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Abstract: BaCkground: To study the effective therapeutic concentration, drug application duration, irradiation duration and 
irradiation	dosage	of	5-aminolevulinic	acid	photodynamic	therapy	(ALA-PDT)	for	treating	vitiligo	and	observe	its	clinical	efficacy.	
oBjeCtive:	To	assess	the	clinical	efficacy	of	ALA-PDT	for	treating	vitiligo.	
Methods: ALA with different drug concentrations, drug application durations, irradiation durations and irradiation dosages 
were adopted to treat skin lesions caused by vitiligo to determine the effective drug concentration, drug application duration, 
irradiation duration and irradiation dosage for treating three vitiligo volunteers and observe the therapeutic results. 
results: The clinical trial suggested that ALA at a drug concentration of 1.5%, drug application duration for 3 hours, irradiation 
dosage of 80mw/cm2 and irradiation duration for 20 min was effective in treating vitiligo. Under these parameters, ALA-PDT 
was effective to the three vitiligo volunteers, with mild pain and feeling of burning but no other adverse reaction during 
treatment. 
study liMitations: Due to the small sample size in this study for the effectiveness of PDT in treating vitiligo and the potential 
variations	 in	 the	 efficacy	 for	 treating	 the	 disease	 at	 different	 areas,	 further	 studies	 shall	 be	 conducted	 for	 confirmation.	
ConClusions: ALA with a drug concentration at 1.5%, drug application duration for 3 hours, irradiation dosage of 80 mw/cm2 
and irradiation duration for 20 min is effective in treating vitiligo. Therefore, ALA-PDT is safe and effective in treating the 
disease, with minor adverse events, providing a new method for treating vitiligo in the future.
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INTRODUCTION
Vitiligo is an acquired local or generalized skin depigmen-

tation disorder with a morbidity of 0.5-2%.1,2	The	disease	is	difficult	
to treat and involves a long course of therapy. Besides, patients with 
vitiligo receive different therapies and medicines based on their 
distinctive pathogenesis, triggering factors, clinical type, and con-
ditions, with different curative effects. Our research group studied 
the effectiveness of the combination of 5-aminolevulinic acid and 
photodynamic therapy (ALA-PDT) in treating vitiligo, to observe 
the effective drug concentration, drug application duration, irra-
diation duration, and irradiation dosage. We treated three vitiligo 
volunteers with appropriate dosages, aiming to observe the clinical 
efficacy.

METHODS
The three vitiligo volunteers (two males and one female) 

included in this study were selected from the vitiligo patients di-
agnosed in our hospital’s Dermatology Clinic, with age at onset 
between four and 28 years (mean 16 years) and course of disease 
between 2 and 10 years. Case 1, female, 27 years old, found a small 
white patch on her trunk with no obvious cause 18 years ago, which 
progressively grew into a large area and extended to the limbs, 
perineum, face and neck. According to her medical history, she was 
healthy, but her father had vitiligo on his hands. Case 2, male, 17 
years old, found a small white patch on his abdomen with no ob-
vious cause four years ago, which progressively grew into a larger 
area. He was previously healthy and had no family history of vitili-



go. Case 3 was a male, four years old, whose parents found a small 
white patch on his forehead with no obvious cause two years pre-
viously, which progressively grew into an egg-size oval depigmen-
tation patch and extended to the left eyebrow. He was previously 
healthy and had no family history of vitiligo.

5-aminolevulinic acid powder for external use (produced 
by Shanghai Shanghai Fudan-Zhangjiang Bio-Pharmaceutical Co., 
Ltd.,	specification:	118mg/piece)	was	protected	from	light.	A	LED-
IB photodynamic laser therapeutic apparatus (produced by Wuhan 
Yage Optic and Electronic Technique Co., Ltd.) was capable of irra-
diating semiconductor laser with wavelength 633±10nm. The cam-
era was Canon 650D.

