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CLINICAL REPORT
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The aim of this study was to evaluate the effectiveness
of 5-aminolevulinic acid photodynamic therapy (ALA-
PDT) for the treatment of vulvar lichen sclerosus (VLS)
and compare its effectiveness with that of clobetasol pro-
pionate. Four sessions of topical photodynamic therapy
(PDT) were administered at 2-week intervals (n=20).
Clobetasol propionate (0.05%) was used daily for 8
weeks (n=20). The rate of complete response in the PDT
group (14/20) was double that of the clobetasol propio-
nate group (7/20) (p<0.05, x*=4.912). Horizontal visual
analogue scores indicated that PDT was more effective
than clobetasol propionate. Pain intensity numeric ra-
ting scale values for PDT were between 3.05 and 4.45.
One month after the final session of PDT, only one pa-
tient relapsed and all 7 patients in clobetasol propionate
group relapsed. ALA-PDT is a well-tolerated and effec-
tive option for the treatment of VLS. Key words: ALA-
PDT; lichen sclerosus; pain; PpIX fluorescence; clobeta-
sol propionate.
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Lichen sclerosus (LS) is a chronic inflammatory skin
disease that affects both sexes of all age groups (1).
Vulval lichen sclerosus (VLS) can be a serious condi-
tion for postmenopausal and perimenopausal women.
The most common symptoms of VLS are pruritus, pain,
dyspareunia, and postcoital soreness. Hyperkeratosis,
atrophy, sclerosis and depigmentation are typical clinical
signs of VLS. Purpura or flare, erosions, fissures, and
telangiectasia may be present in some cases (2). VLS
not only affects quality of life, but is also associated with
an increased risk of squamous cell carcinoma (SCC) of
the vulva (3).
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Topical corticosteroid ointment is the conventional
treatment for VLS (4). Clobetasol propionate, an ultra-
potent corticosteroid, is a commonly used drug. Other
treatments include pharmaceuticals (e.g. testosterone,
progesterone, tacrolimus, S-fluorouracil, and retinoids),
surgery, cryosurgery, laser therapy and ultraviolet Al
(UVA1) (5, 6). However, none of these treatments
is satisfactory. 5-aminolevulinic acid photodynamic
therapy (ALA-PDT) is a relatively new treatment in the
case of non-malignant skin diseases (7, 8). The effect
of ALA-PDT on VLS was first reported by Hillemanns
et al. in 1999 (9). Studies have shown that ALA-PDT
can result in partial or even full remission of symptoms
and signs (10-16).

The aim of this prospective study on VLS patients
was to evaluate the effectiveness and adverse reactions
of ALA-PDT in comparison with topical clobetasol
propionate.

METHODS (for full details see Appendix S1')

In this open-label, randomized controlled prospective study,
women of 18 years or older with biopsy-proven active VLS who
had the ability to sign written informed consent, willingness
to comply with the study requirements, and were not planning
to conceive or breastfeed during the study, were recruited.
Patients were randomized to either ALA-PDT or clobetasol
propionate groups. No other treatments were allowed during
the treatment and follow-up.

Photographs of the VLS lesions were used to measure lesion
size. A horizontal visual analogue scale was used to evaluate
disease extent (including lesion scale and signs) and symptoms.

ALA-PDT. Freshly prepared 10% 5-ALA cream (Shanghai
Fudan-Zhangjiang Bio-Pharmaceutical Co. Ltd, Shanghai,
China) was applied to the lesions with a 1-cm margin and
incubated for 3 h. The lesions were irradiated with 100 J/cm?
633 nm red light at 100 mW/cm?. The same PDT procedure
was repeated 3 times at 2-week intervals.

Clobetasol propionate. A thin layer of 0.05% clobetasol pro-
pionate ointment (ShunFeng Pharmaceutical Co. Ltd, China)
was applied by the patient herself every night for 8 weeks (17).

Protoporphyrin IX (PpIX) fluorescence image and intensity
were examined at different time-points (18).
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The reduction in lesion size was evaluated at 2, 4, 6 and 8
weeks after the start of treatment. Changes in each horizontal vi-
sual analogue score of individual patients were analysed before
treatment, at the end of treatment (week 8), and 6 months after
the end of treatment. During each session of PDT, the patients
were asked to report the severity and duration of treatment-
related pain. The maximal painful sensation was evaluated
using an 11-point pain intensity numeric rating scale (PI-NRS).

The results were analysed using appropriate statistical me-
thods (see Appendix S1').

