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Abstract

It has been recently established that laser treatment can be combined with topical or intralesional medications to enhance
the delivery of drugs and improve overall results in a variety of different dermatological disorders. The aim of this review is
to evaluate the use of laser and energy-assisted drug delivery (LEADD) for the treatment of alopecia with a specific focus
on ablative fractional lasers (AFL), non-ablative fractional lasers (NAFL), and radiofrequency microneedling (RFMN). A
comprehensive PubMed search was performed in December 2022 for “laser-assisted drug delivery” as well as “laser”” and
“alopecia.” The evidence regarding LEADD for alopecia treatment is limited to two specific alopecia subtypes: alopecia
areata (AA) and androgenetic alopecia (AGA)/pattern hair loss (PHL). LEADD with minoxidil and platelet-rich plasma
(PRP) were evaluated for efficacy in both treatments of AA and AGA. LEADD with topical corticosteroids and intralesional
methotrexate were studied for the treatment of AA, while LEADD with growth factors and stem cells were studied for the
treatment of AGA. Multiple RCTs evaluated LEADD for topical corticosteroids with ablative fractional lasers for the treat-
ment of AA. There is evidence in the literature that supports the use of topical minoxidil in combination with all devices
for the treatment of AGA/PHL. All the reviewed studies show a positive treatment effect with LADD; however, some trials
did not find LEADD to be superior to monotherapy or microneedling-assisted drug delivery. LEADD is a rapidly emerging
treatment modality for the treatment of AGA and AA.

Keywords Laser - Energy-based devices - Ablative laser - Non-ablative laser - Radiofrequency microneedling - Alopecia -
Androgenetic alopecia - Alopecia areata - Minoxidil - Triamcinolone - Patterned hair loss

Introduction

It has been recently established that laser treatment can
be combined with topical or intralesional medications to
enhance the delivery of drugs and improve overall results
in a variety of different dermatological disorders [1]. This
treatment is often referred to as laser-assisted drug delivery
(LADD). However, there are other devices that can be used
to enhance drug delivery like radiofrequency microneedling
(RFMN). We propose a new term—Iaser and energy-assisted
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drug delivery (LEADD)—to include other forms of energy-
based devices not included in LADD.

There are many types of alopecia with different treatment
algorithms, but most rely on topical medications to the scalp.
These topical medications such as topical minoxidil and tri-
amcinolone acetonide (TAC) have been used with laser and
energy-based devices for LEADD treatment for alopecia.
The aim of this review is to evaluate the use of LEADD for
the treatment of alopecia with a specific focus on ablative
fractional lasers (AFL), non-ablative lasers (NAFL), and
RFMN.

Methods

A comprehensive PubMed search was performed in Decem-
ber 2022 for “laser-assisted drug delivery” as well as “laser”
and “alopecia.” Articles were then screened for eligibility
with the inclusion criteria as the article focused on LEADD
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for alopecia treatment, focused on human subjects, and was
in English. The results were further refined to only include
articles involving AFLs, NAFLs, and RFEMN. Review arti-
cles were excluded. Ultimately, 18 articles were included
in this review spanning from 2018 to 2022. Articles were
evaluated for laser type and setting, drug, study design,
selected outcomes, and study type. Randomized controlled
trials (RCTs) were assessed for quality by the Jadad scale
which is a five-point scale that addresses randomization (2
points), blinding (2 points), and accounting for all subjects
including dropouts (1 point) [2].

Results

Currently, the evidence regarding LEADD for alopecia treat-
ment is limited to two specific alopecia subtypes: alopecia
areata (AA) and androgenetic alopecia (AGA)/pattern hair
loss (PHL) (Table 1).

