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Background: As a chronic inflammatory skin disease of unknown etiology, vulvar lichen sclerosus (VLS) mainly affects post-
menopausal and perimenopausal women. The main clinical manifestations of VLS include itching, burning pain,
and sexual dysfunction, which can lead to a decline in quality of life. The existing treatment options include
topical corticosteroid ointment, estrogen, and traditional Chinese medicine; however, their therapeutic effects
on VLS remain unsatisfactory.

Material/Methods: Thirty patients with VLS and routine treatment failure were treated with 5-aminolevulinic acid (ALA)-photodynamic
therapy (PDT). A 20% ALA water-in-oil emulsion was applied to the vulvar lesions and sealed with plastic film
for 3 h. Patients were irradiated at a power density of 60 to 90 mW/cm? with a red light at a wavelength of
635+15 nm for 20 min, delivering a total dose of 100 to 150 J/cm? per session. The treatment was repeated
3 times every 2 weeks. The objective parameters, female sexual function index (FSFI) and quality of life (QoL)
scores, were used before and after treatment to evaluate the clinical curative effect.

Results: All patients completed 3 treatment cycles of ALA-PDT and follow-up visits. The clinical symptoms of pruritus
completely disappeared in 27 cases, and itching improved from severe to mild in 3 cases. The pathological
changes of all patients were objectively improved. FSFI score decreased significantly after treatment (P<0.001).
The main adverse effects of ALA-PDT were pain, erythema, and swelling. These adverse effects were tempo-
rary and tolerable. The QoL score was significantly improved after treatment (P<0.001).

Conclusions: ALA-PDT is an effective and safe approach for the treatment of VLS.
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Background

Vulvar leukoplakia, also known as white lesions of the vulva,
is a term used to describe vulvar intraepithelial non-tumor-like
lesions, which are caused by vulvar squamous epithelial hyper-
plasia, vulvar lichen sclerosus (VLS), and vulvar squamous ep-
ithelial hyperplasia with VLS. Lichen sclerosus (LS) is a chronic
inflammatory mucocutaneous disease characterized by remis-
sions and exacerbations [1]. It affects mostly genital and peri-
anal areas, although every skin area and oral mucosa can be
involved [1]. Postmenopausal women are more commonly af-
fected by LS than are men, with a prevalence in women estimat-
ed at approximately 3%, while the prevalence in children and
men is approximately 0.1% and 0.07%, respectively [2]. These
percentages are possibly underestimated, as many cases are
asymptomatic and undiagnosed. However, the most common-
ly reported symptoms include burning sensation, pain, itching,
dyspareunia, dysuria, and painful defecation. ltching of the vul-
va is the main symptom of VLS in women and the histopatho-
logical finding of a biopsy is the main form of diagnosis. Vulvar
leukoplakia histiocytosis is active disease and its pathogene-
sis may be related to human papillomavirus (HPV) infection. A
genetic theory states that about 22% of lichens can be inher-
ited. Autoimmune factors and oxidative stress are also under-
stood to have a role in LS because of the strong association
with autoimmune diseases and the existence of highly specif-
ic antibodies to extracellular matrix protein 1 (ECM-1). A pre-
vious study reported an autoimmune phenotype of LS that is
characterized by increased expressions of Th1-specific cyto-
kines, dense infiltration of T cells, and increased expression of
BIC/miR-155 [3]. This phenotype affects genital skin and causes
severe itching, skin hypopigmentation, and poor skin elastici-
ty or atrophy, which can lead to stricture, pain in sexual inter-
course, and pain during urination and bowel movements. It is
the second leading cause of non-neoplastic vulvar disease and
a risk factor for vulvar squamous cell carcinoma (SCC), includ-
ing invasive SCC and vulvar intraepithelial neoplasia; the life-
time risk of SCC in untreated or improperly treated disease is
2% to 6% [4,5]. The diagnosis of LS depends primarily on the
clinical diagnosis, and biopsy should be performed when ma-
lignant transformation is suspected. LS should be distinguished
from atopic dermatitis, extramammary Paget disease, genital
warts, vitiligo, non-pigmented seborrheic keratosis, and vulvar
intraepithelial neoplasia. In hospitals, the cited prevalence rate
of LS is roughly 0.1% to 0.3%. Therefore, LS is recognized as
a rare disease by the Genetic and Rare Diseases Information
Center of the US National Institutes of Health and the National
Organization for Rare Diseases. Among patients in gynecology
clinics, the incidence of VLS is 1.7% [6]. A recent study in the
Netherlands estimated that the incidence of VLS is 14.6 per
100 000 women [4].
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The difficulty in treating VLS is a problem worldwide and treat-
ment failure is common. It is important to treat the disease
as soon as possible using a method that can reverse its pro-
gression. Unfortunately, at present, there is no definite treat-
ment for VLS. Therefore, the main purpose of currently avail-
able treatments is to relieve or eliminate symptoms (especially
vulvar pruritus) rather than cure the disease. Traditional treat-
ments include topical corticosteroids, hormones (testoster-
one, estrogen, and progesterone), 5-fluorouracil, and retinoic
acid. Other physiotherapeutic methods have been attempt-
ed, including surgery, cryosurgery, carbon dioxide laser thera-
py, focused ultrasound therapy, and traditional Chinese med-
icine therapy. Among the above-mentioned options, effective
topical corticosteroids are the first-line treatment. However,
long-term use of topical corticosteroids may increase the risk
of skin atrophy and pigmentation. Surgical intervention is gen-
erally used in patients with atypical hyperplasia and malignant
tendency. Nevertheless, surgery is often accompanied by in-
fection, a high recurrence rate of disease, and severe pain [7].
Therefore, there is a need for a more effective treatment of
VLS, which has fewer adverse effects and can lead to a low-
er rate of recurrence.

