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This is the first report describing detailed T cell responses to viral-like proteins contained in an HPV specific
vaccine given in combination with Imiquimod for treatment of persistent VAIN2/3. We postulate that stimulation
of the innate immune system with Imiquimod and the specific CD4 and CDS8T cell responses following HPV
vaccination with Gardasil9® combined to induce clinical remission in a woman with treatment-refractory

1. Objective

We aimed to induce clinical remission in a woman with recalcitrant,
widespread high grade vaginal intraepithelial neoplasia (HSIL, VAIN2 or
3) using immune modulator therapy (Imiquimod) in combination with
nonavalent HPV vaccination, and to study the HPV-associated T cell
responses to determine therapeutic action of this combined modality.

2. Background

High-grade vaginal intra-epithelial neoplasia is a precursor to
vaginal cancer and is caused by infection with human papillomavirus
(HPV) in at least 96 % of cases. (Serrano et al., 2015) Treatment is
therefore recommended for VAIN2 or 3, and more common modalities
include surgical excison and/or ablation (using CO2 laser, electro-
coagulation, photodynamic therapy), and in selected cases topical
treament (Imiquimod or 5-Fluorouracil). (Kesic et al., 2023) Despite
treatment, the rate of persistent disease is reported as 6.4-13.9 %,
recurrence rates up to 59 %, and risk of progression to vaginal cancer
between 2 and 15.4 %. (Dodge et al., 2001; Sopracordevole et al., 2016)

The risk of developing invasive disease is dependent on the presence of
VAIN3 and length of follow-up, with a mean time interval from treat-
ment of HSIL to progression to squamous cell carcinoma reported as
54.6 months (4-146 months). (Sopracordevole et al., 2016).

Adjuvant HPV vaccination in unvaccinated women has been shown
to reduce the risk of new high grade dysplasia of the cervix by 64 %
(from 5.9 % to 1.9 %) when given immediately following treatment of
CIN2 or 3. (Lichter et al., 2020) However, the role of adjuvant HPV
vaccination in the management of recurrent or persistent VAIN2/3 is
unclear. (Bryan et al., 2019) Whereas HPV vaccination leads to pre-
vention of future infection by inducing neutralising antibodies to the
viral L1 capsid proteins, avoidance of persistent infection would addi-
tionally require induction of co-ordinated CD4 and CD8 T-cell responses
leading to cytotoxicity of virus-infected cells. Data investigating the T
cell responses to adjuvant HPV vaccination in high grade dysplasia of
the lower genital tract (LGT) are limited and few studies have investi-
gated the association between T-cell response and HPV vaccination
when used in combination with immunomodulator therapy. (van Poel-
geest et al., 2016).

The aims were therefore to assess the effect of HPV vaccination,
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combined with topical imiquimod, on a case of persistent VAIN2/3
despite previous surgical treatment, and to measure the cellular HPV-
specific response to this combination treatment.

3. Case report

We present the case of a 32 year old nulliparous woman with a
history of cervical hr-HPV and possible HSIL (pHSIL) found on routine
screening, with CIN1 on cervical biopsy. Approximately 12 months
later, biopsies showed CIN3 and multi-focal VAIN3. (Table 1). Past
gynaecological history included imperforate hymen with haematometra
requiring surgical excision at age 14 years. Three doses of quadrivalent
HPV vaccine (Gardasil®, active against HPV6,11,16,18) were received
at age 15 years. The patient reported first vaginal coitus at age 27 years,
less than 3 lifetime sexual partners (monogamous with current partner
for 4 years), and first Papanicolou smear 3 years previously (negative).
The patient is planning conception.

Initial treatment was surgical resection of CIN3 (involving all four
cervical quadrants) by large loop excision, and excision and/or
diathermy of 8 separate sites of VAIN3 located throughout the vagina.
Pathology of the vaginal lesions is shown in Fig. 1.

Due to the rapid progression of HPV-related disease in this Case,
referral to an immunologist for investigation of a possible immune
deficiency was undertaken. Results showed normal lymphocyte subsets
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and surface markers, IgG/A/M and E within the normal range, negative
HIV serology, and normal mitogen response.

