huma NVACCINES EE Iao)v/ l&(r)r:w&:clforﬁ nes
&IMMUNOTHERAPEUTICS

Human Vaccines & Immunotherapeutics

oy ®
0%
»

Opmszre ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/khvi20

Durability of response to VGX-3100 treatment of
HPV16/18 positive cervical HSIL

Prakash K. Bhuyan, Michael Dallas, Kim Kraynyak , Timothy Herring,
Matthew Morrow , Jean Boyer, Susan Duff, Joseph Kim & David B. Weiner

To cite this article: Prakash K. Bhuyan , Michael Dallas , Kim Kraynyak , Timothy Herring ,
Matthew Morrow , Jean Boyer , Susan Duff , Joseph Kim & David B. Weiner (2020): Durability
of response to VGX-3100 treatment of HPVV16/18 positive cervical HSIL, Human Vaccines &
Immunotherapeutics, DOI: 10.1080/21645515.2020.1823778

To link to this article: https://doi.org/10.1080/21645515.2020.1823778

© 2020 The Author(s). Published with
license by Taylor & Francis Group, LLC.

ﬂ Published online: 11 Nov 2020.

N\
CJ/ Submit your article to this journal &

||I| Article views: 7153

A
& View related articles &'

P

@ View Crossmark data ('

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=khvi20


https://www.tandfonline.com/action/journalInformation?journalCode=khvi20
https://www.tandfonline.com/loi/khvi20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/21645515.2020.1823778
https://doi.org/10.1080/21645515.2020.1823778
https://www.tandfonline.com/action/authorSubmission?journalCode=khvi20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=khvi20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/21645515.2020.1823778
https://www.tandfonline.com/doi/mlt/10.1080/21645515.2020.1823778
http://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2020.1823778&domain=pdf&date_stamp=2020-11-11
http://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2020.1823778&domain=pdf&date_stamp=2020-11-11

HUMAN VACCINES & IMMUNOTHERAPEUTICS
https://doi.org/10.1080/21645515.2020.1823778

Taylor & Francis
Taylor &Francis Group

RESEARCH PAPER

8 OPEN ACCESS ’ W) Check for updates

Durability of response to VGX-3100 treatment of HPV16/18 positive cervical HSIL

Prakash K. Bhuyan
Joseph Kim?, and David B. Weiner®

2, Michael Dallas?, Kim Kraynyak?, Timothy Herring

3, Matthew Morrow?, Jean Boyer?, Susan Duff?,

3lnovio Pharmaceuticals, Inc., Plymouth Meeting, PA, USA; ®Wistar Institute, Philadelphia, PA, USA

ABSTRACT

VGX-3100 is an investigational DNA-based immunotherapy being developed as an alternative to surgery
and ablation for cervical High-Grade Squamous Intraepithelial Lesion (HSIL) with the aim of preserving
reproductive health while treating precancerous disease. Response durability up to 1.5 y following dosing
is now reported.

Histologic regression and HPV16 and/or HPV 18 (HPV16/18) clearance were previously demonstrated in
a randomized, placebo-controlled, double-blind trial and reported for 6 months after the last dose of VGX-
3100 or placebo. The presence of HPV16/18, Pap smear diagnoses, and immunogenicity longer-term
responses were assessed at 18 months after the last dose.

91% (32/35) VGX-3100-treated women, whose cervical HSIL regressed and avoided excision at 6 months
following study treatment completion, had no detectable HPV16/18 at 18 months following treatment
completion. These results were comparable to those for women who received placebo and then later
underwent surgery. For VGX-3100 recipients who regressed at 6 months following study treatment
completion and avoided excision during the trial, Pap testing showed no HSIL recurrence at 18 months
following VGX-3100 treatment. VGX-3100-induced cellular immune responses specific for HPV 16/18 E6/
E7 remained higher than for placebo control recipients at 18 months.

