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Summary of the Risk Assessment and Risk Management Plan

for

Licence Application DIR 192

Decision

The Gene Technology Regulator (the Regulator) has decided to issue a licence application for a clinical trial
using a genetically modified organism (GMO). It qualifies as Dealings involving the Intentional Release (DIR)
of genetically modified organisms into the Australian environment under the Gene Technology Act 2000
(the Act).

The applicant, Medpace Australia Pty Ltd (Medpace) proposes to conduct a clinical trial to evaluate the
safety and efficacy of a genetically modified (GM) chimeric orthopoxvirus (CF33-hNIS), alone or in
combination with an existing cancer therapy (Pembrolizumab), for the treatment of Australian patients
with metastatic or advanced solid cancerous tumours.

The GMO was modified from the oncolytic virus CF33, a chimeric orthopoxvirus (OPXV) strain which has
been shown to target cancer cells. The genetic modifications lead to higher levels of viral replication in
cancer cells compared to normal cells. Additionally, the genetic modifications facilitate the visualisation of
the GMO after administration to patients by medical imaging.

The GMO would be manufactured overseas and imported into Australia. It would be administered by
intratumoural injection or intravenous infusion in up to 18 Australian patients at clinical trial sites and
hospitals in Australia.

Clinical trials in Australia are conducted in accordance with requirements of the Therapeutic Goods Act
1989, which is administered by the Therapeutic Goods Administration (TGA). Therefore, in addition to
approval by the Regulator, Medpace would also require authorisation from TGA before the trial
commences. Clinical trials conducted in Australia must also be conducted in accordance with the National
Statement on Ethical Conduct in Human Research and with the Guidelines for Good Clinical Practice of the
International Council for Harmonisation of Technical Requirements for Registration of Pharmaceuticals for
Human Use. Medpace would also require approval from the Department of Agriculture, Fisheries and
Forestry for import of the GMO. A Risk Assessment and Risk Management Plan (RARMP) for this application
has been prepared by the Regulator in accordance with the Act and corresponding state and territory
legislation, and finalised following consultation with a wide range of experts, agencies and authorities, and
the public. The RARMP concluded that the proposed clinical trial poses negligible risks to human health and
safety and the environment and that any risks posed by the dealings can be managed by imposing
conditions on the release.

Summary
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The application

Project Title

Clinical trial of a genetically modified (GM) chimeric orthopoxvirus (CF33-
hNIS) as a cancer treatment ?

Parent organism

Chimeric orthopoxvirus (CF33)

Genetic modifications

e Deletion of J2R gene (viral thymidine kinase) — leading to preferential
viral multiplication in cancer cells.

e Insertion of the human sodium-iodide symporter (hNIS) gene —to
facilitate the visualisation of the virus by medical imaging.

Principal purpose

The proposed trial is a Phase 1 study designed to evaluate the safety and
efficacy of a GM chimeric orthopoxvirus, (known as CF33-hNIS; VAXinia;
HOV2), alone and in combination with an existing cancer therapy

(Pembrolizumab), for the treatment of Australian patients with metastatic or

advanced solid cancerous tumours.

Previous clinical trials

The proposed study is the first clinical trial to be conducted with CF33-hNIS

(the GMO).

Proposed limits and controls

Proposed duration

5 years

Proposed release size

Up to 18 participants would be enrolled in the trial in Australia

Proposed locations

This clinical trial would be conducted within clinical trial sites and hospitals

in Australia. The number of sites and specific locations are yet to be
determined.

Proposed controls

e The GMO would be administered to trial participants within a suitable
medical facility.

e  Staff preparing and administering the GMO would use personal
protective equipment.

e Import, transport and storage of the GMO would be carried out
according to the OGTR Guidelines for the Transport, Storage and
Disposal of GMOs.

e Waste that may contain the GMO would be disposed of as infectious
material (e.g. via the clinical waste stream).

! The title of the project as supplied by the applicant is “A Phase |, Dose Escalation Safety and Tolerability Study of
VAXINIA (CF33-hNIS), Administered Intratumorally or Intravenously as a Monotherapy or in Combination with
Pembrolizumab in Adult Patients with Metastatic or Advanced Solid Tumors”.

Summary
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Risk assessment

The risk assessment concludes that risks to the health and safety of people or the environment from the
proposed clinical trial are negligible. No specific risk treatment measures are required to manage these
negligible risks.

The risk assessment process considers how the genetic modifications and proposed activities conducted
with the GMO might lead to harm to people or the environment. Risks are characterised in relation to both
the seriousness and likelihood of harm, considering information in the application (including proposed
controls), relevant previous approvals and current scientific/technical knowledge. Both the short- and long-
term impact are considered.

Credible pathways to potential harm that were considered include the; potential exposure of people and
animals to the GMO; and the potential for the GMO to transfer or acquire genetic material from other
viruses. The potential for the GMO to be released into the environment and its effects were also
considered.

Important factors in reaching the conclusions of the risk assessment included that the GMO is designed to
preferentially replicate in cancer cells, and unintended exposure to the GMOs would be minimised by the
limits and controls.

As risks to the health and safety of people, or the environment, from the proposed trial of the GMO
treatment have been assessed as negligible, the Regulator considers that the dealings involved do not pose
a significant risk to either people or the environment.

Risk management

The risk management plan describes measures to protect the health and safety of people and to protect
the environment by controlling or mitigating risk. The risk management plan is given effect through licence
conditions.

As the level of risk is considered negligible, specific risk treatment is not required. However, since this is a
clinical trial, the licence includes limits on the number of trial participants, types of facilities used and
duration of the trial, as well as a range of controls to minimise the potential for the GMO to spread in the
environment. In addition, there are several general conditions relating to ongoing licence holder suitability,
auditing and monitoring, and reporting requirements which include an obligation to report any unintended
effects.

Summary 1l
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Chapter1 Risk assessment context

Section 1 Background

1. An application has been made under the Gene Technology Act 2000 (the Act) for Dealings
involving the Intentional Release (DIR) of genetically modified organisms (GMOs) into the Australian
environment.

2. The Act and the Gene Technology Regulations 2001 (the Regulations), together with
corresponding State and Territory legislation, comprise Australia’s national regulatory system for
gene technology. Its objective is to protect the health and safety of people, and to protect the
environment, by identifying risks posed by or as a result of gene technology, and by managing those
risks through regulating certain dealings with GMOs.

3. Section 50 of the Act requires that the Gene Technology Regulator (the Regulator) must
prepare a Risk Assessment and Risk Management Plan (RARMP) in response to an application for
release of GMOs into the Australian environment. Sections 50, 50A and 51 of the Act and Sections 9
and 10 of the Regulations outline the matters which the Regulator must take into account and who
must be consulted when preparing the RARMP.

4. The Risk Analysis Framework (RAF) (OGTR, 2013) explains the Regulator's approach to the
preparation of RARMPs in accordance with the Act and the Regulations. The Regulator has also
developed operational policies and guidelines that are relevant to DIR licences. These documents are
available from the Office of the Gene Technology Regulator (OGTR website).

5. Figure 1 shows the information that is considered, within the regulatory framework above, in
establishing the risk assessment context. This information is specific for each application. Risks to the
health and safety of people or the environment posed by the proposed release are assessed within
this context. Chapter 1 describes the risk assessment context for this application.

