralizing antibody tests with intrathalamic inoculation of up to 5 x 10° TCIDso of
PVSRIPO in M. Fascicularis #3. These revealed: (i) absence of morbidity and mortality; (ii)
absence of neuropathological signs consistent with virus-induced CNS damage; (iii) absence of
virus dissemination from the brain or viremia; (iv) absence of extraneural replication; (v) absence
of shedding with saliva, urine or stool; (vi) presence of a neutralizing antibody response. For
more information on pre-clinical studies of PVSRIPO, please refer to the Investigator’s Brochure.

7.2.4 PVSRIPO Clinical Experience
PVSRIPO has been tested in a phase 1 study in subjects with GBM and has generated a durable
clinical response in approximately 20% of patients. These responses occurred despite prior
disease progression following surgical resection, cranial radiation therapy, chemotherapy
(temozolomide, TMZ), and (sometimes) bevacizumab. Twenty-one patients were enrolled into the
PVSRIPO dose-finding portion of this phase 1 study. The dose was rapidly escalated from 1x10®

TCIDso (dose level 1) to 1x10'° TCIDso (dose level 5) after which, the dose was reduced to 5 x
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107 TCIDso due to long-term steroid or bevacizumab therapy to control inflammatory reaction
secondary to PVSRIPO-mediated immune response. For more information about the clinical
findings of PVSRIPO, refer to the Investigator’s Brochure for PVSRIPO.

Based on the original dose finding and safety study in patients with recurrent GBM
(ClinicalTrials.gov Identifier: NCT01491893; Duke IRB Pro00031169), this study will start at a
dose of 1x10® TCIDso (dose level 1) in melanoma patients. See Section 9.7 for rationale for
starting dose.

7.3 STUDY PURPOSE/RATIONALE

Local oncolytic immunotherapy is a promising biologic approach to treatment that not only induces viral
mediated tumor destruction, but also harnesses a complex immune response that can serve in disease
control for the injected tumor and possibly distant lesions. The effects of local oncolytic immunotherapy
may help to induce inflammation and generate systemic immunity. The data gained from this trial of
PVSRIPO may support a future trial where the inflammation generated by PVSRIPO in combination
with a checkpoint inhibitor (eg anti- PD-1 therapy) could generate a more robust immune response. The
genetically engineered oncolytic PV (PVSRIPO) has tropism for melanoma cells by virtue of expression
of CD155 in tumor cells. To facilitate concentration of the therapeutic agent at the tumor site, while
minimizing systemic exposure, PVSRIPO will be subcutaneously injected directly into the tumor. The
main toxicity attributable to PVSRIPO in brain tumors has been post-treatment peri-tumoral
inflammation that has required prolonged steroid therapy and/or low dose bevacizumab to control edema.
Because of the subcutaneous injection without the confinement of the skull, there should not be any
complications due to peri-tumoral edema in this study.
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Table 1: Objectives

Objective Endpoint Analysis

Primary To characterize the The proportion of patients See Section 15.4
safety and tolerability of | with DLTs by cohort (see
PVSRIPO in AJCC Stage Section 9.1.2 for definition of
B, IIIC, or IV DLT)
melanoma.

Exploratory | To describe the response | Measurement of cutaneous See Section 15.5
rates of PVSRIPO- lesions every 3 weeks
injected versus non-
injected lesion(s).

Exploratory | To describe the number | Number of CDS8 positive T See Sections
of CD8 positive T cells | cells by IHC on pre treatment | 12.8 and 15.5
present in the tumor and post treatment biopsy
biopsies before and after
injection of PVSRIPO.

Exploratory | Determine the The change in tumor See Sections
pathologic response in | pathology from baseline to 12.8 and 15.5
tumor biopsies after after PVSRIPO injection
PVSRIPO.

Exploratory | Determine changes in The change in inflammatory See Sections
the tumor cells and markers after 12.8 and 15.5
microenvironment from | PVSRIPO and detection of
biopsies after viral replication in injected
PVSRIPO. versus non injected lesions.