Method for studying the effective drug concentration, 

drug application duration, irradiation duration, and irradiation 
dosage: The research project was reviewed and approved by the 
hospital’s Ethics Committee and complies with general require-
ments of medical ethics. Before treatment, we communicated with 
the patients and their spouses, explaining the treatment process and 
post-treatment precautions in details. Patients and their spouses 
then	signed	informed	consent	after	confirming	their	understanding	
of the above content. In case 1, the vitiligo skin lesion on the pa-
tient’s back was selected as the treatment area (Figures 1A and 1B). 
The	skin	area	was	divided	into	24	units.	A	piece	of	black	plastic	film	
was divided evenly into 24 grids and labeled as 24 treatment units. 
The	plastic	films	were	attached	 to	 the	 skin	 area	and	 labeled	with	
numbers to prevent shifting (Figure 1C). ALA at different concentra-
tions was applied to the corresponding treatment units according to 
the concentration requirements in table 1, and the area was covered 
to protect from light. Treatment was provided on the basis of pre-
set drug application duration, irradiation duration, and irradiation 
dosage (Table 1 and Figure 1D). Skin reactions were observed imme-
diately after the irradiation and at 24h after treatment.

Operation mode selection for PDT in vitiligo:

Effective therapeutic concentration, drug application dura-
tion, irradiation duration, and irradiation dosage were selected on 
the	basis	of	the	findings	from	the	previous	experiment.	According	
to the above parameters, PDT was used to treat three cases. After 
applying a certain concentration of ALA on the patients’ vitiliginous 
area	for	a	specific	period	of	time,	we	applied	PDT	based	on	preset	
irradiation duration and dosage, and then observed the treatment 
efficacy	and	reactions.

RESULTS
The	experiment’s	findings	for	most	effective	treatment	con-

centration:
Case 1 showed immediate and obvious reactions on the 

dorsum (areas 9, 10, 21, and 22), plus a burning sensation during 
treatment and erythema after treatment (Figure 2A). At 48 hours 
post-treatment, areas 9, 17, 18, 21, and 22 showed post-treatment 
red papules around hair follicles (Figure 2B). On the basis of the 
reactions, the parameters for area 9 (ALA concentration 1.5%, drug 
application duration 3h, irradiation duration 20min, and irradiation 
dosage 80mw/cm2) were selected as the effective parameters for 
treating the patients, and the therapeutic results were observed.

Efficacy of PDT in treating vitiligo

According to the experiment, ALA at a concentration of 
1.5%, drug application duration 3h, irradiation dosage 80mw/cm, 
and irradiation duration 20min were safe and effective in treating 
vitiligo, with mild pain and burning sensation but no other adverse 
effects during treatment.

Efficacy	in	Case	1:	Before	treatment	(Figure	3A).	Perifollic-
ular	pigment	islands	were	found	on	vitiliginous	areas	after	the	first	
three treatments at seven-day intervals and increased progressively 

Figure 1: (A) Large 
white patch on the 
patient’s back before 
treatment. (B) Bright 
white under Wood’s 
light. (C) PDT prepa-
rations for treating 
vitiligo. (D) Operation 
of irradiation during 
experiment
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Figure 2: (A) Immediate reac-
tions after irradiation, post-
-treatment erythema labeled 
by arrow. (B) Perifollicular 
red papules at 24h after irra-
diation labeled by arrow

table 1: Effective ALA drug concentration, drug application duration, irradiation duration, and irradiation dosage of PDT for treatment of 
vitiligo

Drug application duration, irradiation duration, and irradiation dosage of each treatment unit

ALA 
concen-
tration 
1.5%

No. 1 
Drug application duration: 1h
Irradiation duration: 20min 
Irradiation power: 80mw/cm2

No. 2 
Drug application duration: 
1h
Irradiation duration: 10min
Irradiation power: 80mw/
cm2

No. 3 
Drug application duration: 
1h
Irradiation duration: 20min
Irradiation power: 40mw/
cm2