Four months following initial surgical treatment, a repeat examina-
tion under anaesthesia (EUA) and biopsies were performed, which
confirmed recurrent/residual VAIN2/3 in multiple areas of the right side
of the vagina.

HPV DNA genotyping by polymerase chain reaction (PCR) was per-
formed on vaginal and cervical specimens, and HPV52 was detected at
both sites.

A 16-week course of Imiquimod 5 % (Aldara™ 5 % cream) was
commenced, initially with half recommended dose of 125 mg on a
tampon inserted vaginally 3 days per week. The patient experienced
systemic flu-like symptoms and some vaginal bleeding after the first 4
weeks, necessitating a one week break from treatment. It was then
possible to introduce full dose treatment of 250 mg 3 times per week,
with some intermittent reductions to half dose due to flares in systemic
symptoms.

Nonavalent HPV vaccine (HPV9v vaccine, Gardasil9®, active against
HPV6,11,16,18,33,45,52 and 58 was administered 3 months prior to
commencement of Imiquimod and the final (third) dose given 3 months
following first dose of Imiquimod.

Fig. 2 Case CD4 (A) and CD8 (B) T cell in vitro responses to
HPV52 E6 and E7 peptide pools and to nonavalent Gardasil. Post-
vaccination lack of HPV52 E6- and E7-, but presence of Gardasil-

Table 1
Historical Sequence of Investigations, Treatment and Results.

Date Investigation/Treatment Result

07/ Papanicolaou smear Negative
2017

03/ Cervical screening test hr-HPV non 16/18 detected, pHSIL
2020

03/ Colposcopy, Cervical biopsies Colposcopy: CIN 1, Pathology: CIN 1
2020

01/ Cervical screening test hr-HPV non 16/18 detected, pHSIL
2021

01/ Colposcopy widespread cervical/vaginal HSIL
2021

01/ EUA, LLETZ cervix, excision and diathermy Pathology: Cervix: CIN 3 extends to ectocervical margins (endocervix clear)
2021 multiple vaginal lesions Vagina: VAIN 2/3 all lesions

03/ Immunology consultation No obvious primary immune deficiency: normal lymphocyte subsets and surface markers, IgG/A/M and E, negative
2021 * Serum Assays for in vitro immune tests HIV serology, and normal mitogen response

03/ HPV vaccination with nonavalent Gardasilo® 3
2021 doses commenced

05/ EUA, biopsies cervix and vagina No CIN. Pathology: VAIN 3 right vagina (upper and lower)
2021

06/ Cervical and Vaginal HPV subtyping by PCR HPV52
2021

06/ Imiquimod vaginal application commenced (16

2021 week course)
09/21 Cervical co-test
Cervical Biopsy
Vaginal co-test
Colposcopy
10/21 EUA, Cervical biopsy, vaginal biopsies, Laser to
upper vaginal lesion

CIN 1/HPV

*T cell responses to HPV52 E6 and E7
12/21 Vaginal dilator therapy
06/22 Cervical co-test

Vaginal Co-test

*T cell responses to nonavalent Gardasil9o®
04/23 Cervical co-test

Vaginal co-test
05/23 TV US

hr-HPV non 16/18 detected, LSIL and cellular changes of regeneration and repair

hr-HPV non 16/18 detected, HSIL

Right upper vaginal lesion 0.5 cm

Pathology: Cervix anterior and posterior CIN 1.

Vagina: Right upper vagina VAIN 3, all other areas VAIN 1

Undetectable CD4 or CD8 T cell response

hr-HPV negative, cytology negative
hr-HPV negative, cytology negative

Vigorous CD4 and CD8 T cell response
hr-HPV negative, cytology negative
hr-HPV negative, cytology VAIN 1
Viable pregnancy 8 weeks

hr-HPV- high risk HPV detected, using PCR (polymerase chain reaction), pHSIL- possible high grade squamous lesion, CIN- cervical intraepithelial neoplasia, EUA-
examination under anaesthesia using colposcope, 5% acetic acid and Lugols iodine, LLETZ- large loop excision of the transformation zone, VAIN- vaginal intra-

epithelial neoplasia.