RISK ASSESSMENT CONTEXT

The GMO Proposed GMO dealings
Modified genes Activities
Novel traits Limits

Controls
Parent organism (comparator)
Origin and taxonomy Previous releases
Cultivation and use Australian approvals
Biology International approvals

Receiving environment

Environmental conditions: abiotic and biotic factors
Production practices

Related organisms

Similar genes and proteins

Figure 1. Summary of parameters used to establish the risk assessment context, within the legislative
requirements, operational policies and guidelines of the OGTR and the RAF.

6. In accordance with Section 50A of the Act, this application is considered to be a limited and
controlled release application, as the Regulator was satisfied that it meets the criteria prescribed by
the Act. Therefore, the Regulator was not required to consult with prescribed experts, agencies and
authorities before preparation of the RARMP.

Chapter 1 Risk assessment context 1
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7. Section 52 of the Act requires the Regulator to seek comment on the consultation RARMP
from agencies - the Gene Technology Technical Advisory Committee (GTTAC), State and Territory
Governments, Australian Government authorities or agencies prescribed in the Regulations,
Australian local councils and the Minister for the Environment - and from the public. The advice from
the prescribed experts, agencies and authorities and how it was taken into account is summarised in
Appendix A. One public submission was received, and its consideration is summarised in Appendix B.

1.1 Interface with other regulatory schemes

8. Gene technology legislation operates in conjunction with other regulatory schemes in
Australia. The GMOs and any proposed dealings conducted under a licence issued by the Regulator
may also be subject to regulation by other Australian government agencies that regulate GMOs or
GM products, including Food Standards Australia New Zealand (FSANZ), the Australian Pesticides and
Veterinary Medicines Authority (APVMA), the Therapeutic Goods Administration (TGA), the
Australian Industrial Chemicals Introduction Scheme (AICIS) and the Department of Agriculture,
Fisheries and Forestry (DAFF).

9. Medicines and other therapeutic goods for use in Australia are required to be assessed for
quality, safety and efficacy under the Therapeutic Goods Act 1989 and must be included in the
Australian Register of Therapeutic Goods. The TGA is responsible for administering the provisions of
this legislation. Clinical trials of therapeutic products that are experimental and under development,
prior to a full evaluation and assessment, are also regulated by the TGA through the Clinical Trial
Approval (CTA) scheme or the Clinical Trial Notification (CTN) scheme.

10. For clinical trials, the TGA has regulatory responsibility for the supply of unapproved
therapeutic products. In terms of risk to individuals participating in a clinical trial, the TGA (as the
primary regulatory agency), the trial sponsor, the investigators and the Human Research Ethics
Committee (HREC) at each trial site all have roles in ensuring participants’ safety under the
Therapeutic Goods Act 1989. However, where the trial involves a GMO, authorisation is also required
under gene technology legislation. To avoid duplication of regulatory oversight, and as risks to trial
participants are addressed through the above mechanisms, the Regulator’s focus is on assessing risks
posed to people other than those participating in the clinical trial, and to the environment. This
includes risks to people preparing and administering the GM treatment, and risks associated with
import, transport and disposal of the GMO.

11. The International Council for Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use — Guidelines for Good Clinical Practice (ICH-GCP) is an international
ethical and scientific quality standard for designing, conducting, recording and reporting trials that
involve the participation of human subjects (ICH 1996). The guideline was developed with
consideration of the current good clinical practices of the European Union (EU), Japan, and the
United States of America (USA), as well as those of Australia, Canada, the Nordic countries and the
World Health Organization (WHO). The TGA has adopted the ICH-GCP in principle as Note for
Guidance on Good Clinical Practice (designated CPMP/ICH/135/95) (Therapeutic Goods
Administration 2000), which provides overarching guidance for conducting clinical trials in Australia
which fall under TGA regulation.

12. The National Health and Medical Research Council (NHMRC) has issued the National
Statement on Ethical Conduct in Human Research (National Health and Medical Research Council et
al., 2018). This document sets the Australian standard against which all research involving humans is
reviewed. The Therapeutic Goods Act 1989 requires that the use of a therapeutic good in a clinical
trial must be in accordance with the ethical standards set out in this document.

13. Approval by a Human Research Ethics Committee (HREC) is also a fundamental requirement of
a clinical trial. HRECs conduct both ethical and scientific assessment of the proposal and in addition
often consider issues of research governance. Other elements of governance of clinical trials that are

Chapter 1 Risk assessment context 2
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considered by HRECs include appropriate informed consent, specific inclusion and exclusion criteria,
data monitoring and vaccine accounting and reconciliation.

14. DAFF administers Australian biosecurity conditions for the importation of biological products
under the Biosecurity Act 2015. Biological products include animal or microbial derived products such
as foods, laboratory materials, therapeutics and vaccines (including GM treatments and vaccines).
Import of GM treatment is subject to regulation by DAFF and the Regulator.

15. All clinical trial sites would be located at medical facilities including out-patient settings,
hospitals and associated pharmacies. Analysis of biological samples collected from trial participants
administered with the GMO would occur at clinical trial sites, or at pathology laboratories. These
facilities are regulated by State and Territory governments and adhere to professional standards for
safety (NSQHS), disease control (Australian Guidelines for the Prevention and Control of Infection in
Healthcare (2019) and handling of pathology samples (NPAAC).

16. The state and territory governments regulate hospitals and other medical facilities in Australia.
All public and private hospitals and day procedure services need to be accredited to the National
Safety and Quality Health Service (NSQHS) Standards developed by the Australian Commission on
Safety and Quality in Healthcare (the Commission) and endorsed by the state and territory Health
Ministers. The Commission coordinates accreditation processes via the Australian Health Service
Safety and Quality Accreditation (AHSSQA) scheme. The NSQHS Standards provide a quality
assurance mechanism that tests whether relevant systems are in place to ensure that the minimum
standards of safety and quality are met. The safety aspects addressed by the NSQHS Standards
include the safe use of sharps, disinfection, sterilisation and appropriate handling of potentially
infectious substances. Additionally, the Commission has developed the National Model Clinical
Guidance Framework, which is based on, and builds on NSQHS Standards to ensure that clinical
governance systems are implemented effectively and to support better care for patients and
consumers.

17. The National Pathology Accreditation Advisory Council (NPAAC) advises Commonwealth, State
and Territory health ministers on matters relating to the accreditation of pathology laboratories.
NPAAC plays a key role in ensuring the quality of Australian pathology services and is responsible for
the development and maintenance of standards and guidelines for pathology practices. The
standards include safety precautions to protect the safety of workers from exposure to infectious
microorganisms in pathology laboratories. While compliance with NPAAC standards and guidelines is
not mandatory, there is a strong motivation for pathology services to comply, as Medicare benefits
are only payable for pathology services if conducted in an appropriate Accredited Pathology
Laboratory (APL) category, by an Approved Pathology Practitioner (APP) employed by an Approved
Pathology Authority (Anandasabapathy et al., 2015). Accreditation of pathology services is overseen
by Services Australia (formerly Department of Human Services), and currently, the only endorsed
assessing body for pathology accreditation is the National Association of Testing Authorities (NATA).

18. Hospitals and pathology laboratories, including their workers, managers and executives, all
have a role in making the workplace safe and managing the risks associated with handling potentially
infectious substances including the proposed GMO. There are minimum infection prevention
practices that apply to all health care in any setting where health care is provided. These prevention
practices were initially developed by the Centers for Disease Control and Prevention (CDC), and are
known as the standard precautions for working with potentially infectious material. The standard
precautions are described in the Australian Guidelines for the Prevention and Control of Infection in
Healthcare (2019).