RESULTS

Patient data

A total of 43 consecutive patients presenting with
clinically and histologically verified diffuse VLS were
recruited to the study. Twenty-one patients were assig-
ned to the ALA-PDT group and, of these, 20 completed
the study. Twenty-two patients were assigned to the
clobetasol propionate group and, of these, 20 comple-
ted the study. Three patients dropped out of the study
due to relocation (Fig. S1'). The baseline characteristics
are listed in Table I. There was no statistical difference
between the 2 groups in terms of lesion size (p=0.809,
t=0.243), disease extent (p=0.931 for lesion scale,
p>0.39 for signs) and symptom severity (p=1.000).

PplX production in VLS lesion

Under ultraviolet (UV) irradiation, the VLS lesions
showed strong fluorescence, except for some small
areas that showed inhomogeneous and weak fluores-
cence (Fig. S2"). PpIX production increased with the
increase in incubation time. PpIX production in VLS
lesions was significantly higher than in perilesional
skin (p<0.05, F=50.028) and adjacent normal skin
(p<0.05, F=58.203). For VLS lesions, under the same
dose of 5-ALA the PpIX fluorescence intensity of the
first session was higher than that of the second session
(p<0.05, F=4.8), and that of the second session was
higher than that of third session p<0.05, F=10.608),
but there was no statistical difference between the third
and fourth sessions (p>0.05, F=0.454) (Fig. S3").

Tablel. Baseline characteristics for all participants who completed
the study

Clobetasol
ALA-PDT propionate
group group Total
Baseline characteristics n=20 n=20 n=40
Age, years, mean+ SD 50.7+£9.6  52.1£89 51.4+t15.6
Duration, mean = SD 58.0+22.5 524+219 552+26.1

Recurrent:newly diagnosed, n 16:4 19:1 35:5
Postmenopausal:perimenopausal, n 13:7 15:5 28:12

ALA-PDT: 5-aminolevulinic acid photodynamic therapy; SD: standard
deviation.
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Clinical outcomes

In the ALA-PDT group, 14 out of 20 (70%) patients
achieved complete response, 4 (20%) partial response,
and 2 (10%) minimal response, whereas in the clobeta-
sol propionate group, 7 out of 20 (35%) patients achie-
ved complete response, 6 (30%) partial response, and 7
(35%) minimal response. The rate of complete response
in the ALA-PDT group was much higher than that in
the clobetasol propionate group (p<0.05, ¥>=4.912)
(Fig. S4"). The rates of complete response of different
subgroups are shown in Table II. For recurrent cases,
although the initial responses were similar between
the 2 groups (6.3% vs. 5.3%), the overall response
at week 8 after multi-session ALA-PDT was much
higher than that after topical corticosteroid treatment
(75% vs. 32%). For both groups, the initial response of
perimenopausal women was higher than that of postme-
nopausal women. Interestingly, at week 8 the complete
response rate to ALA-PDT of postmenopausal women
was much higher than that of perimenopausal women
(77% vs. 57%).

Both groups showed a significant reduction in lesion
size, although there was no difference between the 2
groups (p=0.116, t=—1.608)>.

ALA-PDT was more effective in reducing the seve-
rity of the disease. As shown in Fig. 1, in terms of the
ratios of the vulvar surface affected by VLS there was
no difference between the 2 groups before treatment.
Although there was no difference between the 2 groups
at the end of treatment (p=0.057, Z=1.903), both
groups showed significant improvement (ALA-PDT:
p=0.000, Z=3.993; clobetasol propionate: p=0.000,
Z=-3.974). The scores of corticosteroid group became
much higher than that of ALA-PDT group at 6 months
after end of treatment (p=0.000, Z=-5.352) and es-
sentially returned to a distribution profile similar to that
seen before treatment (p=0.414, Z=8.16). The scores
ofthe ALA-PDT group at 6 months was similar to those
at the end of treatment (p=0.317, Z=—1.000) and lower
than those before treatment (p=0.000, Z=3.999).

In terms of clinical signs, there was no difference
between the 2 groups before treatment. At the end of
treatment, the scores of the topical corticosteroid group
were higher than those of the ALA-PDT group (hy-
perkeratosis: p=0.018, Z=2.360; atrophy: p=0.019,
Z=-2.342; sclerosis: p=0.031, Z=2.163; depigmenta-

2The mean lesion size of the ALA-PDT group reduced from 35.18 £3.51
cm?t0 5.38 £ 8.98 cm? (p=0.000, t=11.614) and that of clobetasol propionate
group from 36.29+13.23 cm*to 9.83+8.51 cm? (p=0.000, t=8.119). At
the 6-month follow-up, there was no significant change in the ALA-PDT
group (p=0.523, t=—0.651), but an increase in the clobetasol propionate
group (p=0.000, t=—7.245). The difference between the 2 groups became
statistically significant (5.66+8.73 cm? vs. 32.49+12.71 cm?) (p=0.000,
t=—7.781) (see Fig. S3' for representative photographs).
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Table II. Rates of complete response (CR) of different subgroups after multi-session of 5-aminolevulinic acid photodynamic therapy

