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Introduction

Precancerous skin lesions are associated
with high probability of malignant transformation
to squamous cell carcinoma. Early detection
and management are necessary to improve
prognosis and outcomes. Among many modalities
of treatments available, utilization of topical
photodynamic therapy (PDT) is increasing in trends
due to its non-invasive technique and good safety
profile [1].

The literatures showed that topical PDT
is a promising treatment method which can be
successfully applied in several conditions in
dermatology, including precancerous lesions
such as actinic keratosis (AK), Bowen disease
(BD), and other skin disorders such as acne
vulgaris, viral warts, and extramammary Paget’s
disease. This study aims to review the efficacy of
topical PDT for various precancerous lesions in
dermatology [2], [3], [4].

Precancerous skin lesions are associated with high probability of malignant transformation to squamous cell
carcinoma. Early detection and management are necessary to improve prognosis and outcomes. Literatures showed
that topical photodynamic therapy (PDT) is a promising treatment method which can be successfully applied in
several conditions in dermatology. This study aims to review the efficacy of topical PDT for various precancerous
lesions in dermatology, such as actinic keratosis, Bowen disease, and Bowenoid papulosis.

Topical PDT

In general, topical PDT requires three
main components; a photosensitizer, light source,
and oxygen. Successful PDT therapy depends
on preferential localization of the photosensitizer
in the diseased tissue and high yield of reactive
oxygen species produced on photoexcitation
of photosensitizer which destroys the diseased
tissues [5].

Several studies also showed the efficacy of
pre-treatments before topical PDT procedures using
several techniques such as curettage, superficial
shaving, laser, surgical resection, plum-blossom
needles, and microneedles. These pre-treatments
were associated with improved efficacy and reduced
recurrence in several reports [6], [7], [8].

Photosensitizers

There are several options of photosensitizers
available in settings of topical PDT. At present,
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the second-generation photosensitizers such as
5-aminolevulinic acid (ALA), a biological precursor of
protoporphyrin IX and its methylated ester, and methyl
aminolevulinate (MAL) are the photosensitizers more
widely used in dermatology [9].

Light sources

Types of lights commonly used in PDT
include red light, blue light, and infrared light.
Among those, blue light penetrates to the tissue
the least. Optimal therapeutic wavelength of the
light source for PDT is between 600 and 800 nm.
This wavelength light source is preferred due to
the deeper penetration of the light in tissue which
allows treatment of target tissue. Use of longer
wavelengths (>800 nm) is not practical due to their
lack of photodynamic reactions [10].

Efficacy of Topical PDT in Various
Precancerous Skin Lesions

Actinic Keratosis (AK)

AK is the most common precancerous lesion
of the skin. AK may present with irregular, red, scaly
papules, or plaques which arises in chronically
ultraviolet exposed area. If the left untreated,
it is associated with 5 times increased risk of
progression to invasive carcinoma. Therefore, early
recognition of AK lesions and prompt intervention is
necessary [11], [12].

Various treatment modalities are available for
the treatment of AK. In individual AK lesions, lesion-
directed therapies such as cryotherapy, curettage,
and surgery might be preferred. Whereas in multiple

AK lesions, field-directed therapies such as topical
medications, light-based therapies, and laser
resurfacing may have greater advantage [13].

Topical PDT is widely used in treating AK; despite
its cost, this procedure is proven to be safe, effective, and
associated with excellent cosmetic outcome. Several
studies regarding the application of topical PDT in AK
patientsare summarizedin Table 1[14],[15],[16],[17],[18].

Bowen Disease (BD)

BD is a squamous cell carcinoma in situ,
first described in 1912. This entity is associated with
3-5% risk of invasive carcinoma transformation [20].
BD is characterized by slow-growing well-demarcated
erythematous plaque with scaly surface. Several
treatment modalities for BD are cryotherapy,
curettage with cautery, excision, 5-fluorouracil (5-FU),
radiotherapy, laser, PDT, imiquimod, and diclofenac 3%
gel [21], [22].

In Table 2, we summarized outcomes of
several studies concerning the application of topical
PDT in patients with BD [23], [24], [25].