Photodynamic therapy (PDT) has been recommended for the
treatment of VLS [8]. As the second generation of porphyrin
photosensitive drugs, 5-aminolevulinic acid (5-ALA) is an en-
dogenous substance, the intermediate product of porphyrin
metabolism, which participates in the biosynthesis of heme in
vivo and has no phototoxicity. In 5-ALA-mediated-PDT treat-
ment, 5-ALA is applied topically to the lesion area, the hyperp-
roliferative cells in the lesion area can be selectively absorbed,
and 5-ALA is converted into protoporphyrin IX (PPIX) with strong
photosensitivity in vivo. After light irradiation at specific wave-
lengths, a large number of singlet oxygen and free radicals are
produced, resulting in the apoptosis and necrosis of cells in
the lesion area, while no damage is induced to the surround-
ing normal tissues and cells. At present, the concentration of
ALA used in treatment is 20%, the light source is a red light
with wavelengths of 631 to 635 nm, and the power density
is 60 to 90 J/cm? (a total dose of 100-150 J/cm? per session).
We recently treated 30 patients who had vulvar lesions with
ALA-PDT in our hospital, and the curative effect was remark-
able. In the present study, we aimed to evaluate the effica-
cy and safety of ALA-PDT for the treatment of VLS. Our find-
ings suggested that ALA-PDT was an effective, noninvasive,
and acceptable approach for the treatment of vulvar lesions.
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Figure 1. The workflow of this study.

Material and Methods

Patients and enrollment criteria

From January 2019 to December 2019, fifty-six patients vol-
unteered to participate in this study, and 30 patients with
vulvar leukoplakia who failed conventional treatment were
enrolled (the workflow of patients recruited in the study is
shown in Figure 1). Inclusion criteria were the clinical mani-
festations of vulvar lesions: hypopigmentation, waxy atrophy,
lichenoid keratosis, or sclerosing lesions. All patients under-
went vulvar biopsy, and the pathological diagnosis was con-
sistent with VLS (Figure 2). All 30 patients received a variety
of routine treatments before selection, of which 22 patients
were treated with topical corticosteroids, and 1 patient was
treated with vitamin E cream (Table 1). However, these treat-
ments resulted in only temporary improvement for some pa-
tients and no improvement for others. Informed consent was
obtained from all patients.