(ALA-PDT) and clobetasol propionate treatments

ALA-PDT complete response (n=20)

Clobetasol propionate complete response (n=20)

Recurrent (n=16)

Postmenopause (n=13)

Postmenopausal (n=15)

Treatment vs. newly diagnosed  vs. perimenopause Recurrent (n=19) vs. vs. perimenopausal
time Total, % (n=4), % n=7),% Total, % newly diagnosed (n=1), % (n=5), %

2 weeks 10 6.3 vs. 25.0 7.7 vs. 14.3 10 5.3 vs. 100 6.7 vs. 20.0

4 weeks 40 37.5 vs. 50.0 38.5vs. 429 25 21.1 vs. 100 20.0 vs. 40.0

6 weeks 60 62.5 vs. 50.0 61.5vs.57.1 30 26.3 vs. 100 26.6 vs. 40.0

8 weeks 70 75.0 vs. 50.0 76.9 vs. 57.1 35 31.6 vs. 100 33.3 vs.40.0

tion: p=0.029, Z=2.188) although both groups showed
improvement. At 6 months of follow-up, the scores of
the topical corticosteroid group became much higher
than those of the ALA-PDT group. Moreover, clinical
signs (except sclerosis) returned to the distribution
profile similar to that of before treatment. For the ALA-
PDT group, all clinical signs at 6 months’ follow-up
remained much lower than before treatment (hyper-
keratosis: p=0.000, Z=-3.494; atrophy: p=0.000,
7=-3.923; sclerosis: p=0.000, Z=4.028; depigmenta-
tion: p=0.000, Z=—3.938) (Fig. S5").

The symptom scores of the topical corticosteroid
group were higher than those of the ALA-PDT group
(p=0.035, Z=-2.113) although both groups showed
improvement. At 6 months of follow-up, the scores of
the topical corticosteroid group were much higher than
those of the ALA-PDT group (p=0.000, Z=—4.934).
Moreover, pruritus, burning or pain feeling reappeared
or becoming worse over time in the topical corticoste-
roid group, since the overall score was even higher than
before treatment (p=0.021, Z=-2.309). However, the
scores of the ALA-PDT group remained much lower
than before treatment (p=0.000, Z=3.923) (Fig. 2).
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Fig. 1. Distribution of horizontal visual analogue values of lesion scale of
the S-aminolevulinic acid photodynamic therapy (ALA-PDT) group and
the clobetasol propionate group before treatment, at the end of treatment
(week 8), and 6 months after the end of treatment. The lesion scale was
graded as: 0=none, 1=less than 25%, 2=25-50%, 3=51-75%, 4=more
than 75% of the vulvar surface affected. *p<0.05.
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Adverse reactions

Pain. The mean PI-NRS value of 4 ALA-PDT ses-
sions was 4.45, 3.4, 3.15 and 3.05, respectively. The
PI-NRS value of the first session of ALA-PDT was
higher than that of the second ALA-PDT (p<0.05,
t=3.462). There was no statistical difference between
the PI-NRS values of the second, 3" and 4" sessions of
ALA-PDT (p>0.05, F=3.77). During the first session
of ALA-PDT, 3 of 20 patients had PI-NRS values of 7,
8 and 7, respectively and received a local injection of
lidocaine in order to complete the treatment. During
the second session of ALA-PDT, their PI-NRS values
reduced to 4, 7 and 5, respectively. The patient who had
a PI-NRS value of 7 was given another lidocaine injec-
tion. During the 3™ and 4" sessions of ALA-PDT, their
PI-NRS values were reduced to 4-5 and 3, respectively.

Other. After light irradiation in the first session of
ALA-PDT, 6 patients showed redness and swelling,
which gradually faded away in 3 days, except for 1
case, which evolved into erosion the following day.
The erosion was treated with mupirocin ointment for
one week. The same signs were seen during the fol-
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Fig. 2. Horizontal visual analogue value of subjective symptoms in the
S-aminolevulinic acid photodynamic therapy (ALA-PDT) group and the
clobetasol propionate group before treatment, at the end of treatment (week
8), and 6 months after the end of treatment. The severity of symptoms
(pruritus, burning and pain feeling) were graded as: 0=absent, 1 =mild,
2=moderate, 3=severe. *p<0.05.
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lowing sessions, but were less severe than during the
first session.

Neither corticosteroid-dependent dermatitis nor
secondary infection was observed in the clobetasol
propionate group during the course of treatment.

Relapse

All patients finished the 6-month follow-up. In the
ALA-PDT group 1 out of 14 (7.1%) patients relapsed
one month after completion of treatment. The remain-
ing 13 patients showed no signs of recurrence during
follow-up. In the clobetasol propionate group, 7 out of
7 (100%) patients relapsed one month after treatment.