No. 4 
Drug application duration: 
1h
Irradiation duration: 10min
Irradiation power: 40mw/
cm2

No. 5
Drug application duration: 2h
Irradiation duration: 20min
Irradiation power: 80mw/cm2

No. 6
Drug application duration: 
2h
Irradiation duration: 10min
Irradiation power: 80mw/
cm2

No. 7
Drug application duration: 
2h
Irradiation duration: 20min
Irradiation power: 40mw/
cm2

No. 8
Drug application duration: 
2h
Irradiation duration: 10min
Irradiation power: 40mw/
cm2

No. 9
Drug application duration: 3h
Irradiation duration: 20min
Irradiation power: 80mw/cm2

No. 10
Drug application duration: 
3h
Irradiation duration: 10min
Irradiation power: 80mw/
cm2

No. 11
Drug application duration: 
3h
Irradiation duration: 20min
Irradiation power: 40mw/
cm2

No. 12
Drug application duration: 
3h
Irradiation duration: 10min
Irradiation power: 40mw/
cm2

ALA 
concen-
tration 
3%

No. 13
Drug application duration: 1h
Irradiation duration: 20min
Irradiation power: 80mw/cm2

No. 14
Drug application duration: 
1h
Irradiation duration: 10min
Irradiation power: 80mw/
cm2

No. 15
Drug application duration: 
1h
Irradiation duration: 20min
Irradiation power: 40mw/
cm2

No. 16
Drug application duration: 
1h
Irradiation duration: 10min
Irradiation power: 40mw/
cm2

No. 17
Drug application duration: 2h
Irradiation duration: 20min
Irradiation power: 80mw/cm2

No. 18
Drug application duration: 
2h
Irradiation duration: 10min
Irradiation power: 80mw/
cm2

No. 19
Drug application duration: 
2h
Irradiation duration: 20min
Irradiation power: 40mw/
cm2

No. 20
Drug application duration: 
2h
Irradiation duration: 10min
Irradiation power: 40mw/
cm2

No. 21
Drug application duration: 3h
Irradiation duration: 20min
Irradiation power: 80mw/cm2

No. 22
Drug application duration: 
3h
Irradiation duration: 10min
Irradiation power: 80mw/
cm2

No. 23
Drug application duration: 
3h
Irradiation duration: 20min
Irradiation power: 40mw/
cm2

No. 24
Drug application duration: 
3h
Irradiation duration: 10min
Irradiation power: 40mw/
cm2

after seven sessions of PDT (Figures 3B and 3C). Between Septem-
ber 3, 2013, and November 13, 2013, the pigment islands further in-
creased	significantly,	despite	no	PDT	for	70	days	(Figure	3D).	From	
November 22, 2013, to January 20, 2014, pigment islands increased 
significantly	on	the	skin	in	the	middle	of	the	back	after	six	PDT	treat-
ments	at	10-day	intervals,	with	a	significant	effect	on	the	vitiliginous	
areas of the shoulders (Figure 3E). Between January 20, 2014, and 

May 4, 2014, the pigment islands shrank slightly due to discontinu-
ance of treatment for four months (Figure 3F). From May 12, 2014, to 
August 4, 2014, the pigment islands increased, some forming dark 
spots	after	14	treatments	at	three	to	five-day	intervals	(Figure	3G).	
During	the	2.5-month	to	1-year	follow-up	visit	after	the	final	treat-
ment,	no	 significant	 change	was	observed	 in	 the	vitiliginous	 skin	
lesions (Figures 3H and 3I).