Section2  The proposed dealings

19. Medpace Australia Ltd is seeking authorisation to carry out a clinical trial to assess the safety
and efficacy of a genetically modified (GM) chimeric orthopoxvirus (CF33-hNIS) alone and in
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combination with an existing cancer therapy (Pembrolizumab), for the treatment of Australian
patients with metastatic or advanced solid cancerous tumours. The proposed study is a multi-centre
clinical trial to be conducted in Australia and United States of America (USA). The product sponsor is
Imugene Limited and the applicant Medpace Australia Ltd, will act as clinical research organisation
and licence holder.

20. The dealings involved in the proposed clinical trial are:
(a) import the GMO;
(b) conduct the following with the GMO:
i prepare the GMO for administration to trial participants;

ii.  administer the GMO to clinical trial participants by intratumoural injection (i.t.). or by
intravenous infusion (i.v.);

iii.  collect samples from trial participants;
iv.  analyse the samples;
V. prepare samples for export;
(c) transportthe GMO;
(d) dispose the GMO;
and the possession (including storage), supply and use the GMO for the purposes of, or in the course
of, any of these dealings.
2.1 The proposed limits of the trial (duration, scale, location, people)

21. The clinical trial is proposed to take place over a five-year period from the date of issue of the
licence. Up to 18 patients in Australia would receive multiple doses of the GMO over a period of 24
months.

22. The clinical trial would take place at clinical trial sites and hospitals in Australia, these clinical
sites have not yet been identified.

23.  Only trained and authorised staff would conduct dealings with the GMO. Administration of the
GMO in trial participants would be conducted by highly trained medical staff.

2.2 The proposed controls to restrict the spread and persistence of the GMOs in the
environment

24. The applicant has proposed a number of controls to minimise exposure to the GMO, and to
restrict the spread and persistence of the GMOs in the environment. These include:

e The GMO would be administered to trial participants within a suitable medical facility;
e Staff preparing and administering the GMO would use personal protective equipment (PPE);

e Immunocompromised and pregnant medical staff would be excluded from handling the
GMO;

e Transport, storage and disposal of the GMO and any contaminated waste generated at a
clinical trial site would be disposed in accordance with the current version of the Regulator’s
Guidelines for the Transport, Storage and Disposal of GMOs.

25. The applicant has proposed detailed control measures to minimise the exposure of close
contacts and animals to the GMO. Trial participants would be instructed to follow these measures for
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at least 24 h after the GMO admistration and in the event pustules/skin lesions? develop, as this may
be one of the symptoms of the GM virus. These include:

e Avoid exposing other people and animals to injection sites and contaminated dressings;

e Injection sites must be covered with a dressing for at least 24 hours after injection or until
completely dry. If the dressing applied after treatment falls off before the site is completely
dry, a new dressing must be immediately applied;

e Trial participants or caregivers should wear disposable protective gloves when removing or
changing dressings;

e Used dressings, gloves and any cleaning materials must be disposed of in the biohazard bags
provided by the study site staff and returned to the study site in the next follow-up visit;

e Avoid accidental autoinoculation by direct contact with the injection site and other parts of
the body. In case of accidental exposure, the affected area should be thoroughly cleaned
with soap and water and/or a disinfectant. If the eye was touched or exposed, it should be
flushed with water for 15 minutes;

e Clean any household areas that may have been exposed to the GMO with a 10% bleach
solution;

e Contaminated clothing and bedding should be washed with disinfectants such as bleach.
2.3 Details of the proposed dealings
2.3.1 Manufacturing of the GMO

26. The GMO will be manufactured overseas in accordance with Good Manufacturing Practice
(GMP) guidelines. The final product would be packaged into polypropylene cryogenic vials as a 1.1 ml
aqueous suspension of the GMO and stored at -80°C. Each CF33-hNIS vial would be individually
packaged in a carton and clearly labelled with product name, titre, name of the Sponsor and clinical
trial details (i.e. clinical trial site and patient number).

27. The GMO would be shipped from USA to Singapore and stored at Catalent’s Singapore depot
until shipment to clinical trial sites in Australia. The applicant has estimated that up to 666 vials
would be imported for this trial.

2.3.2 Import, transport and storage of the GMO

28. The GMO would be imported into Australia by specialist courier companies such as World
Courier. The frozen GMO would be packaged and labelled for transport in accordance with the
packaging and labelling requirements of the International Air Transport Association (IATA) code UN
3373 (Biological Substance, Category B). Briefly, GMO vials would be shipped in one-vial cartons
within a container containing dry ice and a temperature monitoring device.

29. The GMO would be shipped to clinical trial sites in Australia upon approval of patient
enrolment in the clinical trial and re-supplied as needed.

30. Transport within Australia to the clinical trial sites would be conducted in accordance with the
Regulator’s Guidelines for the Transport, Storage and Disposal of GMOs by a suitable courier
company. Upon arrival at trial sites, the GMO would be unpacked and inspected for damage by
trained staff. The GMO would then be stored in a freezer at -80°C £10°C.

2 For the purposes of this RARMP, the term pustule and lesion are interchangeably used.
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31. Storage of the GMO would be within the clinical trial site in a secure freezer with access
restricted to appropriately trained and authorised personnel.

32. Samples collected from trial participants would be transported to analytical facilities within the
clinical trial site, to third party analytical facilities located within Australia or prepared for export. All
samples would be treated as though they contain the GMO and transported in accordance with the
Regulator’s Guidelines for the Transport, Storage and Disposal of GMOs.

33. Waste that may contain GMOs would be destroyed at the clinical trial sites or transported for
disposal as per institutional standard operating procedures (SOP) for disposal of risk group 2
infectious material.

2.3.3 Clinical trial sites

34. The clinical trial would be carried out at clinical trial sites and hospitals, which are yet to be
confirmed. Clinical trial sites would be assessed by the applicant for their experience in cancer
research and treatment.

2.3.4 The clinical trial

35. The proposed clinical trial is a Phase 1, multi-centre, open-label, dose-escalation study that
would evaluate the safety and efficacy of the GMO (CF33-hNIS) as a treatment for metastatic or
advanced solid cancerous tumours. The GMO would be administered via i.t. injection or i.v. infusion,
alone and in combination with an existing cancer therapy (Pembrolizumab).

36. The GMO would be administered on days 1, 8 and 22 and subsequently every 21 days
(treatment cycle) for up to 24 months. As the clinical trial’s secondary aim is to identify the Maximum
Tolerated Dose (MTD) of the GMO, up to 4 dose levels (8.6 x10°, 9.4 x10°, 3 x10” and 1.1 x108 plaque
forming units (PFU)) would be tested. The first patient cohort would receive the lowest dose of the
GMO alone via i.t. injection. After analysis of the patient safety data, the Cohort Review Committee
(CRC) comprised of Investigators, the Sponsor, and the Medical Monitor may decide to administer
the GMO via i.v. infusion, increase or reduce the dose of GMO to be administered to the next cohort
(de-escalation dose to be determined).

37. The administration of the GMO in combination with pembrolizumab would only occur if the
administration of the next dose level of the GMO alone is shown to be safe (e.g. 8.6 x10° PFU of the
GMO + pembrolizumab would be administered only if the GMO dose level of 9.4 x10° PFU alone is
shown to be safe). Pembrolizumab would be administered intravenously after CF33-hNIS treatment,
beginning on day 22.