DISCUSSION

PpIX production and accumulation in VLS is a key
step in ensuring the effectiveness of ALA-PDT. In
situ observation of PpIX fluorescence showed that the
distribution of PpIX matched the location of the VLS
lesions (see Fig. S2"). Less severe lesions occasionally
presented weak PpIX accumulation or inhomogeneous
distribution, whereas peripheral areas showed a lack
of PpIX fluorescence. Possible explanations were that
some of these areas absorbed less 5-ALA or there was
a lack of infiltration of inflammatory cells. Neverthe-
less, this study showed that the fluorescence intensity
of lesional skin was significantly higher than that of
perilesional skin and adjacent normal skin (see Figs S3
and S4'). The PpIX fluorescence intensity of the first
session of ALA-PDT was higher than that of the second
session, and that of the second session of ALA-PDT
was higher than that of the third session, possibly due
to the improvement in lesion severity.

Pain is the main adverse reaction in ALA-PDT and the
precise mechanisms remain unknown (19). Cytotoxic
substances or inflammation created by the photodyna-
mic reaction, and several other parameters (i.e. lesion
location, treatment times, PpIX accumulation, light
intensity) are thought to play a role in the pathogenesis
of the pain (20). PI-NRS values in this study suggest
that patients felt the worst pain during the first session
of ALA-PDT. During subsequent treatments the pain
subsided, possibly due to the improvement in lesion
severity, reduction in PpIX accumulation, and less
inflammatory reactions. Patients with PI-NRS >7 were
given lidocaine, which becomes active 5 min after injec-
tion. The application of local lidocaine injection might
interrupt PDT for a few minutes, but it has no influence
on PpIX photobleaching and ALA-PDT outcome (21).

Guidelines suggest using a topical corticosteroid for
12 weeks; once at night for the first 4 weeks, then on
alternate nights for 4 weeks, and then twice weekly for
another 4 weeks (4). In order to ensure patient compli-
ance, topical corticosteroid was applied daily at night
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for 8 weeks. To observe the effectiveness and duration
of clobetasol propionate, after stopping the medication
at week 8 no corticosteroid maintenance treatment was
used. At the end of treatment, both groups showed
improvement in terms of clinical signs and subjective
symptoms (see Figs 1 and 2). Signs and symptoms re-
turned during follow-up in some patients who received
topical corticosteroid treatment. The complete response
rate in the ALA-PDT group was much higher than that
of the topical corticosteroid group (»<0.05). Patients
with lower scores showed better response. Although it
was difficult to draw conclusions about whether new-
ly diagnosed cases had a better or worse response to
PDT due to the small sample size, it seemed that the
recurrent cases showed better overall response to mul-
ti-session PDT than to topical corticosteroid treatment
(see Table IT). Perimenopausal women showed a better
overall response to PDT than to topical corticosteroid
treatment. Interestingly, the complete response rate
of postmenopausal women to ALA-PDT was much
higher than that of perimenopausal women. This may
be due to a reduced level of reproductive hormones in
postmenopausal women (22).

The signs and subjective symptoms in the ALA-
PDT group improved more significantly than in the
clobetasol propionate group, especially for sclerosis
and atrophy, which are usually less treatable. In this
study, the ALA-PDT group showed a significantly low
recurrence rate (7.1%)*.

This study has several limitations; first, the sample
size is small; and secondly, the follow-up time was
only 6 months. More work and longer observation
is needed to verify whether ALA-PDT could prevent
subsequent vulvar SCC and scar formation. Finally, the
lack of universal parameters to assess disease severity
and treatment response might influence the efficacy
comparison of different treatments.

In conclusion, this study demonstrates that ALA-PDT
is a safe and effective therapeutic option for VLS of
various severities. ALA-PDT shows a longer remis-
sion duration and a higher complete response rate than
clobetasol propionate. For patients who relapse after
ALA-PDT, steroids can be used as a palliative treatment
for those whose symptoms are less severe. If symptoms
worsen, ALA-PDT can be administered repeatedly to
control recurrent and remaining lesions. Since steroids
can alleviate some post-PDT transitory symptoms, a
combination of ALA-PDT and corticosteroids might be
considered in order to reduce treatment cost.

3The review of the recurrent case showed that the patient was 61 years old,
had a 7-year history, and had received irregular corticosteroid treatments
in the past. Her lesion scale score was 3 and the scores for hyperkeratosis,
atrophy, sclerosis, and depigmentation were 1, 1, 2, and 2, respectively. The
severity might be a key factor in her recurrence. After a further 5 sessions of
ALA-PDT, the patient was disease-free for 6 months of follow-up.
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