InRCTs, topical PDT is shown to be equivalent
or superior in efficacy and healing compared to
cryotherapy and 5-FU. It may be of particular benefit for
large-sized lesions or lesions located at difficult sites,
but this procedure is costly. PDT for premalignant skin
lesions has now been approved as an interventional
procedure by the National Institute for Health and
Clinical Excellence in the U.K., and MAL-PDT has
been approved by the European Medicines Authority
for the treatment of BD [3], [26].

Bowenoid papulosis (BP)

BP also termed “vulvar intraepithelial
neoplasia (VIN)” in the vulva and termed “penile

Table 1: Summary of studies regarding topical PDT interventions in AK patients

Authors Interventions

Follow-up Results

Pariser et al. [14] A randomized study of 80 AK patients, 42 undergo topical
MAL-PDT, and 38 in the placebo group

A multicenter, randomized, and split-face study of 119
subjects with 1501 AK lesions. All subjects received both
topical MAL-PDT and cryotherapy randomly allocated to

either side of the face/scalp

Morton et al. [15]

Kaufmann et al. [16] A multicenter, controlled, randomized, open,
intraindividual, and right-left comparison of 121 patients
with 1343 AK lesions. All subjects received both one
session of MAL-PDT and cryotherapy on either side of
the body

A multicenter, double-blind, and randomized study. A total
of 49 patients with 363 AK lesions had 16.8% MAL cream
applied under occlusion for 3 h, and 47 patients with

360 AK lesions had vehicle cream similarly applied. All
subjects undergone two sessions of PDT

One session of topical PDT plus imiquimod 5% creamx3/
week afterward.

A single-center, prospective, and clinical trial with a total
of 30 patients with 148 AK lesions. All subjects undergone
between 1 and 9 PDT sessions

Pariser et al. [17]

Held et al. [18]

Wollina et al. [19]

3 months Excellent or good cosmetic outcome was reported in more
than 90% of patients treated with MAL

At week-12, percentage lesion reduction from baseline:
86.9% (MAL-PDT) versus 76.2% (cryotherapy); P<0.001. At
week-24, both treatment groups showed a high rate of cured
lesions (89.1% for MAL-PDT vs. 86.1% for cryotherapy).
The MAL-PDT group was associated with superior cosmetic
outcomes

At week-24, significantly higher mean percentage reduction
in cryotherapy group: 78% for MAL-PDT and 88% for
cryotherapy (p=0.002). While, significantly better cosmetic
outcome assessed in the MAL-PDT group 79% versus 56% in
cryotherapy group (p<0.001)

Week-12, Week-24

week-12, week-24

3 months Efficacy of MAL-PDT group was significantly superior
compared to vehicle-PDT with respect to lesion complete
response 86.2% versus 52.2% (p<0.0001)

7-11 months Out of three cases reported, two showed partial clearance and
one showed no response

6 months A complete clearance was achieved in 93.3%, and>90%

clearance in 6.7%
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Table 2: Outcomes of studies concerning topical PDT interventions in BD patients

Authors Interventions

Follow-up

Results

Zaar et al. [23] A retrospective and observational study of 423

BD lesions in 335 patients. About 87% of subjects
completed one MAL-PDT session and 13% undergone
two MAL-PDT sessions

A retrospective, observational and descriptive study of
47 patients with 51 lesions of BD. All patients received
two sessions topical MAL-PDT 1 week apart

A multicenter, randomized, and placebo-controlled
study of 225 patients from 40 dermatology centers

in Europe. Subjects were divided into topical
MAL-PDT (two sessions), placebo-PDT, cryotherapy,
and topical FU groups

Truchuelo et al. [24]

Morton et al. [25]

Mean 11.2 months

Mean 16.61 months

3-12 months after last
treatment

Clinical response rate 77.5%, with 18.3% recurrence rate
at an average of 11.2 months follow-up

Complete response rate was achieved in 76.09% of the
lesions

Complete response rate in MAL-PDT group was
superior than cryotherapy (80% vs. 67%; p=0.047), and
better than fluorouracil group (80% vs. 69%; p=0.19).
Cosmetic outcome at 3 months was good or excellent
in 94% (MAL-PDT) versus 66% (cryotherapy) and

76% (FU) and was maintained until 12 months follow-up

intraepithelial neoplasia” (PIN) in the penis [27]. BP
is characterized by circumscribed, round, and usually
multiple red-brown papules. Many reports demonstrate
that this disease is caused by human papilloma virus
(HPV) infection. Thus, it is potentially responsive
to PDT [28], [29].

