
Opportunities for laser-assisted drug delivery  
in the treatment of cutaneous disorders
Emily Wenande, MD; Andrés Már Erlendsson, MD, PhD; and Merete Haedersdal, MD, PhD, DMSc

T opical therapies form the cornerstone of dermatological treat-
ment. Therapeutic efficacy hinges not only on pharmacologi-
cal potency, but also penetrative ability through the different 

skin layers. To reach their target, topical medications must thus 
diffuse down concentration gradients via intercellular, transcellu-
lar, or appendageal pathways. In general, the major rate-limiting 
step in this process is passage through the epidermis’ outermost 
layer, the stratum corneum (SC). Comprising a “brick and mortar-
like” structure of densely packed corneocytes within a hydropho-
bic lipid-enriched extracellular matrix, the SC not only provides 

the primary defense against external insult, but also constitutes an 
exceedingly effective barrier to drug delivery.2 As a result, topical 
agents generally demonstrate poor absorption, with only 1% to 5% 
of an applied dose penetrating into intact skin.3

Drug properties and the stratum corneum
While the SC is relatively permeable to low molecular weight 
(<500 Da), hydrophobic and uncharged compounds, drugs that 
are hydrophilic, charged, or of higher molecular weight (>500 
Da) only sparingly penetrate the skin barrier.4,5 Depending on 
their physicochemical properties therefore, many topical medica-
tions are restricted in their ability to reach their intended target 
at therapeutic levels. In consequence, the development of delivery 
methods to increase cutaneous as well as transdermal drug uptake 
remains an area of continued research. 

Chemical drug-delivery techniques
Topical drug-delivery strategies that disrupt or interact with the 
skin barrier are broadly divided into biochemical and physical 
techniques.4,5 Mechanisms of chemical modulation are numer-
ous and range from disruption of cutaneous intercellular lipid 
or protein organization, displacement of skin-bound water, 
loosening of corneocytes and SC delamination, to increased 
drug solubility/partitioning into SC, and keratin denaturation. 
These effects can be achieved using various strategies, includ-
ing penetration enhancers, supersaturated systems, prodrugs, 
liposomes, nanoparticles, and other carrier systems.6-8 Though 
long established, chemical biomodulation is, however, not with-
out limitations. Few chemical enhancers possess the ideal dual 
properties of efficacy and tolerability, and compared with physi-
cal enhancement techniques, chemical drug delivery shows lim-
ited success in increasing skin penetration of high molecular  
weight molecules.9	

Physical drug-delivery techniques 
In order to enhance local or transdermal uptake of topically applied 
drugs using physical delivery techniques, an external energy is ap-
plied to disrupt the skin barrier. Thus far, a multitude of approaches 
have been introduced, including iontophoresis, electroporation, 
curettage, microdermabrasion, microneedles, pressure waves, so-
nophoresis, radiofrequency, and lasers (Table). In contrast to the 
aforementioned chemical enhancement techniques, compounds 
successfully delivered using physical modalities range from small 
topical drugs (eg, aminolevulinic acid [ALA]22,25,42) to large sys-
temic macromolecules (eg, human growth hormone [hGH]27,46,47 
and stem cells48). Though most evidence remains experimental 
with results primarily derived from in vitro settings, lasers in par-
ticular are gaining clinical impact as a promising new means of 
drug delivery into the skin. 

■ Abstract
Fractional laser-assisted drug delivery (LADD) is increas-
ingly finding its way into clinical practice as a new means 
to enhance topical drug uptake and improve treatment 
of cutaneous disorders. To date, LADD has been used for a 
wide range of conditions, including photodamaged skin, 
neoplastic lesions, scars, cutaneous infections, and vitiligo 
as well as for topical anesthetic and aesthetic procedures. 
Substantiated by randomized controlled clinical trials, 
strong evidence is available for LADD’s usefulness for pho-
todynamic therapy (PDT), for which improved efficacy us-
ing laser-assisted photosensitizer treatment is established 
for actinic keratosis compared with conventional PDT. Over 
time, the modality has undergone increasing refinement 
and offers the potential advantages of reduced treatment 
durations, shortened incubation times, and the replace-
ment of cumbersome, patient-dependent treatment 
regimens with quick, in-office procedures. Notwithstanding, 
LADD is still a new enhancement technique, and risks of 
both local and systemic adverse events are insufficiently 
explored. With conscientious development, however, LADD 
promises to improve existing regimens and make new 
pharmacological treatments a reality for a wide range of 
cutaneous disorders. 
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■ TABLE  Different types of physical enhancement techniques to enhance skin permeability,  
their proposed MoA, and examples of delivered compounds.a