Exclusion criteria were as follows: skin thickening, ulcer, and
chapping, in which the possibility of malignancy could not be
ruled out; severe pelvic inflammation, cervical inflammation,
or other serious gynecological inflammation; undiagnosed vag-
inal bleeding; current allergic diseases; suspected or known
porphyria or known history of allergy to experimental drugs
and drugs with a similar chemical structure; severe diseases
of the cardio-cerebral, vascular, nervous, mental, endocrine,
and hematopoietic systems; known severe low immune func-
tion or long-term use of glucocorticoids and immunosuppres-
sants; presence of malignant tumor; abnormal liver function
(ALT, AST, total bilirubin 1.5 times higher than the normal up-
per limit) or renal dysfunction (creatinine and blood urea ni-
trogen 1.5 times higher than the normal upper limit); current
pregnancy or lactation; previous physiotherapeutic measures
for vulvar leukoplakia after diagnosis; participation in any drug
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degeneration zone in the superficial dermis, and
inflammatory cell infiltration, consistent with vulvar
sclerosing lichen.
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Table 1. Demographics and baseline characteristics of patients.

Characteristic Value

Age (years), mean+SD 48.2+11.5
Gender
"""" Postmenopausal women 15 (50%)
"""" Perimenopausal women 15 (50%)
© Duration (months), meantSD 8134681
 Mactoscopi characteristcs ofesans H—

atrophy
 Hyperkeratosis 30 (100%)
© Depigmentaton 30 (100%)
©sclerosis 19 (63%)
© Previous treatment 23 (77%)
. Topical corticosteroids 2 (73%)
 Topical calcineurin inhibitors 0 (0%)
Estrogens 0 (%)
localinjecton 0 (%)
war 00w
- others 1G%

clinical trial within 30 days before this trial; and judgment of re-
searchers that patient was otherwise unsuitable to participate.

Treatment

Pictures of the VLS lesions before each treatment and dur-
ing follow-up were acquired using the same colposcope. The
patients in the treatment group were treated with bladder li-
thotomy, the vulva was cleaned with normal saline and gen-
tly wiped using medical gauze, and the vagina was blocked
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with condoms to avoid contamination by secretion. During
the treatment, the ALA dose was determined according to
the area of the lesions, whereby an area of 1 cm? was cov-
ered by 0.5 mL of gel containing 118 mg ALA (Shanghai Fudan
Zhangjiang Biopharmaceutical Co., Ltd., China). Briefly, 118
mg 20% ALA was applied to the hypopigmented area of vul-
var skin (1 cm boundary) and covered with gauze and fresh-
keeping film for 3 h. The patients were treated within 7 days
after menstruation using a 635-nm LED gynecological thera-
peutic instrument (Wuhan Accord Optoelectronic Technology
Co, Ltd, China) with a power density of 60 to 90 mW/cm? and
exposure time of 20 min (Figure 3). The treatment was given
every 14 days for a total of 3 times. Sexual activity was pro-
hibited during the treatment period.

Evaluation and Follow-up

A clinical evaluation was conducted before each treatment and
follow-up, and patients were also asked to assess their degree
of subjective symptoms, such as itching, burning pain, and dif-
ficulty in sexual intercourse caused by VLS, according to the
female sexual function index (FSFI) [9]. The patients were fol-
lowed up at 1, 3, and 6 months after treatment (Figure 4). The
histological biopsy examinations after treatment (Figure 5) were
performed and analyzed by 2 senior pathologists.

The objective clinical and morphological manifestations and
the size of the lesions before and during treatment and at 1,
3, and 6 months after treatment were independently assessed
by 2 gynecologists. The 4 objective parameters (atrophy, hy-
perkeratosis, depigmentation, and sclerosis) were graded ac-
cording to the following scores: 3=severe; 2=moderate; 1=mild;
0O=absence [10]. In addition, the anatomical scope of the dis-
ease was evaluated according to the following grading crite-
ria: 0.5=vulvar surface involvement of less than 30%; 1=vulvar

Figure 3. (A) 5-aminolevulinic acid (ALA) to the leukoplakia of the vulva. (B) Cling film to cover the ALA. (C) lllumination for 20 min

exposure time at 60-90 mW/cm? power.
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Figure 4. Representative images of vulvar lesions of 1 patient receiving 5-aminolevulinic acid-photodynamic (ALA-PDT) for 3 times
during 6 months of follow-up. (A) Pre-treatment; (B) 1-month follow-up; (C) 3-month follow-up; (D) 6-month follow-up.
A significant clinical improvement was achieved, showing reduced hyperkeratosis and decreased area of vulval lesions, and
even the hypopigmentation was completely improved.

surface involvement of 30% to 60%; 1.5=vulvar surface involve-
ment of more than 60% [9]. The total score was obtained by
summing the scores of each parameter [10].

