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22 ZORYVE

(roflumilast)

Inflammatory dermatoses?

LZORYVEIT
RELIEVE IT

The power and versatility
to be your go-to topical.?

Delivers powerful
results head to toe'?*

Atopic dermatitis: 31% of patients achieved vIGA-AD Success at
Week 4 with ZORYVE cream 0.15% (n=884) vs 14% with vehicle
(n=453). 25% of patients achieved vIGA-AD Success at Week 4 with
ZORYVE cream 0.05% (n=436) vs 11% with vehicle (n=215)."34

Plaque psoriasis: 40% of patients achieved IGA Success at Week

8 with ZORY VE cream 0.3% (n=576) vs 7% with vehicle (n=305). 63%

of patients achieved S-IGA Success at Week 8 with ZORY VE foam
0.3% (n=481) vs 21% with vehicle (n=255). In ARRECTOR, 46% of
patients achieved B-IGA Success at Week 8 with ZORY VE foam
(n=281) vs 20% with vehicle (n=151)."257

Seborrheic dermatitis: 77% of patients achieved IGA Success at
Week 8 with ZORY VE foam 0.3% (n=458) vs 53% with vehicle (n=225).26

INDICATIONS

ZORYVE cream, 0.05%, is indicated for topical treatment of mild to
moderate atopic dermaititis in pediatric patients 2 to 5 years of age.

ZORYVE cream, 0.15%, is indicated for topical treatment of mild to
moderate atopic dermaititis in adult and pediatric patients 6 years of
age and older.

ZORYVE cream, 0.3%, is indicated for topical treatment of plaque
psoriasis, including intertriginous areas, in adult and pediatric
patients 2 years of age and older.

ZORY VE topical foam, 0.3%, is indicated for the treatment of plaque

psoriasis of the scalp and body in adult and pediatric patients 12
years of age and older.

Safe and well tolerated
with no limitations on duration
of use or percent BSA'?
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(roflumilast)cream [0.15%

MILD TO MODERATE
ATOPIC
DERMATITIS

Cream 0.05% for age 2-5
Cream 0.15% for age 6+

INDICATIONS (continued)

ZORY VE topical foam, 0.3%, is indicated for the treatment of seborrheic
dermaititis in adult and pediatric patients 9 years of age and older.

IMPORTANT SAFETY INFORMATION

ZORYVE is contraindicated in patients with moderate to severe liver
impairment (Child-Pugh B or C).

Flammability: The propellants in ZORY VE foam are flammable. Avoid
fire, flame, and smoking during and immediately following application.

The most common adverse reactions reported (21%) for ZORYVE
cream 0.05% for pediatric patients with atopic dermaititis 2 to 5 years
of age were upper respiratory tract infection (4.1%), diarrhea (2.5%),
vomiting (2.1%), rhinitis (1.6%), conjunctivitis (1.4%), and headache (1.1%).
The most common adverse reactions reported (21%) for ZORYVE
cream 0.15% for patients with atopic dermatitis 6 years of age or older
were headache (2.9%), nausea (1.9%), application site pain (1.5%),
diarrhea (1.5%), and vomiting (1.5%).

The most common adverse reactions reported (21%) for ZORYVE
cream 0.3% for plaque psoriasis were diarrhea (3.1%), headache
(2.4%), insomnia (1.4%), nausea (1.2%), application site pain (1.0%), upper
respiratory tract infection (1.0%), and urinary tract infection (1.0%).

The most common adverse reactions reported (21%) for ZORYVE

foam 0.3% for plaque psoriasis were headache (3.1%), diarrhea (2.5%),
nausea (1.7%), and nasopharyngitis (1.3%).
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NOW
AVAILABLE

DOWN TO AGE 2

7 ZORYVE

(roflumilas
topical foam,0.3

lumilast) cream (A

7 ZORYVE"®

PLAQUE
PSORIASIS

Cream 0.3% for age 2+
Foam 0.3% for age 12+

IMPORTANT SAFETY INFORMATION (continued)

The most common adverse reactions reported (21%) for ZORY VE foam
0.3% for seborrheic dermatitis were nasopharyngitis (1.5%), nausea
(1.3%), and headache (1.1%).

Please see accompanying Brief Summary of the full Prescribing
Information for ZORY VE cream and full Prescribing Information for
ZORYVE foam.

STUDY DESIGNS

Atopic Dermatitis Cream 0.05%: A Phase 3, multicenter, randomized, double-blind, vehicle-
controlled study INTEGUMENT-PED) evaluated 652 participants with mild to moderate atopic
dermatitis ages 2-5. Caregivers applied ZORYVE cream 0.05% or vehicle to patients once daily for
4 weeks. ZORYVE cream = 436, vehicle = 215. Primary endpoint was VIGA-AD Success at Week 4.4

Atopic Dermatitis Cream 0.15%: Two Phase 3, multicenter, randomized, double-blind, vehicle-
controlled studies INTEGUMENT-1and INTEGUMENT-2) evaluated 1337 participants with mild to
moderate atopic dermatitis ages 6 years and older. Participants applied ZORYVE cream 0.15% or
vehicle once daily for 4 weeks. ZORY VE cream = 884, vehicle = 453. Primary endpoint was vVIGA-AD
Success at Week 4.1°

