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Precise Measurement of the Thickness of Vaginal
Intraepithelial Neoplasia
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Objectives: Although carbon dioxide laser vaporization is frequently
used for treating vaginal intraepithelial neoplasia (VaIN), the optimal
depth of epithelial destruction with laser vaporization requires elucida-
tion. We aimed to evaluate VaIN depth and better illustrate epithelial
destruction during laser vaporization.
Materials and Methods: We included 246 women diagnosed with
VaIN (low-grade VaIN [VaIN 1], 123 women; high-grade VaIN [VaIN
2/3], 123 women) using colposcopy-directed biopsy at our hospital from
January 1, 2019, to April 30, 2020. The thickness of the noninvolved epithe-
lium, if available, was determined. All available data, including cytology and
histological information, were recorded. The t test and Pearsonχ2 test were
used for statistical analysis. Statistical significance was set at p < .05.
Results: The involved epithelial thicknesses in VaIN 2/3 and VaIN 1 were
0.41 ± 0.21 and 0.40 ± 0.19 mm, respectively, which were both greater
than their noninvolved epithelial thickness values (0.17 ± 0.10 and
0.17 ± 0.08 mm, p < .01 and p < .01, respectively). In subgroup compari-
sons between the VaIN 2/3 and VaIN 1 groups, the involved epithelial
thickness did not differ between premenopausal patients, postmenopausal
women receiving estrogen, and postmenopausal women who did not receive
estrogen ( p > .05). In the VaIN 2/3 group, the lesion thickness in premeno-
pausal was greater than that in postmenopausal women receiving estrogen
( p = .016) and those who were not receiving estrogen ( p = .017).
Conclusions: The thickness of VaIN is generally less than 1mm for women
of all ages, except in rare cases of visible lesions with papillary hyperplasia.
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T he diagnosis rate of vaginal intraepithelial neoplasia (VaIN)
has been increasing steadily because of the widespread ap-

plication of cytology/high-risk human papilloma virus (hrHPV)
cotesting and colposcopy in cervical cancer screening.1–3 Vaginal
intraepithelial neoplasia is defined by the presence of atypical strati-
fied squamous cells in the mucosa of the vagina without invasion.
Low-grade VaIN (VaIN 1) or low-grade squamous intraepithelial
lesion is a benign manifestation of human papillomavirus (HPV)
1Obstetrics and Gynecology Hospital of Fudan University, Shanghai, China;
2Translational Oncology & Urology Research (TOUR) Team, School of Cancer
and Pharmaceutical Studies, King’s College London, London, United Kingdom;
and 3Shanghai Key Laboratory of Female Reproductive Endocrine Related
Diseases, Shanghai, China
Reprint requests to: Qing Cong, MD, and Xiang Tao, MD, Department of

Gynecology, Obstetrics and Gynecology Hospital of Fudan University, 419
Fangxie Rd, Shanghai 200011, PR China. E-mail: qingcong@fudan.edu.cn
and taoxiang1696@fckyy.org.cn

The authors have declared they have no conflicts of interests.
Thisworkwas sponsored byNatural Science Foundation of Shanghai (20ZR1470900)

and Fudan University Zhuoxue Program for study design and data analysis.
C.C. and Y.X. contributed equally to this work.
Approval was obtained from institutional review board of the Obstetrics and

GynecologyHospital of FudanUniversity before data extractionwas performed.
Copyright © 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on

behalf of the ASCCP. This is an open-access article distributed under the
terms of the Creative Commons Attribution-Non Commercial-No Deriva-
tives License 4.0 (CCBY-NC-ND), where it is permissible to download and
share the work provided it is properly cited. The work cannot be changed
in any way or used commercially without permission from the journal.

DOI: 10.1097/LGT.0000000000000672

Journal of Lower Genital Tract Disease • Volume 26, Number 3, July 202
infection and is managed by close surveillance rather than treat-
ment. In contrast, VaIN 2/3 or high-grade squamous intraepithe-
lial lesion is a precancerous lesion that requires treatment.4

