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ABSTRACT
◥

Patients with human papillomavirus type 16 (HPV16)
infection and low-grade cervical dysplasia [low-grade squa-
mous intraepithelial lesion (LSIL)/CIN1] or atypical squamous
cells [atypical squamous cells of undetermined significance
(ASC-US)/atypical squamous cells- cannot exclude high-grade
squamous intraepithelial lesion (ASC-H)] require active sur-
veillance for disease progression. A safe and effective immu-
notherapy to clear HPV16 is an unmet medical need. The
safety run-in cohort of a randomized double-blind, placebo-
controlled phase II trial of PVX2 [vaccination twice with
HPV16-targeting pNGVL4a-Sig/E7(detox)/HSP70 plasmid
and once with the HPV16 L2E7E6 fusion protein “TA-CIN”]
as immunotherapy for patients with HPV16þ ASC-US,
ASC-H, or LSIL/CIN1 (NCT03911076) was recently complet-
ed. The primary objective of this cohort was to determine the
safety and tolerability of PVX2 vaccination. Subjects were
confirmed to have HPV16 infection and LSIL/CIN1, ASC-US,
or ASC-H. Adverse events were evaluated using Common
Terminology Criteria for Adverse Events v5.0. HPV typing by
HPV16 18/45 Aptima Assay was done at baseline, month 6,
and month 12, with simultaneous cytology analysis. Cervical

biopsies and endocervical curettagewere performed at baseline
and month 6. In the safety run-in cohort 12 eligible patients
were enrolled. Each received three monthly immunizations.
One was lost to follow-up after week 12. There were no serious
adverse events. A total of five adverse events were noted by
4 patients; 4 were considered not vaccine-related, and one
‘unlikely related’ by the investigator. At month 6, 45%
(5/11) of participants converted to HPV16-negative and 2
others developed CIN2þ and received a loop electrosurgical
excision procedure. At month 12, 64% (7/11) were HPV16-
negative, including those HPV16-negative at month 6. In
conclusion, PVX2 immunotherapy was well tolerated and
associated with viral regression, supporting further testing.

Prevention Relevance: This safety run-in study cohort
suggests that PVX2 immunotherapy is well tolerated in the
target population and is sufficiently safe to warrant further
clinical testing in a randomized study. The combined vac-
cines may facilitate higher-than-expected rate of human
papillomavirus type 16 viral clearance 6 and 12 months after
treatment, although this requires validation.

Introduction
Globally, human papillomavirus (HPV) causes 10% of

malignancies in women, and it is a necessary cause of cervical
cancer. Cervical cancer is the fourth leading cancer in women
worldwide, disproportionately afflicting low-resource and

rural populations (1). Current primary therapies for cervical
cancer include surgery and chemoradiation. For recurrent cer-
vical cancer, despite a combination of radical surgery (including
pelvic exenteration), radiation, and biologic/chemo-therapy,
overall 5-year survival remains a dismal 53% (2). This situation
emphasizes the need for, and promise of, cervical cancer
prevention.
The effectiveness of prophylactic HPV vaccination notwith-

standing, many women lack access to these vaccines or have
elected not to receive them (3, 4). Cytologic screening has been
highly effective in identifying cervical dysplasia or precan-
cers (5), including CIN2/3 that are treated by surgery/ablation
[e.g., loop electrosurgical excision procedure or (LEEP)], albeit
with inherent risks for recurrence, major bleeding, infection,
and obstetric morbidity (6). However, there are challenges in
establishing national programs including the need for repeated
delivery and acceptability to patients.
HPV type 16 (HPV16) alone accounts for over half of all cases

of cervical malignancy, and is therefore the most important
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target for treatment (7). There are currently no treatments for <
CIN2 lesions or < HSIL cytologic abnormalities [i.e., low-grade
squamous intraepithelial lesion (LSIL), atypical squamous cells
of undetermined significance (ASC-US), or atypical squamous
cells of undetermined significance (ASC-US)/atypical squamous
cells- cannot exclude high-grade squamous intraepithelial lesion
(ASC-H)] associatedwithHPV16.These patients are recalled for
repeat cytologic evaluation and HPV testing, and consequently
suffer psychosexual stress due to frequent colposcopies, incon-
venience and healthcare costs from active surveillance, and
constant high risk for the development of CIN2þ and/or
infecting other sites or partners (8).
Although prophylactic HPV vaccines have been available