Plaque Psoriasis Cream: Two Phase 3, multicenter, randomized, parallel, double-blind, vehicle-
controlled studies (DERMIS-1and DERMIS-2) evaluated 881 participants with plaque psoriasis treated
with ZORYVE cream 0.3% or vehicle once daily for 8 weeks. ZORYVE = 576, vehicle = 305. Primary
endpoint was IGA Success at Week 8.¢

Plaque Psoriasis Foam: Two multicenter, randomized, parallel, double-blind, vehicle-controlled
studies (ARRECTOR and Trial 204) evaluated 736 participants with plaque psoriasis treated with
ZORYVE foam 0.3% or vehicle once daily for 8 weeks. ZORYVE = 481, vehicle = 255. Primary
endpoints were S-IGA Success at Week 8 in both studies, and B-IGA Success at Week 8 in
ARRECTOR.?7®

Seborrheic Dermatitis Foam: Two multicenter, randomized, double-blind, vehicle-controlled studies
(STRATUM and Trial 203) evaluated 683 participants with moderate to severe seborrheic dermatitis
treated with ZORY VE foam 0.3% or vehicle once daily for 8 weeks. ZORYVE = 458, vehicle = 225.
Primary endpoint was IGA Success at Week 8.2
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Not a steroid'?

No boxed warning

Start and Stay
with ZORYVE

Continuous care for
chronic conditions'?

7 ZORYVE

(roflumilast)
topical foam,0.3

Discover more:
ZORYVEHCP.com

SIMPLE, ONCE-DAILY
TREATMENT"2

SEBORRHEIC
DERMATITIS

Foam 0.3% for age 9+

* ZORY VE is for topical use only and not for ophthalmic, oral, or intravaginal use.

B-IGA=Body Investigator Global Assessment; B-IGA/IGA/S-IGA/VIGA-AD Success=Achievement of
Clear (0) or Almost Clear (1) and a 22-grade improvement from baseline; BSA=Body Surface Area;
IGA=Investigator Global Assessment; S-IGA=Scalp Investigator Global Assessment;
VIGA-AD=validated Investigator Global Assessment-Atopic Dermatitis.

References: 1. ZORY VE® (roflumilast) cream. Prescribing information. Arcutis Biotherapeutics, Inc;
2026. 2. ZORYVE?® (roflumilast) foam. Prescribing information. Arcutis Biotherapeutics, Inc; 2025.

3. Simpson E, Boguniewicz M, Eichenfield L, et al. Pooled efficacy, patient reported outcomes, and
safety of roflumilast cream 0.15% from the INTEGUMENT-1and INTEGUMENT-2 phase 3 clinical trials
of adults and children with atopic dermatitis. Poster presented at: American Academy of Dermatology
Annual Meeting; March 8-12, 2024; San Diego, CA. 4. Eichenfield LF, Serrao R, Prajapati VH, et al.
Efficacy and safety of once-daily roflumilast cream 0.05% in pediatric patients aged 2-5 years with
mild-to-moderate atopic dermatitis INTEGUMENT-PED): a phase 3 randomized controlled trial.
Pediatr Dermatol. 2025;42(2):296-304. doi:10.1111/pde. 15840 5. Lebwohl M, Gooderham MJ,
Guenthner ST, et al. Poster presented at: American Academy of Dermatology Annual Meeting; March
25-29, 2022; Boston, MA. 6. Data on File. Arcutis Biotherapeutics, Inc. 7. Gooderham M, Alonso-
Llamazares J, Bagel J, et al. Roflumilast foam, 0.3%, for psoriasis of the scalp and body: the ARRECTOR
phase 3 randomized clinical trial. JAMA Dermatol. 2025;161(7):698-706. doi:10.1001/jamadermatol.
20251136 8. Lebwohl M, Kircik L, Moore A, et al. Effect of roflumilast cream vs vehicle cream on
chronic plague psoriasis: the DERMIS-1and DERMIS-2 randomized clinical trials. JAMA. 2022;
328(11):1073-1084. 9. Kircik LH, Alonso-Llamazares J, Bhatia N, et al. Once-daily roflumilast foam 0.3%
for scalp and body psoriasis: a randomized, double-blind, vehicle-controlled phase llb study. Br J
Dermatol. 2023;189(4):392-399. doi:10.1093/bjd/ljad182 10. Blauvelt A, Draelos Z, Stein Gold L, et al.
Roflumilast foam 0.3% for adolescent and adult patients with seborrheic dermatitis: A randomized,
double-blinded, vehicle-controlled, phase 3 trial. J Am Acad Dermatol. 2024 May;90(5):986-993.
doi:10.1016/j.jaad.2023.12.065
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Brief Summary of Prescribing Information for ZORYVE® (roflumilast) cream, 0.15%, ZORYVE®
(roflumilast) cream, 0.3%, ZORYVE® (roflumilast) cream, 0.05%, and ZORYVE® (roflumilast)
foam, 0.3%, for topical use. See package insert for full Prescribing Information.
INDICATIONS AND USAGE

ZORYVE cream, 0.3%, is indicated for topical treatment of plaque psoriasis, including intertriginous
areas, in adult and pediatric patients 2 years of age and older.