In addition, during each treatment and follow-up, the patients’
quality of life (QoL) score was evaluated, and a higher score
indicated worse QoL [11].

In previous studies [12,13], the recurrence of VLS was defined
as a total score of the objective parameters exceeding 3 or a
sclerosing lesion showing increased symptoms.

Statistical analysis

Statistical analysis was carried out with SPSS 20.0 (IBM
Corporation, Armonk, NY, USA). The distribution of data was
determined by the Shapiro-Wilk test. Continuous variables
were presented as meantstandard deviation. The compari-
son before and after treatment was performed by a paired t
test or independent t test. Categorical variables were present-
ed as cases (percentage). Ranked variables were compared by
the Wilcoxon signed-rank test. A P value of less than 0.05 was
considered statistically significant.

Results

Patient characteristics

Figure 5. After treatment, histopathology results showed that All 30 patients completed the entire treatment and were fol-
chronic inflammation and acellular collagen band in lowed for 6 months. The average age of the patients was 48
dermis disappeared and superficial epithelial vacuolar years and half of the women were before menopause and

degeneration improved. half were after menopause. The patients’ medical history of

VLS ranged from 1 to 12 years, with an average course of 80
months. Among these 30 patients, all had hyperkeratosis and
depigmentation. The other clinical features of the patients
are listed in Table 1.
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Table 2. The clinical manifestation, lesion size, and scores before treatment and at the 6-month follow-up.

Baseline Lesions size at baseline Total

scores

Atrophy  Depigmentation Hyperkertosis Sclerosis <30% 30-60% >60%

2 1 2 2 1 0 1 0 7
”””””” 3 2 2 1 2 o o 15 85
e 3 3 3 » . o o 15 s
"""""" s 2 2 2 2 o o 15 95
”””””” 6 3 3 3 3 o o 15 15
”””””” 7 1 2 2 1 o o 15 15
"""""" 8 2 3 3 1 0o o 15 105
"""""" o 2 2 2 1 o o 15 8
""""" o 2 2 3 1 o o 15 95
””””” w2 2 2 1 o o s 8
””””” 2 1 1 1 1 o 1 o 5
””””” 5 2 2 2 2 o 1 o 9
""""" w 2 3 2 2 o o 15 15
””””” s 3 3 3 3 o o s 15
””””” € 2 2 3 2 o o 15 105
””””” v 2 2 2 2 o o 15 e
""""" s 13 1 o o 1 o &
””””” v 2 2 2 3 o 1 o 10
””””” 2 2 2 2 2 o5 o o 8
””””” 2 2 3 2 2 o o 15 105
""""" » 3 3 3 3 o o 15 15
""""" » 1 2 2 1 o 1 o 7
””””” 2 1 2 1 o o5 o o a5
""""" s 3 3 3 3 o o 15 15
""""" % 2 3 1 3 e o o 8
""""" » 2 3 2 2 o 1 o 100
””””” 2 3 3 3 2 o o 15 125
””””” 2 3 2 3 1 o 1 o 10
""""" o 3 3 3 1 o o 15 15
""" Mean 207 243 217 17 005 027 095 973
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Table 2 continued. The clinical manifestation, lesion size, and scores before treatment and at the 6-month follow-up.