since 2006, due to its limited global use, high-risk HPV
(hrHPV) infections including HPV16 remain highly preva-
lent (4, 9). Fortunately, most genital infections clear sponta-
neously without sequelae; indeed 50% of HPV16 infections in
young women become undetectable within a year (10). How-
ever, a significant fraction ofHPV16 infections persist, progress
and manifest as intraepithelial lesions throughout the lower
anogenital tract, predominantly the cervix (11). LSIL represents
productive infections (12).While most such lesions will regress
spontaneously, 30% to 40% of HPV16 infections will progress
to high-grade squamous intraepithelial lesions (HSIL) within
2 years, a rate 5-fold greater than that of other hrHPV infec-
tions (5). Surgical resection of vaginal, vulvar and anal intrae-
pithelial lesions, most often driven by HPV16, is similarly
associated with significant morbidity and high recurrence
rates (13, 14).
A third of HSILs progress to invasive disease absent inter-

vention (15, 16). Progression is associated with integration of
the viral genome, with concomitant deletion or inactivation of
E2, a down regulator of E6 and E7 expression (17, 18). The
HPV E6 and E7 gene products inactivate p53 and retinoblas-
toma proteins (pRb), respectively, and their expression is
required to maintain the transformed phenotype. This con-
sistent and obligatory expression of the non-self E6 and E7
suggests their potential as targets for immunotherapy. By
contrast, the late antigens such as L2 are expressed only in
the productive low-grade lesions and are targets for protective
antibodies. Therefore, immunotherapeutic strategies directed
toward the E6, E7, and L2 antigens have the potential to treat
low-grade HPV16-associated cervical dysplasia for cancer
prevention.
Mild cervical cytologic abnormalities are common, includ-

ing LSIL, ASC-US, or ASC-H. Management of these diag-
noses is governed by risk-based strategies impacted by age,
prior HPV vaccination, and, increasingly, the presence and
type of hrHPV detected (especially HPV16 and/or HPV18).
Thus, in the absence of CIN2þ, women with HPV16þ
ASC-US, ASC-H, or LSIL endure frequent active monitor-
ing for CIN2þ, the psychologic stress from regular proce-
dures, and high risk of progression as well as having an
active oncogenic sexually transmitted infection without any
curative treatment (19).

The naked DNA vaccine pNGVL4a-Sig/E7(detox)/HSP70
(pBI-1) expresses HPV16 E7 with inactivating mutations and
linked to Mycobacterium tuberculosis heat shock protein 70
(HSP70) and signal peptide (Sig) to enhanced CD8 T-cell
immune responses (20). pNGVL4a-Sig/E7(detox)/HSP70 vac-
cination in otherwise healthy women with HPV16þ CIN3 is
well tolerated. A homologous DNA-DNA-DNA prime-boost
regimen was assessed at three dose levels: 0.5 mg (3 patients),
1.0 mg (3 patients), and 3.0 mg (9 patients), with each dose
given intramuscularly a total of 3 times at 4-week intervals. In
the highest dose cohort (n ¼ 9), 3 subjects had complete
histologic regression of disease (although 2 would have been
expected based upon prior studies of spontaneous regression
rates). No dose-limiting or severe adverse events were
observed. Themost common side effect was transient, minimal
injection site discomfort (20). Patients only reported grade 1
adverse events: 4 with vaccine site tenderness, 3 with malaise
and flu-like symptoms, 5 with fatigue, and 2 with vaginal
discomfort and discharge.
TA-CIN is a single fusion protein comprised of HPV16 L2,