Z0RYVE cream, 0.15%, is indicated for topical treatment of mild to moderate atopic dermatitis in adult
and pediatric patients 6 years of age and older.

ZORYVE cream, 0.05%, is indicated for topical treatment of mild to moderate atopic dermatitis in
pediatric patients 2 to 5 years of age.

ZORYVE topical foam, 0.3%, is indicated for the treatment of seborrheic dermatitis in adult and
pediatric patients 9 years of age and older.

ZORYVE topical foam, 0.3%, is indicated for the treatment of plaque psoriasis of the scalp and body in
adult and pediatric patients 12 years of age and older.

DOSAGE AND ADMINISTRATION

Use ZORYVE cream, 0.3%, for the treatment of plaque psoriasis.

Use ZORYVE cream, 0.15%, for the treatment of mild to moderate atopic dermatitis.

Use ZORYVE cream, 0.05%, for the treatment of mild to moderate atopic dermatitis in patients 2 to
5 years of age.

Apply ZORYVE cream to affected areas once daily and rub in completely. Wash hands after application.
Use ZORYVE foam, 0.3%, for the treatment of seborrheic dermatitis and plaque psoriasis of the scalp
and body.

Shake can prior to each use. Apply a thin layer of ZORYVE foam, 0.3%, once daily to affected areas of
body and/or scalp when they are not wet. Rub in completely.

Wash hands after application.

Avoid fire, flame, and smoking during and immediately following application.

ZORYVE cream and foam are for topical use only and not for ophthalmic, oral, or intravaginal use.
CONTRAINDICATIONS

ZORYVE is contraindicated in patients with moderate to severe liver impairment (Child-Pugh B or C).
ADVERSE REACTIONS

Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed
in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of another drug
and may not reflect the rates observed in practice.

Plague Psoriasis (ZORYVE cream, 0.3%)

In two multicenter, randomized, double-blind, vehicle-controlled trials (DERMIS-1 and DERMIS-2), 881
adult and pediatric subjects 6 years of age or older with plaque psoriasis were treated with ZORYVE
cream, 0.3%, or vehicle cream once daily for 8 weeks.

The proportion of subjects who discontinued treatment due to an adverse reaction was 1.0% for
subjects treated with ZORYVE cream, 0.3%, and 1.3% for subjects treated with vehicle cream. The
most common adverse reaction that led to discontinuation of ZORYVE cream, 0.3%, was application
site urticaria (0.3%).

Table 1 presents adverse reactions that occurred in at least 1% of subjects treated with ZORYVE cream,
0.3%, and for which the rate exceeded the rate for vehicle cream.

Table 1: Adverse Reactions Reported in >1% of Adult and Pediatric Subjects 6 Years of Age
and Older with Plaque Psoriasis Treated with ZORYVE Cream, 0.3%, (and More Frequently
than Vehicle Cream) for 8 Weeks in Trials DERMIS-1 and DERMIS-2

Adverse Reaction ZOR(L\I:Es%t)!?:?‘,yS.3% ‘(ﬁgg’ées)c;e(ﬂz;
Diarrhea 18 (3.1) 0(0.0)
Headache 14 (2.4 3(1.0
Insomnia 8(1.4) 2(0.7)
Nausea 7(1.2) 1(0.3)
Application site pain 6(1.0) 1(0.3)
Upper respiratory tract infection 6(1.0) 1(0.3)
Urinary tract infection 6(1.0) 20.7)

In 644 subjects with plaque psoriasis who continued treatment with ZORYVE cream, 0.3%, for up to
64 weeks in open-label extension trials, the adverse reaction profile was consistent with that observed
in vehicle-controlled trials.

The safety of ZORYVE cream, 0.3%, once daily was assessed in an open-label trial for up to 24 weeks.
The adverse reaction profile in pediatric subjects aged 2 years to 5 years of age was consistent with
that observed in adult and pediatric subjects 6 years of age and older.

Plaque Psoriasis (ZORYVE foam, 0.3%)

In two multicenter, randomized, double-blind, vehicle-controlled trials (Trial 204 and ARRECTOR), 734
adult and pediatric subjects 12 years of age and older with plaque psoriasis of the scalp and body were
treated with ZORYVE foam, 0.3%, or vehicle foam once daily for 8 weeks.

Table 2 presents adverse reactions that occurred in at least 1% of subjects treated with ZORYVE foam, 0.3%.

Table 2: Adverse Reactions Reported in >1% of Adult and Pediatric Subjects 12 Years of Age
and Older with Plaque Psoriasis of the Scalp and Body Treated with ZORYVE Foam, 0.3%,
for 8 Weeks in Trial 204 and Trial ARRECTOR

Adverse Reaction ZOI:J: E;S;))arT(,"/oois% (‘ﬁfgg)??‘%
Headache 15(3.1) 3(1.2
Diarrhea 12 (2.5) 4(1.6)
Nausea 8(1.7) 0(0)
Nasopharyngitis 6(1.3) 2(0.8)

The following additional adverse reaction was reported in fewer than 1% of subjects treated with
Z0RYVE foam, 0.3%: insomnia.