In women with cervical HSIL who responded to VGX-3100 and were able to avoid surgery, clinical
outcomes were comparable to the placebo control group which underwent conventional surgical treat-
ment. These findings extend the understanding of the durability of the treatment effect of VGX-3100 up to

ARTICLE HISTORY
Received 2 July 2020
Revised 19 August 2020
Accepted 7 September 2020

KEYWORDS

HPV; immunotherapy;
cervical; durability; DNA;
cancer

1.5 y and support that VGX-3100 could be used as an alternative to surgery.

Introduction

Approximately 70% of cervical cancers are derived from the
high-grade squamous intraepithelial lesions (HSILs) caused by
HPV16 or 18 (HPV 16/18).! HPV also causes squamous can-
cers at other anatomic sites, including the vagina, vulva, anus,
and oropharynx: of these, the great majority are caused by
HPV16." While prophylactic HPV vaccines confer virtually
100% protection against infections by genotypes covered by
the vaccine formulations, they confer no therapeutic effect
upon those infections, HSIL, or cancers, particularly in the
absence of any biopsy or surgical manipulation.” Therefore,
the standard care of cervical HSIL requires either surgical
excision or in some circumstances watchful waiting.
VGX-3100, which is a DNA-medicine administered intra-
muscularly using the CELLECTRA™ electroporation device, is
being developed as an immune-mediated alternative to surgery
for women with HPV'16 or 18- associated cervical HSIL. Proof-
of-concept efficacy and safety for VGX-3100 treatment has
been previously reported for VGX-3100 from a Phase 2b ran-
domized, placebo-controlled, double-blind clinical trial.” From
that trial, in the mITT population, concomitant histopatholo-
gical regression and virologic clearance occurred in 40% (46/
114) of the VGX-3100 recipients and 15% (6/40) of the placebo
recipients (strata adjusted percentage point difference, 23.2;

95% CI, 8.7-37.8; p = .001). The mITT population was defined
as all subjects who received at least one administration of
VGX3100 or placebo and had histology and virologic clearance
results. We now report the durability of HPV clearance, cervi-
cal HSIL regression as assessed by cytology, and antigen-
specific cellular immune responses through 18 months follow-
ing completion of VGX-3100 treatment. An immune-mediated
approach to treat HSIL is desirable in order to preserve normal
cervical anatomy and consequently reproductive health.*

Methods

Adult women 18 to 55 y of age who had histologically con-
firmed cervical HSIL and who were cervical HPV 16/18 posi-
tive at entry were evaluated at 18 months following completion
of VGX-3100 or placebo treatment in the proof-of-concept
treatment trial of VGX-3100 (ClinicalTrials.gov Identifier:
NCT01304524), where subjects were randomized 3:1 either to
treatment with VGX-3100 (6 mg/dose) or with placebo, admi-
nistered at d 0, week 4, and week 12 using the CELLECTRA™
2000 electroporation device, prior to planned therapeutic
resection at 6 months following completion of VGX-3100 or
placebo dosing (study week 36). VGX-3100 drug product con-
tains DNA plasmids (6 mg) which express HPV16 and HPV18
E6 and E7 antigens. Placebo was comprised of sterile water.
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The primary endpoint was histologic regression to either CIN1
or normal at study week 36. Participants who had either
a tissue diagnosis of cervical HSIL, as determined by
a blinded pathology adjudication panel, at this time point, or
who had undergone a prior cervical biopsy based on suspicion
of disease progression were classified as non-regressors.
Subjects who showed colposcopic evidence of residual cervical
disease were to undergo resection of the lesion via a loop
electrosurgical excision procedure (LEEP) or cold-knife con-
ization (CKC). Subjects without evidence of cervical disease
underwent biopsy at the site of the original cervical lesion.

