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Abstract 

Nowadays, laser is the mainstay treatment for cafe‑au‑lait macules (CALMs), but no systematic review has been pub‑
lished to demonstrate the overall efficacy and it’s still controversial which type of laser is optimal. Thus, we conduct 
the meta‑analysis to evaluate the effectiveness and side effects of various types of lasers in treating CALMs. Original 
articles reporting the efficacy and side effects for CALMs in laser treatment were identified in PubMed, EMBASE, and 
Web of Science from 1983 to April 11, 2023. Using R software and the ‘meta’ package, meta‑analysis was conducted for 
clearance and recurrence for evaluation of efficacy. And the occurrence of hypopigmentation and hyperpigmentation 
rate was pooled for safety evaluation. We used RoB2 and ROBINS‑I tools to assess the risks of bias in RCT studies and 
non‑RCT studies, respectively. The Grading of Recommendations, Assessment, Development and Evaluation system 
was used to assess the quality of the evidence. Nineteen studies involving 991 patients were included, which had a 
very low to moderate quality of evidence. The pooled 75% clearance rate was 43.3% (95% CI 31.8–54.7%, I2 = 96%), 
50% clearance rate was 75% (95% CI 62.2–85.9%, I2 = 89%) and the recurrence rate was 13% (95% CI 3.2–26.5%, 
I2 = 88%). The pooled hypopigmentation and hyperpigmentation rates were 1.2% (95% CI 0.3–2.1%, I2 = 0%) and 
1.2% (95% CI 0.3–2%, I2 = 0%), respectively. Subgroup analysis revealed that QS‑1064‑nm Nd:YAG laser treatment 
not only achieved more than 75% clearance rate in 50.9% of patients (95% CI 26.9–74.4%, I2 = 90%) but also resulted 
in the lowest hypopigmentation and hyperpigmentation rate of 0.5% (95% CI 0.0–2.5%, I2 = 26%) and 0.4% (95% CI 
0.0–2.5%, I2 = 0%). To draw a conclusion, the laser treatment could reach an overall clearance rate of 50% for 75% of 
the patients with CALMs, for 43.3% of the patients, the clearance rate could reach 75%. When looking at different 
wavelength subgroups, QS‑1064‑nm Nd:YAG laser exhibited the best treatment capability. Laser of all the wavelength 
subgroups presented acceptable safety regarding of the low occurrence of side effects, namely, hypopigmentation 
and hyperpigmentation.
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Introduction
Cafe-au-lait macules (CALMs) are pigmented lesions 
found in 2–3% healthy newborns or patients with genetic 
diseases, such as neurofibromatosis type 1 [1] and Noo-
nan syndrome [2]. They show as pigmented macules or 
patches [3]. Histologic changes seen in CALMs are sub-
tle and nonspecific. There is increased basilar melanin 
pigment with either a normal number of melanocytes or 
melanocytic hyperplasia [4]. CALMs can be morphologi-
cally classified including their size, color, location, and 
border, which have an effect on their treatment response. 
Besides, CALMs could be a clue of many different genetic 
diseases including Neurofibromatosis type 1, Legius syn-
drome [5] and etc. Although CLAMs don’t have any side 
effects on health, they may cause a great effect on appear-
ance, leading to low self-esteem and shame, so patients 
with CALMs always have difficulty to integrate into 
social life.

Nowadays laser is the mainstay treatment for CALMs. 
The mechanism of laser or light treatment for pigmented 
lesions is based on the selective photo-thermolysis 
theory which is proposed by Anderson et al. in 1983. It 
proposed that melanin in the epidermal is vaporized 
and broken by absorbing the energy of the laser so that 
the laser treatments are able to clean epidermal pig-
mented lesions [6]. Generally, the double-frequency 

neodymium-doped: yttrium aluminum garnet (532  nm 
Nd: YAG) laser, the ruby laser (694 nm), the alexandrite 
(755 nm) laser, and the neodymium-doped: yttrium alu-
minum garnet (1064 nm Nd: YAG) laser are most used. 
In practice, as the wavelength of the laser increases, the 
light is absorbed less but penetrates deeper. Therefore, 
the 532 nm and 694 nm are the most appropriate wave-
lengths for epidermal lesions, followed by the 755  nm 
and then the 1064 nm wavelength.

However, no clinical consensus has been reached on 
which wavelength is the best choice for treating CALMs 
and due to the limited sample size, the strength of the 
available evidence remains open to question. Thus, we 
conducted this comprehensive and systematic meta-anal-
ysis of published data on the efficiency and side effects of 
the laser treatment for CALMs. At the end of the article, 
on the basis of summarizing and thinking about previous 
studies, we put forward new ideas of CALMs treatment.