Exploratory | Describe how systemic | Change relative to basline in | See Sections
immune cell populations | type and function of T cells 12.8 and 15.5
change after treatment via flow cytometry
with PVSRIPO.

9 INVESTIGATIONAL PLAN

9.1 STUDY DESIGN
Within this phase 1 study, patients will have one to three lesions of melanoma injected with PVSRIPO,
depending on when they begin the first injection.
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9.1.1 Dose Reduction/Escalation
A modified 343 phase 1 trial design as shown in Figure 5 will be used in this study. Patients in
cohort 0 will receive PVSRIPO at a dose of 1x10® TCIDso on day 0 into one index lesion (as
described in Section 9.1.4). A minimum of three patients will have one lesion injected with
PVSRIPO at 1x10® TCIDso. If 0 or 1 of 3 have a DLT (defined in Section 9.1.2) during the DLT
period (21 days after injection), three patients will be enrolled to cohort 1, which consists of
PVSRIPO at a dose of 1x10® TCIDso on day 0 into one index lesion and a second injection at the
same dose (1x10® TCIDso ) into a separate lesion on day 21 (+2 days). If2 or more patients have a
DLT in cohort 0, the dose will decrease to 5x107 TCIDso and 3 patients will have 1 lesion injected on
day 0 and this reduced dose will be cohort 1. Additional cohorts will be based on the number of
toxicities as detailed in Figure 5. We will treat a maximum of 9 patients. A second injection of a
second lesion may not be given in an individual patient if that patient experiences a DLT following
their first injection. If an individual patient in cohort 1 or 2 has a DLT, they will not be replaced;
rather the trial will continue as detailed in Figure 5. We will enroll in 3 patient cohorts. There must
be a minimum of 3 weeks after the last dose in the third patient of the cohort before additional
patients can enroll. If 2 of 3 patients in cohort 1 have a DLT, we will temporarily suspend accrual,
review DLTs, and re-assess before proceesing to enroll additional patients. If the trial resumes, will
proceed to a lower second dose per outline below in Cohort 2, or possibly stop the trial. If 2 of the
first 3 patients in cohort 2 have a DLT, we will pause and re-assess before treating a third patient in
cohort 2.

Cohort 3 will also treat 3 patients with 3 injections but into the same lesion; each injection will be 3
weeks apart. The proposed dose for each injection will be 1x10"8 TCID. We will also include a
dose reduction plan (schema below). If the patient has a DLT after any dose, they will not be able to
get additional doses. The trial now will enroll a minimum of 6 patients and a maximum of 12
patients.

In the study calendar, patients cohort 3 will follow the same schedule as cohort 2 patients with the
exception that the 3 injections will be into the same lesion.
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Figure 5: Dose Reduction/Expansion Flow Based on DLTs Experienced by Melanoma Patients
Injected with PVSRIPO.

9.1.2 Definition of Dose-Limiting Toxicity
Toxicities will be graded according to the NCI CTCAE version 4 criteria. Any possible DLTs
will be identified from each PVSRIPO injection until the end of a 21-day observation period,
during which the patient will be evaluated in clinic on day 21 (+ 4 days). DLTs will be defined as
any of the below events that do not resolve to pre-treatment baseline or < Grade 1 within 21 days

or any toxicity indicated below that resolves within the 21-day period, but then recurs as Grade 4
or higher during that same 21-day period.

DLTs will include:

e Any Grade 4 or higher non-hematologic toxicities probably, possibly, or definitely related
to PVSRIPO; with the exception of vitiligo

e Any Grade 4 or higher hematologic toxicities probably, possibly, or definitely related to
PVSRIPO.

9.1.3 PVSRIPO Injection

The entire volume of the agent will be pre-loaded into a 1 mL syringe by the investigational
pharmacist and connected to a 25 G needle. PVSRIPO at each time point will be given in 1

standard dose (either 1x10% TCIDs0, or 5x107 TCIDso according to Section 9.1.1). The injection
volume will be 0.5 mL.