The adverse reaction profile in pediatric subjects was consistent with that observed in adults.
Atopic Dermatitis
Adult and Pediatric Subjects 6 Years of Age and Older

In two multicenter, randomized, double-blind, vehicle-controlled trials (INTEGUMENT-1 and
INTEGUMENT-2), 1336 adult and pediatric subjects 6 years of age or older with mild to moderate
atopic dermatitis were treated with ZORYVE cream, 0.15%, or vehicle cream once daily for 4 weeks.
The proportion of subjects who discontinued treatment due to an adverse reaction was 1.6% for
subjects treated with ZORYVE cream, 0.15%, and 1.1% for subjects treated with vehicle cream.

Table 3 presents adverse reactions that occurred in at least 1% of subjects treated with ZORYVE cream,
0.15%, and for which the rate exceeded the rate for vehicle cream.

Table 3: Adverse Reactions Reported in >1% of Adult and Pediatric Subjects 6 Years of Age
and Older with Atopic Dermatitis Treated with ZORYVE Cream, 0.15%, (and More Frequently
than Vehicle Cream) for 4 Weeks in Trials INTEGUMENT-1 and INTEGUMENT-2

Adverse Reaction Zo“{ﬁ'ig%s"’)a.',"(’é.’;)‘ 5% ‘(’ﬁg"%ﬁ )Gl:e(z:/:;
Headache 26 (2.9 4(0.9)
Nausea 17 (1.9 2(0.4)
Application site pain 13(1.5) 3(0.7)
Diarrhea 13(1.5) 2(0.4)
Vomiting 13(1.5) 2(0.4)

The adverse reaction of insomnia was reported in fewer than 1% of subjects treated with ZORYVE
cream, 0.15%.

Pediatric Subjects 2 to 5 Years of Age

In a multicenter, randomized, double-blind, vehicle-controlled trial (INTEGUMENT-PED), 652 pediatric
subjects 2 to 5 years of age with mild to moderate atopic dermatitis were treated with ZORYVE cream,
0.05%, or vehicle cream once daily for 4 weeks.

Table 4 presents adverse reactions that occurred in at least 1% of subjects treated with ZORYVE cream,
0.05%, and for which the rate exceeded the rate for vehicle cream.

Table 4: Adverse Reactions Reported in >1% of Pediatric Subjects 2 to 5 Years of Age with
Atopic Dermatitis Treated with ZORYVE Cream, 0.05%, (and More Frequently than Vehicle)
for 4 Weeks in Trial INTEGUMENT-PED

Adverse Reaction ZOR{RIIEE%?!:I (’(2,')05% \(Iﬁglzc:es)(:;e(g/?)l
Upper respiratory tract infection 18 (4.1) 3(1.4)
Diarrhea 11 (2.5 1(0.5)
\Vomiting 9(.1) 0
Rhinitis 7(1.6) 0
Conjunctivitis 6(1.4) 0
Headache 5(1.1) 0

Adult and Pediatric Subjects 2 Years of Age and Older

The long-term safety of ZORYVE cream, 0.15%, and ZORYVE cream, 0.05%, was assessed in an
open-label extension trial of 1219 subjects 2 years of age and older with mild to moderate atopic
dermatitis who had completed one of the 4-week vehicle-controlled trials. The safety profile observed
in the open-label extension trial was generally consistent with the safety profile observed at Week 4.
Seborrheic Dermatitis (ZORYVE foam, 0.3%)

In two multicenter, randomized, double-blind, vehicle-controlled trials (Trial 203 and STRATUM), 683
adult and pediatric subjects 9 years of age or older with seborrheic dermatitis were treated with
ZO0RYVE foam, 0.3%, or vehicle foam once daily for 8 weeks.

Table 5 presents adverse reactions that occurred in at least 1% of subjects treated with ZORYVE foam, 0.3%.
Table 5: Adverse Reactions Reported in >1% of Adult and Pediatric Subjects 9 Years of Age
and Older with Seborrheic Dermatitis Treated with ZORYVE Foam, 0.3%, for 8 Weeks in Trial
203 and Trial STRATUM

Adverse Reaction ZOIthIZ Eng)am("‘/ouf% (‘,’f:;gg)??.%
Nasopharyngitis 7(1.5) 1(0.4)
Nausea 6(1.3) 0(0)
Headache 5(1.1) 0(0)

The following additional adverse reactions were reported in fewer than 1% of subjects treated with
ZORYVE foam, 0.3%: diarrhea and insomnia.

The adverse reaction profile in pediatric subjects was consistent with that observed in adults.

In 408 subjects who continued treatment with ZORYVE foam, 0.3%, for up to 24 to 52 weeks in an
open-label, long-term trial, the adverse reaction profile was consistent with that observed in vehicle-
controlled trials.