Results
Study characteristics and risk of bias
The search strategy initially retrieved 532 potentially 
relevant clinical studies. A total of 19 studies published 
between 1983 and April 11, 2023 were included. The 
flow chart of reference selection is presented in Fig.  1. 
The general characteristics of studies included in the 

Fig. 1 Flowchart showing the process of identification of selected studies
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meta-analysis are presented in Table 1. Two studies were 
randomized clinical trials (RCT) [7], five studies were ret-
rospective studies [9] and the rest were prospective clini-
cal trials [17]. A total of 991 patients were included in our 
meta-analysis. The outcomes were evaluated by derma-
tologists visually and lesion clearance was graded on the 
visual analog scale (VAS) in 2 studies [7]. As for the side 
effects, the recurrence rate of CALMs was mentioned in 
12 studies and 7 of them were more than 10% [18]. Hypo-
pigmentation and hyperpigmentation were mentioned in 
14 studies [14].

The risk of bias assessment results is presented in Fig. 2. 
According to the Cochrane risk of bias tool for rand-
omized trials (RoB2), 2 RCTs were both rated as having 
some concerns only regarding the random sequence gen-
eration and were rated as having some concerns about 
the overall risk of bias [7]. For non-RCTs, the risk of bias 
in non-randomized studies of interventions (ROBINS-I) 
indicated that Kilmer et al. had a critical risk of bias due 
to the serious concerns regarding confounding factors 
and measurement of outcomes [17]. Shimbashi, T. et al. 
and Kim, H. et  al. were rated as having serious risks of 
bias because of confounding factors [22].

Efficacy
Data of 928 patients in 17 studies [15] were extracted to 
pool the clearance rate, and 349 patients from 10 stud-
ies were analyzed for recurrence rate [15]. According to 
the Grading of Recommendations, Assessment, Devel-
opment and Evaluation (GRADE) system, all the results 
are rated as having high or moderate quality (Table  2). 
The percentage of patients whose CALMs clearance rate 
reached 75% was 43.3% (95% CI 31.8–54.7%, I2 = 96%), 
and the percentage of patients whose CALMs clearance 
rate reached 50% was 75% (95% CI 62.2–85.9%, I2 = 89%) 
(Fig. 3).

Subgroup analysis was conducted between the 
Q-switched laser treatment (Fig. 4) and non Q-switched 
treatment group (Fig. 5). Two groups presented compa-
rable efficacy when looking at the patients reaching 75% 
clearance (42.9% with I2 of 95% for Q-switched vs 44.3% 
with I2 of 96% for non Q-switched). But 84.5% of the 
patients receiving the non Q-switched laser presented 
clearance of 50% ~ 75%, which is higher than that of 
Q-switched group (66.3%). Subgroup analysis of different 
wavelengths lasers suggested that, 50.9% (95% CI 26.9–
74.4%, I2 = 90%) of the patients treated with QS-1064-nm 
Nd:YAG laser achieved a 75% clearance rate, which was 
the highest among different wavelengths lasers treatment 
groups (Fig. 6). The 532 nm laser treatment turned out to 
be easier to take effect with 82.7% of the patients could 
present over 50% clearance (95% CI 50–99.5%), I2 = 87%). 
The overall pooled recurrence rate was 13% (95% CI 

3.2–26.5%, I2 = 88%) (Fig. 7). Among different wavelength 
groups, the 1064 nm laser treatment presented the low-
est recurrence rate 1.4%, and 694  nm laser treatment 
resulted in the highest recurrence rate of 60.8%.

Side effects
The pooled hypopigmentation and hyperpigmentation 
rates were 1.2% (95% CI 0.3–2.1%, I2 = 0%) and 1.2% (95% 
CI 0.3–2%, I2 = 0%) respectively, which demonstrated an 
acceptable safety of laser treatment (Figs. 8, 9).

Among different wavelengths lasers, 1064  nm laser 
treatment presented the lowest hypopigmentation 
and hyperpigmentation rate of 0.5% (95% CI 0.0–2.5%, 
I2 = 26%) and 0.4% (95% CI 0.0–2.5%, I2 = 0%).

Sensitivity analysis and publication bias
Funnel plots were made based on a 75% clearance rate, 
50% clearance rate, and the recurrence rate respectively, 
and are shown in Fig. 10. There was no evidence of pub-
lication bias. The result of the sensitivity analysis is pre-
sented in Fig.  11, none of the exclusion of individual 
studies changed the previous meta-analysis result, sug-
gesting that the heterogeneity does not result from a sin-
gle study.

Discussion
The yielded result demonstrated the laser treatment 
without differentiation of wavelengths could reach a sat-
isfactory result with 75% of patients with CALMs pre-
senting a clearance rate of more than 50%. When looking 
at the efficancy between different wavelength subgroups, 
QS-1064-nm Nd:YAG laser exhibited the best treatment 
capability with minimal side effects. However, according 
to the experience of our center, intense pulsed light (IPL) 
treatment sometimes achieves better results than QS-
1064-nm Nd:YAG laser treatment. We, therefore, believe 
that the results of this meta-analysis should be referred 
to with caution and taken into account in conjunction 
with clinical experience. Further clinical studies with 
larger sample sizes are warranted to resolve such disa-
greements. Interestingly, in Yuichi Yoshida study [26], the 
treatment of pigmented lesions with Neurofibromatosis 
Type I (NF1) by intense pulsed-radio frequency (IPL-RF) 
in combination with topical application of vitamin D3 
ointment resulted in moderate to good improvement in 
6 of 8 cases(75%). This study indicates laser irradiation 
in combination with the topical application of ointment 
would be useful as a new modality for refractory CALMs.