2.3.5 Selection of trial participants

38. Relevant inclusion criteria proposed by the applicant include that participants must:
e be adults aged 18 years or older;
e have alocally advanced or metastatic solid tumour;

e be willing and able to comply with scheduled visits, treatment plan, laboratory tests, and
other study procedures;

e refrain from egg or sperm donation throughout the study and for at least 60 days after
receiving the last dose of the GMO;

e agree to use contraceptives to prevent pregnancy throughout the study and for at least
60 days after receiving the last dose of the GMO.

39. Relevant exclusion criteria proposed by the applicant include:

e prior treatment with an oncolytic virus;
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e evidence of an active infection, or immunosuppressive disorder;
e pregnancy or breastfeeding;
e have received a vaccine within 4 weeks of study treatment;

e in addition, participants may be excluded for any reason that, in the opinion of the
clinical trial investigator, makes the participant unsuitable for the study.

2.3.6 Preparation and administration of the GMO for administration

40. The GMO vial would be removed from the freezer and prepared by trained staff following the
institution SOPs for infectious material. The GMO must be administered within 2 hours of completion
of thawing.

41. The GMO would be prepared in a biosafety cabinet. Briefly, a needle attached to a syringe
would be used to withdraw the GMO suspension from the vial. The same needle/syringe would be
used to withdraw an appropriate volume of saline as per Medpace pharmacy manual. For i.t.
administration, the syringe would be recapped using the scoop technique. The needle used during
the GMO preparation would be removed and replaced with a new capped administration needle. For
the i.v. infusion, the GMO would be injected into a saline i.v. infusion bag.

42. The syringe and/or saline bag containing the GMO would be transported from preparation
rooms to administration sites in a suitable container appropriate for transportation of biohazard
material.

43. The i.v. infusion would be performed for at least 30 min. The infusion line would be flushed
with sterile normal saline.

44. The volume of the GMO used for i.t. injection would be determined based on the size and
number of the tumours to be treated, but not exceeding 4 ml. Each tumour would receive 5
injections (4 quadrants and 1 central). The GMO would be administered either under direct visual
guidance (skin), or into lymph node, with or without the aid of ultrasound or computed tomography
(CT) guidance.

45. The injection site would be cleaned with alcohol and covered with dressing.
2.3.7 Sample collection and analysis

46. Biological samples would be collected for clinical monitoring of participants and for analyses of
the presence of the GMO genome or viable viral particles. Samples of serum, urine, oral and rectal
swabs would be collected on days 1, 2, 8, 9 and 22 and subsequently on the first day of every second
treatment cycle. On dosing days, samples would be collected prior and 1 hour after GMO
administration.

47. Swab samples from injection/infusion sites would be collected on days 2 and 9 then on day 1
of subsequent treatment cycles. Samples would be collected from the previous administration site
and from any other skin pustules should they occur.

48. Dressings used to cover the administration site or pustules would be returned by the trial
participant on follow-up visits on days 2 and 9 of the first treatment cycle and then on day 1 of
subsequent treatment cycles.

49. Biological samples would be analysed at 360 Biolabs facility in Melbourne or prepared for
export and shipped to USA for analysis.

2.3.8 Decontamination and disposal of the GMO

50. Waste generated during preparation and/or administration of the GMOs (e.g. needles, syringes,
dressings) would be destroyed at the clinical trial sites or transported for disposal as per clinical trial
site procedures.
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51. Reusable items, work surfaces, the administration room and dedicated bathroom facilities for
patients would be decontaminated with chemical disinfectant (e.g. sodium hypochlorite (0.5-10%),
isopropyl alcohol (50%) and ethanol (70%)) as per clinical trial site SOPs.

52. Empty, partially used and unused vials of GMO would be destroyed at the clinical trial site as
per clinical trial site SOPs. If the clinical trial site is unable to destroy the GMO vials, the vials would
be properly stored until a suitable method of disposal can be arranged by the Sponsor. Disposal or
destruction of the GMO would be documented.

2.3.9 Training

53. The applicant’s IBC declared that the training and experience of individuals involved in these
dealings is satisfactory. The applicant stated that the GMO would be handled, prepared, and
administered in medical settings by qualified and trained staff. Staff would be trained on the licence
conditions and its potential variations and on how to safely conduct dealings with the GMO by
Medpace and/or Imugene representatives. Staff that did not attend the initial training or
commenced work after it would be trained by existing trained staff.

2.3.10 Accountability and Monitoring

54. Alog detailing the dates and quantities of the GMO used would be maintained by site staff and
would be verified by the Medpace Clinical Research Associate during site visits.

55. All documentation (e.g. receipts, authorisation for use, dispensing, destruction, temperature
monitoring) would be filed on-site and available for inspection by the Clinical Research Associate.

2.3.11 Contingency plans
56. Immunocompromised and pregnant medical staff would be excluded from handling the GMO.

57. Inthe event of inadvertent exposure due to needle-stick, sharps exposure, mucosa or broken
skin exposure, persons who have had accidental direct contact with the GMO would be instructed to:

e bleed from the skin wound;
e wash the area with soap and water for at least 15 min, and seek medical attention;

e notify the appropriate institutional contacts as per institutional procedures, principal
investigator and primary study coordinator of the exposure;

e seek medical attention for treatment and/or surveillance.

58. Staff would be trained in appropriate procedures in spill management as per institutional
guidelines. As an example, the applicant has described the following procedure for treating a spill:

e quarantine the area;
e remove contaminated clothing and place it in a biohazard bag;

e personnel cleaning up the spill must wear personal protective equipment (e.g. disposable
gown, shoe covers, gloves, face mask and eye protection);

e cover spill with absorbent material;

e decontaminate the area by applying an appropriate chemical disinfectant against the GMO
using spill kit and procedures developed for clinical material spills;

e wait for at least 10 minutes before removing the material for disposal,;
e if sharps are present, they should be removed using tongs and/or a broom and dustpan;

e the licence holder must be notified of the spill as soon as reasonably possible.
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Section 3 Parent organism
3.1 Origin

59. The parent organism, known as CF33, is a chimeric oncolytic orthopoxvirus (OPXV) originated
through homologous recombination between rabbitpox virus (RPXV) and 6 strains of vaccinia virus
(VACV). Briefly, mammalian cells cultured in the laboratory were infected simultaneously with 9
strains of OPXVs, including RPXV, cowpox virus, raccoonpox virus and 6 VACV strains. After a period
of time, resulting viruses were purified and tested for their oncolytic activity in human cancer cells
cultured in the laboratory. CF33 was then selected for further studies due to its ability to
preferentially replicate in and destroy cancer cells (O'Leary et al., 2018).

60. Rabbitpox virus (RPXV) was first isolated in 1932 after of a series of outbreaks in laboratories
conducting work with VACV in rabbits at the Rockefeller Institute (New York, USA). Rabbitpox was
highly lethal in rabbits and was shown to be transmitted by direct contact or aerosols (respiratory
route). In 1941, a similar disease outbreak among rabbits at the University of Utrecht (the
Netherlands) led to isolation of the RPXV strain Utrecht (RPXV-Utrecht) (Nalca and Nichols, 2011). It
is important to note that all reported rabbitpox outbreaks occurred in laboratory colonies of rabbits,
with the latest one reported in the 1960s. RPXV-Utrecht is currently used in laboratory studies as a
model for smallpox and was included in the generation of CF33 (O'Leary et al., 2018). It is genetically
similar to VACV, with the exception of three genes associated with virulence of other poxviruses
(Martinez-Pomares et al., 1995; Li et al., 2005). These three genes are not present in CF33
(Chaurasiya et al., 2022).