A B



Figure 3: (A) 
Case 1: Before 
treatment (July 
10, 2013); (B). 
Pigment islands 
found on the skin 
of the back after 
three treatments 
(August 6, 2013); 
(C). Increase in 
pigment islands 
(September 3, 
2013); (D). Signi-
ficant	increase	in	
pigment islands 
(November 13, 
2013); (E). Signi-
ficant	increase	in	
pigment islands 
on the skin of 
shoulders and 
in the middle of 
the back (January 
20, 2014); (F). 
Decrease in 
pigment islands 
(May 12, 2014); 
(G). Increase in 
pigment islands, 
dark spots for-
med by part of 
pigment islands 
(August 4, 2014); 
(H). 2.5-month 
follow-up visit 
after treatment 
(October 24, 
2014); (I). 1-year 
follow-up visit 
after treatment 
(August 14, 
2015).

Efficacy	in	Case	2:	Before	treatment	(Figure	4A).	Pigment	is-
lands were found around skin follicles of vitiliginous areas after the 
first	three	treatments	at	seven-day	intervals	and	increased	constant-
ly after 11 PDT sessions (Figures 4B and 4C). After eight consecu-
tive	treatments,	the	pigment	islands	increased	significantly	with	the	
number of treatments (Figure 4D). From August 28, 2015, to April 
26, 2016, the pigment islands decreased partially over the course of 
four treatments at long intervals (74 days, 114 days, 33 days, and 15 
days, respectively) in the eight months (Figure 4E). During the 75-
day	follow-up	visit	after	discontinuance	of	treatment,	no	significant	
change was observed in the vitiliginous skin lesions compared to 
the condition after the previous treatment (Figure 4F).

Efficacy	 in	Case	 3:	 Before	 treatment	 (Figure	 5A).	 Pigment	
islands were seen in the vitiliginous area near the left eyebrow after 
three treatments (Figure 5B). After 13 PDT sessions, pigment islands 
were	 observed	first	 on	 the	 forehead	 (Figure	 5C).	 From	March	 21,	
2016, to June 27, 2016, after seven consecutive treatments at 10-14-
day	 intervals,	 the	 pigment	 islands	 increased	 significantly	 on	 the	

skin lesion area near the hairline, as the total number of treatments 
increased (Figure 5D).

DISCUSSION
Vitiligo is a common acquired progressive depigmentation 

skin disease with the clinical manifestation of white skin patches 
caused by localized or generalized depigmentation. With an overall 
morbidity of 0.1%-2%, vitiligo mainly affects adolescents.1,2 Vitiligo 
is	still	difficult	to	treat	due	to	the	complex	cause	of	the	disease	and	
its unclear pathogenesis. According to current studies, vitiligo is be-
lieved to correlate with autoimmunity and to be caused by multiple 
factors, including the patient’s genetic background and the environ-
ment. Vitiligo is often accompanied by autoimmune thyroid dis-
ease, systemic lupus erythematosus, rheumatoid arthritis, alopecia 
areata, psoriasis, and other diseases.3,4 V Jasper G.van den Boorn et 
al.5	confirmed	the	close	correlation	between	T	cells	and	vitiligo.	Ac-
cording to some authors, compared to healthy controls and patients 
in the stable phase, patients in the progressive stage showed more 
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Figure 4: (A) Before treatment (June 13, 
2014); (B) Increase in pigment islands af-
ter three treatments (July 11, 2014); (C) In-
crease in pigment islands (November 26, 
2014); (D)	 Significant	 increase	 in	 pigment	
islands on the perineum (August 18, 2015); 
E: Slight decrease in pigment islands (April 
26, 2016); (F) 2-month follow-up visit after 
final	treatment	(July	11,	2016)

CD8+T	cells	in	peripheral	blood	and	a	significantly	lower	propor-
tion of CD4+/CD8+T cells.6 Lin et al.7	 further	confirmed	that	Treg	
cells of vitiligo patients in the progressive stage became less capa-
ble of inhibiting CD8+CLAT+ cells. In 2012, Kotobuki et al.8 found 
Th17	cell	infiltration	in	the	skin	of	most	vitiligo	patients.	Bertolotti	
et al.	found	plasmocytoid	dendritic	cell	(pDC)	infiltration	in	the	skin	
around vitiliginous lesions. pDC is the main type of IFN-α-secret-
ing cells; IFN-α promotes CXCL9 expression and skin homing of 
CXCR3+ lymphocytes by inducing MxA protein synthesis. These 
studies suggest a direct relationship between the human immune 
system and onset of vitiligo.