This meta-analysis had some limitations, and the 
results should be interpreted with caution. Firstly, the 
heterogeneity of pooling clearance data was high, even 
with the subgroup analysis conducted between differ-
ent wavelength groups, which indicated that not only the 



Page 4 of 18Guo et al. European Journal of Medical Research          (2023) 28:185 

Ta
bl

e 
1 

Ba
se

lin
e 

in
fo

rm
at

io
n 

of
 li

gh
t t

re
at

m
en

ts
 to

 C
A

LM
s

A
ut

ho
rs

St
ud

y 
ty

pe
Le

si
on

s
W

av
e-

le
ng

th
(n

m
)

Pu
ls

e 
du

ra
tio

n
So

pt
 s

iz
e

(m
m

)
Fu

le
nc

e
(J

/c
m

2 )
Se

ss
io

n
In

te
rv

al
(w

ee
k)

Fo
llo

w
-u

p
(m

on
th

)
O

ut
co

m
es

Re
cu

rr
en

ce
 ra

te

Ki
lm

er
 e

t a
l. 

[1
7]

Pr
os

pe
ct

iv
e

7
Q

S‑
53

2
10

 n
s

2
2,

3,
4,

5
1

/
3

14
%

 im
pr

ov
e 

>
 7

5%
, 

57
%

 im
pr

ov
e 
≤

 2
5%

/

Ce
n 

et
 a

l. 
[7

]
Ra

nd
om

iz
ed

 C
lin

ic
al

Tr
ia

ls
41

Q
S‑

53
2

5–
40

 n
s

5–
6

1.
5–

2.
5

1–
3

12
24

VA
S 
=

 2
.6

3 
±

 1
.0

6
46

.0
%

Q
S‑

75
5

70
 n

s
3

6.
0–

8.
0

VA
S 
=

 2
.8

4 
±

 1
.1

1

29
PS

‑7
55

75
0 

ps
2

5.
56

–6
.3

7
VA

S 
=

 2
.7

4 
±

 1
.0

5

Sh
im

ba
sh

i e
t a

l. 
[2

1]
Pr

os
pe

ct
iv

e
12

Q
S‑

69
4

25
 n

s
/

6
1–

6
4–

6
21

30
%

 im
pr

ov
e 

51
–7

5%
, 1

6%
 

im
pr

ov
e 

26
–5

0%
, 

50
%

 im
pr

ov
e 

0–
25

%

0

Sh
im

ba
sh

i a
nd

 
Ko

jim
a 

[2
2]

Pr
os

pe
ct

iv
e

21
69

4
45

0 
μs

/
17

.5
–2

7.
5

2
12

20
24

%
 g

oo
d,

 5
7%

 
fa

ir,
 1

4%
 p

oo
r, 

5%
 

ag
gr

av
at

ed

64
.7

%

G
u 

et
 a

l. 
[9

]
Re

tr
os

pe
ct

iv
e

67
Fr

ac
tio

na
l Q

S‑
69

4
/

7.
1

5.
0–

5.
5

 ≥
 1

3–
4

35
10

0%
 im

pr
ov

e 
≥

 5
0%

0

54
IP

L 
56

0
3–

4 
m

s
15

 ×
 3

5/
 1

5 
× 

8
13

–1
5

 ≥
 1

88
%

 im
pr

ov
e 
≥

 5
0%

W
an

g 
et

 a
l. 

 [2
4]

Pr
os

pe
ct

iv
e

48
Q

S‑
75

5
50

–1
00

 n
s

3
7–

17
1–

10
16

–2
4

39
31

%
 im

pr
ov

e 
>

 7
5%

, 
23

%
 im

pr
ov

e 
51

–7
5%

, 2
9%

 
im

pr
ov

e 
26

–5
0%

, 
17

%
 im

pr
ov

e 
≤

 2
5%

19
.2

%

Zh
an

g 
et

 a
l. 

[2
5]

Pr
os

pe
ct

iv
e

47
1

Q
S‑

75
5

50
–6

0 
ns

3
5–

17
1–

9
12

–1
44

/
29

%
 im

pr
ov

e 
≥

 7
5%

, 
26

%
 im

pr
ov

e 
50

–7
4%

, 2
3%

 
im

pr
ov

e 
25

–4
9%

, 
20

%
 im

pr
ov

e 
<

 2
5%

/

Zh
ua

ng
 e

t a
l. 

[8
]

Ra
nd

om
iz

ed
 C

lin
ic

al
Tr

ia
ls

21
Q

S‑
53

2
/

3
2.

0–
2.