Table 2: Treatment Schedule Overview

Treatment .. 8o Y
. . Max. Injection Volume Dose Injection Criteria
Timepoint
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1x108
First: TCIDsoor |e inject largest lesion first
Study Day 0.5 mL 5x107
0 TCIDso
o Inject next largest lesion
Second, if 1x108 different from injection 1
applicable: TCIDsoor |e may inject a new lesion(s)
Study day 21 0.5 mL 5x107 (lesion that has emerged
plus or minus TCIDso since initial treatment)
2 days
L o Inject next largest lesion
Thl.rd’ if 1x108 diJfferent fromginjection land
applicable: TCIDso or injection 2
Study day 42 0.5 mL 7 .. .
plus or minus 5x10 * may inject a new lesion(s)
2 days TCIDso (lesion that has emerged
since initial treatment) first

Melanoma index lesions present in patients in different quantities and sizes (from 10 mm and
larger but rarely no larger than 5 cm in diameter). To facilitate logistics of drug preparation, we
will have 1 volume of the same dose (either 1x10® TCIDso, or 5x10” TCIDso according to Section
9.1.1) . A volume of 0.5 mL will be given to all lesions, the priority of lesions is shown in Table
2. A maximum total of 1x10® TCIDso will be given per lesion. When lesions are clustered
together (sum equals 10 mm), we will inject them as a single lesion with a total of 0.5 mL.

9.1.4 Administration
The following steps will be followed for the administration of PVSRIPO:

Pre-Injection
1. The lesion and surrounding areas will be cleaned with an alcohol swab and let dry.

2. The injection site may be treated with a topical or local anesthetic agent, if necessary, at the
discretion of the administering physician. The anesthetic agent will be injected around the
periphery of the lesion, not directly into the lesion.

Injection

1. PVSRIPO will be injected intralesionally into a cutaneous or subcutaneous lesion that is visible
and/or palpable (Figure 6) PVSRIPO will be injected along multiple tracks, using a single
insertion point, as far as the radial reach of the needle allows within the lesion to achieve even and
complete dispersion. Multiple insertion points may be used if a lesion is larger than the radial
reach of the needle.
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Figure 6: Injection of Cutaneous (left) or Subcutaneous (right) Lesions.

2. PVSRIPO will be injected evenly and completely within the lesion by pulling the needle back
without exiting the lesion. The needle will be redirected as many times as necessary while
injecting the remainder of the dose of PVSRIPO.

3. The needle will be withdrawn from the lesion slowly to avoid leakage of PVSRIPO at the
insertion point.

Post-Injection

1. Pressure will be applied to the injection site(s) with sterile gauze for at least 30 seconds.

2. The injection site(s) and the surrounding area will be swabbed with alcohol.

3. Following a glove change, the injected lesion will be covered with an absorbent pad and dry
occlusive dressing.

4. The exterior of the occlusive dressing will be wiped with alcohol.
5. Patients will be advised to:

e Keep the injection site(s) covered for at least the first week after each treatment visit or
longer if the injection site is weeping or oozing.
e Replace the dressing if it falls off.

Up to 10 index lesions can be selected for response determination and up to 3 index lesions may
be injected over the course of the study. See Section 12.7.1 for definition of index and non index
lesions.

9.1.5 Acute Reaction
Any reaction symptoms determined to be an acute reaction to the study drug will be managed by
the administering physician.

If a subject experiences any of the following treatment-related toxicities, further PVSRIPO
administration should be delayed until the toxicity has resolved to at least CTCAE grade 1 or has
returned to baseline:
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e grade 2 or greater immune-mediated adverse events, with the exception of vitiligo
e grade 2 or greater allergic reactions
e any other grade 3 or greater hematologic or non-hematologic toxicity

9.2 BIOPSY SAMPLING AND ANALYSES

Biopsy material will be obtained from tumor tissue prior to first virus administration. This tissue material
may be subjected to routine histology to confirm tumor recurrence by the study pathologist, Angelica
Selim or her designate. If the patient already had documented recurrence by fine needle aspiration or
previous biopsy within 4 weeks prior to PVSRIPO injection, no additional routine histology to confirm
tumor will be necessary until after PVSRIPO therapy. Molecular genetic tests, as described in Section
12.8 will also be conducted on extracts of tumor cells from the protocol-specified biopsy prior to
PVSRIPO injection, if there is sufficient tissue sample remaining after the standard clinical pathologic
testing. All tests will be performed on fresh, frozen, or fixed tissue.