Lesions size at baseline Lesions size at last follow-up Total

scores
Atrophy  Depigmentation Hyperkertosis Sclerosis

The comparison of total scores before and after treatment underwent by paired student’s t test.
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Table 3. Evaluation of the female sexual function index (FSFI)

40
scores.
No Before After the last stage of 9
) treatment treatment S
1 1 0 £
2 0 0 E
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, S

ZhangF. et al.:
Efficacy of photodynamic therapy for VLS
© Med Sci Monit, 2021; 27: €927406

Before  Tmonth 3 months 6 months 12 months

treatment After treatment

Figure 6. The patients’ QoL scores were evaluated before

o8 o treatment and at 1, 3, 6, and 12 months after
9 1 0 treatment. The comparison was performed by paired t

———————————————————————————————————————————————————————————————————————————————— test. * P<0.001.

10 1 0

11 1 0 . . . .
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr showed hypopigmentation and atrophy in the vulvar lesion
,,,,,,,,, 1200 area. Hyperkeratosis was found in 7 patients and vulvar sclero-

13 1 0 sis was found in 5 patients. The vulvar lesions were significant-
""""" “w 2 ly reduced in 25 patients after treatment and had completely
""""" 1510 disappeared in 5 patients. The average score at 6 months after
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, the last treatment was lower than the score before treatment.
777777777 & 1 0o Before the treatment, the vulvar lesions of 21 patients were

17 2 0 more than 60% of the vulvar surface, the lesions of 7 patients
""""" 8 0 4 were 30% of the vulvar surface, and the lesions of 2 patients
""""""""""""""""""""""""""""""""""""""""""""""" were less than 30% of the vulvar surface. At 6 months after
,,,,,,,,, . the last treatment, the vulvar lesions of all patients were less
777777777 2 1 0 than 30%. Further, the vulvar lesions of 17 patients had near-

21 1 0 ly or completely disappeared (Table 2). The total scores after
""""" » 2 treatment were significantly lower than those before treatment
""""""""""""""""""""""""""""""""""""""""""""""" (P<0.001). After the PDT, the thickness of the epidermis was
,,,,,,,,, s v 0 reduced (Figure 4) and the inflammatory cell infiltration of the
777777777 4 1 0  dermis was ameliorated. The pathology reports showed that

25 3 0 the chronic inflammation, acellular collagen band in the der-
""""" 2610 mis, and superficial epithelial vacuolar degeneration improved
""""""""""""""""""""""""""""""""""""""""""""""" (Figure 5), suggesting that ALA was effective in the treatment
,,,,,,,,, A of VLS and had a therapeutic effect on vulvar inflammation.

28 1 0

29 0 0 FSFI and QoL evaluation

30 1 0
""""""""""""""""""""""""""""""""""""""""""""""" Before treatment, the median FSFI score was 1 and after treat-

Median 1 0

The comparison before and treatment was performed by
Wilcoxon signed-rank test. FSFI — female sexual function index.

Evaluation of objective parameters

At the 6-month follow-up, the clinical signs of all patients were
significantly improved. The average scores of clinical signs at
baseline were significantly higher than those at the 6-month
follow-up. Before the first administration of PDT, all patients

ment it was 0. Patients sexual intercourse difficulty was signifi-
cantly decreased (P<0.001, Table 3). The score of the female QoL
was significantly improved after treatment (P<0.001, Figure 6).

Recurrence

Three patients manifested signs of recurrence. After 6 months
of treatment, evaluation of the patients’ objective parameters
showed that 2 patients had a total score of 3.5, and 1 patient
had a total score of 5.5 (Table 2).
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Table 4. Adverse reactions after treatment with 5-aminolevulinic
acid-photodynamic (ALA-PDT) therapy in patients.

Adverse reactions Value

Pain(incidence) 30 (100%)

Burning sensation (incidence) 29 (97%)
Erythema (incidence) 28 (93%)
Swelling (incidence) 29 (97%)
 Hyperpigmentation (incidence) ~ None
nfections (incidence) ~~~ Nome
Blister (incidence) ~~~~~~ None

Erosion (incidence) None

Adverse reactions

No serious adverse reactions were observed during or after
the treatment. The main adverse reactions of ALA-PDT were
pain and burning sensations during irradiation, which gradu-
ally disappeared within 3 to 48 h after treatment. Moreover,
28 patients were able to tolerate the pain, and 2 patients were
given painkillers and lidocaine to relieve the pain. The local vul-
var pain during ALA-PDT treatment is its main disadvantage.
The analgesic methods in our study mainly included the cold
wind system and local cold compresses on the vulva. Among
30 patients, 14 patients were treated with analgesics during
treatment, such as oral ibuprofen and 2% lidocaine topical ap-
plication or injection (Figure 6). Slight erythema and swelling
were seen in all patients after each irradiation. These symp-
toms lasted for 4 days and were almost gone after 3 days. No
infection, blistering, or erosion was observed during or after
the treatment (Table 4).