2
3

4
6

5%
 im

pr
ov

e 
>

 9
5%

, 
19

%
 im

pr
ov

e 
75

–9
5%

, 3
3%

 
im

pr
ov

e 
50

–7
5%

, 5
%

 
im

pr
ov

e 
25

–5
0%

, 5
%

 
im

pr
ov

e 
<

 2
5%

16
.7

%

19
Q

S‑
10

64
6

3.
11

–3
.1

8
6

2
32

%
 im

pr
ov

e 
>

 9
5%

, 
11

%
 im

pr
ov

e 
75

–9
5%

, 2
6%

 
im

pr
ov

e 
50

–7
5%

, 
11

%
 im

pr
ov

e 
25

–5
0%

0

Ki
m

 e
t a

l. 
[1

9]
Pr

os
pe

ct
iv

e
4

Q
S‑

10
64

/
7–

7.
5

2.
4–

2.
5

12
–2

4
2

24
25

%
 n

ea
rly

 c
le

an
, 

50
%

 im
pr

ov
e 

m
ar

k‑
ed

ly
, 2

5%
 im

pr
ov

e 
m

od
er

at
el

y

0



Page 5 of 18Guo et al. European Journal of Medical Research          (2023) 28:185  

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
rs

St
ud

y 
ty

pe
Le

si
on

s
W

av
e-

le
ng

th
(n

m
)

Pu
ls

e 
du

ra
tio

n
So

pt
 s

iz
e

(m
m

)
Fu

le
nc

e
(J

/c
m

2 )
Se

ss
io

n
In

te
rv

al
(w

ee
k)

Fo
llo

w
-u

p
(m

on
th

)
O

ut
co

m
es

Re
cu

rr
en

ce
 ra

te

Li
n 

et
 a

l. 
[1

0]
Re

tr
os

pe
ct

iv
e

52
Q

S‑
10

64
/

5
3.

6–
4.

0
1–

5
8

54
10

%
 c

om
pl

et
e,

 2
3%

 
ex

ce
lle

nt
, 2

9%
 g

oo
d,

 
25

%
 fa

ir,
 1

3%
 p

oo
r

0

Ba
ek

 e
t a

l. 
[1

5]
Pr

os
pe

ct
iv

e
35

Q
S‑

10
64

/
7

2.
2–

2.
4

20
–5

0
1

12
69

%
 im

pr
ov

e 
>

 9
5%

, 
26

%
 im

pr
ov

e 
76

–9
5%

, 6
%

 im
pr

ov
e 

51
–7

5%

0

Ku
ng

 e
t a

l. 
[2

0]
Pr

os
pe

ct
iv

e
2

PS
‑5

32
/

3–
6

0.
36

–0
.8

7
3–

5
2–

6
3

50
%

 im
pr

ov
e 

75
–9

4%
, 5

0%
 

im
pr

ov
e 

50
–7

4%

0

A
rt

zi
 e

t a
l. 

[1
1]

Re
tr

os
pe

ct
iv

e 
Ca

se
 

Se
rie

s
16

PS
‑5

32
/

4–
5

0.
8–

1.
6

1–
4

4–
8

9
31

%
 im

pr
ov

e 
>

 9
5%

, 
25

%
 im

pr
ov

e 
75

–9
5%

, 3
8%

 
im

pr
ov

e 
50

–7
5%

,
6%

 im
pr

ov
e 

<
 2

5%

13
.3

%

Fi
tz

pa
tr

ic
k 

et
 a

l. 
[1

6]
Pr

os
pe

ct
iv

e
16

51
0

30
0 

ns
5

1–
4

1–
3

4
6

50
%

 im
pr

ov
e 

10
0%

, 
13

%
 im

pr
ov

e 
75

%
, 

31
%

 im
pr

ov
e 

50
%

, 
6%

 im
pr

ov
e 

25
%

0

So
m

yo
s 

et
 a

l. 
[2

3]
Pr

os
pe

ct
iv

e
16

51
1

20
 n

s
0.

3
7–

22
1–

4
2

22
56

%
 im

pr
ov

e 
90

–1
00

%
, 3

8%
 

im
pr

ov
e 

70
–8

9%
, 6

%
 

im
pr

ov
e 

<
 5

0%

0

Ba
la

ra
m

an
 e

t a
l. 

[1
2]

Re
tr

os
pe

ct
iv

e 
Ca

se
 

Se
rie

s
4

15
50

/
15

6–
70

 m
J

4–
7

4–
8

/
50

%
 

im
pr

ov
ed

 >
 7

5%
,

25
%

 im
pr

ov
ed

 
50

–7
5%

, 2
5%

 
im

pr
ov

ed
 <

 2
5%

/

Ki
m

 e
t a

l. 
[1

8]
Pr

os
pe

ct
iv

e
6

Q
S‑

10
64

/
2.

6
1–

1.
2

3
4

6
66

.7
%

 
im

pr
ov

e 
>

 9
5%

, 
16

.7
%

 im
pr

ov
e 

75
–9

5%
, 1

6.
7%

 
im

pr
ov

e 
50

–7
5%

16
.7

%

6
Q

S‑
53

2
/

7
2.

6–
3

6
2

6
16

.7
%

 
im

pr
ov

e 
>

 9
5%

, 
16

.7
%

 im
pr

ov
e 

75
–9

5%
, 3

3.
4%

 
im

pr
ov

e 
50

–7
5%

, 
33

.4
%

 im
pr

ov
e 

25
–5

0%

33
.4

%

A
ls

te
r [

14
]

Pr
os

pe
ct

iv
e

34
51

0
30

0 
ns

5
2.