Patients may undergo biopsies of injected lesions up to 28 days prior to injection but no less than 7 days
before injection, day 10, and day 84 following each injection. Given that each patient has different sizes
and numbers of lesions not all biopsies may be possible; only larger lesions can be biopsied 3 times. The
priority for biopsies will be 1) pre-treatment; 2) day 84 biopsy; 3) day 10 biopsy. Additionaly, biopsies
may be performed to assess pathologic response. Surgical excisions will also include examination of
pathologic response. Non injected lesions may also be biopsied pre-treatment, day 10, and day 84, if
tumor burden is sufficient. More than 1 biopsy can be performed on injected or non-injected lesions at
the timepoints at the discretion of the PI. For example 2 or more non-injected lesions can be biopsied, or
more than 1 biopsy (for large lesions) can be done.

9.3 SAFETY CONSIDERATIONS

o Biopsy Complications: 3-5 mm punch biopsy is generally a non-hazardous procedure; however,
possible hazards may include: 1) reaction to anesthetic (numbing medicine), 2) excessive bleeding,
3) bruising, 4) infection and 5) excessive scarring.

o Poliomyelitis: PVSRIPO has been tested in non-human primates according to the World Health
Organization (WHO) standardized monkey neurovirulence tests. These tests revealed the absence
of neuropathogenic properties, evident as failure to induce symptoms of poliomyelitis in non-
human primates after intracerebral inoculation of virus. However, PVSRIPO is a replication-
competent viral agent that, in principle, retains the potential to cause motor neuron damage.
Possible complications include transient or permanent mono- or paraparesis, paralysis, and life-
threatening respiratory insufficiency.

e Virus Recombination and Mutation: PVSRIPO retains the ability to alter its genome during
replication upon administration to patients. Various mechanisms are known to lead to genetic
adaptation, including spontaneous mutagenesis and recombination that may give rise to viral
progeny with changed properties. Empirical studies in tissue culture and laboratory animals
demonstrated that prolonged passaging in GBM cells does not select for genetic changes in viral
progeny. However, the occurrence of such events cannot be categorically excluded in patients
receiving intracerebral PVSRIPO. Genetic changes may cause an altered phenotype of PVSRIPO,
including adaptation to improved virus replication in the normal CNS.
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e Long-Term Sequelae of Virus Injection: PVSRIPO does not encode foreign genetic material; PVs
are unable to insert viral genetic material in the host genome and PVs are incapable of inducing
latent or chronic CNS infection. Therefore, PVSRIPO is unable to induce long-term expression of
foreign polypeptides or long-term persistence. Thus, there are no long-term neurologic
consequences to intracerebral PVSRIPO administration in study subjects. For these reasons, no
specific measures to analyze the potential for persistence of virus replication in the CNS of long-
term survivors are indicated.

o Gastrointestinal Infection and Virus Excretion: After oral uptake, poliovirus replicates in the
gastrointestinal tract and is excreted by infected individuals within stool. Gastrointestinal viral
replication usually is asymptomatic, but may cause mild symptoms of gastrointestinal discomfort.
Tests of PVSRIPO in non-human primates suggest that excretion of virus does not occur after
intracerebral administration, implying the absence of gastrointestinal replication. However,
PVSRIPO excretion within stool cannot be categorically excluded in patients enrolled in this
study. Therefore, treatment entails collection of stool specimens to assess virus excretion during
the study.