This entity represents a form of squamous
cell carcinoma in situ, very often associated
to the oncogenic high-risk HPV types 16, 18,
31, and 33 [30]. Transformation into invasive
squamous cell carcinoma is rare and occurs in
<1% of cases, especially in immunocompromised
individuals [31].

Astudy by Che et al. investigated 200 BP cases;
subjects were divided into 5-ALA PDT group and control
group (treated with either radiofrequency cauterization,
microwave ablation, or surgical resection). All lesions
in the 5-ALA PDT treated group were cleared after
therapy, with no recurrence at the 1-year follow-up;
however, 20% of patients in the control group showed
recurrence after 1 year [32].

Due to its efficacy, safety profile, low risk of
scarring, and its capacity to be applied in difficult sites,
especially in cases like BP which predilection sites are
in penile and vagina, topical PDT has become one
of the preferred modalities when BP is suspected.
The major problem with this modality is pain during
illumination, but it usually disappears after stopping the
illumination [33].

Summary

Topical PDT is a well-tolerated treatment and
appears to be an effective method with good safety
profile, low risk of scarring, and excellent cosmetic
outcomes in the treatment of precancerous skin
lesions such as AK, BD, and BP. Pre-treatments
before topical PDT procedures are associated with
improved efficacy and reduced recurrence in several
reports.

References

1. Morton CA, McKenna KE, Rhodes LE, British Association of
Dermatologists Therapy Guidelines and Audit Subcommittee and the
BritishPhotodermatology Group. Guidelinesfortopicalphotodynamic
therapy: Update. Br J Dermatol. 2008;159(6):1245-66. https://doi.
org/10.1111/j.1365-2133.2008.08882.x

PMid:18945319

2. Lacour JP, Ulrich C, Gilaberte Y, Von Felbert V, Basset-
Seguin N, Dreno B, et al. Daylight photodynamic therapy with
methyl aminolevulinate cream is effective and nearly painless in
treating actinic keratoses: A randomised, investigator-blinded,
controlled, Phase Ill study throughout Europe. J Eur Acad
Dermatol Venereol. 2015;29(12):2342-8. https://doi.org/10.1111/
jdv.13228
PMid:26435363

3. Zhong S, Zhang R, Mei X, Wang L. Efficacy of photodynamic
therapy for the treatment of Bowen’s disease: An updated
systematic review and meta-analysis of randomized controlled
trials. Photodiagnosis Photodyn Ther. 2020;32:102037. https:/
doi.org/10.1016/j.pdpdt.2020.102037
PMid:33011394

4. Theresia C, Zheng J, Chen XY. Topical ALA-PDT as alternative
therapeutic option in treatment-recalcitrant dermatosis: Report
of 4 cases. Photodiagnosis Photodyn Ther. 2017;20:189-92.
https://doi.org/10.1016/j.pdpdt.2017.10.010
PMid:29054795

5. Singh SP, Sharma M, Patel H, Gupta PK. Extra cellular pH
influences uptake and photodynamic action of pyropheophorbide-a
entrapped in folate receptor targeted organically modified silica
nanoparticle. Photodiagnosis Photodyn Ther. 2014;11(2):156-64.
https://doi.org/10.1016/j.pdpdt.2014.02.01
PMid:24594209

6. LiuD, Zhao S, Li J, Chen M, Wu L. The application of physical
pretreatment in photodynamic therapy for skin diseases.
Lasers Med Sci. 2021;36(7):1369-77. https://doi.org/10.1007/
$10103-020-03233-6
PMid:33404884

7. Mu X, Wang L, Wang L, Ge R, Dang H, Mou K. Plum-blossom
needling enhanced the effect of photodynamic therapy on basal
cell carcinoma. Photodiagn Photodyn Ther. 2018;23:339-41.
https://doi.org/10.1016/j.pdpdt.2018.08.001
PMid: 30077651