0–
4.

0
6–

8
4–

14
12

In
di

st
in

gu
is

ha
bl

e
0



Page 6 of 18Guo et al. European Journal of Medical Research          (2023) 28:185 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
ut

ho
rs

St
ud

y 
ty

pe
Le

si
on

s
W

av
e-

le
ng

th
(n

m
)

Pu
ls

e 
du

ra
tio

n
So

pt
 s

iz
e

(m
m

)
Fu

le
nc

e
(J

/c
m

2 )
Se

ss
io

n
In

te
rv

al
(w

ee
k)

Fo
llo

w
-u

p
(m

on
th

)
O

ut
co

m
es

Re
cu

rr
en

ce
 ra

te

Be
lk

in
 e

t a
l. 

[1
3]

Re
tr

os
pe

ct
iv

e 
Ca

se
 

Se
rie

s
43

Q
S‑

10
64

/ 
Q

S‑
75

5/
 

Q
S‑

53
2

/
/

/
/

/
/

VA
S 
=

 2
.8

6
/

4
PS

‑7
55

/
/

/
/

/
/



Page 7 of 18Guo et al. European Journal of Medical Research          (2023) 28:185  

Fig. 2 Results of the risk of bias assessment using RoB2 and ROBINS‑I. a Bar chart overview and per‑study risk of bias rating for RCT studies. b Bar 
chart overview and per‑study risk of bias rating for observational studies
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Table 2 GRADE table for this meta‑analysis

Outcome No. of studies 
(patients)

Risk of bias Inconsistency Indirectness Imprecision Publication bias Quality of 
evidence

75% Clearance‑
overall

17 (928) Not serious 
(23.5% had a 
high risk of bias)

Serious (high 
heterogeneity 
I2 = 96%)

Not serious Not serious (95% 
CI 0.318–0.547)

Not serious (no 
evidence)

Moderate

75% Clearance‑Q 11 (817) Not serious 
(27.3% had a 
high risk of bias)

Serious (high 
heterogeneity 
I2 = 95%)

Not serious Not serious (95% 
CI 0.299–0.559)

Not serious (no 
evidence)

Moderate

75% Clearance‑
NQ

8 (111) Not serious 
(12.5% had a 
high risk of bias)

Serious (high 
heterogeneity 
I2 = 96%)

Not serious Not serious (95% 
CI 0.209–0.677)

Not serious (no 
evidence)

Moderate

75% Clear‑
ance‑1064

5 (155) Not serious (20% 
had a high risk of 
bias)

Serious (high 
heterogeneity 
I2 = 90%)

Not serious Not serious (95% 
CI 0.269–0.747)

Not serious (no 
evidence)

Moderate

75% Clear‑
ance‑755

3 (589) Not serious (0.0% 
had a high risk of 
bias)

Serious (high 
heterogeneity 
I2 = 77%)

Not serious Not serious (95% 
CI 0.272–0.505)

Not serious (no 
evidence)

Moderate

75% Clear‑
ance‑694

3 (48) Serious (66.6% 
had a high risk of 
bias)

Serious (high 
heterogeneity 
I2 = 96%)

Not serious Not serious (95% 
CI 0–0.775)

Not serious (no 
evidence)

Moderate

75% Clear‑
ance‑532

6 (92) Not serious 
(16.7% had a 
high risk of bias)

Not serious (low 
heterogeneity 
I2 = 38%)

Not serious Not serious (95% 
CI 0.271–0.466)

Not serious (no 
evidence)

High

50% Clearance‑
overall

17 (928) Not serious 
(23.5% had high 
risk of bias)

Serious (high 
heterogeneity 
I2 = 89%)

Not serious Not serious (95% 
CI 0.622–0.859)

Not serious (no 
evidence)

Moderate

50% Clearance‑Q 11 (817) Not serious 
(27.3% had a 
high risk of bias)

Serious (high 
heterogeneity 
I2 = 96%)

Not serious Not serious (95% 
CI 0.542–0.784)

Not serious (no 
evidence)

Moderate

50% Clearance‑
NQ

8 (111) Not serious 
(12.5% had a 
high risk of bias)

Serious (high 
heterogeneity 
I2 = 87%)

Not serious Not serious (95% 
CI 0.625–0.977)

Not serious (no 
evidence)

Moderate

50% Clear‑
ance‑1064

5 (155) Not serious (20% 
had a high risk of 
bias)

Serious (high 
heterogeneity 
I2 = 88%)

Not serious Not serious (95% 
CI 0.583–0.937)

Not serious (no 
evidence)

Moderate

50% Clear‑
ance‑755

3 (589) Not serious (0% 
had a high risk of 
bias)

Serious (high 
heterogeneity 
I2 = 83%)

Not serious Not serious (95% 
CI 0.389–0.714)

Not serious (no 
evidence)

Moderate

50% Clear‑
ance‑694

3 (48) Serious (66.6% 
had a high risk of 
bias)

Serious (high 
heterogeneity 
I2 = 97%)

Not serious Not serious (95% 
CI 0.052–1.000)