* serum assays for in vitro immune tests- AIM (activation induced marker) assay using CD25/0X40 (CD134) and CD25/CD137 for measurement of CD4 and CD8 T cell
response, respectively, to HPV 52 E6 and E7 peptides, or nonvalent Gardasil, as specified.
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Fig. 1. Clinical photos of cervix and vagina. a) Macro 01,/2021: before treatment showing CIN 3 of cervix contiguous with VAIN 3 of anterior vagina (lower- anterior
cervix, upper- anterior upper vaginal wall). b) Micro 01/2021: Right lateral vaginal biopsy at initial surgical excision, pre- Gardasil9® vaccine and pre-Imiquimod
treatment. i) Haematoxylin and eosin stained section showing VAIN 3. ii) p16 immunohistochemistry showing block positivity. ¢) Micro 10/2021: Right lateral
vaginal biopsy after Gardasil9® vaccine x 3 courses and vaginal Imiquimod 16 weeks treatment i) Haematoxylin and eosin stained section showing subtle HPV/VAIN
1. ii) p16 immunohistochemistry showing limited staining on surface of no significance.

specific CD4 T cells using the CD25/0X40 AIM assay (A, upper) and 7
day proliferation assay (A, lower). Similarly, there was a lack of HPV52
E6- and E7-specific CD8 T cells using the CD25/CD137 AIM assay (B,
upper) or 7 day proliferation assay (B, lower). However, there were
Gardasil-specific CD8 T cells detected in the CD25/0X40 AIM assay (B,
upper) and in the 7 day proliferation assay (B, lower).

4. Post-vaccination HPV52 T cell response studies

Following identification of HPV52 by PCR, we used overlapping
peptide pools from the respective sequences of HPV52 E6 and E7 to
investigate specific T cell responses following vaccination with non-
avalent Gardasil9®. HPV52 E6- and E7-specific T cells in peripheral
blood mononuclear cells (PBMC) were measured using AIM (activation
induced marker) CD25/0X40 (CD134) upregulation on CD4 T cells and
CD25/CD137 on CD8 T cells, after 2 days of incubation with HPV 52 E6
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Fig. 2. Post vaccination HPV52 specific T cell assays.

and E7 peptide pools (Fig. 2). The results show that neither HPV52 E6-
and E7-specific CD4 T cells (Fig. 2A), nor CD8 T cells (Fig. 2B), were
detectable at this time point. Similarly, using the day 7 in vitro prolif-
eration assay, neither HPV52 E6- and E7-specific CD4 T cells nor CD8 T
cells were detectable. Altogether, these results suggested that E6- and
E7-specific CD4 and CD8 T cells were not involved in clinical regression
following Gardasil immunization.

Due to the lack of responses to E6 and E7, by the time that the VAIN
cytology had been cleared, we then tested CD4 and CD8 T cell responses
to Gardasil itself, using the OX40 AIM assay (Fig. 2A and B, red boxes).
Since the virus-like particles (VLPs) used in Gardasil9® are comprised of
recombinant proteins, and not peptides, we hypothesized that we may
see CD4 responses, but not see any CD8 responses, since recombinant
proteins do not usually access the HLA Class I cell surface presentation
pathway in vitro. As shown in Fig. 2A, there was a significant CD4

response to Gardasil9® in the 0X40 AIM assay, but no response by CD8
T cells (Fig. 2B), as expected.

However, when we measured the longer day 7 proliferation re-
sponses to Gardasil9®, we saw a very large CD4 proliferation response
(Fig. 2A) and also a very clear, although smaller, CD8 proliferation
response to Gardasilo® (Fig. 2B). These results are consistent with up-
take of VLP’s and access to the HLA Class I presentation pathway, in
addition to the access of recombinant proteins for HLA Class II presen-
tation pathway for CD4 T cell responses.