8. Bay C, Lerche CM, Ferrick B, Philipsen PA, Togsverd-Bo K,
Haedersdal M. Comparison of physical pretreatment regimens
to enhance protoporphyrin IX uptake in photodynamic therapy:
A randomized clinical trial. JAMA Dermatol. 2017;153(4):270-8.
https://doi.org/10.1001/jamadermatol.2016.5268
PMid:28146245

88

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Putra et al. The Efficacy of Topical Photodynamic Therapy in Precancerous Lesions of the Skin

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Morton CA, Szeimies RM, Sidoroff A, Braathen LR. European
guidelines for topical photodynamic therapy Part 1: Treatment
delivery and current indications-actinic keratoses, Bowen’s
disease, basal cell carcinoma. J Eur Acad Dermatol Venereol.
2013;27(5):536-44. https://doi.org/10.1111/jdv.12031

PMid:23181594

Kim MM, Darafsheh A. Light sources and dosimetry
techniques for photodynamic therapy. Photochem Photobiol.
2020;96(2):280-94. https://doi.org/10.1111/php.13219

PMid:32003006

Guorgis G, Anderson CD, Lyth J, Falk M. Actinic keratosis
diagnosis and increased risk of developing skin cancer: A 10-year
cohort study of 17,651 patients in Sweden. Acta Derm Venereol.
2020;100(8):adv00128. https://doi.org/10.2340/00015555-3486

PMid:32314794

Nguyen M, Sandhu SS, Sivamani RK. Clinical utility of daylight
photodynamic therapy in the treatment of actinic keratosis-a
review of the literature. Clin Cosmet Investig Dermatol.
2019;12:427-35. https://doi.org/10.2147/CCID.S167498

PMid:31239746

Marques E, Chen TM. Actinic keratosis. In: StatPearls. Treasure
Island, FL: StatPearls Publishing; 2021.

Pariser DM, Lowe NJ, Stewart DM, Jarratt MT, Lucky AW,
Pariser RJ, et al. Photodynamic therapy with topical
methyl aminolevulinate for actinic keratosis: Results of a
prospective randomized multicenter trial. J Am Acad Dermatol.
2003;48(2):227-32. https://doi.org/10.1067/mjd.2003.49

PMid: 12582393

Morton C, Campbell S, Gupta G, Keohane S, Lear J, Zaki |,
et al. Intraindividual, right-left comparison of topical methyl
aminolaevulinate-photodynamic therapy and cryotherapy in
subjects with actinic keratoses: A multicentre, randomized
controlled study. Br J Dermatol. 2006;155(5):1029-36. https://
doi.org/10.1111/j.1365-2133.2006.07470.x

PMid:17034536

Kaufmann R, Spelman L, Weightman W, Reifenberger J,
Szeimies RM, Verhaeghe E, et al. Multicentre intraindividual
randomized trial of topical methyl aminolaevulinate-
photodynamic therapy vs. cryotherapy for multiple actinic
keratoses on the extremities. Br J Dermatol. 2008;158(5):994-9.
https://doi.org/10.1111/j.1365-2133.2008.08488.x

PMid: 18341663

Pariser D, Loss R, Jarratt M, Abramovits W, Spencer J,
Geronemus R, et al. Topical methyl-aminolevulinate
photodynamic therapy using red light-emitting diode light
for treatment of multiple actinic keratoses: A randomized,
double-blind, placebo-controlled study. J Am Acad Dermatol.
2008;59(4):569-76. https://doi.org/10.1016/j.jaad.2008.05.031

PMid: 18707799

Held L, Eigentler TK, Leiter U, Garbe C, Berneburg MJ. Effective
combination of photodynamic therapy and imiquimod 5% cream
in the treatment of actinic keratoses: Three cases. Biomed Res
Int. 2013;2013:102698. https://doi.org/10.1155/2013/102698

PMid:23484071

Wollina U, Gaber B, Koch A. Photodynamic treatment with
nanoemulsified 5-aminolevulinic acid and narrow band red light
for field cancerization due to occupational exposure to ultraviolet
light irradiation. Georgian Med News. 2018;274:138-43.