E7, and E6 proteins produced in bacteria. While vaccination
with TA-CIN can induce L2-specific protective antibodies, it is
designed to trigger HPV16-specific therapeutic immunity tar-
geting the E6, E7, and L2.Aplacebo-controlled, double-blinded
phase I dose-escalation study provided preliminary evidence
that serial vaccination with up to 533 mg of TA-CIN for a total
of three doses in the absence of an adjuvant is safe, well
tolerated, and immunogenic in healthy volunteers (21). How-
ever, vaccination of patients produced only low titers of L2-
specific cross-neutralizing antibodies and weak E6/E7-specific
IFNg and proliferative T-cell responses following a TA-CIN
dose response (21, 22).
Heterologous prime with DNA vaccine followed by boost-

ing with recombinant protein represents another effective
strategy in eliciting CD8þ and CD4þ T-cell responses as well
as antibody responses. Several recent preclinical animal
studies in mice and nonhuman primates have shown that
vaccination of DNA prime followed by recombinant protein
boost can elicit more potent cell-mediated and humoral
immune responses against a number of infectious diseases,
including malaria (23) and HIV (24–26), compared with
DNA vaccination alone. In preclinical experiments, intra-
muscular administration of pNGVL4a-Sig/E7(detox)/HSP70
DNA vaccine twice followed by boosting with TA-CIN
generated significantly more HPV-specific CD8þ T-cells in
mice carrying TC-1 tumor as compared with either the
DNA or protein-based vaccine alone (27), and is hereafter
referred to as PVX2 immunotherapy. Neither pNGVL4a-
Sig/E7(detox)/HSP70 nor TA-CIN (21) demonstrated dose-
limiting toxicities (DLT) in when administered individually
to patients in three monthly doses (20). This first-in-human
trial of the PVX2 regimen examines its safety and tolerability
as well as an exploratory endpoint of efficacy in clearing
HPV16 infection of the cervix in 12 patients with ASC-US,
ASC-H, or LSIL.
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Materials and Methods
Study design
This phase II safety run-in of clinical trial NCT03911076was

conducted at five sites in the USA and followed CONSORT
guidelines. The study was performed per themoral, ethical, and
scientific principles governing clinical research as set out in the
Declaration of Helsinki, and the guidelines on Good Clinical
Practice. The protocol was reviewed and approved by the
Advarra Institutional Review Board (Columbia, MD). Study
monitoring was provided by Parexel International (Newton,
MA).Written informed consent was obtained from all patients.
Patients with a cytologic diagnosis of ASC-US, ASC-H, or

LSIL who met the enrollment criteria were prescreened within
8 weeks of their diagnosis at which they underwent an initial
informed consent process to obtain a cervical cytology sample
and Aptima HPV 16 18/45 Genotype Assay testing for hrHPV
and HPV16 and HPV18. A colposcopic exam with required
endocervical curettage (ECC) and cervical biopsy, as clinically
indicated, was obtained at the screening visit. Eligibility inclu-
sion criteria included ability to give consent, HPV16-positive,
HIV/HBV/HCV-negative, age 25 to 70, adequate organ func-
tioning, nonpregnant status, willingness to use contraception
for 6 months, and histologic diagnosis of ≤ CIN1. Exclusion
criteria included pregnancy or desiring pregnancy within
6 months, breastfeeding, immunodeficiency or receiving sys-
temic immunosuppressive therapies, receiving any blood prod-
uct within 3 months, receiving any licensed vaccine within
2 weeks of treatment, administration of any investigational
compound or device within 30 days, undergoing surgery,
chemotherapy, radiation, or biological cancer therapy within
28 days, history of seizures, cancer history within the past
5 years, uncontrolled intercurrent illness, active autoimmune
disease, prior cervical conization, LEEP or ablative procedure,
or total hysterectomy.
The patients were evaluated at enrollment with vital signs,

medical history, demographic data, Eastern Cooperative
Oncology Group (ECOG), serum human chorionic gonado-
tropin, and blood draws for chemistry and disease screening.
Once all eligibility criteria were met and informed consent
obtained, subjects were vaccinated in the upper outer quadrant
of the right buttock muscle with the PVX2 immunotherapy
comprising 3-mg pNGVL4a-Sig/E7(detox)/HSP70 DNA in
1-mL PBS (Waisman Biomanufacturing, Madison, WI) at
weeks 0 and 4, and 0.1-mg TA-CIN vialed in 0.53-mL phos-
phate/glycine/cysteine (PGC) buffer (Waisman Biomanufac-
turing, Madison, WI) at week 8, with vitals monitored in the
hour postimmunization and a diary card provided each time.
Subject follow-ups were conducted at week 12, month 6, and