The current treatment methods for VaIN include surgical ex-
cision, ablative therapy, and topical treatment. Surgical excision is
performed for lesions with suspected invasion or lesions that can-
not be fully visualized. Ablative therapy is one of the most com-
mon treatment methods for VaIN if invasive disease has been ex-
cluded by colposcopy-directed biopsy and the lesion can be fully
visualized. Carbon dioxide (CO2) laser vaporization is generally
well tolerated, shows satisfactory healing, and results in minimal
sexual dysfunction.5 Topical therapy is a common next-line option
for treatment of VaIN, especially for recurrent and multifocal lesions.
Topical therapy can apply the agents to the entire vaginal mucosa and
providing good coverage in cases involving multifocal VaIN and
VaIN in the folds and recesses of the vagina. Imiquimod is a reason-
ably effective and well-tolerated option for the treatment of VaIN. In
addition, 5% imiquimod cream can be applied to the vaginal le-
sions 3 times a week for 8 weeks.6 The most common adverse
events are local burning and soreness, which are generally not se-
vere enough for patients to discontinue treatment. Compared with
imiquimod, topical fluorouracil is less commonly used and also
reported in the literature with failure rates comparable with other
techniques.7 Several dosing protocols have been suggested, rang-
ing from twice-daily application for 14 days to once weekly for
10 weeks. Complications of topical FU include vaginal irritation
or burning and ulcerations.7,8 Besides, intravaginal estrogen ther-
apy offers an alternative to standard therapies with a success rate
that is comparable with that previously reported with other more
potentially morbid therapies for postmenopausal VaIN women.9

In laser surgery, a high-energy light beam is used to vaporize
the VaIN. With an appropriate ablation depth, the procedure rarely
causes adverse reactions and can be repeated several times. Thus,
the ablation depth is a crucial aspect of laser therapy. Nevertheless,
few studies to date have investigated the optimal depth of epithelial
destruction with laser vaporization. Benedet et al10 reported that epi-
thelial destruction to a depth of 1.5 mm, including the zone of ther-
mal necrosis, should be sufficient to destroy the epithelium con-
taining VaIN without damaging the surrounding structures. How-
ever, their small sample size of 63 biopsy specimens may have
caused bias and resulted in a lower level of evidence for the con-
clusions. Thus, a large-sample studywith VaIN lesions of more pre-
cise thickness is needed to help guide clinical laser treatment.

In the colposcopy clinic of the largest obstetrics and gynecol-
ogy tertiary teaching hospital in China, the average detection rate
of VaIN among all lower genital tract intraepithelial lesions was
11% (1,923/16,732), with an increasing trend.1–3 In this study,
we aimed to explore the depth of the involved and noninvolved
vaginal epithelium inwomen with VaIN and providemore data re-
garding epithelial destruction during laser vaporization.

MATERIALS AND METHODS
Patients

We included women diagnosed with VaIN by colposcopy-
directed biopsy at the Obstetrics andGynecologyHospital of Fudan
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TABLE 1. Clinical Characteristics of the Women With Vaginal
Intraepithelial Neoplasia

VaIN 2/3
(n = 123) VaIN 1 (n = 123) p

Age, mean ± SD, y 50.01 ± 11.41 45.67 ± 12.54 <.001
hrHPV positivity, % 96.60 92.40 .12
Cytology

≤LSIL 78 116 <.001
≥HSIL 41 3

Involved epithelial
thickness, mean ± SD
(range), mm

0.41 ± 0.21
(0.10–1.20)

0.40 ± 0.19
(0.05–1.38)

.70

HSIL, high-grade squamous intraepithelial lesion; LSIL: low-grade
squamous intraepithelial lesion;≤LSIL: atypical squamous cells of undeter-
mined significance, no intraepithelial or malignant lesions, or low-grade
squamous intraepithelial lesion.

FIGURE 1. Digital pathology slides were scanned by K-scanner (KF-BIO-120, digital pathology slides scanner, KFBIO) and reviewed on
K-viewer software. The epithelium showing involvement and non-involvement of VaIN1 was evaluated on the same slide HE � 2 (A).
Measurement of depth from the basal layer to the surface of the squamous epithelium was obtained as the arrow was pulled at the locus of
VaIN1. HE � 8 (B), with the thinnest uninvolved epithelium (C) serving as the normal control. HE � 8. (HE, hematoxylin-eosin staining).
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University (OGHFU) from January 1, 2019, to April 30, 2020.
More than 400 women were diagnosed with VaIN in the OGHFU.
Women with an incomplete medical history or biopsy specimens
and those who were lost to follow-up were excluded. Finally, 246
women were enrolled in the study. Among them, 123 were diag-
nosed with VaIN 1 and 123 were diagnosed with VaIN 2/3. The
thickest lesion was used to define the final lesion thickness. Ap-
proval was obtained from the institutional review board of the
OGHFU before data extraction was performed, and all women
provided consent to participate in the study.