Type
Technique external  
driving energy force Proposed MoA

Examples of  
delivered compound

AFL i) Fractional tissue ablation

ii) Photothermal effects 

i) Thermal removal of SC and cutis 5-Fluorouracil (130 Da)10

ALA/MAL (177-182 Da)11

Lidocaine (234 Da)12

Methotrexate (455)13

NAFL i) Photothermal effects 

ii) Photomechanical waves

i) Thermal exposure primarily affecting 
the epidermis and dermis below SC

ii) Light energy converted to 
mechanical energy with formation 
of epidermal vacuoles and dermal-
epidermal junction disruption

ALA/MAL (177-182 Da)14,15

Tretinoin (300 Da)16

Botulinum toxin (150 kDa)17

Tacrolimus (804 Da)18,19

Microdermabrasion Mechanical abrasion Exfoliative crystals or sandpaper, 
mechanically removing SC 

5-Fluorouracil (130 Da)20

Ascorbic acid (176 Da)21

ALA (177)22

Insulin (5.8 kDa)23

Microneedles Mechanical introduction of a 
needle array

Physical disruption of skin barrier with 
vertical microchannels through the 
skin

Ascorbic acid (176 Da)24

ALA/MAL (177-182)25

Tretinoin (300)26

hGH (22.1 kDa)27

Curettage Mechanical debridement of 
the upper skin layers

Surgical scraping causes physical 
disruption of skin barrier

ALA/MAL (177-182 Da)28

5-Fluorouracil (130 Da)29

Imiquimod (240 Da)30

Iontophoresis Low-level electric current  
(max 0.5 mA cm2)

Active ion flow driven by an applied 
electric field  

ALA (177 Da)22

Lidocaine (234 Da)31

Methotrexate (455 Da)32

Botulinum toxin (150 kDa)33

Electroporation High-voltage (>100 V) electric 
pulses

Formation of transient transmembrane 
pores and disruption of cell 
membranes

ALA (177 Da)22 

Methotrexate (455 Da)34

Bleomycin (1,500 Da)35

Vaccines36

Pressure Mechanical pressure force External pressure ALA/MAL (177-182 Da)37

Caffeine (194 Da)38

Polyethylene glycol (400 Da)39

Radiofrequency High-frequency alternating 
current (~100 kHz)

Ionic vibrations within cells, causing 
localized heating and ablation. 

ALA (177 Da)40

hGH (22.1 kDa)41

Sonophoresis Ultrasound. Most often low-
frequency waves are used in 
the range of 20-100 kHz. High-
frequency sonophoresis may 
also be used (>3 MHz).

Primary mechanism is considered 
transient cavitation in intercellular 
lipids. Also thermal effects, induction of 
convective transport, and mechanical 
effects due to pressure variation.

ALA (177 Da)42

Diclofenac (296 Da)43

Hydrocortisone (363 Da)44

EPO (48.0 kDa)45

a Table adapted with permission from Erlendsson et al.1

Abbreviations: AFL, ablative fractional laser; ALA, aminolevulinic acid; EPO, erythropoietin; hGH, human growth hormone; MAL, methyl aminolevulinate; MoA, mechanism of 

action; NAFL, nonablative fractional laser; SC, stratum corneum.
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Laser-assisted drug delivery: past to present
First developed in 1987, laser-assisted drug delivery (LADD) was 
initially performed using fully ablative lasers capable of removing 
the upper layers of the skin en face.49 Fractional photothermoly-
sis was introduced in 2004, utilizing an array of laser microbeams 
to generate localized columns of thermal injury while sparing 
surrounding skin.50 These early fractional lasers emitted light at 
nonablative wavelengths, creating nonspecific tissue coagulation 
below an intact SC.51 With the subsequent development of abla-
tive fractional lasers (AFLs) in 2007, the ability to create ablated 
laser channels through the skin’s surface became possible.11,52 The 
pretreatment of skin with AFL as a means to enhance topical drug 
uptake was later reported in 2009, introducing the concept of AFL-
assisted drug delivery.11 