As a secondary analysis of the population from this rando-
mized, controlled clinical trial, long-term virology, and Pap testing
assessment was conducted based upon the data of subjects who
had evaluable primary endpoint HSIL regression results at
6 months following completion of treatment with either VGX-
3100 or placebo. ThinPrep® (Hologic, Inc., Bedford, MA) speci-
mens were used for HPV genotyping using the Linear Array HPV
assay (Roche, Basel, Switzerland) and were collected at baseline
and at weeks 6, 14, 24, 36, 62, and 88. Cytology was evaluated at
weeks 14, 62, and 88. There were 102 subjects (72, VGX-3100; and
30, Placebo) with ELISpot data 18 months following completion of
treatment. The ELISpot assay was performed as previously
described on whole blood samples to test antigen-specific cellular
immune responses.” Two sets of pooled peptides were used, each
containing 2.5 pg/mL of 15-amino acid residues that overlapped
by 11 amino acids and spanned the full-length consensus sequence
of either HPV16 E6 and E7 or HPV18 E6 and E7 antigens. The
average number of spot-forming units (SFU) counted in R10 wells
(media alone) was subtracted from the average in HPV peptide
pool-stimulated wells and then adjusted to SFU per 1 x 10° per-
ipheral blood mononuclear cells (PBMCs).

Protocols for this clinical study received institutional review
board or ethics committee approval (at each center) and
adhered to the ethical guidelines set forth by Good Clinical

Practice and the Declaration of Helsinki. All study participants
provided written informed consent.

Results

Clinical durability and outcomes were measured using virology
testing and Pap tests, and immunologic durability was mea-
sured using ELISpot at the end of the trial, 18 months following
treatment with VGX-3100 or placebo. The derivation of the
populations of interest is displayed in Figure 1.

For the groups which received surgery, the procedure was
done within 6 months of the evaluation of virologic and cyto-
logic status. All groups received a biopsy to evaluate disease
status within 6 months prior to virologic and cytologic evalua-
tion. Thirty-one of the 169 (18%) patients randomized in the
trial did not have evaluable endpoint data at the 18-month
evaluation. The reasons for missing data in order of frequency
were lost to follow-up (17), withdrawal by subject not asso-
ciated with an adverse event (5), adverse event (5), unspecified
(2), investigator decision (1), and pregnancy (1). The five
adverse events which led to subject withdrawal were: an unin-
tended pregnancy (subject received placebo with electropora-
tion), injection site pain that resolved in less than 24 hours (two
subjects received VGX-3100 with electroporation), one occur-
rence of maculopapular rash (subject received VGX-3100 with
electroporation) that resolved in 7 d with oral chlorphenira-
mine and hydrocortisone cream, and one occurrence of itching
and facial rash (subject received placebo with electroporation)
that resolved without treatment in 6 d.

Virologic clearance

A summary of virologic clearance at 18 months for VGX-
3100-treated women who resolved their HSIL and avoided
surgery and women who had received placebo control and

Enrolled 169
I 3y
. VGX-3100 Placebo
Received at least one dose 125 4
Known 6-month HSIL status 114 m
No Yes No
6-month HSIL 55 78 12
LEEP at any time during trial No Yes Yes
38 26 5
Week 88 Testing \ l l
virology 35 25 5
cytology 32 22 5
immunology 25 21 4

Figure 1. Long-term follow-up populations. Abbreviations: HSIL, high-grade squamous intraepithelial lesion; LEEP, loop electrosurgical excision procedure.




underwent surgery (i.e. LEEP or CKC) is presented in Table
1. For the VGX-3100 treated group who had HSIL regression
at week 36, 35 women avoided surgery based upon investi-
gator judgment and patient choice and had 18-month virol-
ogy results. Of those 35 women, 32 (91%) were clear of
detectable HPV16/18 at the 18-month post treatment com-
pletion evaluation. For the VGX-3100 treated group who had
HSIL at week 36, 48 women had surgery based upon investi-
gator judgment and patient choice and had 18-month virol-
ogy results. Of those 48 women, 40 (83%) were clear of
detectable HPV16/18 at the 18-month post treatment com-
pletion evaluation. The placebo recipients who had surgery
had non-detection of HPV 16/18 was 88% (for those who had
HSIL at Week 36) and 100% (for those who had spontaneous
regression at Week 36) at 18 months. Of these 30 participants,
five had spontaneously resolved their HSIL at the 6-month
follow up and all five had no detectable HPV 16/18 at the 18-
month evaluation.