month 12. At each visit vital signs, adverse events,medical issue
updates, blood samples, and urine samples were collected. A
cervical sample was obtained for cytologic examination and
HPV testing at months 6 and 12. A colposcopic exam with
required ECC and cervical biopsy, as clinically indicated, was
obtained at month 6. Immunology blood samples were
obtained at weeks 0, 4, 8 (each time prior to vaccine admin-

istration), week 12,month 6, andmonth 12 visits. Subjects were
monitored throughout the study with physical assessments,
including self-assessment for local and systemic symptoms by
diary cards after each vaccination. The study design is sum-
marized in Fig. 1.

Statistical methods
For the safety run-in, a sample size of 12 patients was

selected. The sample size was selected such that the study
stopping rule (2 or more DLTs) would be met with high
probability if the true toxicity rate was about 20% and that
progression to the next cohort would occur with high prob-
ability if the true toxicity rate was less than 3.5%. With the
planned 12 vaccine recipients evaluable for the toxicity end-
point, if the true rate of toxicity is less than 3.5%, then there is at
least a 0.94 probability that randomized study enrollment
would occur. If the true rate of toxicity is 10%, 15%, 20%,
or 30%, respectively, then there are probabilities of 0.34, 0.56,
0.73, and 0.91, respectively, to stop the randomized study
enrollment.
All safety parameters were summarized and presented in

tables based on this safety population. Adverse event data were
presented in frequency tables (overall and by intensity) by body
system. In tables showing the overall incidence of adverse
events, patients who experienced the same event on more than
one occasion were counted only once in the calculation of the
event frequency. Laboratory data were presented as summary
statistics for each sampling time point using both shift and
frequency tables. All adverse events and abnormal laboratory
variables are assessed according to the NCI Common Termi-
nology Criteria for Adverse Events (CTCAE) v5.0 grading
system.

Data availability
Data were generated by the authors and included in the

article.

Results
Study population demographics
A total of 28 eligible female patients were screened, and 12

participants enrolled for vaccination from 5 active sites, with
one participant lost to follow-up after week 12. As cervical
cancer afflicts adult women, only females ≥ 18 years of age were
enrolled. The study enrolled women regardless of race and
gender. Enrollment occurred between June 25, 2019 and
November 22, 2019, and was delayed by the COVID-19
pandemic likely due to drops in screening rates and concerns
about physician visits. The primary reasons for exclusion were
absence of HPV16 mRNA (n¼ 11), presence of HSIL, > CIN2
(n¼ 3), or AGUS (n¼ 1). The mean age of study subjects was
43.5 (Table 1). One participant (8%) was 21 to 30 years old, 6
participants were 31 to 40 years old (50%), 1 participant (8%)
was 41 to 50 years old, and 4 participants (34%) were 50 to
60 years old. Eleven participants (92%) of the study were white,
and 1 participant (8%) was Asian, with 5 participants (42%)
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identifying as Hispanic/Latino. The mean weight was 69.10 kg
(min 51.5, max 94.8), body mass index 25.7 (min 18.5, max
31.8), and all subjects were ECOGstatus 0.Vital signs including
diastolic blood pressure (Supplementary Table S1), systolic
blood pressure (Supplementary Table S2), heart rate (Supple-
mentary Table S3), respiratory rate (Supplementary Table S4)
as well as blood counts and chemistry (Supplementary
Table S5) are presented. The safety run-in study was a non-
blinded, non-randomized single arm cohort. All enrolled sub-
jects received all three injections, and vital signs monitored
immediately before and 30 minutes after, as well as other visits
(Supplementary Tables S1–S4). One subject was lost to follow-

up at the 6-month mark for cytologic/histologic analyses and
HPV typing, and a second subject was lost to follow-up at the
12-month mark for histologic analysis and HPV typing. Both
subjects were included in the safety data analysis.