USE IN SPECIFIC POPULATIONS

Pregnancy

Risk Summary

There are insufficient data available on the use of ZORYVE in pregnant women to inform a drug-
associated risk of major birth defects, miscarriage, or other adverse maternal or fetal outcomes. In
animal reproduction studies, roflumilast administered orally to pregnant rats and rabbits during the
period of organogenesis produced no fetal structural abnormalities at doses up to 36 and 31 times
the maximum recommended human dose (MRHD), respectively, for ZORYVE cream and up to 21 and
18 times the MRHD, respectively, for ZORYVE foam. Roflumilast induced post-implantation loss in
rats at oral doses greater than or equal to 12 times the MRHD for ZORYVE cream and 7 times the
MRHD for ZORYVE foam. Roflumilast induced stillbirth and decreased pup viability in mice at oral doses
19 and 59 times the MRHD, respectively, for ZORYVE cream and 11 and 34 times the MRHD,
respectively, for ZORYVE foam. Roflumilast has been shown to adversely affect pup post-natal
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development when dams were treated with an oral dose 59 times the MRHD for ZORYVE cream and
34 times the MRHD for ZORYVE foam during pregnancy and lactation periods in mice.

The background risk of major birth defects and miscarriage for the indicated population is unknown.
In the U.S. general population, the estimated background risk of major birth defects and miscarriage in
clinically recognized pregnancies is 2% to 4% and 15% to 20%, respectively.

Clinical Considerations

Labor and delivery

Avoid using ZORYVE during labor and delivery. There are no human studies that have investigated
effects of ZORYVE on preterm labor or labor at term; however, animal studies showed that oral
roflumilast disrupted the labor and delivery process in mice.

Data

Animal data

In an embryo-fetal development study, pregnant rats were dosed orally during the period of
organogenesis with up to 1.8 mg/kg/day roflumilast (36 times the MRHD for ZORYVE cream and
21 times the MRHD for ZORYVE foam on a mg/m? basis). No evidence of structural abnormalities
or effects on survival rates were observed. Roflumilast did not affect embryo-fetal development at a
maternal oral dose of 0.2 mg/kg/day (4 times the MRHD for ZORYVE cream and 2 times the MRHD for
ZORYVE foam on a mg/m? basis).

In a fertility and embryo-fetal development study, male rats were dosed orally with up to 1.8 mg/kg/day
roflumilast for 10 weeks and females for 2 weeks prior to pairing and throughout the organogenesis
period. Roflumilast induced pre- and post-implantation loss at maternal oral doses greater than or
equal to 0.6 mg/kg/day (12 times the MRHD for ZORYVE cream and 7 times the MRHD for ZORYVE
foam on a mg/m? basis). Roflumilast did not cause fetal structural abnormalities at maternal oral doses
up to 1.8 mg/kg/day (35 times the MRHD for ZORYVE cream and 20 times the MRHD for ZORYVE
foam on a mg/m? basis).

In an embryo-fetal development study in rabbits, pregnant does were dosed orally with 0.8 mg/kg/day
roflumilast during the period of organogenesis. Roflumilast did not cause fetal structural abnormalities
at the maternal oral doses of 0.8 mg/kg/day (31 times the MRHD for ZORYVE cream and 18 times the
MRHD for ZORYVE foam on a mg/m? basis).

In pre- and post-natal developmental studies in mice, dams were dosed orally with up to 12 mg/kg/
day roflumilast during the period of organogenesis and lactation. Roflumilast induced stillbirth and
decreased pup viability at maternal oral doses greater than 2 mg/kg/day and 6 mg/kg/day, respectively
(19 and 59 times the MRHD, respectively, for ZORYVE cream and 11 and 34 times the MRHD,
respectively, for ZORYVE foam on a mg/m? basis). Roflumilast induced delivery retardation in pregnant
mice at maternal oral doses greater than 2 mg/kg/day (19 times the MRHD for ZORYVE cream and
11 times the MRHD for ZORYVE foam on a mg/m? basis). Roflumilast decreased pup rearing
frequencies at a maternal oral dose of 6 mg/kg/day during pregnancy and lactation (59 times the
MRHD for ZORYVE cream and 34 times the MRHD for ZORYVE foam on a mg/m? basis). Roflumilast
also decreased survival and forelimb grip reflex and delayed pinna detachment in mouse pups at a
maternal oral dose of 12 mg/kg/day (116 times the MRHD for ZORYVE cream and 68 times the MRHD
for ZORYVE foam on a mg/m? basis).

Lactation

Risk Summary

There are no data on the presence of roflumilast or its metabolite in human milk, the effects on the
breastfed infant, or the effects on milk production.

Roflumilast and/or its metabolites are excreted into the milk of lactating rats. When a drug is present
in animal milk, it is likely that the drug will be present in human milk. The developmental and health
benefits of breastfeeding should be considered along with the mother’s clinical need for ZORYVE and
any potential adverse effects on the breastfed infant from ZORYVE or from the underlying maternal
condition.

Clinical Considerations

To minimize potential exposure to the breastfed infant via breast milk, use ZORYVE on the smallest
area of skin and for the shortest duration possible while breastfeeding. To avoid direct infant exposure,
advise breastfeeding women not to apply ZORYVE directly to the nipple or areola. If applied to the
patient’s chest, avoid exposure via direct contact with the infant’s skin.