PMid:29461242

Kossard S, Rosen R. Cutaneous Bowen’s disease. An
analysis of 1001 cases according to age, sex, and site.
J Am Acad Dermatol. 1992;27(3):406-10. https://doi.
org/10.1016/0190-9622(92)70208-W

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

PMid:1401276

Neubert T, Lehmann P. Bowen’s disease-a review of newer
treatment options. Ther Clin Risk Manag. 2008;4(5):1085-95.

PMid:19209288

Fania L, Didona D, Di Pietro FR, Verkhovskaia S, Morese R,
Paolino G, et al. Cutaneous squamous cell carcinoma: From
pathophysiology to novel therapeutic approaches. Biomedicines.
2021;9(2):171. https://doi.org/10.3390/biomedicines9020171

PMid:33572373

Zaar O, Fougelberg J, Hermansson A, Gillstedt M, Wennberg-
Larko AM, Paoli J. Effectiveness of photodynamic therapy in
Bowen’s disease: A retrospective observational study in 423
lesions. J Eur Acad Dermatol Venereol. 2017;31(8):1289-94.
https://doi.org/10.1111/jdv.14164

PMid:28190258

Truchuelo M, Fernandez-Guarino M, Fleta B, Alcantara J,
Jaén P. Effectiveness of photodynamic therapy in Bowen’s
disease: An observational and descriptive study in 51 lesions.
J Eur Acad Dermatol Venereol. 2012;26(7):868-74. https://doi.
org/10.1111/j.1468-3083.2011.04175.x

PMid:21740466

Morton C, Horn M, Leman J, Tack B, Bedane C, Tjioe M, et al.
Comparison of topical methyl aminolevulinate photodynamic
therapy with cryotherapy or fluorouracil for treatment of
squamous cell carcinoma in situ: Results of a multicenter
randomized ftrial. Arch Dermatol. 2006;142(6):729-35. https://
doi.org/10.1001/archderm.142.6.729

PMid: 16785375

Cox NH, Eedy DJ, Morton CA, Therapy Guidelines and
Audit Subcommittee, British Association of Dermatologists.
Guidelines for management of Bowen’'s disease: 2006
update. Br J Dermatol. 2007;156(1):11-21. https://doi.
org/10.1111/j.1365-2133.2006.07610.x

PMid:17199561

McCalmont TH. Whither bowenoid papulosis? J Cutan Pathol.
2013;40(2):209-10. https://doi.org/10.1111/cup.12083
PMid:23336842

WuYH, Qiao JJ, BaiJ, Fang H. Aminolevulinic acid photodynamic
therapy for bowenoid papulosis. Indian J Dermatol Venereol
Leprol. 2015;81(2):219-20.

Deen K, Burdon-Jones D. Imiquimod in the treatment of penile
intraepithelial neoplasia: An update. Australas J Dermatol.
2017;58(2):86-92. https://doi.org/10.1111/ajd.12466
PMid:26952903

Takayama A, Ishiguro N, Kawashima M. Coexistence of
Bowenoid papulosis and Bowen’s disease in a patient with
systemic lupus erythematosus. J Dermatol. 2012;39(7):646-9.
https://doi.org/10.1111/j.1346-8138.2011.01371.x
PMid:22142328

Chamli A, Zaouak A. Bowenoid Papulosis. In: StatPearls.
Treasure Island, FL: Stat Pearls Publishing; 2021.
PMid:30969709

Che Q, Li J, Wang J, Wang Q, Jiang L, Li Z, Liu H, Zhang M,
Zeng K. Therapeutic evaluation of 5-aminolevulinic acid-
mediated photodynamic therapy in Bowenoid papulosis.
Photodiagnosis Photodyn Ther. 2020;29:101635. https://doi.
org/10.1016/j.pdpdt.2019.101635

PMid:31870900

Darlenski R, Fluhr JW. Photodynamic therapy in dermatology:
Past, present, and future. J Biomed Opt. 2013;18:061208.
https://doi.org/10.1117/1.JBO.18.6.061208

PMid:23149885

Open Access Maced J Med Sci. 2022 Feb 15; 10(F):86-89.

89