Pap test assessments

The clinical response of study participants was assessed using
Pap tests at 18 months, after the last dose of VGX-3100 or
placebo control. Pap test results were categorized according to
the Bethesda system and each result was classified as atypical

Table 1. Viral clearance outcomes at 18 months following VGX-3100 or placebo.
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squamous cells of undetermined significance (ASCUS); low-
grade squamous intraepithelial lesions (LSIL); high-grade
squamous intraepithelial lesions (HSIL), which included
CIN2 and CIN3; and atypical squamous cells-cannot exclude
HSIL (ASC-H). Pap test results by previous history of LEEP/
CKC and biopsy are provided in Table 2.

Among recipients of VGX-3100, at the 18-month follow
up, cytologic improvement was observed in 100% (32/32) of
those who had HSIL regression at the 6-month follow up and
then avoided surgery, and in 98% (45/46) of those who had
HSIL at the 6-month follow up and then underwent surgery.
None of the VGX-3100-treated subjects were noted to have
worsening of their Pap test findings at the long-term follow-
up time point.

For placebo recipients who underwent a LEEP or CKC
cytologic improvement at 18 months was 80% (for those
who had HSIL at Week 36) and 100% (for those who had
spontaneous regression at Week 36). Of these 27 subjects, five
had spontaneously resolved their HSIL at the 6-month follow-
up, and four of those five had cytologic improvement at
18 months. Worsening of Pap results to atypical glandular
cells, occurred in 1 subject at the 18-month post-treatment
completion evaluation who had received placebo, undergone
LEEP/CKC, and had spontaneous regression of HSIL prior to
surgery.

VGX-3100

Avoided LEEP/CKC

No HSIL

at Week 36
(n =35) % (n)

Placebo
Received
LEEP/CKC
HSIL Spontaneous Regression HSIL
at Week 36 at Week 36 (n = 25) % (n)

(n=15)% (n)

HPV 16/18 status 18 months after treatment completion
Cleared 91 (32)
Not cleared 9(3)

100 (5)
0 (0)

88 (22)
12 (3)

HPV 16/18, HPV-16, and/or HPV-18.

Categories of ‘Avoided LEEP/CKC' or ‘Received LEEP/CKC’ refer to the current study only, and are based on whether a subject had the procedure prior to that visit while
on study, starting at D 0. Once a subject had an excision (i.e. LEEP or CKC), they are included in this column for all subsequent visits. Virologic clearance is defined as
undetectable HPV Type 16/18 (i.e. elimination of the specific genotypes [16, 18 or both] present at screening). Subjects with a positive HPV test and no HPV types
listed are considered not evaluable at that visit and excluded from the number of subjects tested. Percentages are based on the number of subjects who were tested

at that scheduled visit.

Table 2. Pap smear results at 18 months post-treatment completion with VGX-3100 or placebo.

VGX-3100

Avoided LEEP/CKC

Placebo
Received
LEEP/CKC
HSIL Spontaneous Regression HSIL
at Week 36 at Week 36

(n=15)% (n) (n=22) % (n)

No HSIL
at Week 36
(n=32)% (n)
18 months
Worsening 0(0)
Improved 100 (32)
No Change 0 (0)

20 (1) 0(0)
80 (4) 100 (22)
0(0) 0(0)

Categories of ‘Avoided LEEP/CKC’ or ‘Received LEEP/CKC' refer to the current study only, and are based on whether a subject had the procedure prior to that visit while
on study, starting at D 0. Once a subject had an excision (i.e. LEEP or CKC), they are included in this column for all subsequent visits. Categorization of Pap smear
changes was based on initial diagnosis of CIN2 or CIN3 corresponding to HSIL: worsening = Atypical glandular cells not otherwise specified; improved = LSIL, ASCUS,
negative for lesion or malignancy, benign appearing endometrial or glandular cells (including endometrial cells in a woman at least 40 y of age), reactive endocervical
and/or metaplastic cells, cellular changes (including reactive cellular changes associated with repair or radiation), and hyperkeratosis; no change = HSIL, ASC-H.
Percentages are based on the number of evaluable subjects at that scheduled visit