Ablative fractional lasers
As a drug-delivery technique, AFL offers the feature of quick, ster-
ile treatment for large skin areas, with controlled and relatively 
predictable tissue responses.53,54 The most commonly applied 
ablative fractional devices comprise the carbon dioxide (CO

2
; λ 

= 10,600 nm) and erbium-doped yttrium aluminum garnet laser 
(Er:YAG: λ = 2940 nm), both of which operate in the absorption 
spectrum of water (>1000 nm). Depending on pulse energy and 
wavelength, residual thermal damage may vary; CO

2
 lasers create 

greater residual thermal damage than Er:YAG lasers because of 
lower water absorbance at 10,600 nm (800 cm-1)55 compared with 
2940 nm (12,800 cm-1).56 The histological response to CO

2
 laser 

exposure is illustrated in Figure 1.  

Ablative fractional laser-assisted  
drug delivery: theoretical concepts
A simplified way to characterize AFL’s impact on drug delivery 
can be made using Fick’s first law, which describes the passive 
diffusion of a substance through a homogenous planar medium. 
Assuming steady-state conditions of stable drug concentrations in 

vehicle and negligible concentrations at the bottom of the dermal 
layer, flux (J) will remain constant, as illustrated by the equation 
J = D×K . Drug delivery will then depend on four parameters: 
(2) drug diffusivity in the skin (D), (2) partition coefficient be-
tween the vehicle and skin (K), (3) concentration gradient (ΔC), 
and (4) distance of diffusion (L).57 Upon fractional removal of the 
SC by AFL, direct access to underlying hydrophilic, viable epider-
mal and dermal layers is achieved. Partitioning (K) to these skin 
compartments by hydrophilic compounds in particular, is thereby 
improved. These underlying skin layers additionally exhibit higher 
general drug diffusivity (D) than the SC, resulting in a rapid, more 
extensive drug distribution around the AFL channels. By taking 
advantage of the full length of laser channels, diffusion distance 
(L) is further minimized, theoretically aiding delivery to deeper 
skin layers. 	

Ablative fractional laser-assisted  
drug delivery: laser settings
AFL-assisted drug delivery has the potential to advance topical 
dermatological therapy by improved cutaneous uptake and treat-
ment efficacy, expanding the number of deliverable drugs, target-
ing drug deposition to specific skin layers, and modulating the drug 
delivery rate. In AFL-assisted delivery, the two factors of primary 
importance are laser channel depth and density. Mainly determined 
by pulse energy, channel depth relates to how deeply ablated laser 
channels extend into the skin. Density, on the other hand, repre-
sents the total surface area of ablated tissue and depends on both 
laser spot size and channel number per unit skin area. By modify-
ing these main parameters, total drug amount as well as delivery 
rate can be increased, with the potential for improved efficacy and 
shortened incubation times.

In theory, laser channel depth can be regulated to target specific 
skin compartments. In studies examining the relationship between 
channel depth and drug deposition, however, results are incongru-
ous. Channel depth-dependent uptake is described for hydrophilic 
drugs, eg, 5-fluorouracil (5-FU) (logP −0.89),10 methotrexate 
(MTX; logP −1.85),58 and polyethylene glycols (logP <0).59 In con-
trast, intracutaneous delivery of compounds of greater hydropho-
bicity, including lidocaine (logP 2.44),12 ingenol mebutate (logP 
2.5),60 and imiquimod (logP 2.7),59 does not appear to be enhanced 
by increasing laser channel depth. This discrepancy may be ex-
plained by differences in the drug’s hydrophilicity/hydrophobicity 
ie, degrees of partitioning from vehicle into the medium-occupying 
channels shortly after laser treatment (thought to be interstitial flu-
id or fibrin), as well as from the medium to surrounding tissue.39,61 
Taking advantage of channel depth to increase total accumulation 
may thus rely on the properties of the individual drug, and various 
methods to overcome differences in solubility by actively filling 
channels are currently under investigation.39,62,63

Like channel depth, drug delivery can similarly be modified by 
adjusting laser channel density. In accordance, increasing laser 
channel width and number will enhance cutaneous drug deposi-
tion until saturation, after which point additional gains in uptake 
subside. The relationship between laser density and drug uptake 
is best described for methyl aminolevulinate (MAL), where den-
sities of up to 5% coverage result in increasing skin deposition. 
The use of densities higher than 5%, however, is not associated 
with further enhancement in delivery.64 MAL diffuses up to 1.5 