Following completion of Imiquimod and immediately following the
third dose of Gardasil9® vaccine, an examination under anaesthesia
(EUA), vaginoscopy and colposcopy were performed and multiple cer-
vical and vaginal biopsies were taken. Results showed a small 0.5 cm
residual area of VAIN2/3 in the right upper vagina, and residual CIN1 of
the posterior cervix. All other areas of CIN and VAIN3 (over 90 % of
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lesions) had resolved, with biopsies showing inflammation only. There
was a moderate degree of upper vaginal stenosis noted. Laser treatment
was performed on the right upper vaginal VAIN2/3 following biopsy.

The patient commenced the use of regular vaginal dilator therapy
post-operatively and continued regular follow-up. At 6 and 18 months
post laser treatment, no hr-HPV was detected, cytology of the cervix was
negative, and cytology of the vagina was VAIN1.

The patient achieved a successful pregnancy following last co-test, 2
years after treatment commenced. Ongoing close follow-up with col-
poscopy, cervical and vaginal co-test +- biopsy is planned.

5. Discussion

VAIN is an uncommon disease, with an incidence of 0.2-2/100 000
women/year and accounts for 0.4 % of all premalignant lesions of the
female lower genital tract. (Kesic et al., 2023) As in the case presented,
VAIN is associated with CIN in around 65 % of cases. (Dodge et al.,
2001) The overall rate of progression of VAIN2/3 to cancer despite
treatment and follow-up is reported as 2-15.4 %. (Dodge et al., 2001;
Sopracordevole et al., 2016; Hodeib et al., 2016) In a series of 205
women with VAIN2/3 on biopsy, Soprocordevole et al (Sopracordevole
etal., 2016) found a siginificantly higher risk of progression to cancer in
women diagnosed with VAIN3 than VAIN2 (15.4 % vs 1.4 %, p <
0.00011) following ablative or excisional treatment at a mean post-
treatment time of 54.6 (range 4-146) months. This confirms the
importance of accurate histological diagnosis, adequate treatment, close
post-treatment monitoring, and long-term follow up of these patients.

Treatment of VAIN2/3 should be individualised for each case, with
consideration of patient characteristics such as age, parity, immunede-
ficiency status, sexual activity, site and extent of disease, and previous
VAIN treatment. (Kesic et al., 2023) Histology obtained by biopsy is
required prior to treatment to both avoid overtreatment of LSIL (HPV/
VAIN 1) or inadequate treatment of VAIN2/3 or invasive disease. This
may require EUA and mutiple biopsies of multifocal disease, as in this
Case.

Treatment options for VAIN2/3 include surgical excision or ablation,
and medical therapies. Excision methods are preferred as first-line
treatment to provide a complete specimen for histopathological diag-
nosis and exclusion of occult malignancy, which is present in 2.6-30 %
of patients. (Kesic et al., 2023) The risk of recurrent disease after initial
treatment of VAIN2/3 is high but may be lower for excisional than
ablative treatments. Recurrence rates after surgical excision range from
7.2 to 20.8 %. (Kesic et al., 2023) However, as in our case, excision may
not be possible for all lesions if there is widespread mutifocal disease. In
this situation, ablative techniques such as CO2 laser, electrocoagulation
(diathermy), photodynamic therapy, or plasma energy ablation may be
utilised. The incidence of treatment side effects such as scarring, vaginal
stenosis, and dysparuenia following excision or ablation, as in our case,
highlights the need for alternative effective treatment options, espe-
cially for recurrent or peristent disease.

Imiquimod is now more widely used as a treatment for VAIN2/3
following a number of studies showing acceptable response rates of
around 76 %. (Inayama et al., 2020) Inayama et al found recurrence
after complete response to imiquimod in one of eight patients (13 %).
(Inayama et al., 2020) An RCT comparing Imiquimod with laser therapy
and observation in 30 women with VAIN2/3 showed a histological
regression to less than VAIN1 in 80 % (8/10) treated with Imiquimod,
100 % (10/10) treated with laser, and 67 % (6/9) in the observation arm
at 16 weeks followup. (Tainio et al., 2016) Further studies are required
to compare longer term response rates following imiquimod with sur-
gery and other available treatment options.