Discussion

Vulvar leukoplakia, also known as white lesions of the vulva,
is a term used to describe vulvar intraepithelial non-tumor-like
lesions, which are caused by a group of chronic diseases with
degeneration and pigmentation of female vulvar skin. These
skin diseases have a great impact on the female reproductive
system. Diagnosis is mainly based on the histopathology re-
sults of a local biopsy. Vulvar lesions can be caused by vulvar
squamous epithelial hyperplasia, VLS, and vulvar squamous
epithelial hyperplasia with VLS. They are most common in mid-
dle-aged women and often occur in the clitoris, labia minora,
and medial labia majora. The lesions are hypertrophic patches
or plaques of different numbers, sizes, and shapes. The main
symptoms are intense itching and burning pain of the vulva.
In addition, they may narrow the entrance to the vagina and

CLINICAL RESEARCH

urethra, resulting in burning during urination and difficulty
in sexual intercourse. These diseases can seriously affect the
quality of life and sexual health of patients and is associated
with an increased risk of malignant transformation, such as
vulvar SCC. The World Health Organization lists vulvar leuko-
plakia as a refractory disease. Therefore, treatment is very im-
portant for relieving symptoms and preventing complications.

In recent years, various treatments of VLS have been devel-
oped in China and elsewhere; however, results differ and no
approach can cure the condition. Lan T et al. [14] conducted
a study consisting of 10 cases of vulvar pruritus treated with
ALA-PDT and found that 9 cases of vulvar pruritus were com-
pletely cured, and 1 case of pruritus was relieved. Their re-
sults were similar to those of our present study; however, their
sample size was small and their evaluation system mainly re-
lied on objective parameters. The efficiency of ALA-PDT treat-
ment needs more studies and more objective questionnaires
to support the current evidence.

At present, the first-line therapy for VLS is topical high-effica-
cy corticosteroids, and 0.05% clobetasol propionate cream is
considered to be the criterion standard. The drawback of most
published studies is that they only follow up with patients for
the first 6 months. There are few long-term observations and
studies on a sufficient number of treated patients. For most
publications, the maximum recorded observation period is 3
years. A descriptive cohort study from the UK had an average
follow-up period of 66 months; a long-term study from France
was prospectively conducted for more than 10 years; and a
study from Australia was prospectively conducted for more
than 8 years [15-17]. The latter study, including 507 women,
provides the best evidence of what most experienced prac-
titioners know, which is that although topical corticosteroid
treatment easily induces remission, it does not cure VLS. In
addition, the study from France showed that if topical corti-
costeroid treatment is stopped, the recurrence rate is 84%.
The topical use of corticosteroids not only causes recurrence
of symptoms, but also results in adverse effects, such as irri-
tation, dryness, burning, skin atrophy, and hypopigmentation.
Therefore, it is necessary to develop a more effective treat-
ment with fewer adverse effects and a lower recurrence rate.

In 1990, Kennedy et al. [18] applied ALA-PDT in dermatology
for the first time. PDT has been widely used in the treatment
of various skin diseases and non-melanoma skin tumors [10].
PDT uses photosensitizers in combination with light to trig-
ger photodynamic reactions to produce reactive oxygen spe-
cies (ROS), especially singlet oxygen, leading to the apoptosis
and necrosis of target cells. The mechanism of PDT is based
on the interaction of the photosensitizer, visible light, and ox-
ygen to produce ROS (such as singlet oxygen), which can de-
stroy organelles, cause cell and tissue destruction, promote
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microvascular occlusion, and stimulate immune response [9].
When ALA is applied to the injured surface of the skin, it pen-
etrates the skin barrier, selectively accumulates in the target
cells, and metabolizes into photoactive free porphyrins, which
are also called PPIX [10]. When the best light is emitted to
excite PPIX, it produces singlet oxygen and destroys the tar-
get tissue. Moreover, PDT is a noninvasive treatment that can
even destroy very small cancer cells and dysplastic cell clus-
ters without affecting healthy tissue [19]. Because DNA is not
targeted, there is no treatment-induced mutation or selection,
and such an approach can be repeatedly used without devel-
oping drug resistance [20].