Safety and tolerability of PVX2
The first primary objective of this study was to evaluate the

safety and tolerability of the PVX2 immunization regimen. No
serious adverse events or toxicities were observed associated
with this PVX2 immunotherapy. There were 5 adverse events
during the safety run-in trial, and all were categorized as
CTCAEv5.0 grade 1 or 2 (Table 2). Four subjects reported at

Figure 1.

Schematic of study design. IM, intra-
muscular. If less than 2 individuals
(0/12 or 1/12) developed vaccine attrib-
utable adverse event (AE) of grade 3
and none experience vaccine attribut-
able grade 4 toxicities, proceed to ran-
domized placebo-controlled study. If
≥ 2/12 developed vaccine attributable
AE of grade 3 or any experience vac-
cine attributable grade 4 toxicities,
then DSMB determines whether to
stop, and/or whether to move to the
randomized placebo-controlled study.
�ECC required. Biopsy/biopsies as clin-
ically indicated and prophylactic anti-
biotics given.
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least one adverse event. Four of the five total adverse events
were determined to be not related to PVX2 vaccination (vaginal
irritation, rash, back pain, and yeast infection). The remaining
adverse event was determined by the investigator to be ‘unlikely
related’ to PVX2 vaccination (influenza). All adverse events
were managed per standard clinical practice and were resolved
by the conclusion of the study.

Changes in HPV16 infection
An exploratory objective of this cohort was to evaluate the

efficacy of dual IM pNGVL4a-Sig/E7(detox)/HSP70 DNA and
single IMTA-CIN immunization regimen onHPV16 clearance
by month 6. HPV typing using the Aptima HPV 16 18/45
Genotype Assay was conducted at week 0, month 6, andmonth
12.Atweek 0, all 12 enrolled patients tested positive forHPV16.
Each patient then received PVX2 immunotherapy on weeks 0,
4, and 8. Upon completion of immunotherapy, all enrolled
patients were tested for HPV16 at month 6. One of the 12
subjects was lost to follow-up at month 6. Five (45%) of the
remaining 11 subjects tested negative for HPV16 at month 6
(Table 3), while the other 6 subjects remained HPV-positive.
Two of these 11 subjects (1003–002 and 1003–006) developed
HSIL (CIN2) and both subjects underwent LEEP per standard
of care.
The 11 subjects who completed PVX2 immunotherapy and

HPV16 typing at months 0 and 6 were subsequently tested at

month 12 (Table 3). At month 12, 7 (64%) of the 11 subjects
tested HPV16-negative, including one who received LEEP at
month 6. All of the 5 subjects who tested negative for HPV16 at
month 6 remained HPV16-negative at month 12. Four (36%)
of the 11 subjects remained HPV16-positive at month 12,
including 1 who received LEEP at month 6. None of the
subjects tested positive for either HPV18 or HPV45 at any
time point, but positivity for another HPV was not confirmed
nor excluded.

Changes in cervical cytology
Following PVX2 immunotherapy, cervical cytology of all

subjects was assessed at months 6 and 12. By month 6, 3 (27%)
of 11 subjects went from abnormal cytology to normal cytology
(negative for intraepithelial lesion ormalignancy, a.k.a. NILM),
and the observed cytologic regression correlated with conver-
sion of HPV16 status [i.e., all these 3 subjects whose cytology
reverted to normal at month 6 (Table 4) tested HPV-negative
at month 6 (Table 3)]. The other 2 subjects who tested HPV-
negative atmonth 6 still had abnormal cytology atmonth 6, but
then reverted to normal cytology atmonth 12.Overall atmonth

Table 1. Baseline patient characteristics.

Patient number Age Race Ethnicity

1002–002 53 White Not Hispanic or Latino
1002–003 39 White Hispanic or Latino
1003–001 39 White Not Hispanic or Latino
1003–002 58 White Hispanic or Latino
1003–006 57 White Not Hispanic or Latino
1003–007 36 White Not Hispanic or Latino
1003–008 48 White Not Hispanic or Latino
1003–009 39 White Hispanic or Latino
1003–015 32 White Hispanic or Latino
1004–001 39 Asian Not Hispanic or Latino
1004–002 53 White Not Hispanic or Latino
1004–003 29 White Hispanic or Latino

Table 2. New adverse events.