Not serious (no 
evidence)

Moderate

50% Clear‑
ance‑532

6 (92) Not serious 
(16.7% had a 
high risk of bias)

Serious (high 
heterogeneity 
I2 = 87%)

Not serious Not serious (95% 
CI 0.500–0.995)

Not serious (no 
evidence)

Moderate

Recurrence‑
overall

10 (349) Not serious 
(30.0% had a 
high risk of bias)

Serious (high 
heterogeneity 
I2 = 88%)

Not serious Not serious (95% 
CI 0.032–0.265)

Not serious (no 
evidence)

Moderate

Recurrence‑1064 5 (155) Not serious 
(20.0% had a 
high risk of bias)

Serious (high 
heterogeneity 
I2 = 72%)

Not serious Not serious (95% 
CI 0–0.102)

Not serious (no 
evidence)

Moderate

Recurrence‑755 2 (89) Not serious (0.0% 
had a high risk of 
bias)

Serious (high 
heterogeneity 
I2 = 93%)

Not serious Not serious (95% 
CI 0.011–0.660)

Not serious (no 
evidence)

Moderate

Recurrence‑694 2 (33) Serious (100.0% 
had a high risk of 
bias)

Not serious (low 
heterogeneity 
I2 = 0%)

Not serious Not serious (95% 
CI 0.430–0.774)

Not serious (no 
evidence)

Moderate

Recurrence‑532 3 (42) Not serious (0.0% 
had a high risk of 
bias)

Not serious (low 
heterogeneity 
I2 = 0%)

Not serious Not serious (95% 
CI 0.033–0.260)

Not serious (no 
evidence)

High
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wavelength of lasers affected treatment effects but also 
many other factors influence the therapeutic efficacy. 
One one hand, the efficacy of laser treatment is signifi-
cantly dependent on the customization of the treatment 
protocol for each individual, which is based on the expert 
experience and judgment of the dermatologist rather 
than a standardized criterion. However, the diversity and 
heterogeneity of reported treatment parameters, includ-
ing energy, spot size, treatment sessions, and interval 
time, have made it challenging to perform a thorough 
sub-group analysis. According to our clinical practice, 
low fluence, optimal spot size and optimal interval time 
laser treatment will achieve better treatment results 
and minimize side effects. Specifically, the low-fluence 
(LF) QS-1064-nm Nd:YAG laser treatment which had 
a controlled energy of 1.6–3.5 J/cm2, a large spot size of 
6–8 mm with multiple-passed could reach the laser ton-
ing function [27] and avoided serious epidermal damage 

and adverse effects like hypopigmentation [30]. In Beak’s 
clinical trials [15], compared to other QS-1064 nm clini-
cal trials, he selected a relatively medium spot size of 
7  mm, lower fluence of 2.2–2.4  J/cm2, quite long treat-
ment sessions of 20–50  weeks, and relatively shorter 
interval of 1 week. 69% of patients in his study improved 
by > 95%, 26% improved by 76–95%, and 6% improved by 
51–75%, which were much better than other clinical tri-
als’ results [18]. On the other hand, the intrinsic proper-
ties of CALMs, including their shape, size, location, color, 
and distribution, are believed to impact the effective-
ness of treatment, thereby presenting a potential source 
of heterogeneity in results. While the shape of CALMs 
has been established as a crucial determinant of thera-
peutic outcomes, as evidenced by previous studies [18]. 
Specifically, CALMs with irregular margins (resembling 
the coast of Maine) have demonstrated better treatment 
response compared to those with clearly defined borders 

Table 2 (continued)

Outcome No. of studies 
(patients)

Risk of bias Inconsistency Indirectness Imprecision Publication bias Quality of 
evidence

Hypopigmenta‑
tion‑overall

14 (951) Not serious 
(14.3% had a 
high risk of bias)

Not serious (low 
heterogeneity 
I2 = 0%)

Not serious Not serious (95% 
CI 0.004–0.020)

Not serious (no 
evidence)

High

Hypopigmenta‑
tion‑1064

5 (155) Not serious 
(20.0% had a 
high risk of bias)

Not serious (low 
heterogeneity 
I2 = 26%)

Not serious Not serious (95% 
CI 0.000–0.025)

Not serious (no 
evidence)

High

Hypopigmenta‑
tion‑755

4 (634) Not serious (0.0% 
had a high risk of 
bias)

Not serious (low 
heterogeneity 
I2 = 16%)

Not serious Not serious (95% 
CI 0.003–0.025)

Not serious (no 
evidence)

High

Hypopigmenta‑
tion–532

3 (68) Not serious (0.0% 
had a high risk of 
bias)

Not serious (low 
heterogeneity 
I2 = 25%)

Not serious Not serious (95% 
CI 0.000–0.075)

Not serious (no 
evidence)

High

Hyperpigmenta‑
tion‑overall

14 (951) Not serious 
(14.3% had a 
high risk of bias)

Not serious (low 
heterogeneity 
I2 = 0%)

Not serious Not serious (95% 
CI 0.003–0.020)

Not serious (no 
evidence)