4 P. K. BHUYAN ET AL.

Cellular immune responses

Cellular immune responses were measured by HPV 16/18 E6
and E7-specific interferon gamma production from peripheral
blood mononuclear cells ELISpot. For the VGX-3100 recipi-
ents with no HSIL at the 6-month follow-up and who avoided
LEEP, the median response was 130.0 (n = 25) at 18 months.
For the VGX-3100 recipients with HSIL at the 6-month follow-
up and who underwent LEEP, the median response was 69.2
(n = 32) at 18 months. For the placebo recipients without
(n = 4) and with (n = 21) HSIL at the 6-month follow-up and
who had LEEP, the median responses were 17.4 and 25.0 at
18 months, respectively (Figure 2).

Safety

The safety information for the HPV-003 trial has been pre-
viously reported through the 6-month follow-up period (week
36).” Beyond the 6-month follow-up period, 51% of VGX-3100
recipients experienced an adverse event versus 48% of placebo
recipients, there were no related SAEs, and no deaths. Seven
subjects had findings related to squamous cell carcinoma or the
premalignant condition of adenocarcinoma in situ at the pri-
mary endpoint (i.e. Week 36) assessment, using surgical exci-
sion which represented advancement of the CIN2 or CIN3
initially diagnosed by biopsy. These cases were evaluated by
a trial-specific central pathology group of laboratories, i.e. the
Pathology Adjudication Panel, and in some instances also by
a local pathologist. Three of the cases were reported as adeno-
carcinoma in situ (AIS), (2 VGX-3100, 1 placebo), out of which
two cases (1 VGX-3100, 1 placebo) were confirmed as AIS by
the Pathology Adjudication Panel. Adenocarcinoma in situ is
a pre-invasive glandular lesion which can be difficult to capture
on standard of care screening with initial punch biopsy and is
more commonly identified by full excision (e.g. LEEP, coniza-
tion). There were four reports that included the term squamous
cell carcinoma, and two of those (VGX-3100 group) were
confirmed by the Pathology Adjudication Panel. The other
two cases (1 VGX 3100, 1 placebo) were diagnosed as CIN3
by the Pathology Adjudication Panel. None of the findings
were considered related to treatment, and all subjects were
able to receive appropriate care (ie. excisional therapy or
referral to an oncologist) for their condition as assessed
through the 18-month (i.e. Week 88) safety follow-up period.
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There were no additional cases identified through the follow-
up period.

Discussion

The aim of VGX-3100 therapy is to reduce the need for surgery
for women with cervical HSIL. Therefore, long-term clinical
durability and immunology data were reviewed for two popu-
lations of interest: women who were able to avoid surgery
following VGX-3100 treatment as compared to those who
were untreated (i.e. received placebo) and underwent conven-
tional surgery. These clinical outcome data support that VGX-
3100 is a viable alternative to surgery for the treatment of
cervical HSIL and indicates that appropriate follow up could
be managed within the typical visit intervals that are used in
standard of care. As additional context, recurrent disease as an
indicator of durability has been reported following LEEP at
a cumulative rate of 14% over a 6-y period for women with
CIN3 and 9% for women with CIN2 with an annual incidence
rate of 1%.°

Women who had participated in a Phase 2b study of VGX-
3100 treatment of cervical HSIL were followed for 18 months
after the last dose of VGX-3100 or placebo. Demographics for
the Phase 2b study have been previously described’ and are
comparable between the VGX-3100 recipients who had surgery
and those who avoided surgery (data not shown). The estab-
lishment of efficacy based on histopathologic evidence required
the removal of tissue at week 36 by either punch biopsy(ies) or
more extensive surgical resection (i.e. LEEP, CKC). Subjects
with colposcopic evidence of residual disease were to undergo
LEEP or CKC. In a few cases, patients and their treating
physicians elected to have excisional surgery irrespective of
the trial results. Cytology based upon Pap tests and HPV-16/
18 clearance based upon cervical swab testing was assessed at
18 months after VGX-3100 or placebo dosing completion, and
immunogenicity was assessed at the 18-month follow-up visit
to evaluate for durability of response to VGX-3100 and data are
presented for all subjects who had testable samples with valid
results.