o Risk of Phlebotomy: Drawing blood or inserting an intravenous catheter into an arm vein may
result in bruising or swelling in the area of the insertion, bleeding at the site of the needle puncture,
light headedness, fainting and very rarely, local infection, which may be severe. These risks are
reduced by the fact that the blood will be drawn by a qualified physician, nurse or phlebotomist (a
professional trained to draw blood).

o Risks to Household Contacts of Study Subjects: Primate toxicology studies showed that
intracerebral infusion of PVSRIPO does not lead to extraneural dissemination or replication and,
hence, is not associated with virus shedding. Therefore, and because PV transmission occurs via
the fecal-oral route, the likelihood of unintended exposure of patient household contacts is
exceedingly low. If accidental exposure occurred, it would equal the risk of exposure to any type 1
Sabin vaccine virus or vaccine virus derivative. Thus, in essence, exposure with PVSRIPO is equal
to oral immunization with a safe version of type 1 Sabin. Since type 1 Sabin vaccine virus or
vaccine virus derivatives have to be considered part of the human environment, exposure to
PVSRIPO would not represent an added risk beyond the possibility for exposure that already
exists. Study subjects will be advised of the risks of exposure to unvaccinated household contacts.
We will also keep the injected lesion covered for 1 week or longer if the tumor becomes weeping
or 0ozing.

o Healthcare providers: Healthcare providers who are immunocompromised or pregnant should not
prepare or administer PVSRIPO and should not come into direct contact with the PVSRIPO
injection sites, dressings, or body fluids of treated patients. Wear personal protective equipment
(protective gown or laboratory coat, safety glasses or face shield, and gloves) while preparing or
administering PVSRIPO. Avoid accidental exposure to PVSRIPO, especially contact with skin,
eyes, and mucous membranes. Cover any exposed wounds before handling. In the event of an
accidental occupational exposure (e.g.,through a splash to the eyes or mucous membranes), flush
with clean water for at least 15 minutes. In the event of exposure to broken skin or needlestick,
clean the affected area thoroughly with soap and water and/or a disinfectant.

o Unknown Risks: The overall risk classification of this research is unknown.
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9.4 CONCOMITANT MEDICATIONS

9.4.1 Steroids
Corticosteroids should be used at the lowest dose to control symptoms of edema or reactions to
PVSRIPO. Use of corticosteroids should be recorded in the electronic database. If the subject
requires corticosteroid dosing of >10 mg prednisone daily (or equivalent) for related toxicities,
PVSRIPO dosing must be withheld until the corticosteroid dose has decreased to <10 mg
prednisone daily (or equivalent).

9.4.2 Growth Factors
Routine use of growth factors (i.e. G-CSF, GM-CSF, and erythropoietin) is not permitted.
However, therapeutic use of G-CSF in patients with serious neutropenic conditions, such as
sepsis, may be used at the investigator’s discretion. Use of such growth factors should be recorded
in the electronic database.

9.4.3 Anti-emetics
The use of anti-emetics will be at the investigator’s discretion. Use of anti-emetics should be
recorded in the electronic database.

9.4.4 Proton Pump Inhibitors
The use of proton pump inhibitors (PPI) (e.g. rabeprazole, omeprazole, pantoprazole,
lansoprazole or esomeprazole) is allowed on this study.

9.4.5 Febrile Neutropenia
Febrile neutropenia should be managed according to the local institutional guidelines. Measures
include laboratory testing, blood and urine cultures, and institution of broad spectrum antibiotics.

9.4.6 Pneumocystis Jiroveci Pneumonia (PJP) Prophylaxis
The use of medication (i.e., Bactrim) for PJP prophylaxis in patients on chronic steroids is
recommended, but is at the investigator’s discretion.

9.4.7 Epidermal Procedures
If an epidermal procedure is required for a reason other than tumor progression, these procedures
should be documented, but will not constitute criteria for declaring the patient “off study”.