■ FIGURE 1. H&E-stained skin section illustrating a single MAZ with 
surrounding CZ, generated by AFL exposure using a 10,600-nm 
CO2 laser at 17.5 mJ/microbeam and spot size of 200 μm. AFL, 
ablative fractional laser; CZ, coagulation zone; H&E, hematoxylin 
and eosin; MAZ, microscopic ablation zone.
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mm beyond individual laser channels, explaining why low laser 
densities may suffice.11 Corresponding findings are reported for 
other low molecular weight drugs, including ingenol mebutate 
(431 Da),60 diclofenac (296 Da),65 and tretinoin (300 Da),66 as well 
as the macromolecule hepatitis B surface antigen (HBsAg; 23-27 
kDa).67 Thus, the use of laser densities much greater than 5% may 
be unwarranted for AFL-assisted drug delivery, although more in-
formation is needed on the parameter’s impact on individual drug 
diffusion patterns.60,68,69 

While the importance of laser channel depth and density is well 
described, other aspects that may merit consideration during AFL-
assisted drug delivery include drug vehicle type, timing of topical 
drug application, and the extent of laser-mediated thermal dam-
age.70-72 Termed the laser channel coagulation zone (CZ), AFLs 
induce varying degrees of damage to the tissue immediately sur-
rounding channels (Figure 1). The impact of CZ thickness on the 
rate and extent of cutaneous drug delivery constitutes an area of 
ongoing investigation, and preliminary results indicate diffusion 
to be delayed by CZs as compared with normal skin.72 Future 
studies will determine whether the CZ can be used to modulate  
drug delivery. 	

Ablative fractional laser-assisted drug delivery:  
time-related uptake
AFL induces a wound-healing response, which may influence the 
duration of enhanced drug delivery. Laser channels heal quickly 
without scarring, potentially due to AFL-induced thermal damage, 
causing an inherent stress response with up-regulated cell-protec-
tive and protein-stabilizing proteins such as heat shock proteins.73 
Keratinocytes migrate into the wound shortly after laser treatment, 
and defects are reepithelialized within the first 48 hours.48,74 Reke-
ratinization, measured by transepidermal water loss, is complete 
around day 4, with channels clinically resolved by 14 days.65,75 The 
first LADD study to examine the window for optimal drug delivery 
noted enhanced skin deposition following drug application up to 6 
hours after laser treatment.70 Maximum uptake was achieved when 
application took place within the first 30 minutes of laser exposure, 
while no enhancement was observed 24 hours after AFL.70 Going 
forward, the specifics of time-related uptake of individual drugs 
warrant further investigation. 

Ablative fractional laser-assisted drug delivery:  
basics to clinical application
The vast majority of compounds previously studied show success-
fully enhanced cutaneous deposition following AFL-assisted drug 
delivery.76 Investigated drugs range in molecular weight from 130 
to 27,000 Da and display significant variation in water solubil-
ity, charge, and overall polarity. In preclinical settings, examined 
compounds include ALA, MAL,11,64,77-81 5-FU,10 imiquimod,59 in-
genol mebutate,60 diclofenac,65 methotrexate,13,58 cisplatin,82 pred-
nisone,83 tranexamic acid,84 tretinoin,66 tetracycline,66 ascorbic 
acid,85,86 lidocaine,12,69 minoxidil,87 sulconazole nitrate,88 hGH,47 
diphencyprone,87 small interfering RNA,89 HBsAg,67 ovalbumin-
containing liposomes,90,91 and polymeric microparticles containing 
triamcinolone acetonide.92

In the clinical setting, AFL-assisted drug delivery has been as-
sociated with enhanced therapeutic efficacy for a range of cuta-
neous disorders, including actinic keratosis (AK),93-100 actinic 

cheilitis,101,102 nonmelanoma skin cancer (NMSC),103-109 scars,110-116 
rhytides, photoaging and dyspigmentation,63,117,118 onychomyco-
sis,88,119-121 warts,122 hemangiomas,123 vitiligo,116,124-129 and for topi-
cal anesthetic treatment.130-132 An overview of findings related to 
the most frequently described indications is summarized below. 