Virologic clearance at 18 months was comparable for the
VGX-3100 treated group who regressed at the 6-month follow-
up and avoided surgery and the placebo group who had sur-
gery. Pap tests that were conducted at the long-term evaluation
time point support that both VGX-3100 treatment and surgical

VGX-3100 Regressors at Week 36 who
avoided LEEP during trial

Placebo Regressors at Week 36 who
had LEEP during trial

Placebo Nonregressors at Week 36 who
had LEEP during trial

ot

¢

{

Figure 2. HPV16/18 E6/E7 IFN-gamma ELISpot results (SFU/10° PBMC) for follow-up groups by visit. Symbols represent medians and bars represent the interquartile
range. Abbreviations: HPV, human papillomavirus; IFN, interferon; ELISpot, enzyme-linked immunospot; LEEP, loop electrosurgical excision procedure; PBMC, peripheral

blood mononuclear cells; SD, standard deviation; SFU, spot forming units.



excision results in elimination of the underlying cervical HSIL
which can be long-lasting. Cellular immune responses to VGX-
3100, which are thought to represent the key mechanism of
action, were significantly higher than the placebo control
through 18 months after completion of dosing and suggests
that longer term durability of protection against recurrence of
cervical viral infection and HSIL is possible.

In this trial, the proportion of microinvasive cancer found
in larger surgical excision samples in subjects who had no
evidence of invasive cancer by initial biopsy was 1.8% (2/114
with specimens), which is consistent with and even lower than
the proportion (6.7%) that has been reported under standard of
care settings.” All subjects received definitive care without
complications which supports that VGX-3100 treatment can
be safely completed in a period of time that does not put
subjects at increased risk for progression of disease. For the
subgroup of women who did not respond to VGX-3100 treat-
ment and then received usual care excisional surgery, there was
no adverse influence on long-term medical outcomes as
assessed by virologic clearance and Pap testing.

There were a number of limitations to the interpretation of
these data. The overall completion rate at the end of the study
(18 months) was 82%. The most common reason for non-
completion was loss to follow up, which was not unexpected
after 18 months. Another related limitation was that not all
subjects who followed up at 18 months had all samples evalu-
able due to the relatively small but expected limitations in
diagnostic samples. The populations of interest were chosen
to represent what might happen in the medical use of VGX-
3100 but had relatively small sample sizes. There was also an
unavoidable potential impact of tissue manipulation (i.e.
biopsy) at the 6-month time point which is associated with
local viral clearance and potential impacts upon histopathol-
ogy. Furthermore, Pap tests have a significant screening and
diagnostic insensitivity,> ' making their results challenging to
interpret without the additional context of virology. Lastly, the
final visit for this trial was completed 18 months following the
blinded administration of VGX-3100 or placebo; however,
longer follow-up would be needed to inform upon the full
extent to which durability of response lasts.

The key findings of these longer term follow-up data — virol-
ogy, cytology, and immune responses — from the Phase 2b study
are that the effect of VGX-3100 appears to be long lasting at least
through 1.5 y following the last dose, and efficacy measures were
comparable to those of conventional surgery. The durability of
viral clearance and Pap smear findings support that VGX-3100
recipients who avoid surgery could be safely followed up to
18 months later using standard diagnostic tools. Also, a durable
effect is desirable because of the significant psychosocial and
other quality of life impacts on patients with outright cervical
HSIL, or even only abnormal Pap results and/or HPV infection
per HPV test results.'” The presence of a persistent detectable
HPV16/18 specific cellular response in the blood of VGX-3100-
treated patients at 18 months following treatment that was
greater in magnitude than placebo recipients suggests that
extended protection is possible, although such a statement
would require confirmation with greater sample sizes. The over-
all safety profile of VGX-3100 shows no increased risk beyond
current standard of care. In fact, a non-surgical treatment
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alternative avoids the alteration of cervical anatomy, thereby
enabling a therapeutic approach that preserves reproductive
health for young women® and also avoids the adverse events
specifically associated with surgical treatment for cervical
HSILAPY
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