61. VACV was first identified in 1939 (Downie, 1939) and is considered to have originated from
mutation or recombination involving cowpox virus, variola virus (VARV, causative agent of smallpox)
and other related OPXV ancestors. VACV strains were used globally as a vaccine against smallpox
prior to the latter’s declared eradication in 1980 (WHO, 2022b).

62. CF33is derived from VACV strains and the close relative RPXV-Utrecht. As previously
mentioned, genes related to the increased virulence of RPXV-Utrecht virus in rabbits are not present
in the CF33 genome. Therefore, for the purpose of this RARMP, when data is not available for CF33,
VACV will be used as the non-GM parent organism to provide a baseline for comparing the potential
for harm associated with dealings with the GMO. Additionally, as the biology of VACV has been
described in detail in the RARMPs for DIR-116, and DIR-140 (clinical trials with GM vaccinia viruses),
RARMP for DIR-170 (trial with GM vaccinia viruses in horses) and more recently in the RARMP for
DIR-179 (trial with GM vaccinia viruses for cancer treatment), a summary is presented in this section.

3.2 Classification and genome characteristics

63. OPXVs belong to the genus Orthopoxvirus, family Poxviridae and subfamily Chordopoxvirinae.
The genus includes the human pathogens variola virus, vaccinia virus, cowpox virus, horsepox virus,
monkeypox virus and others (International Committee on Taxonomy of Viruses 2022).

64. Asan OPXV, the CF33 is a large, enveloped virus containing a linear double-stranded DNA
genome of about 189 kilobases (kb). It encodes around 200 proteins with roles in viral entry,
transcription of viral genes, DNA synthesis, assembly of virus particles, and suppression of the host
anti-viral response (Babkin et al., 2022).

65. CF33 genome is derived from 7 out of 9 OPXVs used in its construction (see paragraph 59). It
contains DNA fragments from RPXV-Utrecht and 6 strains of VACV (Western Reserve (WR),
International Health Department (IHD), Lister, Lederle-Chorioallantoic (LC), Calf-Lymph (CL) and
Ankara (AS)) (Chaurasiya et al., 2022).

66. CF33is highly homologous to VACV strains. The majority of CF33 pathogenesis-related genes
(i.e. replication, cell attachment and entry genes) are derived from the IHD, Lister and WR VACV
strains. Together, these 3 VACV strains account for 60% of the CF33 genome (Chaurasiya et al.,
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2022). An overview of VACV strains and RPXV-Utrecht collaboration in the CF33 genome is shown in
Figure 2.
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Figure 2. Map of CF33 genome showing components of parental viruses (adapted from Chaurasiya et al., 2022).

3.3 Lifecycle

67. The lifecycle of a virus involves transmission of infective virus particles to a new host organism,
attachment and entry into susceptible host cells, replication of the viral genome, production of viral
proteins, assembly of new virus particles and, finally, release of progeny virus particles — often
accompanied by cell lysis (Liu et al., 2014).

68. VACV does not integrate into the host genome and its entire life cycle takes place within the
cytoplasm (Liu et al., 2014). Consequently, VACVs are unable to use host replication enzymes and
their genomes encode enzymes required for both DNA replication and gene transcription (Schramm
and Locker, 2005).

69. VACV genes are expressed in three temporal stages - that is, expression of early, intermediate
and late genes (Yang et al., 2011). Proteins required for the process cytoplasmic DNA replication are
expressed in the early stages. DNA replication begins after ~2 hours post-infection and initiates the
transcription and expression of genes required for the expression of the intermediate and late genes
(for example, proteins involved in the assembly of new virus particles) (Shors et al., 1999; Tolonen et
al., 2001).

70. After DNA replication and late protein expression, VACV goes through an assembly process.
This involves the formation of immature virions, consisting of a membrane enclosing a nucleoprotein
mass (a complex of DNA and proteins), which are then enveloped to form the mature infectious
virions (Liu et al., 2014). Approximately 10,000 copies of the viral genome are made within 12 hours
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of infection; half of these are incorporated into mature virions and released upon host cell lysis
(Tolonen et al., 2001)

71. CF33 showed efficient replication in healthy human cells cultured in the laboratory, with viral
titres comparable to IHD and WR strains of VACV (~1000 plaque-forming unit/cell (PFU/cell)) after 48
and 72 hours of infection. In healthy mouse cells, CF33 showed reduced replication (~10-100 pfu/cell)
when compared to VACV strain IHD (~1000-10 000 pfu/cell) or WR (~100-1000 pfu/cell) (Chaurasiya
et al., 2022). These results suggest that CF33 replicates poorly in healthy mouse cells when compared
to healthy human cells.

3.4 Pathology

72. Generally, VACV is considered a mild pathogen in people. As an OPXV, VACV preferentially
infects and replicates in epithelial cells and tends to produce skin pustules (Moussatche et al., 2008).
As the infection progresses, immune cells such as macrophages and other antigen presenting cells
are recruited to the infection site to contain the infection. However, VACV can infect and manipulate
some of these immune cells and use them to spread to other parts of the host body through the
bloodstream (Smith et al., 2013; El-Jesr et al., 2020).

73.  When administered as a vaccine, the vaccine recipients normally develop a single lesion at the
site of exposure around 3-4 days post vaccination, it indicates a successful vaccination and generally
heals over 2-3 weeks (Fulginiti et al., 2003a; CDC, 2022d). This is often accompanied by flu-like
symptoms (fever, malaise, headache, nausea and muscle aches), swelling and redness around the
vaccination, and swelling and tenderness of the draining lymph node. In healthy individuals, these
reactions resolve spontaneously and require only observation and symptomatic treatment (Cono et
al., 2003; Fulginiti et al., 2003b; Maurer et al., 2003).

74. Serious adverse reactions associated with VACV such as post-vaccinia encephalitis or death are
rare, strain dependent, and particularly affect those with underlying risk factors such as atopic
dermatitis or who are immunocompromised, as in the case of HIV infection (Cono et al., 2003). More
information regarding severe adverse reactions can be found in Section 3.8.1 of this Chapter.

75. VACV is unable to persist in a latent state within an infected host. The large poxviral genome
appears to be unstable in host cells, and the large size of virus particles promotes their clearance by
phagocytic cells of the immune system (Buller and Palumbo, 1991).

3.5 Epidemiology
3.5.1 Geographic distribution and host range

76. OPXVs can infect a wide range of organisms, from humans to domestic and wild animals (Silva
et al., 2020). The natural host of VACV is not known, but in the environment and in laboratories,
VACV is able to infect a variety of species and cause disease in humans, several monkey species, a
variety of rodents and marsupials, buffalo, dairy cattle, sheep, horses, rabbits, and domestic cats and
dogs (Robinson and Mercer, 1988; Bennett et al., 1989; Brochier et al., 1989; Artois et al., 1990;
Dumbell and Richardson, 1993; Adams et al., 2007; Abrahao et al., 2010; Felipetto Cargnelutti et al.,
2012; Riyesh et al., 2014; Miranda et al., 2017). Birds are not known to be a host for VACV, but a
study of a GM VACV-based rabies vaccine demonstrated sufficient viral replication in several
Canadian bird species to permit seroconversion. Furthermore, poxvirus infections (often novel and
not well characterised) have been reported in native Australian mammals, birds and reptiles (Wildlife
Health Australia, 2012, 20193, b; Sarker et al., 2021).