Minoxidil

Minoxidil is a mainstay topical therapy for AGA. Several stud-
ies investigated the efficacy of topical minoxidil as a LEADD
treatment. A split-scalp RCT examined monthly RFMN
with twice daily topical 5% minoxidil vs. topical minoxidil
only for PHL. The study found a significant increase in hair
count (p <0.01) and hair thickness (p =0.02) in the LEADD
side after 5 months [6]. Another split-scalp RCT examined
LEAAD using bimonthly NAFL laser with twice daily topi-
cal 5% minoxidil vs. topical minoxidil alone for AGA. This
study found increased hair density and hair diameter in the
LEADD group compared to monotherapy (p =0.001) [5]. An
open-labeled non-randomized clinical study examined the
use of AFL (CO,) for AGA with a laser only group receiv-
ing treatment every 2 weeks, a twice daily topical minoxidil
group, and a combination group receiving the topical and
laser treatments. After treatment, hair thickness increased sig-
nificantly only in the LEADD (p=0.001) and the laser only
group (p=0.001), while hair count increased significantly in
all groups: LEADD group (p=0.001), laser group (p=0.005),
and minoxidil group (p=0.007) [4]. All groups saw signifi-
cant improvement in the LEADD group; however, different
laser and energy devices were used, making it difficult to draw
larger conclusions on the best device type for LEADD with
topical minoxidil for AGA/PHL.

While topical minoxidil is not traditionally used for
the treatment of AA, one case series examined the use of
LEADD with bimonthly NAFL and twice daily topical
minoxidil 5% for 8 patients. Hair regrowth of greater than
50% of lesions was seen in five patients with one patient
seeing no hair regrowth [3].

@ Springer

Platelet rich plasma

A RCT with three groups—LEADD with monthly NAFL,
followed by intralesional PRP, monthly NADL only, and
intralesional PRP only—found no significant differ-
ences between groups with some improvements in 80%
of LEADD group, 65% of laser group, and 70% of PRP
group [7]. A pilot study examining LEADD with AFL
(CO,), followed by intralesional PRP for AGA tested low
vs. high pulse settings with the high pulse group showing
significantly increased mean total hair density compared
to low pulse group (p =0.023) [9]. A retrospective study
of patients treated with NAFL (Er:YAG) monotherapy
or in combination with PRP at every other session. This
study did not find a significant difference between groups,
and all showed improvement; however, most patients were
also on topical minoxidil and oral cosmeceuticals [8].
LEADD with PRP for AGA is an emerging therapy with
currently limited evidence on whether it is superior to
monotherapy.

Topical corticosteroids

Topical and intralesional corticosteroids are used to treat
AA but can be combined with laser or energy devices for
combination therapy. A RCT assigned patients to monthly
microneedling or AFL (CO,), both followed by applica-
tion of triamcinolone acetonide (TAC) for six sessions
or resolution of lesions. Both groups had a statistically
significant reduction in severity of alopecia Tool (SALT)
score (p <0.001) with a significant difference between
groups favoring the microneedling group (p =0.013) [14].
Another comparative study for treatment resistant AA
compared microneedling or AFL (CO,), both followed
by application of triamcinolone acetonide (TAC). Both
groups had significant improvement at each follow-up
with the only significant difference between groups being
the presence of black dot dermoscopy sign which was
more present in the laser group (46.7 vs. 13.3%) [13]. Two
small case series of LEADD with TAC for AA using AFL
(CO,), and RFMN saw positive results [11, 12].

One RCT directly compared microneedling-assisted
drug delivery and LEADD using PRP and TAC. The sixty-
person study randomized participants to four groups: AFL
(CO,) and TAC, microneedling and TAC, AFL (CO,) and
PRP, and microneedling and PRP. Each group had treat-
ments every 3 weeks for four treatments. All treatment
groups showed improvement; however, regrowth scales
showed microneedling to be more effective than laser for
drug delivery (p =0.023) with TAC working better than
PRP (p=0.015) [10]. LEADD with TAC is an effective
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treatment for AA, but it may not be superior to micronee-
dling-assisted drug delivery.

Other topical corticosteroids have been used for
LEADD in AA. A trial comparing AFL (Er:YAG) fol-
lowed by clobetasol and topical clobetasol alone found sig-
nificant improvement in SALT score in both groups with
the combination therapy showing a greater effect [15].
Another study using betamethasone compared LEADD
using AFL (CO,) with betamethasone, AFL (CO,) alone,
and betamethasone alone. All groups showed statistically
significant decrease in SALT score after treatment (all
p=0.005) with LEADD group and laser group reducing
SALT compared to topical group (LEADD: p=0.003;
laser p=0.002) [16].