Dysplastic lesions 
Photodynamic therapy
The best evidence on AFL-assisted drug delivery is available for 
topical photodynamic therapy (PDT) for AKs (Figure 2), where 
studies confirm improved efficacy as compared to conventional 
PDT with ALA or MAL alone. AK clearance rates in randomized 
controlled trials thus range from 87% to 92% for AFL-assisted 
PDT, compared with 61% to 67% for PDT at 3-month follow-
up.93,96,97 For other dysplastic lesions, advantages of AFL-assisted 
PDT versus conventional PDT are similarly noted, with clearance 
rates of 85% versus 29% and 79% versus 45% for actinic cheilitis 
and Bowen Disease (BD), respectively.101,109 

In addition to improved efficacy, prolonged remission is described 
after AFL-assisted PDT, with lower reported AK recurrence rates 
of 8% to 10% versus 22% to 27% for conventional treatment at 
12-month follow-up.76 Shortened PDT incubation times also ap-
pear possible when combined with AFL. Thus, AK clearance rates 
after AFL-assisted PDT using 2- (77%)96 and 1.5-hour (71.4%)98 
incubations have been found comparable to standard 3-hour PDT 
alone (64.7%-66%). Recently, ultrashort incubation times of 15 
and 30 minutes following AFL-assisted ALA treatment were fur-
ther associated with 86% to 90% AK clearance, compared with 
the notably lower efficacy of 69% to 71% after 8 weeks without  
AFL delivery.99 

Particularly for immunocompromised patients and individuals with 
fields of severe actinic damage, AFL-assisted drug delivery in combi-
nation with both conventional or daylight PDT may provide a more 
potent treatment strategy, requiring fewer courses than PDT alone.94,95 

In contrast with AK treatment, clinical studies investigating 
AFL-assisted PDT for NMSC are few and present more varied re-
sults. A study on nodular basal cell carcinoma (nBCC) initially 
found 12-month clearance rates of 93% and 82% after AFL- and 

■ FIGURE 2. Patient with photodamage and multiple AKs treat-
ed with AFL-assisted daylight PDT using topical MAL cream.  
(A) Clinical appearance prior to AFL-assisted PDT treatment.  
(B) Treatment outcome after a single 2940-nm fractional Erbium 
YAG Er:YAG laser treatment using 5-10 mJ/pulse and 2.4% density, 
followed by MAL application and daylight exposure for 2 hours. 
AFL, ablative fractional laser; AKs, actinic keratoses; MAL, methyl 
aminolevulinate; PDT, photodynamic therapy.

A B
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curettage-assisted MAL-PDT, respectively.103 A subsequent study 
comparing two courses of AFL-assisted PDT with conventional 
PDT for high-risk nBCC conversely found no difference between 
AFL- and conventional PDT, with histological cure rates of 63% 
and 56% at 12 months.104 More recently, differences in treatment 
efficacy were again shown for thin nBCCs, with complete response 
rates of 79% versus 22% following a single AFL-PDT session, 
compared to two sessions of PDT with no skin pretreatment at 12 
months, respectively.105 The same authors also reported superior 
efficacy using AFL-assisted PDT for microinvasive squamous cell 
carcinoma, observing a 68% complete response at 24 months post-
treatment versus 14% for PDT performed without skin pretreat-
ment.106 Overall, however, given the limited evidence presently 
available as well as the potential for insufficient efficacy, AFL-
assisted PDT may require further improvement to warrant recom-
mendation for NMSC lesions.

5-Fluorouracil
AFL-assisted delivery of the topical chemotherapeutic agent 5-FU 
has previously been investigated for BD and superficial basal cell 
carcinoma (sBCC).107,108,133 Following a single laser treatment with 
subsequent application of 5-FU under occlusion for 7 days, histo-
logical clearance rates of 92% for BD and 67% for sBCC were not-
ed at 9 months after treatment.108 Like AFL-assisted PDT, however, 
more studies examining treatment efficacy for dysplastic cutane-
ous lesions are needed before clinical implementation of topical 
delivery of 5-FU is justified. To conclude, a stepwise illustration of 
AFL-assisted PDT by using MAL (Figure 3) and 5-FU (Figure 4) 
for the treatment of AK lesions is provided.