Cytology
All cervical or vaginal cytology samples were collected by

gynecologists and were prepared using the SurePath platform
(BD Diagnostics) according to the manufacturer’s instruction.
All cytology slides were prepared in the pathology laboratory
of the OGHFU. The cytology tests were interpreted and re-
ported by pathologists using the 2014 Bethesda System criteria
and terminology.

Human Papillomavirus Testing
All HPV testing samples were collected by gynecologists

separately from samples used for cytology. Human papillomavirus
testing was performed using fluorescence-based multiplex real-
time HPV DNA genotyping kit (Bioperfectus, Jiangsu, China),
which can detect high-risk HPV types 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, 66, and 68.

Pathology
Biopsy specimens and excision specimens were fixed in buff-

ered formalin and embedded in paraffin. Sections (0.004 mm) were
stained with hematoxylin and eosin. All VaIN slides were scanned
and reviewed in the form of digital slides by 2 gynecological pa-
thologists. To compare the thickness of vaginal epithelium be-
tween before and after formalin fixation, 7 radical hysterectomy
samples of International Federation of Gynecology and Obstetrics
246 © 2022 The Au
phase I cervical cancer patients were selected, each of which has a
frozen section diagnosis of vaginal margin and their correspond-
ing formalin-fixed and paraffin-embedded (FFPE) samples. All
margin diagnoses were negative for intraepithelial lesion or inva-
sive cancer. In total, 28 paired sections were retrieved from those
cases with 4 from each, except 1 lost epithelium in the FFPE sec-
tion, which was excluded. The measurement of the thickness of
epithelium was processed on the whole-slide image on the similar
sites of paired sections.

Vertical measurements were started at the surface of the epi-
thelium and extended to the basal layer. Measurements of multiple
foci were performed, and the maximum values were recorded (see
Figure 1). The thicknesses of the uninvolved epithelium were also
obtained if available in the same set of slides.

All available data, including patient history, cytology, hrHPV
test results, and histological information, were recorded. The
Bethesda System terminology was used to report cytology results.
thor(s). Published by Wolters Kluwer Health, Inc. on behalf of the ASCCP.



TABLE 2. Involved and Noninvolved Vaginal Epithelial Thickness in Patients of Different Ages

Epithelial thickness, mean ± SD, mm

VaIN 2/3 VaIN 1

Age group y No. patients Involved Noninvolved p No. patients Involved Noninvolved p

≤40 27 0.45 ± 0.23 0.25 ± 0.09 <.01 46 0.40 ± 0.22 0.19 ± 0.07 <.01
41–50 35 0.48 ± 0.22 0.18 ± 0.11 <.01 28 0.41 ± 0.18 0.17 ± 0.08 <.01
51–60 38 0.37 ± 0.18 0.15 ± 0.09 <.01 32 0.37 ± 0.18 0.14 ± 0.09 <.01
≥61 23 0.30 ± 0.15 0.11 ± 0.06 <.01 17 0.42 ± 0.17 0.14 ± 0.06 <.01
Total 123 0.41 ± 0.21 0.17 ± 0.10 <.01 123 0.40 ± 0.19 0.17 ± 0.08 <.01
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Statistical Analysis
The t test and Pearson χ2 test were performed using SPSS

(version 16.0; SPSS, Inc, Chicago, IL) for statistical analyses. Sta-
tistical significance was set at p < .05.
RESULTS
The clinical characteristics of thewomenwith VaIN are shown

in Table 1. The mean ± SD patient age was 50.01 ± 11.41 and
45.67 ± 12.54 years in the VaIN 2/3 and VaIN 1 groups, respec-
tively ( p < .001); 96.6% of the patients in the VaIN 2/3 group
and 92.4% of those in the VaIN 1 group showed positive results
for hrHPV; more than 90% of the women had HPV 16 infection
in both groups; and 34.5% and 2.5% of women in the VaIN 2/3
and VaIN 1 groups, respectively, showed high-grade squamous in-
traepithelial lesion cytology or severer. The involved epithelial
thickness was 0.41 ± 0.21 and 0.40 ± 0.19 mm in the VaIN 2/3
and VaIN 1 groups, respectively. More than 99% of the VaIN 2/
3 cases (122/123) did not show thickness greater than 1 mm
(≤0.93 mm), with only one case showing thickness greater than
1 mm (1.2 mm); coincidentally, more than 99% of the VaIN 1 cases
(122/123) also did not show thickness greater than 1mm (≤0.89mm),
with only one case showing thickness greater than 1 mm (1.4 mm).