Mazdziarz [21] studied the safety of PDT and its effect on the
pregnancy and delivery of women after PDT. The median ob-
servation time from the end of treatment to delivery was 3.92
years (2-7 years), and all 10 patients included in the study de-
livered healthy full-term infants. One of the patients with di-
abetes also successfully delivered, and 2 patients gave birth
to 2 children. Our present study proved that PDT had almost
no negative effect on female reproductive function, and its
safety was further determined. The patients in the treatment
group were treated with 20% ALA on the lesions, which were
sealed with plastic film for 3 h to promote the penetration of
ALA, followed by irradiation with 90-nm red light at a pow-
er density of 60 mW/cm? for 20 min, and a good therapeutic
effect was obtained. Pain, burning sensation, mild erythema,
and swelling were the main adverse reactions, which were tol-
erable in all patients. Vulvar pain and swelling were treated
with vulvar cold compresses and were relieved within 1 day
after the treatment. In a future study, we will divide the pa-
tients into 2 treatment groups: one with an ALA concentra-
tion of 20% and the other with an ALA concentration of 10%.
The 2 groups would be compared in terms of the amount of
vulvar pain and clinical treatment effect.

Prodromidou et al. found that PDT can be used in precancer-
ous skin lesions and skin cancer without long-term adverse ef-
fects, and it has obvious therapeutic effect on LS, while some
patients have different degrees of erythema, edema, and burn-
ing sensations [22]. In another study, 24 patients with VLS were
treated with PDT for 3 to 6 cycles every 2 weeks. All patients
tolerated the treatment process, and the itching symptoms in
70.83% of patients completely disappeared [23]. Romero et
al. [24] treated a case of intractable erosive VLS with PDT ad-
ministered twice in 1 month. After treatment, the symptoms
of erosion and skin lesions were essentially gone. The only dis-
comfort was the moderate pain during irradiation, which disap-
peared after a few days. Sotiriou et al. [25] treated 10 patients
with VLS using PDT, twice every 2 weeks. The treatment was
well tolerated. The symptoms of all patients were significant-
ly relieved, and patient quality of life was improved, while the
objective clinical signs were only slightly improved in 9 cases.
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Sotiriou et al. [26] treated 5 patients with intractable VLS us-
ing a single cycle of ALA-PDT and reported that the symptoms
were completely relieved for more than 3 months; however,
the appearance of vulvar lesions was only slightly improved.

Methods to reduce the adverse effects of PDT

During the process of receiving treatment with ALA-PDT for
vulvar lesions, patients will experience various degrees of vul-
var pain. The pain caused by lower intensity light, which main-
ly causes cell apoptosis, is less than that of the higher intensi-
ty light, which causes severe cell necrosis [27]. Apoptosis does
not cause inflammation, while necrosis can lead to the release
of inflammatory mediators, such as adenosine and bradyki-
nin triphosphate, resulting in activation of sensory and mo-
tor nerves and the induction of pain [28]. Cottrell et al. pro-
posed that the initial stage of treatment should use irradiation
at a light intensity of 40 mW/cm? Photobleaching occurs in
most of PPIX, followed by irradiation with high-light intensity
at 150 mW/cm?. The rapid administration of a residual light
dose not only significantly reduces the pain, but also does not
affect the photodynamic effect [29].

In the course of treatment in the present study, we used lido-
caine local external spray, wet compresses, and infiltration an-
esthesia, and the sensitive patients were treated with biphasic
irradiation to relieve vulvar pain. Meanwhile, the subsequent
treatment was changed to a 2-step radiation therapy with ir-
radiation at 50 mW/cm? for 5 min before the treatment. After
the patients adapted to the mild pain during the initial treat-
ment, it was then changed to irradiation at 90 mW/cm? for 17
min of consistent radiation energy, resulting in a reduction of
vulvar skin damage and exudation after treatment. This treat-
ment was tolerable for all patients and was not interrupted.