Data

Animal data

Plague Psoriasis (ZORYVE cream, 0.3%) and Atopic Dermatitis (ZORYVE cream, 0.15%)

Roflumilast and/or its metabolite concentrations measured 8 hours after an oral dose of 1 mg/kg given
to lactating rats were 0.32 and 0.02 meg/g in the milk and pup liver, respectively. The concentration
of roflumilast in animal milk does not necessarily predict the concentration of drug in human milk.

Plaque Psoriasis and Seborrheic Dermatitis (ZORYVE foam, 0.3%)

Roflumilast and/or its metabolite concentrations measured 8 hours after an oral dose of 1 mg/kg given
to lactating rats were 0.32 and 0.02 mcg/g in the milk and pup liver, respectively. The concentration
of roflumilast in animal milk does not necessarily predict the concentration of drug in human milk.

Females and Males of Reproductive Potential

Fertility

Plague Psoriasis (ZORYVE cream and ZORYVE foam) and Atopic Dermatitis (ZORYVE cream)

In-a human spermatogenesis study, oral roflumilast 500 mcg had no effects on semen parameters or
reproductive hormones during the 3-month treatment period and the following 3-month off-treatment period.

Pediatric Use

Plague Psoriasis (ZORYVE cream, 0.3%)

The safety and effectiveness of ZORYVE cream, 0.3%, for the topical treatment of plaque psoriasis,
including intertriginous areas, have been established in pediatric patients 2 years of age and older. Use
of ZORYVE cream, 0.3%, in pediatric patients 2 years of age and older is supported by data from two
8-week, vehicle-controlled, safety and efficacy trials which included 18 subjects 6 to 17 years of age,
of whom 11 received ZORYVE cream, 0.3%; one open-label, safety trial in 21 pediatric subjects 2 to
5 years of age with up to 25% BSA involvement who applied ZORYVE cream, 0.3%, up to 24 weeks.
Additional safety and pharmacokinetic (PK) data supported this use: open-label trials of 2- and 24-weeks
duration which included 25 subjects 12 to 17 years of age treated with ZORYVE cream, 0.3%; two
4-week, open-label, safety and PK studies which included 20 pediatric subjects 6 to 11 years of age and
10 pediatric subjects 2 to 5 years of age, treated with ZORYVE cream, 0.3%.

The safety and effectiveness of ZORYVE cream, 0.3%, have not been established in pediatric patients
younger than 2 years of age.

Plague Psoriasis (ZORYVE foam, 0.3%)

The safety and effectiveness of ZORYVE topical foam, 0.3%, for the treatment of plaque psoriasis of the
scalp and body have been established in pediatric patients 12 years of age and older. Use of ZORYVE foam,
0.3%, in this age group is supported by data from two 8-week, vehicle-controlled trials which included 12
subjects 12 to 17 years of age, of whom 8 received ZORYVE foam, 0.3%. Use of ZORYVE foam, 0.3%, in
pediatric patients 12 years of age and older is also supported by data from an open-label trial of 8 weeks
duration which included 7 subjects 12 to 17 years of age treated with ZORYVE foam, 0.3%.

The safety and effectiveness of ZORYVE foam, 0.3%, in pediatric patients below the age of 12 years
with plague psoriasis have not been established.

Atopic Dermatitis (ZORYVE cream, 0.15%)

The safety and effectiveness of ZORYVE cream, 0.15%, for the topical treatment of mild to moderate
atopic dermatitis have been established in pediatric patients 6 years of age and older. Use of ZORYVE
cream, 0.15%, in this age group is supported by data from two 4-week, vehicle-controlled, safety and
efficacy trials which included 615 subjects 6 to 17 years of age, of whom 406 received ZORYVE cream,
0.15%. Use of ZORYVE cream, 0.15%, in pediatric patients 6 years of age and older is also supported
by data from 481 pediatric subjects treated with ZORYVE cream, 0.15%, in open-label trials, of which
104 were treated for 52 weeks.

In"an open-label PK trial in 36 pediatric subjects 2 to 16 years of age, following topical administration
of roflumilast cream, 0.15%, once daily for 2 weeks, mean systemic exposure of roflumilast and
roflumilast N-oxide in subjects 2 to 5 years of age was approximately 3.2-fold and 5.2-fold higher,
respectively, compared to subjects 12 to 16 years of age, and approximately 2-fold and 2.3-fold higher,
respectively, compared to subjects 6 to 11 years of age.

The safety and effectiveness of ZORYVE cream, 0.15%, have not been established in pediatric patients
younger than 6 years of age.

Atopic Dermatitis (ZORYVE cream, 0.05%)

The safety and effectiveness of ZORYVE cream, 0.05%, for the topical treatment of mild to moderate
atopic dermatitis have been established in pediatric patients 2 to 5 years of age. Use of ZORYVE cream,
0.05%, in this age group is supported by data from one 4-week, vehicle-controlled, safety and efficacy
trial which included 652 subjects 2 to 5 years of age, of whom 437 received ZORYVE cream, 0.05%.
Use of ZORYVE cream, 0.05%, in pediatric patients 2 to 5 years of age is also supported by data from
572 pediatric subjects treated with ZORYVE cream, 0.05%, in open-label trials, of whom 353 were
treated for 52 weeks.

The safety and effectiveness of ZORYVE cream, 0.05%, have not been established in pediatric patients
younger than 2 years of age and older than 6 years of age.