Adverse event Number reporting by grade
Relationship to
study treatment Outcome

Grade 1 Grade 2 Grade 3 Grade 4
Infections and infestations
Influenza 1 0 0 0 Unlikely related Recovered/Resolved
Yeast Infection 1 0 0 0 Not related Recovered/Resolved
Reproductive system and breast disorders
Vulvovaginal discomfort 1 0 0 0 Not related Recovered/Resolved
Musculoskeletal and connective tissue disorders
Back pain 1 0 0 0 Not related Recovered/Resolved
Skin and subcutaneous tissue disorders
Dermatitis contact 1 0 0 0 Not related Recovered/Resolved

Table 3. HPV16 testing data.

Site-Patient
HPV16
month 0

HPV16
month 6

HPV16
month 12

1002–002 Y Y Y
1002–003 Y N N
1003–001 Y N N
1003–002 Y Ya Y
1003–006 Y Ya N
1003–007 Y N N
1003–008 Y Y Y
1003–009 Y N N
1003–015 Y Y Y
1004–001 Y Y N
1004–002 Y
1004–003 Y N N

Note: None of the samples were positive for HPV18/45. Subject 1004-002 was
lost to follow-up at month 6.
aPatients 1003–002 and 1003–006 received a LEEP procedure when they had
progressed to HSIL/CIN2 at month 6.
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12, 4 (36%) of 11 subjects had normal cytology (Table 4), and 3
of these 4 subjects tested HPV16-negative with the 1 remaining
subject still testing HPV16-positive at month 12 despite her
normal cytology. On the other hand, 4 subjects who tested

HPV16-negative at month 12 still hadmild abnormal cytologic
abnormalities. Of the 3 subjects who had normal cytology at
month 6, 2 had ASC-US cytology, and 1 still had normal
cytology (Table 4).

Changes in cervical histology
After PVX2 vaccination at month 6, subjects underwent

histologic assessment with an ECC and colposcopically direct-
ed cervical biopsy that was compared with the same obtained at
the time of enrollment (month 0) by a central panel of
gynecologic pathologists. At month 6, 2 (18%) of the 11
evaluable subjects demonstrated histologic progression from
normal or CIN1 to CIN2 in their ECC specimens (1003–002
and 1003–006; Table 5). Both of these subjects were HPV16-
positive at month 6 (Table 3) and were treated with a LEEP.
Neither of the 2 subjects with progression to CIN2 in ECC
showed CIN2 in their cervical biopsies, suggesting that their
dysplastic lesions were located in the endocervix (Table 5).
Another subject (1002–002) had LSIL/CIN1 on ECC and
biopsy at months 0 and 6 (Table 5), and was HPV16-positive
at both time points (Table 3).
Of the remaining 8 subjects with ECC samples at months 0

and 6, 5 did not show significant histopathologic changes at
either time point (1002–003, 1003–008, 1003–009, 1003–015
and 1004–003). One subject’s ECC evaluation changed fromno
pathologic change atmonth 0 to presence of atypical squamous
cells (ASC) at month 6 (1003–007), but the biological signif-
icance of such ASCs is poorly defined. One patient showed
no significant pathologic change in ECC but demonstrated
LSIL/CIN1 in biopsy at month 0 (1004–001). The patient
developed LSIL/CIN 1 in ECC at month 6. The remaining 1
patient showed ECC histologic regression from LSIL/CIN1 at
month 0 to no significant pathologic changes at month 6 but
her biopsy demonstrated LSIL/CIN1 (1003–001).
In addition to ECC, subjects’ cervical biopsies at months 0

and 6 were examined and compared. Three subjects (27%) of
the 11 subjects had normal cervical biopsy and normal ECC at
month 6 after having CIN1 (1003–008 and 1004–003) or ASCs
(1002–003) in either ECC or biopsy specimen type at month 0

Table 4. Cytologic testing data.