Pathogenesis of VLS

ECM-1, which is involved in the autoimmune mechanism, is
the target of humoral autoantigens. Many studies have spec-
ulated that the pathogenesis of LS may develop along the im-
mune genetic pathway to humoral autoimmunity since the de-
velopment of autoantibodies against unknown autoantigens
may explain the histological changes of extracellular remodel-
ing. The dysfunction of ECM-1 is found at the dermal-epider-
mal junction and has long been considered to be related to the
pathogenesis of LS. It supports the loss of functional mutation
of ECM-1 gene in lipoproteinosis, an autosomal recessive der-
matosis with clinical symptoms similar to LS, suggesting that
ECM-1 is a powerful presumptive autoantigen in LS autoim-
munity [30]. Further analysis showed that ECM-1 was signifi-
cantly downregulated only in childhood male LS lesions, when
compared with adult men and healthy controls. Therefore, au-
toimmunity to ECM-1 alone cannot explain the pathogenesis
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of LS. The mutation of the ECM-1 gene or the loss of autoanti-
bodies in this particular ECM-1 region effectively destroys the
usual regulatory binding of ECM-1 to MMP-9, resulting in the
overreaction of MMP-9 collagenase activity to destroy colla-
gen homeostasis, which in turn may explain the focal base-
ment membrane destruction observed in LS [31].

Overexpression of miR-155 promotes fibroblast proliferation
by downregulating FOXO3 and CDKN1B. In addition to its pos-
sible role in inducing autoimmunity, miR-155 is related to the
formation of sclerotic tissue. Specifically, Ren et al. [32] found
that the expression level of miR-155 in LS tissue is increased,
while the expression levels of FOXO3 and CDKN1B are de-
creased. FOX03 and CDKN1B are related to fibroblast prolif-
eration and cell cycle inhibition, respectively. The decreased
expressions of FOXO3 and CDKN1B may promote the prolif-
eration and persistence of fibroblasts, explaining the high lev-
el of collagen synthesis in the transparent and hardened der-
mis in LS [32].

Some researchers believe that the white lesions of the vulva
may be related to the decreased expression of 5-o reductase
in the vulva and the failed transformation of testosterone to
dihydrotestosterone [33]. Federica et al. [34] found that the
white lesions are mainly related to immune inflammation of
lymphocytes in the dermis and patients with VLS had lower cir-
culating CD3 and CD4 counts than did controls. Gian et al. [35]
found that the expression of CDK inhibitor p27Kip1 in vul-
var squamous epithelial proliferative lesions is significantly
decreased and the oxidative damage of DNA is significantly
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increased [34]. The abnormal expression of p27Kip1 may be a
therapeutic factor. ALA-PDT is effective in the treatment of fe-
male vulvar white lesions with p27Kip1 as the target.

Conclusions

Collectively, our current findings support ALA-PDT as an effec-
tive approach with fewer adverse effects for the treatment of
VLS, especially for patients with recurrent episodes after drug
therapy and other physiotherapies. During the treatment, vul-
va pain and burning sensation were effectively controlled by
cold compresses and traditional painkillers, with all patients
tolerating treatment. Nevertheless, there are limitations in
the study, such as the small sample size and short follow-up
time. Therefore, we should evaluate the efficacy and safety
of ALA-PDT for the treatment of VLS with larger sample sizes.
Moreover, studies with longer follow-up periods should also be
carried out to assess factors including adverse reactions and
recurrence. The exact mechanism underlying the improvement
in VLS lesions with ALA-PDT treatment remains largely unex-
plored. Abnormal expression of p27Kip1 could contribute to
such improvement, whereby ALA-PDT could effectively treat
female vulvar white lesions by targeting p27Kip1. Therefore,
P27Kip1 could be a target to investigate the underlying mech-
anism of ALA-PDT in the treatment of VLS.
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