Seborrheic Dermatitis (ZORYVE foam, 0.3%)

The safety and effectiveness of ZORYVE topical foam, 0.3%, for the treatment of seborrheic dermatitis
have been established in pediatric patients 9 years of age and older. Use of ZORYVE foam, 0.3%, in this
age group is supported by data from two 8-week, vehicle-controlled trials which included 32 subjects
910 17 years of age, of whom 17 received ZORYVE foam, 0.3%, and from open-label trials of up to 52
weeks which included 23 pediatric subjects treated with ZORYVE foam, 0.3%.

The safety and effectiveness of ZORYVE foam, 0.3%, in pediatric patients below the age of 9 years
have not been established.

Geriatric Use
There were 184 patients 65 years of age and older in clinical studies for plaque psoriasis and atopic dermatitis.

Plague Psoriasis (ZORYVE cream, 0.3%)

Of the 576 patients treated with ZORYVE cream, 0.3%, in the 2 controlled clinical studies for plaque
psoriasis, 56 (9.7%) were 65 to 74 years of age and 21 (3.7%) were 75 years of age and older.
No overall differences in safety or effectiveness were observed between these subjects and younger
subjects. Other reported clinical experience has not identified differences in responses between the
geriatric and younger patients, but greater sensitivity of some older individuals cannot be ruled out.

Plaque Psoriasis (ZORYVE foam, 0.3%)

Of the 734 subjects with plague psoriasis of the scalp and body exposed to ZORYVE foam, 0.3%, or
vehicle for up to 8 weeks in the controlled clinical trials, 82 (11%) were 65 years of age or older, and
21 (3%) were 75 years of age or older. No overall differences in safety or effectiveness were observed
between these subjects and younger subjects, and other reported clinical experience has not identified
differences in responses between the elderly and younger patients, but greater sensitivity of some older
individuals cannot be ruled out.

Atopic Dermatitis (ZORYVE cream, 0.15%)

Of the 885 patients treated with ZORYVE cream, 0.15%, in the 2 controlled clinical studies for atopic
dermatitis, 36 (4.1%) were 65 to 74 years of age and 8 (0.9%) were 75 years of age and older.
No overall differences in safety or effectiveness were observed between these subjects and younger
subjects. Other reported clinical experience has not identified differences in responses between the
geriatric and younger patients, but greater sensitivity of some older individuals cannot be ruled out.

Seborrheic Dermatitis (ZORYVE foam, 0.3%)

Of the 683 subjects with seborrheic dermatitis exposed to ZORYVE foam, 0.3%, or vehicle for up to
8 weeks in the controlled clinical trials, 98 (14%) were 65 years of age or older, and 33 (5%) were
75 years of age or older. No overall differences in safety or effectiveness were observed between these
subjects and younger subjects, and other reported clinical experience has not identified differences in
responses between the elderly and younger patients, but greater sensitivity of some older individuals
cannot be ruled out.

Hepatic Impairment

Oral roflumilast 250 mcg once daily for 14 days was studied in subjects with hepatic impairment.
The systemic exposure of roflumilast and roflumilast N-oxide were increased in subjects with moderate
(Child-Pugh B) hepatic impairment. ZORYVE is contraindicated in patients with moderate to severe liver
impairment (Child-Pugh B or C). No dosage adjustment is needed in patients with mild (Child-Pugh A)
hepatic impairment.

PATIENT COUNSELING INFORMATION

Advise the patient or caregiver to read the FDA-approved patient labeling (Patient Information).
Administration Instructions

Advise patients or caregivers that ZORYVE foam and ZORYVE cream are for topical use only and are not
for ophthalmic, oral, or intravaginal use.

Instruct patients or caregivers to shake the can of ZORYVE foam, 0.3%, prior to each use.

Instruct patients or caregivers to wash hands after applying ZORYVE foam or ZORYVE cream.

Flammability
Because the propellants in ZORYVE foam, 0.3%, are flammable, instruct the patient to avoid fire, flame,
and smoking during and immediately following application.

Lactation

Advise patients to use ZORYVE on the smallest area of skin and for the shortest duration possible while
breastfeeding. Instruct patients who are breastfeeding not to apply ZORYVE directly to the nipple or
areola to avoid direct infant exposure. Instruct patients to avoid inadvertent contact of treated areas
with infant skin.

© 2026 Arcutis Biotherapeutics, Inc. All rights reserved.
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Progression to Psoriatic Arthritis Among Psoriasis
Patients Treated With JAK Inhibitors Compared With
IL-17/23 Inhibitors

Robert Adler BA,*> Michael Kozlov BA,? Sara Sash BS,*» Manan D. Mehta MD,* Emily Cowen MD,®
Katerina Svigos MDD, Jessica Lori Feig MD PhD"¢

*SUNY Downstate Medical Center, Brooklyn, NY
"Department of Dermatology, SUNY Downstate Health Sciences University, Brooklyn, N'Y
‘Dermatology Service, Veterans Affairs New York Harbor Healthcare System - Brooklyn Campus, Brooklyn, NY

ABSTRACT

Background: Psoriasis is a chronic immune-mediated inflammatory disease that may progress to psoriatic arthritis (PsA). Although
multiple systemic therapies are available, including interleukin (IL)-17 and [l-23 inhibitors and Janus kinase (JAK) inhibitors, their
comparative associations with incident PsA remain incompletely characterized.