Currently,	PDT	has	achieved	satisfactory	efficacy	in	treating	
pediatric laryngeal papilloma, condyloma acuminatum, and acne. 
9-12 On the basis of the principle of PDT, photosensitization can be se-
lectively enriched in virally infected foci after being applied locally 
on skin lesions. Under 635nm laser irradiation, it generates singlet 
oxygen and other active oxides, which can damage cell membranes, 
mitochondria, and DNA, cause cell necrosis and apoptosis, and then 
kill diseased cells.12,13 In recent years, some researchers have found 
that	 PDT	 shows	 efficacy	 by	 activating	 local	 specific	 immunity.14,15 
Brotosik et al. found that PDT resulted in apoptosis of epidermal 
keratinocytes and Langerhans cells. 16 However, there have been no 
clinical studies to date on the clinical mechanism of PDT in vitiligo. 
It is inferred that PDT has a therapeutic effect by participating in 
local	specific	immunity.	Besides,	He-Ne	laser	adopted	by	PDT	is	a	
type of low-energy laser, with a laser wavelength of 633±10nm. It 
can improve melanocytes’ adhesiveness on IV-type collagens, inhib-
it their mobility, strengthen their migration on type-I collagens, and 
enhance expression of α2β1 integrins, so as to promote melanocytes’ 

proliferation.17 Byun et al.18 treated one case of pediatric vitiligo with 
He-Ne laser combined with tacrolimus ointment. After treatment 
for 48 weeks, most of the skin lesions showed pigment recovery. Ser-
rano et al.19 treated six cases of vitiligo on the face, hands, and trunk 
by applying 2% ALA to the skin lesions four to six times at 10-min-
ute	intervals.	According	to	our	findings,	ALA-PDT	was	effective	in	
treating the three cases of vitiligo. Throughout the treatment pro-
cess, patients suffered mild pain and a burning sensation that could 
be relieved by cold compresses after treatment. After treatment, pa-
tients suffered mild desquamation with no other adverse reactions. 
Skin lesions were irradiated with 550-630nm laser for 4-14 minutes, 
with an irradiation dose of 100mw/cm2 and three to four-week in-
tervals. During the six-week follow-up visit after four treatments, 
four	cases	showed	pigment	recovery,	with	 the	best	efficacy	 in	 the	
skin lesions on the chest, neck, and face. Nevertheless, M Fernán-
dez-Guarino found no pigment recovery on the face of vitiligo pa-
tients after treatment with PDT by applying MAL for 1.5 hours and 
irradiating under 630nm laser for 7.5min, with an irradiation dosage 
of 37 J/cm2. 20 Our experiment suggested that treatment unit No. 9 
(applying 1.5% ALA for 3 hours and irradiating for 20 minutes, with 
an irradiation dosage of 80mw/cm2) was effective in treating vitil-
igo. The previous experiment for effective concentration revealed 
immediate and obvious reactions and erythema following PDT, and 
mild burning sensation during treatment (Figure 2A). After contin-
uous observation for 48 hours, no. 17 (applying 3% ALA for 2 hours 
and irradiating for 20 minutes, with an irradiation dose of 80mw/
cm2), no. 18 (applying 3% ALA for 2 hours and irradiating for 10 
minutes, with an irradiation dosage of 80mw/cm2), no. 21 (apply-
ing 3% ALA for 3 hours and irradiating for 20 minutes, with an ir-
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Figure 5: (A) Before treatment (August 
7, 2015); (B) Pigment islands found af-
ter three treatments (October 22, 2015); 
(C) Pigment islands near hairline (Mar-
ch 7, 2016); (D) Increase in pigment is-
lands near hairline (June 27, 2016)