77. Infections with VACV or close relatives have been documented in South America, India,
Indonesia, Egypt and other countries. In Brazil, outbreaks of zoonotic disease caused by VACV-like
viruses affected dairy cattle and rural workers, and VACV infections were found in remote Amazonian
wildlife (Silva et al., 2020).
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78. A multi-country outbreak of monkeypox in humans has been ongoing since early May 2022. As
of 22 August 2022, WHO has registered a total of 41,664 laboratory-confirmed cases and 12 deaths
in 96 countries. Although monkeypox virus (MPXV) is endemic to parts of Africa, the recent outbreak
has been detected in the UK, Europe, South and North America, Middle East and other areas where
MPXV is not endemic (WHO, 2022a). On 23 July 2022, WHO declared the global monkeypox situation
a Public Health Emergency of international concern. Australia’s Chief Medical Officer, Professor Paul
Kelly, declared the monkeypox outbreak a Communicable Disease Incident of National Significance.
This means that the response to monkeypox in Australia will have national coordination to assist
states and territories to manage the outbreaks within their jurisdictions (Australian Government
Department of Health 2022a).

3.5.2 VACV shedding and transmission

Shedding from infected hosts

79. VACV vaccination normally leads to the development of a single pustule at the injection site
(CDC, 2022d). Individuals vaccinated with VACV can shed viral particles from the site of injection from
day 1 to day 21 post-vaccination — from the time the pustule develops until the scab drops off, and
possibly longer. Maximal shedding occurs between days 4 and 13, and peak titres of 107 plaque
forming units (pfu)/ml have been detected in swabs taken from the vaccination site (Cooney et al.,
1991; Wharton et al., 2003; Cummings et al., 2008).

80. Inthe context of non-human hosts, VACV was found in milk and faeces of experimentally
infected dairy cattle, suggesting a systemic infection (de Oliveira et al., 2015; Matos et al., 2018). The
virus continued to be shed even after lesions on the teats and udders had healed. VACV of both high
and low pathogenic strains was also found in faeces and urine of experimentally infected mice
(Ferreira et al., 2008).

Transmission between humans

81. The most common route of VACV transmission between humans is through direct contact with
lesions caused by the virus or contact with fomites (for example, contaminated dressing, clothing,
sheets, towels and surfaces). A vaccinated/infected person may also spread VACV from the initial
infection site by touching other body parts or people with contaminated hands (Cono et al., 2003;
Egan et al., 2004; Oliveira et al., 2014; Webber et al., 2014). Transmission of VACV via aerosols
(airborne droplets) has never been clearly documented in people when used as a vaccine and is
considered unlikely (Lane and Fulginiti, 2003).

82. Reported cases predominantly involved transmission between family members or other close
contacts or transmission in hospital settings. The latter involved transmission to clusters of patients
from recently vaccinated health care workers or patients hospitalised with a vaccine-related
complication (Sepkowitz 2003). In more recent (post-2000) vaccination programmes involving health
care workers in Israel and the USA, there were no reports of transmission to patients (Lane &
Fulginiti 2003).

Transmission to and between animals

83. Outbreaks of VACV infection amongst dairy cows are the best documented examples of
transmission between humans and animals. Viral transmission occurs mainly via direct contact
between milkers and cattle. Daily and intensive hand-milking leads to infection of dairy workers from
infected cows, and further transmission to cows from milkers with lesions on their hands and fingers
(de Sant'Ana et al. 2013a; de Sant'Ana et al. 2013b; Quixabeira-Santos et al. 2011).

84. Faecal shedding from experimentally infected cows has been demonstrated (Matos et al.,
2018), and mice exposed to bovine faeces displayed signs of viral replication (D'Anunciacao et al.,
2012). VACV strains of both high and low pathogenicity can also be shed by and transmitted amongst
laboratory mice via their excrement, even where the mice appeared asymptomatic (Ferreira et al.,
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2008). Murine faeces exposed to environmental conditions retained infectious VACV particles for at
least 20 days (Abrahdo et al., 2009). These data suggest that horizontal transmission via
contaminated faeces is possible, and that faeces could provide a means for viral dissemination into
the environment (Abrah3o et al., 2009; D'Anunciacao et al., 2012).

85. VACV infection has been documented in domestic dogs and wild opossums after a VACV
outbreak in Sao Paulo, Brazil. It has been suggested that they (and potentially other mammalian
species) could act as a reservoir for the virus, acquiring and transmitting it without showing clinical
signs. Alternatively, they could be incidental hosts that nonetheless could spread VACV to the
environment (Peres et al., 2013; Peres et al., 2016).

86. Inthe context of smallpox vaccination, the US Centres for Disease Control and Prevention
(CDC) has advised that there is potential for transfer of VACV to animals from a human with an
unhealed vaccination site. Should an animal develop an active vaccinia lesion, further transmission is
possible. Avoiding exposure of domestic animals to unhealed vaccination sites or to material or
surfaces contaminated with fluid from a vaccination site is recommended (CDC, 2022c).

Laboratory-related VACV infections

87. Laboratory-acquired VACV infections are rare and typically involve unvaccinated individuals
working with a non-attenuated VACV strain. During 2005-2008, 15 cases of VACV exposure via
needlestick injures (9/15), spill (1/15) or eye splash (5/15) with the concentrated virus were reported
to CDC. Six out of 9 individuals exposed via needlestick injuries developed VACV infection and 4 cases
resulted in hospitalisation. None of the work practices in the laboratories where work was conducted
had met the Advisory Committee on Immunization Practices (ACIP) vaccination recommendation for
working with non-highly attenuated VACV or other orthopoxviruses (for example, monkeypox and
cowpox). Exposure via spill or eye splash did not result in infection (CDC, 2008).

3.6 Mutation and recombination

88. Mutation is an important source of genetic variation in viruses. As described in Section 3.1 of
this chapter, VACV is considered to have originated from related OPVX ancestors. Recent analysis of
VACV genomes suggested that mutations happened about fourteen times more often than
recombination events, and mutation has been a major contribution in the evolution of VACV strains
(Molteni et al., 2022). Viral evolution by mutation or self-recombination events may occur over time
and usually involve repeated viral transmission to other hosts. For example, genome analysis
indicates that Buffalopox virus (BPXV), the causative agent of buffalopox disease, originated from the
VACV Lister strain used for inoculating buffalo calves to produce a smallpox vaccine. The virus was
first isolated in India in 1967 and has evolved over a period of forty years to be pathogenic to buffalo,
cattle, and humans (Eltom et al., 2020).

89. Homologous recombination between viral strains requires both viruses to be present and
replicating within the same infected host cell. Recombination of OPXVs in cell cultures in a laboratory
setting are easily produced and have been documented between other vaccinia strains (Fenner and
Comben, 1958), between related poxviruses such as rabbit fiboroma and myxoma viruses (Woodroofe
and Fenner, 1960) and between variola virus, cowpox and rabbitpox viruses (Bedson and Dumbell,
1964a, b). As described in Section 3.1, CF33 is a chimeric virus originated in laboratory cell culture
through homologous recombination among 7 strains of OPXVs.