High

Hyperpigmenta‑
tion‑1064

5 (155) Not serious 
(20.0% had a 
high risk of bias)

Not serious (low 
heterogeneity 
I2 = 0%)

Not serious Not serious (95% 
CI 0.000–0.025)

Not serious (no 
evidence)

High

Hyperpigmenta‑
tion‑755

4 (634) Not serious (0.0% 
had a high risk of 
bias)

Not serious (low 
heterogeneity 
I2 = 0%)

Not serious Not serious (95% 
CI 0.002–0.022)

Not serious (no 
evidence)

High

Hyperpigmenta‑
tion–532

3 (68) Not serious (0.0% 
had a high risk of 
bias)

Not serious (low 
heterogeneity 
I2 = 32%)

Not serious Not serious (95% 
CI 0.000–0.039)

Not serious (no 
evidence)

High

75% Clearance-Q, the ratio of 75% clearance rate by Q-switch laser treatment; 75% Clearance-NQ, the ratio of 75% clearance rate by non-Q-switch laser treatment; 
75% Clearance-1064, the ratio of 75% clearance rate by 1064 nm laser treatment; 75% Clearance-755, the ratio of 75% clearance rate by 755 nm laser treatment; 
75% Clearance-694, the ratio of 75% clearance rate by 694 nm laser treatment; 75% Clearance-532, the ratio of 75% clearance rate by 532 nm laser treatment; 
50% Clearance-Q, the ratio of 50% clearance rate by Q-switch laser treatment; 50% Clearance-NQ, the ratio of 50% clearance rate by non-Q-switch laser treatment; 
50% Clearance-1064, the ratio of 50% clearance rate by 1064 nm laser treatment; 50% Clearance-755, the ratio of 50% clearance rate by 755 nm laser treatment; 
50% Clearance-694, the ratio of 50% clearance rate by 694 nm laser treatment; 50% Clearance-532, the ratio of 50% clearance rate by 532 nm laser treatment; 
Recurrence-1064, the recurrence rate of 1064 nm laser treatment; Recurrence-755, the recurrence rate of 755 nm laser treatment; Recurrence-694, the recurrence 
rate of 694 nm laser treatment; Recurrence-532, the recurrence rate of 532 nm laser treatment; Hypopigmentation-1064, the occurrence rate of hypopigmentation 
in 1064 nm treatment group; Hypopigmentation-755, the occurrence rate of hypopigmentation in 755 nm treatment group; Hypopigmentation-532, the occurrence 
rate of hypopigmentation in 532 nm treatment group; Hyperpigmentation-1064, the occurrence rate of hyperpigmentation in 1064 nm treatment group; 
Hyperpigmentation-755, the occurrence rate of hyperpigmentation in 755 nm treatment group; Hypoerpigmentation-532, the occurrence rate of hyperpigmentation 
in 532 nm treatment group
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(resembling the coast of California) [8]. Nonetheless, the 
limited availability of initial data linking intrinsic features 
of CALMs with treatment outcomes precludes a sub-
group analysis of their influence on treatment efficacy 
[18]. Several studies have suggested that smaller CALMs 
exhibit superior therapeutic responses compared to 
larger lesions [8]. However, the results have not achieved 
statistical significance in some investigations [15]. Simi-
larly, while some studies have linked the brown color of 
CALMs to better treatment outcomes [8], others failed 

to establish any significant correlation [7]. Facial lesions 
have also been shown to exhibit better responses to treat-
ment than those found in other areas of the body [18], 
although these results were also controversy [15]. It is 
also worth noting that the subjective visual evaluation of 
CALMs by different dermatologists may affect the assess-
ment of therapeutic efficacy.

Secondly, the sample sizes of the included studies 
were too small to be divided into different age groups. 
Given that children had relatively thin skin and lightly 

Fig. 3 Forest plots for the clearance rate. a Clearance rate over 75%;b clearance rate over 50%



Page 11 of 18Guo et al. European Journal of Medical Research          (2023) 28:185  

colored lesions which may result in better treatment 
efficacy, further studies with patient-level data could 
enable more accurate analysis results. Thirdly, the pain 
was a relatively subjective side effect that was qualita-
tively but not quantitatively evaluated in resource data, 
so it was not included in the analysis.

In conclusion, the current systematic review and 
meta-analysis demonstrated the efficacy and side 
effects of laser treatment for patients with CLAMs. 
Among all wavelength lasers, QS-1064-nm Nd:YAG 
laser treatment resulted in the best clearance rate and 
the lowest recurrence, hypopigmentation, and hyper-
pigmentation rate while compared to other wavelength 
laser treatments. Further large-scale, randomized con-
trolled trials are needed to confirm our current results.

Materials and methods
The current meta-analysis was performed according to 
the recommendations of the latest “Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses” 
(PRISMA 2020) [32]. And it was registered in the “Inter-
national Prospective Register of Systematic Reviews” 
(PROSPERO) in 2022 (ID: CRD42022339049) and the 
detailed prespecified protocol is available upon request.