Site-Patient Month 0 Month 6 Month 12

1002–002 LSIL ASC-US Negative for
intraepithelial
lesion or
malignancy

1002–003 ASC-US Negative for
intraepithelial
lesion or
malignancy

ASC-US

1003–001 ASC-H Negative for
intraepithelial
lesion or
malignancy

ASC-US

1003–002 LSIL ASC-USa AGUS
1003–006 LSIL ASC-USa LSIL
1003–007 ASC-US ASC-US Negative for

intraepithelial
lesion or
malignancy

1003–008 Negative for
intraepithelial
lesion or
malignancy

LSIL ASC-US

1003–009 ASC-US ASC-H Negative for
intraepithelial
lesion or
malignancy

1003–015 LSIL ASC-H ASC-US
1004–001 ASC-H LSIL LSIL
1004–002 ASC-US
1004–003 LSIL Negative for

intraepithelial
lesion or
malignancy

Negative for
intraepithelial
lesion or
malignancy

aPatients 1003–002 and 1003–006 received a LEEP procedure when they had
progressed to HSIL at month 6.

Table 5. Histologic data.

Month 0 Month 6
Site-Patient ECC Biopsy ECC Biopsy

1002–002 LSIL (CIN1) LSIL (CIN1) LSIL (CIN1) LSIL (CIN1)
1002–003 No significant pathologic change ASCs No significant pathologic change No significant pathologic change
1003–001 LSIL (CIN1) No significant pathologic change No significant pathologic change LSIL (CIN1)
1003–002 LSIL (CIN1) No significant pathologic change HSIL (CIN2)a ASCs
1003–006 No significant pathologic change No significant pathologic change HSIL (CIN2)a LSIL (CIN1)
1003–007 No significant pathologic change LSIL (CIN1) ASCs No significant pathologic change
1003–008 No significant pathologic change LSIL (CIN1) No significant pathologic change No significant pathologic change
1003–009 No significant pathologic change ASCs No significant pathologic change LSIL (CIN1)
1003–015 No significant pathologic change No significant pathologic change No significant pathologic change No significant pathologic change
1004–001 No significant pathologic change LSIL (CIN1) LSIL (CIN1) No significant pathologic change
1004–002 LSIL (CIN1) ASCs
1004–003 No significant pathologic change LSIL (CIN1) No significant pathologic change No significant pathologic change

aPatients 1003–002 and 1003–006 received a LEEP procedure when they had progressed to HSIL at month 6.
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(Table 5). Two of these 3 subjects (1002–003 and 1004–003)
tested HPV16-negative at month 6 (Table 3). Interestingly, 1
subject whowas originally negative in ECCwith cervical biopsy
showing ASCs at month 0 later displayed CIN1 in cervical
biopsy (1003–009) and tested HPV16-negative at month 6
suggesting infection with another type. Of the 7 subjects who
had no significant pathologic changes or ASCs in cervical
biopsies at month 0, 2 later displayed normal histology
(1002–003 and 1003–015) and 1 had ASCs (1003–002), and
3 CIN1 in cervical biopsy at month 6 (1003–001, 1003–006 and
1003–009), and the other was lost to follow-up (1004–002).
Of the 6 subjects who were HPV16-positive at month 6, the

highest histopathologic diagnosis wasHSIL/CIN2 in 2 subjects,
LSIL/CIN1 in 2 subjects and no significant pathologic findings
were noted in the other 2 subjects. However, these latter 2
subjects were found to still have abnormal cytology [LSIL
(1003–008) and ASC-H (1003–015); Table 4]. Five of the
subjects became HPV16-negative at month 6; of these, 2 had
no significant pathologic findings on either ECC or biopsy, and
1 only had ASCs. Two others had LSIL/CIN1 at month 6
suggesting a possible infection with a non-16/18/45 HPV type.