90. Examples of natural OPXV recombinants which have clearly occurred between co-infecting
viruses are nearly non-existent (Gershon et al., 1989), with very few examples of potential
recombination events between poxviruses in co-infected animals (Strayer et al., 1983; Sahu et al.,
2022). Although replicating poxviruses can recombine very efficiently under certain circumstances,
there are physical constraints within a cell that limit recombination between co-infecting viruses.
VACV transcription, translation and replication takes place in the cytoplasm but within membrane-
bound cytoplasmic structures known as viral factories or virosomes (Katsafanas and Moss, 2007; Lin
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and Evans, 2010; Paszkowski et al., 2016), thus, compartmentalising and preventing the mixing of
their nucleic acid with other viruses in the same cell (Paszkowski et al., 2016).

3.7 Environmental stability and methods of decontamination for VACV

91. Poxviruses are well known for their ability to persist in the environment, and they are more
resistant to drying and increased temperature than other enveloped viruses. VACV stability is
determined by temperature, relative humidity and the materials on which VACV is introduced into
the environment (Wood et al., 2013). Dried VACV can be kept for more than 35 weeks at 4°C with no
loss of infectivity (Rheinbaben et al., 2007). Murine faeces exposed to environmental conditions
retained infectious VACV particles for at least 20 days (Abrahdo et al., 2009). Clothes, bedding and
personal effects from smallpox (not VACV) patients remained contagious after several years of
storage or use.

92. VACV can be inactivated within 1 minute by chemical disinfectants such as 0.5% sodium
hypochlorite, 30% isopropanol, 40-70% ethanol, 0.5% sodium hypochlorite, 0.02% glutaraldehyde,
0.01% benzalkonium chloride, 30% Sanytex and 0.12% ortho phenylphenol. The virus can also be
inactivated by dry heat treatment at 95°C for 2 hours (Sauerbrei and Wutzler, 2009) and autoclaving
(Espy et al., 2002; Canada, 2011).

93. Appropriate hand hygiene after contact with items that may be contaminated with VACV
includes washing with antimicrobial soap and water or an approved alcohol-based hand-rub
containing 60% alcohol or more (Wharton et al., 2003).

3.8 VACV as a vaccine

94. Several strains of VACV were used for human immunisation against VARV, the causative agent
of smallpox. VACV vaccination provides cross-protection against VARV and was a key factor for the
smallpox eradication in the late 1970s (Jacobs et al., 2009).

95. Historical studies of smallpox vaccination indicate that approximately 40-47% of individuals
receiving a VACV vaccine reported mild pain at the site of inoculation and 2—3% reported a severe
pain. Mild fever was a common side effect reported by approximately 5-12% of vaccinees. Other side
effects reported included headache, myalgia, chills, nausea and fatigue. Moderate to severe
complications occurred in approximately 1 to 250 individuals per million primary vaccines (Rotz et al.,
2001) and included generalised vaccinia, progressive vaccinia, myopericarditis and post-vaccinial
encephalitis (PVE) and in rare cases death (CDC, 2022c).

96. Rates of severe post-vaccination effects varied greatly depending on the strain (Kretzschmar et
al., 2006; Jacobs et al., 2009). The Bern strain caused by far the highest rates of severe adverse
effects and, based on a mathematical model, it was estimated to cause nearly 45 cases of PVE and 55
deaths per million primary vaccinations. The Copenhagen strain led to intermediate/high rates of
adverse events with 33 estimated cases of PVE and 31 deaths per million vaccinations. The NYCBH
strain was the most benign, with less than 3 estimated cases of PVE and 1 or 2 deaths per million
vaccinations (Kretzschmar et al., 2006).

97. Because non-attenuated vaccinia strains present a greater risk, especially to
immunocompromised people, they have been replaced for vaccination by highly attenuated strains
where replication either cannot occur or is severely reduced. These attenuated strains were
generated through sequential passage in tissue culture cells from alternative hosts, and more
recently, through genetic engineering (Jacobs et al., 2009).

98. Currently, VACV is considered well-suited as a viral vector to create a new generation of safer
GM vaccines and treatments (Nagata et al., 2018). Some of the features of VACV viral vectors that
make them suitable for GM treatment applications include their ability to induce strong humoral and
cell-mediated immune responses that enhance the immune response to the target antigens, absence
of oncogenic potential and no evidence of integration into the host genome.
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3.8.1 VACV vaccine adverse events

99. VACV vaccines are generally safe and effective, but some people do experience side effects
and adverse reactions. Severe adverse reactions are more common in people who are being
vaccinated for the first time and in young children (<5 years of age) (CDC, 2022c). Adverse events
following VACV vaccination include:

Unintentional Transfer of Vaccinia Virus

e Inadvertent inoculation: unintentional transfer of VACV from the vaccination site to another
place on the vaccinee’s body. The most common sites are the eye and surrounding orbit
(ocular vaccinia), followed by the face, nose, mouth, lips, genitalia, and anus (Maurer et al.,
2003; Wharton et al., 2003; CDC, 2022c).

e Contact transmission: spread of the VACV from the vaccination site (or other lesions distant
from the vaccination site) to close contacts through direct contact or through other vectors
such as clothing, bedding, or dressing contaminated by vaccinia virus.

e Ocular vaccinia: inflammation of the eyelid, conjunctivitis, keratitis iritis, or combinations
thereof. Infections can be clinically mild to severe and can lead to vision loss.

Diffuse Dermatologic Complications

e Generalised vaccinia: disseminated vesicular or pustular rash in locations distant from the
vaccination site and sometimes covering the entire body. Individuals receiving VACV vaccine
for the first time or those with underlying immunodeficiency are at higher risk for
generalised vaccinia.

e Eczema vaccinatum: localised or systemic spread of VACV. It occurs most often in individuals
who have a history of atopic dermatitis. The rash is often accompanied by fever and swollen
lymph nodes, and affected persons are frequently systemically ill.

Progressive vaccinia

e Progressive vaccinia is rare, severe, and often fatal. It occurs when a vaccination site fails to
heal. VACV replication persists, spreads to secondary sites and leads to necrosis and
ulceration. Lesions can become susceptible to concomitant bacterial infection. Progressive
vaccinia typically occurs in immunocompromised individuals.

Rare Adverse Reactions

e Foetal vaccinia: a rare complication, with only 50 cases reported in the literature (Cono et al.,
2003). It results from maternal exposure to VACV during pregnancy or shortly before
conception and often led to stillbirth or neonatal death. Due to its rarity, specific risk factors
have not been determined. No other specific risks to foetuses or pregnant women have been
identified.

e Post-vaccinial encephalitis or encephalomyelitis: Most common among infants aged less than
12 months, symptoms develop 6-10 days following vaccination. Symptoms reflect cerebral or
cerebellar dysfunction with headache, fever, vomiting, altered mental status, lethargy,
seizures, and coma. No clinical criteria, radiologic findings, or laboratory tests that are
diagnostic for these adverse reactions exist.