Other topicals: growth factors and methotrexate

A split-scalp RCT for AGA had one half of the scalp
treated with AFL (CO,) with growth factors (GFs) applied
to the full scalp every 2 weeks for 6 weeks. Mean hair den-
sity was significantly increased in both groups (p <0.001)
with a significant difference between groups favoring the
LEADD group (p=0.003) [18]. A similar split-scalp study
for PHL performed weekly full-scalp NAFL (Thulium),
followed by application of GFs to one half of the scalp.
Both groups showed significantly increased hair counts
(LEADD p=0.001; laser p <0.001) at 1 month post-final
treatment session [19].

A split-scalp study for AGA investigated adipocyte-
derived mesenchymal stem cell-conditioned media
(ADSC-CM). The full scalp was treated with NAFL
(Er:Glass) once followed by ADSC-CM to one half and
placebo solution to the other. This study provided with an
at-home microneedling device that participants used to the
full scalp once a week along with weekly topical treatment
application. The ADSC-CM group had significantly higher
final densities compared to placebo (p <0.05) [20]. The at-
home microneedling device likely contributed more than
the sole laser session in this study.

A case series of two patients with AA found a good
response after treatment with AFL (CO,) and intralesional
methotrexate (MTX). The first case saw regrowth of white
hairs at 16 weeks after sessions of AFL followed by MTX
every 2 weeks along with a pulse treatment of dexametha-
sone. The second case after failed therapy received AFL
followed by MTX every 20 days along with 3-day pred-
nisone treatment with complete response by week 22 [17].
While this case report provides limited evidence to the
efficacy of AFL with MTX, it explores a new treatment
option for patients who have failed intralesional and sys-
temic corticosteroids.

Discussion

LEADD for alopecia is an emerging field as 50% of the
studies reviewed were published in 2022 reflecting a rap-
idly growing interest in treating alopecia with LEADD
techniques. These studies only focus on treatment for AGA
and AA with room for expansion into other types of alo-
pecias in the future. All the studies noted in this review
saw a positive treatment effect for the LEADD groups. The
strongest evidence for LEADD in alopecia is for the use of
AFL with topical corticosteroids. Minoxidil was combined
with all devices, AFL, NAFL, and RFNM for a positive
effect. The results were mixed on whether LEADD is supe-
rior to monotherapy or microneedling. Two of the RCTs
for AGA comparing LEADD to microneedling-assisted
drug delivery found the microneedling to be the superior
treatment modality [10, 14]. Larger studies with different
drugs are needed to directly compare treatment methods,
various settings and depths of devices for treatment of
the scalp.

Many articles compared the LEADD treatment to topi-
cal therapy only; however, three articles directly compared
LEADD to device alone. All three studies did not find
any difference between LEADD treatment and laser only.
These studies investigated AFL and topical minoxidil 5%
for AGA, NAFL, and injected PRP for AGA, and AFL and
betamethasone for AA [4, 7, 16]. This may indicate that
laser monotherapy may be an effective treatment for hair
growth, as all studies showed improvement in alopecia.

It is important to note that the topical minoxidil studies
may not be a true LEADD effect, as most studies had the
participants continue to apply the minoxidil twice daily for
the duration of the study. LADD works through fractional
photothermolysis via a variety of mechanisms including
dermal remodeling [21]. When using AFLs, channels are
created within the skin to drive the drug delivery deeper;
however, these channels close as reepithelization occurs
which occurs up to 48 h after the AFL treatment [22, 23].
In these studies, the LEADD that occurs immediately post-
treatment is synergistic with the daily application of the
topical drug. This is relevant to clinical practice as patients
with AGA participating in LEADD treatments should con-
tinue their topical regimens to achieve maximal results.

The LEADD was relatively well-tolerated in all studies
with most studies reporting transient side effects related
to laser procedures most commonly pain and erythema.

There is a lack of large, high-quality RCTs relating to
LEADD treatment of alopecia which is evident by the low
Jadad scores ascribed to most of the RCTs evaluated. It is
difficult to conduct double-blinded studies, as it would be
challenging to use a sham laser device. Only one of the
articles utilized a topical placebo.

@ Springer
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Conclusion

LEADD is a rapidly emerging treatment modality for the
treatment of AGA and AA. Traditional drug modalities can
be combined with laser treatments for an augmented effect.
Larger, well-designed studies are needed to draw more defin-
itive conclusions.
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