As with our patient, adverse effects of vaginal imiquimod 5 % include
flu-like symptoms, vaginal irritation, and localised pain. (Tainio et al.,
2016) Overall, most symptoms can be controlled with use of simple oral
analagesia and result in temporary cessation or dose-reduction, but
uncommonly require complete cessation of treatment.
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To date, HPV vaccination has been used primarily as prophylaxis.
High protection rates that correlate with the induction of an antibody
response have been shown to result in reduced rates of both detectable
cervical HPV and cervical cancer. (Lei et al., 2020) Recent systematic
reviews have also suggested a decrease in CIN 2/3 recurrence/new
disease rates post HPV vaccination. (Kechagias et al., 2022) In a real-
world study of a cohort of 514,537 women aged 17-26 years living in
Denmark between 2006 and 2019, HPV vaccination at age 16 years or
younger resulted in a decrease in incidence of vaginal HSIL + of 84 %
compared to women who were unvaccinated. (Dehlendorff et al., 2021).

The combined intervention with Imiquimod and nonavalent Garda-
sil9® vaccine (including the HPV52 subtype) appears to have enhanced
the anti-HPV cell mediated immune response in this Case. We did not
detect any CD4 or CD8 in vitro response to peptide pools from E6 or E7
from HPV52, using our sensitive AIM or proliferation assays. Post-
vaccination, however, vigorous CD4 responses to the HPV VLP’s were
detected in vitro, at least comparable to those in other healthy adult
vaccinees. We propose that the concurrent administration of imiquimod
might stimulate the innate immune system to up-regulate cytokines such
as IFN-a, IL-6 and TNF-a that then activate antigen-presenting T cells to
target HPV infected cells. However, a larger study is needed to assess the
relative contributions of innate immune activation with or without a
therapeutic vaccine. It is also possible that much of the CD4 response to
HPV9v vaccine may be memory cells or boosted memory cells from the
original quadrivalent vaccination 17 years earlier. Therefore, a limita-
tion of the study is that pre-vaccination in vitro responses to Gardasilo®
vaccine were not performed. Overall though, the post-vaccination
response was vigorous, notably the clear proliferation response of CD
8T cells to Gardasil9®.

It is plausible that the CD4 response to vaccination in this study
contributed to subsequent control of the HPV52 lesions by boosting T
cell immunity. This is supported by previous studies that have shown
CD4 cytotoxic T lymphocytes playing an important role in human anti-
viral and anti-tumour immunity. (Juno et al., 2017) However, few
previous studies have investigated the T cell response to HPV-specific
vaccination and the effect on high grade pre-cancers of the lower geni-
tal tract. (van Poelgeest et al., 2016; Shibata et al., 2021) Furthermore,
no previous study has reported T cell response to HPV specific vaccine
given concurrently with Imiquimod directly to such lesions. It is also
unknown if adjuvant HPV vaccine can reduce the risk of recurrent VAIN.
Further studies are required to investigate possible individual and/or
synergistic roles of CD4 and CD8 T cells in regression of HPV-infected
lower genital tract lesions.

6. Conclusion

This is the first report describing cellular responses to viral-like
proteins contained in an HPV specific vaccine given in combination
with Imiquimod for treatment of persistent VAIN. We postulate that
stimulation of the innate immune system with Imiquimod and specific
HPV cellular responses following vaccination combined to induce clin-
ical remission in a woman with treatment-refractory disease. CD4 and
CD8 T cell responses to HPV were demonstrated in association with the
remission.

Further investigation of treatment-refractory VAIN patients for such
cellular responses may help to establish a role of cellular immunity in
controlling and eradicating HPV. In particular, the role of HPV vacci-
nation therapeutically with or without innate immune system stimula-
tion should be explored.

Written informed consent was obtained from the patient for publi-
cation of this case report and accompanying images. A copy of the
written consent is available for review by the Editor-in-Chief of this
journal on request.
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