Table 2 shows the epithelial thickness of the VaIN in patients
of different ages. The involved epithelial thickness in both VaIN 2/
3 and VaIN 1 groups was consistently greater than the nonin-
volved epithelial thickness across all age groups (0.41 ± 0.21 vs.
0.17 ± 0.10 mm, p < .01; 0.40 ± 0.19 vs. 0.17 ± 0.08 mm,
p < .01). The thickness of the noninvolved vaginal epithelium
showed a decreasing tendencywith age in both groups. The average
involved epithelial thickness was 0.41 ± 0.21 and 0.40 ± 0.19 mm
in the VaIN 2/3 and VaIN 1 groups, respectively. The involved
epithelial thickness in the VaIN 2/3 group showed a decreasing
FIGURE 2. Thickness of the involved epithelium in VaIN2/3 and VaIN1 l
patients of different ages.

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of t
tendency after 50 years of age, while no decreasing tendency
appeared in the VaIN 1 group (see Figure 2).

In the VaIN 2/3 group, the lesion thickness in premenopausal
women, postmenopausal women receiving estrogen, and post-
menopausal women not receiving estrogen was 0.47 ± 0.23,
0.36 ± 0.17, and 0.34 ± 017 mm, respectively (see Table 3). The
lesion thickness in premenopausal women was greater than those
of postmenopausal women receiving estrogen ( p = .016) and not
receiving estrogen ( p = .017); however, lesion thickness did not
significantly differ among the 2 subgroups of postmenopausal
women ( p = .53).

In the VaIN 1 group, the lesion thickness in premenopausal
women, postmenopausal women receiving estrogen, and postmeno-
pausal women not receiving estrogen was 0.41 ± 0.21, 0.41 ± 0.19,
and 0.32 ± 0.15 mm, respectively. The lesion thickness in premeno-
pausal women was not significantly different from that in postmeno-
pausal women receiving estrogen (p = .87) and those not receiving
estrogen (p = .11), and lesion thickness did not significantly differ
among the 2 subgroups of postmenopausal women (p = .08).

Noninvolved epithelial thickness in premenopausal women
in both VaIN 2/3 and VaIN 1 groups was greater than the corre-
sponding values in postmenopausal women not receiving estro-
gen (0.22 ± 0.10 vs. 0.09 ± 0.06 mm, p < .001; 0.18 ± 0.07 vs.
0.13 ± 0.07 mm, p = .010), respectively.

The involved and noninvolved epithelial thickness values are
compared between the VaIN 2/3 and VaIN 1 groups in Table 3. In
comparisons between the VaIN 2/3 and VaIN 1 groups, the differ-
ences in the involved epithelial thickness were not statistically sig-
nificant for any of the subgroups, namely, premenopausal women,
postmenopausal women receiving estrogen, and postmenopausal
women not receiving estrogen ( p > .05 for all comparisons). Com-
parisons of the noninvolved epithelial thickness also showed no
subgroup-level significant differences between the VaIN 2/3 and
VaIN 1 groups ( p > .05 for all comparisons).
esions as well as the thickness of the non-involved epithelium in
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TABLE 3. Comparison of Epithelial Thickness Between the VaIN 2/3 and VaIN 1 Groups

Involved, mm Noninvolved, mm

Epithelium status VaIN 2/3 VaIN 1 p VaIN 2/3 VaIN 1 p

Premenopausal 0.47 ± 0.23 0.41 ± 0.21 .12 0.22 ± 0.10 0.18 ± 0.07 .06
Postmenopausal 0.35 ± 0.17 0.39 ± 0.18 .33 0.14 ± 0.09 0.14 ± 0.09 .89

Postmenopausal with estrogen 0.36 ± 0.17 0.41 ± 0.19 .22 0.16 ± 0.09 0.15 ± 0.09 .56
Postmenopausal without estrogen 0.34 ± 0.17 0.32 ± 0.15 .54 0.09 ± 0.06 0.13 ± 0.07 .09

Post with hormone, postmenopausal women on hormone therapy; post without hormone, postmenopausal women without hormone therapy.
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To compare the thickness of vaginal epithelium before and
after the treatment of FFPE, we enrolled 27 pairs of frozen section
and corresponding FFPE-treated section. The thickness of epithe-
lial was 0.39 ± 0.18 and 0.38 ± 0.17 mm on frozen and FFPE sec-
tion, respectively, resulting in no significant difference in the
changes in size caused by the tissue fixation ( p = .56).
DISCUSSION
In comparison with cervical intraepithelial neoplasia, VaIN

has been studied in less detail. Low-grade VaIN is often the result
of infection with nononcogenic subtypes of HPVand often regress
spontaneously. According to the existing guidelines and the consen-
sus of experts, VaIN 1 is managed with close surveillance rather
than treatment, while VaIN 2/3 has a higher risk of progression to
squamous cell carcinoma of the vagina and is therefore treated.11,12