Cardiac Adverse Events

e Myo/pericarditis: characterised by the inflammation of the myocardium, pericardium, or
both and typically associated with the New York City Board of Health (NYCBOH) VACV strain.
Clinical presentation may include chest pain, shortness of breath, and palpitations ranging
from subtle to severe.
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3.8.2 Contraindications for use of VACV

100. The CDC advises that, in the absence of a smallpox outbreak, VACV should not be given to
individuals with specific conditions associated with the adverse reactions (CDC, 2022b). Individuals
who should not be exposed to VACV are those:

with a history or presence of eczema or atopic dermatitis;
with other acute, chronic or exfoliative skin conditions (i.e. burns, impetigo, severe acne, etc.);
with conditions associated with immunosuppression (i.e. HIV/AIDS, leukemia, lymphoma, etc.);

who have undergoing therapy with alkylating agents, antimetabolites, radiation, tumor
necrosis factor (TNF) inhibitors or high doses of corticosteroids;

who have underlying heart disease;

who are pregnant or breastfeeding;

who are aged less than one year;

who have a serious allergy to any component of the vaccine.
3.8.3 Treatment of VACV adverse events

101. Treatment of VACV infections is mainly supportive and include hydration, nutritional
supplementation, and prevention of secondary infections. In the case of a severe adverse event,
vaccinia immune globulin (VIG) is recommended as the first line of treatment. Antivirals such as
Tecovirimat, Brincidofovir and Cidofovir are available from the US CDC in limited quantity and under
an Investigational New Drug (IND) protocol for treatment of specific smallpox vaccine reactions (CDC,
2021). These antivirals are used as a second line of defence. Cidofovir is available in Australia but is
not approved for the treatment of vaccinia-related complications; off-label use would thus be
required.

3.9 Risk group of VACV

102. The Australian Standard 2243.3:2010 Safety in Laboratories Part 3: Microbiological safety and
containment (Standards Australia/New Zealand, 2010) classifies VACV as a risk group 2 organism, and
the Australian Immunisation Handbook recommends vaccination of people working with a repeated
risk of exposure to, or working with large quantities or concentrations of, vaccinia virus cultures
(Australian Technical Advisory Group on Immunisation (ATAGI), 2018).

Section4  The GMO - nature and effect of the genetic modification

103. Oncolytic viral therapy uses viruses as a treatment for cancer. Oncolytic viruses can occur
naturally or consist of a genetically modified virus that can preferentially infect, replicate in, and
destroy cancer cells. Oncolytic viruses can also stimulate the immune system, which is often
suppressed within tumours, to aid in the clearance of the tumours (Dyer et al., 2019; Santos Apolonio
et al,, 2021).

104. The GMO (CF33-hNIS) was modified from the oncolytic orthopoxvirus CF33 and was designed
to preferentially target cancer cells. It is also known as VAXinia and HOV2. Details of CF33-hNIS
genetic modification are discussed in the following section.

4.1 The genetic modifications and effects

105. The GMO was produced by homologous recombination into the viral J2R gene, disrupting and
partially deleting the J2R gene sequence and introducing the human sodium iodide symporter (hNIS).
Briefly, the coding DNA sequence for the hNIS under the control of the VACV H5 synthetic early
promotor (S/E) was cloned into a plasmid flanked by VACV J2R sequences. Next, the plasmid was
transfected into cultured mammalian cells already infected with the parent virus (CF33) allowing the
hNIS gene to integrate into the viral J2R gene through homologous recombination (Figure 3). After a
period of incubation, the viruses were selected, purified and tested for the presence and expression
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of hNIS. The insertion of the hNIS transgene resulted in deletion of >80% sequence of J2R gene
causing complete inactivation of the gene.
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J2R Thymidine Kinase
—

Figure 3. hNIS transgene into the J2R locus of CF33

4.1.1 The genetic modifications
The J2R gene and thymidine kinase protein

106. The J2R gene encodes for the viral thymidine kinase (TK) protein. TK is an enzyme found in
most living cells and some viruses. It is responsible for recycling and regenerating thymidine for DNA
synthesis. TK catalyses the transfer of the terminal phosphoryl moiety from adenosine triphosphate
(ATP) to deoxythymidine (dT), yielding deoxythymidine monophosphate (dTMP). Following further
phosphorylation by cellular enzymes, this pathway results in deoxythymidine triphosphate (dTTP),
one of the four nucleotides that make up the DNA molecule (El Omari et al. 2006, Mortimer 2015).

107. TKis expressed in healthy cells that are preparing to divide, but is absent in resting cells
(Hengstschlager et al., 1994). Its activity is also increased in the foetus and can be detected in foetal
cells circulating in maternal blood (Hengstschlager and Bernaschek, 1997). TK levels are elevated in
many types of cancer cells, including lung, colon, breast, and prostate (Bitter et al., 2020). In vitro
studies suggest that TK activity is at least 5-fold higher in cells transformed with DNA tumour viruses
than in healthy replicating cells (Hengstschlager et al., 1994).

108. Inviruses, such as VACV, the role of TK is to generate sufficient dTTP for synthesis of viral DNA
in host cells that are not actively dividing.

Effect of deleting the TK protein

109. The insertion of the hNIS transgene resulted in loss of the TK protein. Consequently, the GMO
depends on dTTP produced by the host cells to replicate (Zeh and Bartlett, 2002). As mentioned in
paragraph 107, this nucleotide is present in dividing cells and in higher levels in cancer cells.
Accordingly, the GMO is expected to replicate preferentially in these cell types (Warner et al., 2019).

110. TKis not essential for VACV replication in cells cultured in the laboratory (Mackett et al., 1982).
However, VACV lacking the TK protein showed reduced replication when injected into healthy mice
(Lee et al., 1992). The absence of the TK protein did not affect the GMO replication in cells cultured in
the laboratory (Warner et al., 2019).

111. The disruption of TK has been employed in the design of other oncolytic viruses, for example,
the GM VACV approved by the Regulator for a Phase 3 clinical trial (DIR-140) and the herpes simplex
virus 1 (known as Talimogene laherparepvec), approved for commercial supply (DIR-132) and
included on the Australian Register of Therapeutic Goods as a cancer therapy by the TGA.
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The human sodium iodide symporter

112. Sodium lodide Symporter (NIS) is a cell-surface protein responsible for iodide uptake in
mammalian cells and is normally expressed in thyroid cells. The human sodium iodide
symporter (hNIS) is composed of 13 transmembrane helices and 643 amino acid residues. hNIS
is responsible for the transport of iodide from the bloodstream into the thyroid gland and
makes an essential contribution to thyroid hormone synthesis. Its expression level and
localisation are regulated by intracellular levels of iodide and thyroid-stimulating hormone
(Darrouzet et al., 2014). hNIS is also expressed in other cells/tissues, such as salivary gland
ductal cells, gastric mucosa, mammary gland during lactation, ciliary body of the eye, choroid
plexus (Dohan et al., 2003), and testicular cells (Russo et al., 2011). The functional role of the
protein in these tissues remains unclear (Dohan et al., 2003). NIS homologous proteins are present
in other animals, such as fish and birds (Concilio et al., 2020).

113. The ability of the thyroid gland to accumulate iodine via hNIS provided the basis for
diagnostic imaging and treatment of thyroid cancer by using radioactive iodine (Radioiodine).
Radioiodine scintigraphy combined with SPECT/CT (single-photon emission computed
tomography/ computed tomography) has become a powerful diagnostic imaging tool for
identification of regional and distant metastases in thyroid cancer (Avram, 2012). High doses of
radioiodine can destroy thyroid cells, including cancer cells, and have been used to treat some
types of thyroid cancer with little effect on the rest of the body.

hNIS and autoimmune disease

114. Inthe late 1990s, it was hypothesised that anti-hNIS antibodies could induce autoimmune
diseases of the thyroid, such as Hashimo