Scars
Preliminary evidence on AFL-assisted steroid delivery for scars 
appears encouraging. For keloids, an initial retrospective study 
found clinical improvement in scar appearance following topical 
AFL delivery of betamethasone, although recurrences were com-
monly noted.110 More recently, a prospective split-scar study found 
that four treatment sessions with AFL-assisted topical desoximeth-
asone offered similar clinical outcomes and comparable patient-
reported satisfaction versus intralesional triamcinolone acetonide 
injection, while causing significantly less treatment-related pain.113 
Notwithstanding, additional prospective studies are still necessary 
before AFL-assisted drug delivery’s efficacy for keloid treatment 
can be definitively established. 

The treatment of hypertrophic and atrophic scars using AFL-
assisted drug delivery is also reported in the literature. For hyper-
trophic scars, improved appearance with superior scar texture and 
reduced hypertrophy and dyschromia are noted after AFL-assisted 
triamcinolone acetonide (average improvement 2.73, 0-3 scale), 
and the combination of AFL with stem cell therapy for the same 
indication is forthcoming.111,114 For atrophic scars, topical AFL 
delivery of poly-L-lactic acid provides a reported average clinical 
enhancement of 2.18 (scale 0-3),112 while improvement following 
AFL+ autologous platelet rich plasma has been found comparable 
to intralesional injection for the same indication.115 AFL-assisted 
drug delivery thus appears to offer clinical benefit for a multitude 
of scar types. Nevertheless, randomized controlled trials are needed 
before broader recommendations on scar treatment can be made. 

Anesthetics
When applied prior to topical anesthetics, AFL is reported to pro-
vide enhanced pain reduction as compared with topical anesthetics 
alone.130-132 Offering further indication that vehicle type impacts 

■ FIGURE 3.  A 72-year-old woman with multiple AKs on her thigh 
receives targeted AFL-assisted PDT using topical MAL cream. (A) 
Prior to PDT treatment. (B) During fractional CO2 laser exposure of 
AKs at 20-40 mJ/microbeam, depending on degree of hyperkera-
tosis. Close-up illustration of laser grid at 5% density. (C) Topical 
application of MAL cream on AK lesions, left under occlusion for 
3 hours. (D) Illumination of treatment area by using a red light 
source (630 nm, 37 J/cm2, 8 minutes). (E) Local skin reactions 
demonstrated at 14 days post treatment. (F) Treatment effect 
demonstrated at 10 weeks post treatment. AFL, ablative fractional 
laser; AK, actinic keratosis; MAL, methyl aminolevulinate; PDT, pho-
todynamic therapy.

■ FIGURE 4.  A 72-year-old woman with multiple AKs on her thigh 
receives targeted AFL-assisted treatment with 5% 5-FU cream. (A) 
Prior to treatment. (B) After fractional CO2 laser exposure of AKs 
at 5% density. (C) and (D) Topical application of 5-FU cream on 
AK lesions, left under occlusion for 5 days. (E) Local skin reactions 
demonstrated at 14 days post treatment. (F) Treatment effect 
demonstrated at 10 weeks post treatment. AFL, ablative fractional 
laser; AKs, actinic keratoses; 5-FU, 5-Fluorouracil.

A A

C C

E E

B B

D D

F F
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AFL-assisted drug delivery, a study described greater reduction in 
pain using liquid articaine hydrochloride + epinephrine solution, as 
opposed to lidocaine + prilocaine cream formulations.131  

Onychomycosis
Preliminary evidence on the usefulness of AFL-assisted drug de-
livery in the context of clearing cutaneous infections has now been 
established.88,119-122,134,135 For onychomycosis, AFL-assisted topi-
cal amorolfine led to a 50% clinical and mycological cure rate for 
Trichophyton rubrum-, T. mentagrophytes-, and Epidermophyton 
floccosum-infected nail plates at 12 weeks after 3 treatment ses-
sions.119 In combination with terbinafine, AFL-assisted drug deliv-
ery also resulted in a 92% negative culture rate at 3 months and an 
80% cure rate at 6 months after 3 treatment sessions.120 Finally, in 
a randomized clinical trial of 60 patients treated with AFL-assisted 
luliconazole, clinical and mycological cure rates were 70% and 
57% respectively after 6 months, as compared with 51% and 39% 
by using laser alone.121 AFL-assisted drug delivery of antimycotic 
drugs thus appears to be a promising new treatment alternative for 
onychomycosis.