Systematic literature search
We conducted a systematic literature search of three 
primary databases, including MEDLINE, Embase, and 
Web of Science to retrieve the articles published from 
the respective database initiation until April 11 2023. The 
exemplary search strategies were presented in supple-
ment 1. Articles were included only if they were human 
studies published in English with full-text descriptions. 
Additionally, reference lists from retrieved articles were 

Fig. 4 Forest plots for the clearance rate of Q‑switch laser treatment. a Clearance rate over 75%; b clearance rate over 50%
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examined to identify relevant studies. Two independent 
reviewers determined the final inclusion of articles; when 
this failed, any disagreement was resolved by discussion.

Inclusion criteria and exclusion criteria
Two reviewers screened and identified the search 
findings for potentially eligible studies. The inclusion 

criteria were as follows: (1) patients diagnosed with 
CALMs; (2) clear documentation of the interven-
tion; (3) original articles reporting data on the clinical 
response or occurrence of adverse events in laser treat-
ment; (4) studies reported in the English language; (5) 
When multiple studies were published by the same 

Fig. 5 Forest plots for the clearance rate of Non‑Q‑switch laser treatment. a Clearance rate over 75%; b clearance rate over 50%

Fig. 6 Forest plots for the clearance rate of 50% and 75% between wavelength groups. a 1064 nm laser treatment; b 532 nm laser treatment; c 
755 nm laser treatment; d 694 nm laser treatment
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institution or authors, either the higher-quality study or 
the most recent publication was included.

Following studies were excluded:(1) abstracts, let-
ters, expert opinions, and reviews; (2) studies with no 

reported outcomes of interest; (3) studies with insuf-
ficient data to extract; (4) data on pigmented lesions 
other than CALMs; (5) studies that report treatment 
response using the mean score of the degree of subject 

Fig. 7 Forest plots for the recurrence rate. a Total recurrence rate; b 1064 nm laser treatment; c 532 nm laser treatment; d 755 nm laser treatment; e 
694 nm laser treatment
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improvement rather than the specific number of sub-
jects who achieved different degrees of improvement.

Two independent reviewers determined the final 
inclusion of articles; a third author adjudicated when 
this failed.

Outcomes measured
The clinical response and recurrence and the occur-
rence of any types of adverse events were pooled and 
measured to evaluate the efficacy and safety of laser 
therapy. To measure the clinical response, the number 

Fig. 8 Forest plots for the hypopigmentation. a Total hypopigmentation; b 1064 nm laser treatment; c 755 nm laser treatment; d 532 nm laser 
treatment
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of subjects reaching excellent (75% ~ clearance) and 
good (50–75% clearance) improvement were extracted 
from original studies. Adverse events of our interests 
include hypopigmentation and hyperpigmentation. 

The data on adverse events were extracted from sub-
jects of any reported pigmented epidermal lesions 
undergone laser therapy rather than restricted to 
CALMs.

Fig. 9 Forest plots for the hyperpigmentation. a Total hyperpigmentation; b 1064 nm laser treatment; c 755 nm laser treatment; d 532 nm laser 
treatment
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Data extraction and quality assessment
One independent reviewer (D. W.) extracted the data 
using standardized forms and another reviewer checked 
the collected data. Any disagreements were resolved 
by discussion. The recorded data from the selected 
study included: (1) study characteristics (author, year 
of publication, institution, study design); (2) patient 
characteristics (patient number, age, gender, inclusion 
criteria, Fitzpatrick skin type, type of pigmented epider-
mal lesions, lesion location); (3) treatment protocol (type 
of lasers, treatment sessions, intervals, fluence); (4) clini-
cal response; (5) type and occurrence of adverse events 
(AEs).

We assessed the risk of bias in RCTs using the revised 
RoB2 [33]. For non-randomized observational studies, 
the ROBINS-I tool was used to assess the risk of bias 
[34]. Two reviewers conducted the assessments indepen-
dently (D.W. and ZZ.G.). Disagreements were resolved by 
recruiting a third author to attain consensus.

The overall quality of evidence for each outcome 
across the included studies was assessed using the 
GRADE system [35]. In this system, the quality of evi-
dence was initially evaluated as “high”. After which, the 

quality may downgrade to moderate, low, or very low 
based on the criteria including risks of bias, inconsist-
encies, indirectness, imprecision, and publication bias 
[36].

Statistical analysis
R version 4.2.0 and the R package ‘meta’ were used for 
performing the meta-analysis and generating the for-
est plots (R Foundation for Statistical Computing) [37]. 
Rates of patients reaching two cut-off treatment results, 
namely, 50% clearance and 75% clearance with a corre-
sponding 95% confidence interval (CI) were calculated to 
perform the treatment efficacy. The pooled effects were 
calculated using both common-or random-effects mod-
els. Heterogeneity was evaluated by  I2 with p < 0.1 taken 
as significant [38]. If the test yielded an I2 value > 50%, 
the random-effects analysis should be adopted. Sensitiv-
ity analyses were also performed by excluding individual 
studies from the data set to analyze their relative effects 
on the overall pooled estimates. Funnel plots were con-
structed to evaluate the potential publication bias.

Fig. 10 Funnel plots for publication bias based on a 75% clearance rate; b 50% clearance rate; c recurrence rate
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