9.5 STUDY DRUG BLINDING
Not applicable

9.6 RANDOMIZATION
Not applicable

9.7 RATIONALE FOR SELECTION OF DOSE, REGIMEN, AND TREATMENT DURATION

The dose of PVSRIPO for this trial was selected based on IND-directed toxicity studies and on
experience from a phase 1 dose-escalation study in adults with recurrent WHO Grade IV malignant
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glioma. Dose-range finding and toxicology studies in non-human primates (NHP) documented the
absence of viral encephalomyelitis, poliomyelitis and meningitis with intracerebral injection of PVSRIPO
up to a dose of 5 x 10° TCIDso % In the adult WHO Grade 1V malignant glioma study, 4 patients were
dosed at the maximum intended dose of 10'® TCIDso, injected intracerebrally, without signs of viral
encephalomyelitis, poliomyelitis or meningitis. In the phase 1 GBM clinical trial, the starting dose was 1
x 108 TCIDso, which is 1/10th of the highest non-toxic dose in NHPs from the definitive, IND-directed
toxicology study and 1/50th of the highest non-toxic dose in NHPs from the dose-range finding
toxicology study. For more information on these pre-clinical studies, please refer to the Investigator’s
Brochure. Based on the original dose finding and safety study in patients with recurrent GBM
(ClinicalTrials.gov Identifier: NCT01491893; Duke IRB Pro00031169), this study will start at a dose of
1x10® TCIDso (dose level 1) in melanoma patients.
1x10® TCIDso (dose level 1 from the GBM trial) was chosen for the following reasons.
1. In the dose escalation study conducted in patients with GBM, patient 1 received dose level 1,
1x108 TCIDso. This patient responded favorably to PVSRIPO therapy and was disease-free 60+
months after receiving a single intratumoral injection of PVSRIPO.
2. Brain inflammation in the area of the tumor or immediately adjacent was the main toxicity
associated with intratumoral infusion of PVSRIPO and the primary reason for dose reduction in the
phase 1 brain tumor study. There were no signs of encephalitis, systemic toxicity or systemic
inflammatory processes. Given that melanoma lesions are not in physiologically confined areas, eg
the brain in the cranium, the effects of inflammation due to PVSRIPO are not of significant clinical
impact.
3. A higher dose is warranted in this setting given that there may be some systemic leakage upon
injection, therefore requiring an overall higher dose to ensure that a substantial amount of the
PVSRIPO remains in the tumor. We will therefore start with dose level 1 (1x10® TCIDso) from the
GBM study, to ensure that we elicit a response in tumor (both tumor killing and immune
consequences) post-PVSRIPO in this Phase 1 study.

9.8 RATIONALE FOR CORRELATIVE STUDIES

While tumor-selective PVSRIPO propagation is an important mediator of cytotoxicity, significant intra-
and peritumoral inflammation likely ensues. This indicates that an immunogenic response is likely being
generated, certainly against the virus itself and most likely against the tumor as well. While the exact host
immune response to PVSRIPO oncolysis is currently unknown, but is being investigated, host innate
antiviral defenses are likely to trigger a broad immune effector cascade that needs to be examined in
patients receiving PVSRIPO therapy. Blood will therefore be collected for immune function studies
before and at periodic intervals following treatment with PVSRIPO. The accessibility of tumor tissue in
the cutaneous melanoma also allows for correlative studies directly on tumor tissue and the tumor
microenvironment. This tumor tissue may be extracted as biopsies or as complete tumor resection, if
available.

9.9 DEFINITION OF EVALUABLE SUBJECTS, ON STUDY, AND END OF STUDY

Any patient that receives at least one PVSRIPO injection will be evaluable for toxicity and efficacy
analyses. Any patient that does not receive PVSRIPO injection will be withdrawn from the study and
replaced.
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9.10 EARLY STUDY TERMINATION

This study can be terminated at any time for any reason by the PI or the sponsor. If this occurs, all
subjects on study should be notified as soon as possible. Additional procedures and/or follow up should
occur in accordance with Section 12.5, which describes procedures and process for prematurely
withdrawn patients.