Aesthetics 
In the field of aesthetic medicine, AFL-assisted drug delivery pro-
vides not only a new administration strategy but also the poten-
tial for enhanced therapeutic outcomes for aesthetic and antiaging 
agents.63,117,118,136 An initial indication of its applicability, topical 
AFL-assisted botulinum toxin A delivery for periorbital rhytides 
was associated with superior clinical efficacy as compared with 
AFL-assisted drug delivery of normal saline, which in turn showed 
no significant change from baseline following 2 treatment ses-
sions.117 Topical drug delivery has also been examined in combi-
nation with AFL resurfacing, for which stepwise application of 
cosmeceutical formulations is reported to provide both 69% en-
hancement on the global aesthetic improvement scale as well as 
a reduction in pigmentation, fine lines, wrinkles, and overall ag-
ing after 6 months.118 A similar study exploring AFL-assisted drug 
delivery of the antiaging and antipigment agents correspondingly 
noted reduced rhytide severity (3.25 to 2.60 on a 4-point scale), 
lower degrees of redness and pigmentation, and an increased light-
ness in patients with photoaging, dyschromia, and acne scarring.63 
Finally, the short-term benefits of AFL-assisted drug delivery on 
postprocedural healing following AFL resurfacing are also de-
scribed, and beginning immediately after laser exposure, daily 
application of vitamin C, E, and ferulic acid serum has been cor-
related with more rapid healing versus AFL and vehicle alone.136 
While encouraging, AFL-assisted drug delivery within the field of 
aesthetic medicine still remains new, and future studies examining 
both the technique’s therapeutic potential and safety for this indi-
cation are necessary.

Ablative fractional laser-assisted drug delivery: com-
parison to other physical enhancement techniques
In parallel with the introduction and refinement of other physical 
enhancement techniques, studies comparing their relative effects 
on drug uptake, therapeutic efficacy, and safety versus AFL are 
increasingly relevant. A first head-to-head comparison of AFL, 
nonablative fractional laser (NAFL), curettage, microdermabra-
sion, and microneedling was recently reported for MAL in a 

clinical randomized controlled trial.137 Study results revealed that 
AFL, microdermabrasion, microneedling, and curettage all led to 
enhanced protoporphyrin IX (PPIX) accumulation and PDT reac-
tions in normal skin, while NAFL pretreatment did not improve 
drug uptake when compared to MAL alone. Notably, pretreatment 
with AFL was associated with the highest and most uniform PPIX 
deposition as well as more intensified local skin reactions. Mi-
crodermabrasion, microneedling, and curettage were meanwhile 
found comparable in both respects, despite differing physical im-
pacts on skin (Table).137

In diseased skin, the relative potential of the aforementioned 
physical enhancement techniques remains to be systemically ex-
amined. A well-established and common pretreatment, curettage 
is inexpensive and simple to perform. However, the technique’s 
effect on topical treatment outcomes appears inconsistent, po-
tentially due to a high degree of operator dependence.138 Further-
more, a direct comparison with AFL-assisted drug delivery has yet 
to be made in diseased skin, although previous reports postulate 
that curettage-associated oozing and/or bleeding may, for some 
indications, compromise subsequent uptake of topically applied 
drugs.103,105 

Increasingly, microneedling is being implemented as a novel 
means of cutaneous drug delivery. While preclinical trials have 
demonstrated lower uptake with microneedle pretreatment as com-
pared with AFL,71,137 no studies have evaluated the modality’s clini-
cal treatment efficacy relative to laser delivery. On the other hand, 
direct comparison with curettage investigated in AK patients in a 
small, split-face study of 10 participants found similar clearance 
rates using both microneedle- and curettage-assisted PDT.139 Go-
ing forward, additional clinical studies in diseased skin are desir-
able before conclusions concerning the efficacy of microneedles 
versus AFL pretreatment can be drawn. 