A broad range of treatment options are available for cases with
VaIN 2/3, including ablation, topical therapy, excision, and radia-
tion therapy. Among them, ablation techniques such as carbon di-
FIGURE 3. Vaginal wall consists ofmucosa, lamina propria, andmuscular
propria lies beneath the squamous epithelium and consists of fibrovascu
bundles. Two sections from a same vaginal margin of a patient with Inte
cancer who underwent radical hysterectomy. A, Shows the frozen sectio
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oxide laser therapy offer the advantages of less trauma and easy
operation and can also achieve therapeutic effects with minimal
scarring and sexual dysfunction.13,14

The depth of treatment is an essential factor in carbon dioxide
laser treatment. However, the existing studies on this topic have been
conductedwith small sample sizes. Anatomical site contributes to the
degree of shrinkage. For lower limb skin tumors, it was showed that
the pathology specimen is 28.6% smaller than the specimen marked
for excision.15 Excision and FFPE treatment can make the skin
tumors shrink to various extents depending on the original liq-
uid content in the sample.15 However, temporal artery biopsies
contract upon surgical excision but do not shrink further during
formalin fixation.16 However, the squamous cells construct a
firm layer on the mucosawithout blood vessels than the soft tis-
sue beneath them. In addition, we demonstrated that FFPE sec-
tions of VaIN were reliable to reflect the true depth of VaIN in
this study.

In 1992, Benedet et al10 conducted a study with FFPE sec-
tions of 56 patients to evaluate the depth of carbon dioxide laser
is. Themucosal lining is a stratified squamous epithelium. The lamina
lar stroma. The vaginal muscularis is composed of smooth muscle
rnational Federation of Gynecology and Obstetrics phase I cervical
n of vaginal margin and B, shows it’s corresponding FFPE sample.

thor(s). Published by Wolters Kluwer Health, Inc. on behalf of the ASCCP.
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treatment for VaIN, and their findings showed that a laser vapori-
zation depth of 1.5 mmwas sufficient to clear the lesion. However,
another study recommended a vaporization depth of 2–3 mm.17

Thus, the recommended vaporization depth shows a wide varia-
tion from 1.5 to 3 mm. Because VaIN is limited to the epithelia,
ablation of the involved epithelia is sufficient for treatment. How-
ever, excessive ablation can result in decreased elasticity, stenosis,
and bleeding during vaginal examination.

The vaginalwall consists of 3 layers: the mucosa, muscularis,
and adventitia. The mucosa consists of stratified squamous ep-
ithelium and lamina propria. The lamina propria contains many
elastic fibers as well as a dense network of blood vessels and
lymphatic and nerve supply. The muscularis consists of auto-
nomically innervated smooth muscle fibers arranged into outer
longitudinal and inner circular layers. The adventitia is rich in
collagen and elastic tissue, providing structural support to the
vagina (see Figure 3).

Song et al18 measured the vaginal mucosal and muscle thick-
ness in 7 fresh Korean cadavers aged 66.6 ± 12.1 years. In their
study, the thickness of the mucosa ranged from 1.18 ± 0.20 to
3.50 ± 2.06 mm; the thickness of muscle ranged from 2.98 ± 0.3
to 5.59 ± 2.74 mm; and the full thickness of the vaginal wall
ranged from 4.37 ± 0.82 to 9.99 ± 4.81 mm. Thus, the wide varia-
tions in the previously recommended vaporization depths ranging
from 1.5 to 3 mm can result in excessive damage to the mucosa
and even muscle.

In our study, the involved epithelial thickness was no more than
1mm in 99.2%of bothVaIN 2/3 andVaIN 1 cases, while one case of
VaIN 2/3 and one case of VaIN 1 with papillary hyperplasia showed
thickness greater than 1 mm (1.20 and 1.38 mm, respectively). The
thickness of VaIN is generally less than 1 mm for women of all ages,
except in rare cases of visible lesions with papillary hyperplasia.
Therefore, we hypothesize that the vaporization depth of 1 mm
is sufficient for the vast majority of VaIN. For VaIN with papillary
hyperplasia, the raised lesion should be vaporized first and then
vaporized to the depth of 1 mm.
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