radiation dosage of 80mw/cm2), and no. 22 (applying 3% ALA for 
3 hours and irradiating for 10 minutes, with an irradiation dosage 
of 80mw/cm2) showed obvious reactions after treatment. Numbers 
9, 17, 18, 21, and 22 showed post-treatment perifollicular reactions 
(Figure 2B). As for therapeutic safety, we selected the parameters 
from low-concentration treatment unit no. 9 (applying 1.5% ALA 
for 3 hours and irradiating for 20 minutes at an irradiation dosage of 
80mw/cm2) as the therapeutic dosage for the three cases. The exper-
iment also showed that higher irradiation can cause more obvious 
reactions. Among the 24 treatment units, with the same parameters, 
cases with 80mw/cm2 irradiation showed more obvious reactions 
than those with 40mw/cm2.

ALA at a concentration at 1.5%, drug application for 3h, ir-
radiation dosage of 80mw/cm2, and irradiation duration for 20 mi-
nutes was adopted to treat the three vitiligo patients. Perifollicular 
pigment	islands	were	seen	in	vitiliginous	areas	after	the	first	three	
treatments at seven-day intervals and increased with the number of 
treatments (Figures 3B, 4B, and 5B). In case 1, from July 12, 2013, to 
January	20,	2014,	pigment	 islands	 increased	significantly	with	 the	
number of treatments at seven to 10-day intervals. From May 12 to 
August 4, 2014, pigment islands increased slightly after treatments 
at	three	to	five-day	intervals,	indicating	unsatisfactory	efficacy	due	
to the short intervals (Figures 3F and 3G); From January 20, 2014, to 
May 12, 2014, pigment islands decreased partially due to disconti-
nuance of treatment. In case 2, from June 13 to October 15, 2014, pig-
ment	islands	increased	significantly	with	the	number	of	treatments	
at seven to 10-day intervals. From November 26, 2014, to August 
10, 2015, pigment islands increased only slightly after treatments at 

20	to	30-day	intervals,	indicating	unsatisfactory	efficacy	due	to	the	
long intervals (Figures 4C and 4D). From August 18, 2015, to April 
26, 2016, the pigment islands shrank partially after only four treat-
ments in the eight months. In case 3, only a few pigment islands 
were	seen	in	the	vitiliginous	area	near	the	left	eyebrow	after	the	first	
three treatments, and melanin began to appear on the forehead af-
ter 11 PDT sessions (Figure 5D). From March 21 to June 27, 2016, 
as the number of treatments increased, pigment islands increased 
significantly	after	seven	treatments	at	seven	to	10-day	intervals	(Fi-
gure	5D).	According	to	the	efficacy	in	the	three	cases,	ALA	at	1.5%,	
drug application duration of 3 hours, irradiation dosage of 80mw/
cm2, and irradiation duration of 20 minutes proved to be effective in 
treating	vitiligo.	Due	to	the	reactions	after	the	first	three	treatments,	
the treatments were made at one to two-week intervals, achieving 
satisfactory	 efficacy,	 and	 the	 pigment	 islands	 increased	 with	 the	
number of treatments. Pigment islands decreased during prolonged 
discontinuance	of	treatment,	which	impacted	efficacy.

However, due to the small sample size in this study on the 
effectiveness of ALA-PDT in vitiligo and the potential variations in 
the	 efficacy	 for	 treating	vitiligo	on	different	 areas,	 further	 studies	
will	be	conducted	for	confirmation.

CONCLUSION
According	to	the	findings,	ALA-PDT	was	effective	in	treat-

ing three cases of vitiligo. During treatment, patients suffered mild 
pain and a burning sensation, relieved by cold compresses after 
treatment; After treatment, patients suffered mild desquamation, 
with no other adverse reactions. q
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