Discussion
PVX2 is a heterologous prime-boost immunotherapy regi-

men as it induces therapeutic HPV16-specific cellular immune
responses in a mouse model of cervical cancer (27) and
therefore has promise for the treatment of HPV16 infections
and low-grade disease. Important for this otherwise generally
healthy patient population, in this small safety run-in cohort,
PVX2 was well tolerated by all 12 study subjects with only 5
mild likely non–vaccine-related adverse events reported.
An important exploratory endpoint for this cohort was to

evaluate the clearance of HPV16 infection by month 6 (i.e.,
4 months after the last vaccination). For women with HPV16
infection and normal cervical cytology, approximately 34% of
cases will spontaneously resolve by month 6 (11). However, for
women with HPV16 infection and abnormal cervical cytology,
such as those in our study cohort, the rate of spontaneous viral
clearance is significantly lower; in a large prior study, women
with HPV16 infection and LSIL/ASC-US/ASC-H showed a
spontaneous viral clearance rate of only 9% at 6 months after
initial diagnosis (11). In the current study, of the 11 evaluable
subjects with abnormal cervical cytology and HPV16 infection
at month 0, 5 (45%) had cleared their HPV16 infection within
6 months of initiating PVX2 immunotherapy (Table 3).
Importantly all 5 of these subjects remained HPV16-negative
at month 12, suggesting a durable immunity. Further, by
month 12, 2 more immunized subjects had cleared their
HPV16 infection (Table 3), although 1 also received LEEP.
Twomajor limitations of our report are the lack of a control/

placebo cohort and the small number of tested subjects, both of
which will be addressed in an upcoming randomized double-
blinded cohort. The attribution of adverse events is a subjective
assessment highly dependent upon specialized training, and

this is limitation of our single arm study. In addition, it is
possible that the biopsies taken during the trial could be
considered an intervention leading to increased clearance rates.
Another limitation of the study is the limited of racial/ethnic
variability of the participants, although we did seek diversity in
participants via selection of our geographically distinct and
large clinical sites in areas with high rates of cervical cancer.
Patients were screened and enrolled regardless of race/ethnicity
and consent forms translated into Spanish. The limited diver-
sity likely reflects a small sample size. The separate randomized
studywill be performed at different sites to remediate this issue.
Although HPV infection clearance, particularly of HPV16,

can be an important marker of disease regression, we also
assessed cervical histology over the course of 6 months via
colposcopic exam with required ECC and relevant biopsy. If
low-grade lesions progress to high-grade lesions, approxima-
tely a third of patients will progress to more serious malig-
nancy (16). By month 6, the majority of subjects available for
analysis (9 of 11), demonstrated no histologic progression
upon ECC (Table 5). However, 2 of these subjects, who
remainedHPV16þ, progressed fromLSIL or lack of significant
lesions to HSIL/CIN2 by month 6 (Table 5). This histologic
progression may be due a number of factors in addition to
persistent HPV16 including the subject being infected with
multiple hrHPV types, i.e., if a different hrHPV type was
present it could have driven the observed lesion progression.
Indeed, of the 2 HPV16þ subjects with CIN2 treated with
LEEP at month 6, 1 developed LSIL at month 12 despite being
HPV16-negative, suggestive of infectionwith another type. The
other subject who received a LEEP at month 6 remained
HPV16-positive at month 12.
A challenge in interpreting mild atypia and longitudinal

changes in low-grade histology and cytology is interobserver
variation. Interpretation of patient cervical slides can vary
depending on the investigator examining the samples, although
here we utilized a consensus pathology review panel tomitigate
this issue for interpretation of exploratory endpoints of this
cohort evaluating regression to typical cervical cytology by
month 6 (Table 4) and to normal histology (Table 5).
Although 2 subjects experienced lesion progression to

HSIL/CIN2 in ECC at month 6 (Table 5) in association with
HPV16 infection, the unexpectedly high regression rate in
HPV16 infection is a promising indication that PVX2 may
nevertheless assist in overall preventing HPV16-associated
lesion progression. Indeed, none of the subjects who cleared
HPV16 bymonth 6 progressed toHSIL bymonth 12. However,
only 3 of the 7 subjects who experienced HPV16 clearance
reverted to normal cytology; 2 had ASC-US and 2 had LSIL
suggesting the possibility of co-infections with types other than
HPV16/18/45. Thus, an absence of individual typing for HPV
other than HPV16/18/45 is another limitation of this study.
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