10 STUDY DRUG

10.1 PVSRIPO

10.1.1 Names, Classification, and Mechanism of Action
PVSRIPO is a modified version of the serotype 1 live-attenuated (Sabin) PV vaccine (PV1S) and
its immunogenic properties and potential for long-term sequelae are expected to be similar. PVIS
has been safely administered to > 10 billion individuals worldwide without untoward long-term
sequelae. The only known effect of PV1S administration to human subjects is neutralizing
immunity to PV.

PVSRIPO is PV1S containing a heterologous IRES of HRV2. The IRES is a cis-acting, non-
coding genetic element within the 5° untranslated region (UTR) of all enteroviruses and is
essential for translation of the viral genome. PVSRIPO is a non-enveloped, positive-sense ssSRNA
virus with a genome of ~7300 nucleotides (nt) in length. PVSRIPO particles consist of a
proteinaceous capsid composed of 60 copies of each of 4 capsid proteins (VP1-VP4) arranged in
icosahedral geometry. Since the coding regions for the viral polyprotein (giving rise to all viral
polypeptides) of PVSRIPO and PV 1S are the same, the physical structure of the viral capsid and
all non-structural viral polypeptides of PVSRIPO and PV1S are identical.

10.1.2 Packaging and Labeling
PVSRIPO is formulated in 50 mM sodium phosphate in 0.9% sodium chloride, pH 7.4 with 0.2%
human serum albumin. It is provided in sterile, single use containers. PVSRIPO was
manufactured at the Biopharmaceutical Development Program/National Cancer Institute (NCI)-
Frederick.

10.1.3 Supply, Receipt, and Storage
The study agent and vehicle will be supplied to the Investigational Pharmacy by the sponsor or
their representative. The study agent will be shipped via approved methods in the appropriate
packaging on dry ice. Storage of the study agent at -70°C has been empirically determined to not
compromise biological and biophysical properties for at least 5 years. The agent will be stored
long-term in an ultra-low temperature freezer (less than or equal to -70°C). Once thawed, it is a
clear colorless liquid with no evidence of particulates or foreign matter.

10.1.4 Dispensing , Preparation, Administration
For aliquot preparation, the agent will be thawed slowly on ice (4°C) and kept at that temperature.
Thawed vials of PVSRIPO are stable at 4°C for 48 hours. PVSRIPO contained in the clinically
intended delivery apparatus (i.e., ready for injection) is stable at room temperature for 18 hours,

Duke Cancer Institute Page 29 of 63

CONFIDENTIAL

Beasley GM, et al. J Immunother Cancer 2022; 10:e005052. doi: 10.1136/jitc-2022-005052



BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Immunother Cancer

Pro00090774: PVSRIPO in melanoma
Version: 05/15/2019

but should be used as soon as possible.. The manufacturer will provide the study agent’s potency
(as tissue culture infectious doses, TCID) and will also supply the appropriate vehicle for aliquot

preparation. Aliquot preparation will occur in the ICS. All handling of the study agent will occur
in a biosafety cabinet or a similarly contained environment.

Any materials in contact with the study agent, e.g. pipettes, vials, etc., will be disposed of as
biological waste. The final desired aliquot of the study agent will be prepared at the intended
volume (0.5 ml) and drawn into the intended delivery device (1 ml syringe) using a needle. The
disposable needle will be a safer hypodermic needle with a safety sheath to cover the needle using
a one-handed technique after the agent is drawn into the syringe. The sheathed needle is then
removed from the syringe containing the study agent aliquoted at the desired dose, and the
syringe will be capped and connected to a 25 G needle. The capped needle and syringe will be
transported to the study site in a ‘ziplock’ bag placed in a portable cooler while maintaining a
temperature of 4°C.

10.1.5 Compliance and Accountability
Drug accountability records will be maintained for all clinical trial supplies. All empty and
partially used clinical trial supplies will be destroyed in accordance with institutional guidelines.
ICS will maintain detailed documentation of the receipt and/or destruction of the study agent. All
materials coming in contact with the study agent, the syringe delivered from ICS, dressings or
coverings used to protect the injected lesion site, will be disposed of as biological waste in the
treatment room.

10.1.6 Disposal and Destruction
All material