Microdermabrasion is another new physical pretreatment strat-
egy shown to enhance uptake of topical drugs. The modality 
employs impingement of microparticles from an abrasive pad or 
tip over the skin’s surface.20,21 Like curettage, however, the tech-
nique is operator dependent, and a randomized side-by-side trial 
in severely photodamaged AK patients recently demonstrated an 
enhanced impact of AFL-assisted daylight PDT compared with 
pretreatment with electrode pad microdermabrasion, noting inten-
sified, AFL-mediated local skin reactions, improved AK clearance 
rates and cosmetic outcomes, and superior patient preference.140 

In normal skin, NAFL seems less effective than AFL in enhanc-
ing topical drug uptake as NAFL-assisted MAL delivery has been 
found comparable to the application of MAL alone.137 Neverthe-
less, whether this finding translates into lower treatment efficacy 
of NAFL-assisted drug delivery has yet to be investigated in clini-
cal trials, and additional studies are needed before NAFL can be 
discounted as a useful enhancement strategy for dermatological 
application. 

Overall, individual physical pretreatment strategies present 
with their unique advantages and drawbacks. Easily accessible 
and associated with relatively mild skin reactions, curettage, mi-
crodermabrasion, and microneedling are nevertheless highly user 
dependent and may prove less effective in enhancing drug uptake 
than AFL in diseased skin. In contrast, laser procedures including 
AFL require costly equipment and are potentially associated with 
greater risks of adverse events.93,94 Still, the potential for highly 
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customizable, operator-independent, and predictable laser-tissue 
interactions is a compelling argument for the continued applica-
tion and development of AFL-assisted drug delivery. 

Safety of ablative fractional laser-assisted  
drug delivery
Topical AFL-assisted drug delivery remains a relatively new tech-
nique, and safety profiles in combination with individual drugs are 
inadequately explored. AFL-assisted drug delivery causes a breach 
in the skin’s natural barrier, resulting in access not only to the vi-
able cutis but also underlying vascular plexuses.12 Thus, the in-
troduction of pathogens or unsterile drug formulation components 
represents legitimate concerns associated with the modality.12,93 
Enhanced laser-mediated drug diffusion to proximal vascular 
structures may additionally increase the risk of systemic toxicity, 
particularly when treating large skin surface areas. Mounting evi-
dence also suggests that local skin responses can be aggravated as 
a result of the combined action of laser pretreatment and topical 
drugs.93,94 Thus, adverse events, including intensified drug side ef-
fects, infection, systemic toxicity, and hypersensitivity reactions 
all constitute potentially undesirable consequences of disrupting 
the cutaneous barrier. AFL-assisted drug delivery should therefore 
be performed with caution and be limited only to well-controlled 
settings. The use of drug doses no higher than what would be suit-
able for local injection is furthermore advisable. Providers must 
be aware of known, laser-related side effects, signs of infection, 
systemic toxicity, hypersensitivity, and the potential for not previ-
ously described adverse events. Ultimately, more clinical studies 
are, at present, needed to establish AFL-assisted drug delivery’s 
safety profile in combination with individual drugs.

Ablative fractional laser-assisted drug delivery:  
future perspectives 
Fractional LADD has until now shown significant promise as a 
means to enhance cutaneous uptake of topical drugs, with the ulti-
mate goal of improved clinical outcomes. Perspectives of AFL-as-
sisted drug delivery further include significantly shortened treatment 
durations and incubation times as well as the replacement of cum-
bersome, patient-dependent treatment schedules with convenient, 
in-office procedures. Beyond the benefits for existing regimens, 
topical application of systemic drugs not previously deliverable 
through skin, including the antiproliferative agents methotrexate and 
cisplatin, is also possible, paving the way for new pharmaceutical 
options and administration routes for the management of cutaneous 
disorders.13,82 The combination of AFL-assisted drug delivery with 
other enhancement techniques, such as iontophoresis and electro-
poration, as well as chemical enhancers, including liposomes and 
nanoparticles, is increasingly used to enhance and accelerate drug 
uptake in order to provide more potent treatment strategies.90,91,141 
More sophisticated visualization of AFL-assisted drug delivery and 
its clinical effects is also possible with the concurrent development 
of noninvasive, real-time imaging techniques such as optical coher-
ence tomography and confocal reflectance microscopy.70,88 Finally, 
in the arena of transdermal delivery, AFL pretreatment has success-
fully been applied for a range of exciting new applications, includ-
ing the use of antibodies, vaccine antigens, nucleic acids, allergens, 
growth factors, scaffold materials, and cells.48,67,89,142-147 While still in 
its infancy, AFL-assisted drug delivery thus represents a promising, 

widely applicable and minimally invasive delivery system useful in 
dermatology and beyond.  
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