Methods: \We performed 2 retrospective, propensity score-matched cohort studies within a large federated research network using
a TARGET trial emulation framework. Adults with psoriasis initiating a JAK inhibitor were separately compared with those initiating an
[l-17 inhibitor or an IL-23 inhibitor; patients with preexisting PsA were excluded. Cohorts were matched 1:1 on demographics, race and
ethnicity, comorbidities, psoriasis subtype, baseline musculoskeletal symptoms, prior medication exposure, and healthcare utilization.
Balance was assessed using standardized mean differences (P<0.10). The primary outcome was incident PsA (L40.5) occurring 1 day
to b years after treatment initiation. Risk ratios (RRs) with 95% confidence intervals (Cls) and time-to-event analyses using Cox models
and Kaplan-Meier methods were applied.

Results: PsA incidence was 15.1% with 11:23 inhibitors vs 19.0% with JAK inhibitors (RR 1.25, 95% CI 1.15-1.37; HR 1.32, 95%
Cl 1.20-1.46; log-rank P<0.0001). In contrast, IL-17 inhibitors were associated with a higher incidence than JAK inhibitors (27.1% vs
16.8%; RR 0.62, 95% Cl 0.58-0.67; HR 0.66, 95% CI 0.61-0.72; log-rank P<0.0001).

Conclusion: |1-:23 inhibitors were associated with the lowest observed incidence of PsA. Although causal inference is limited, these
findings may help inform therapeutic decision-making in psoriasis.

J Drugs Dermatol. 2026;25(11):997-1002. doi:10.36849/JDD.9963

soriatic arthritis (PsA) is a debilitating inflammatory
Parthropathy and a major long-term complication of

psoriasis, affecting up to 30% of patients.” Although the
mechanistic link between cutaneous psoriasis and PsA is not
fully elucidated, both conditions are mediated by dysregulated
immune signaling, prominently involving the IL-23/IL-17 axis
and downstream proinflammatory cytokines.2 Emerging
evidence suggests that systemic therapies for psoriasis may
differentially influence the subsequent development of PsA,

underscoring the clinical importance of treatment selection in
patients at risk.>®

Psoriasis is a chronic immune-mediated inflammatory disease
driven by adaptive immune pathways, particularly those
involving 1L-23 and IL-17.26 |L-23 signaling activates the tyrosine
kinases JAK2 and TYK2, leading to STAT3 phosphorylation and
induction of the transcription factor RORyt, which promotes

Th17 cell differentiation and IL-17 cytokine production.”™ IL-17
and IL-23 inhibitors have become cornerstone therapies for
moderate-to-severe psoriasis, while JAK inhibitors represent
an additional systemic option."" Notably, JAK inhibitors are
also widely used in inflammatory joint diseases, raising the
possibility that they may confer benefitin preventing or delaying
PsA, albeit with potentially less robust cutaneous efficacy.' In
current clinical practice, JAK inhibitors are typically reserved
after inadequate response or intolerance to conventional
disease-modifying antirheumatic drugs.™

Determining how different systemic therapies influence the
risk of developing PsA is essential for optimizing psoriasis
management. While prior studies have examined to a degree
the comparative efficacy of IL17 and IL23 inhibitors, the
relative impact on PsA risk remains poorly characterized.""4
To address this knowledge gap, we conducted a retrospective
5-year outcomes study evaluating incident PsA among patients
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with psoriasis treated with JAK inhibitors compared with =17
and IL-:23 inhibitors, leveraging a large real-world dataset to
enhance statistical power and clinical relevance.

MATERIALS AND METHODS

Study Design and Data Source

We conducted a retrospective cohort study using a target trial
emulation framework to evaluate the association between
initiation of Janus kinase (JAK) inhibitors and the risk of incident
psoriatic arthritis (PsA), compared with initiation of interleukin
(IL)-17 and IL-23 inhibitors among patients with psoriasis. The
observational emulation was designed to mirror a hypothetical
randomized controlled trial as closely as possible. Diagnoses
were identified using International Classification of Diseases,
Tenth Revision (ICD-10) codes, and medication exposures were
identified using RxNorm and Anatomical Therapeutic Chemical
(ATC) classifications.

Study Population and Eligibility Criteria

Eligible individuals were adults with a diagnosis of psoriasis,
defined by atleast 1 ICD-10 code for psoriasis (L40.0 or L40.9), and
no prior diagnosis of psoriatic arthritis. Patients were required to
initiate a study drug during the study period and have complete
baseline demographic and clinical covariate data. Patients were
excluded if they had evidence of the primary outcome (PsA) or
any prespecified sensitivity or negative control outcome prior
to the index date. Individuals with missing demographic or
covariate data required for propensity score modeling were also
excluded.

Exposure Cohorts and Index Date

Patients were classified into mutually exclusive exposure
cohorts based on the first eligible prescription during the study
period.Three cohorts were defined:

1. JAK inhibitor initiators, defined as patients with PsO who
initiated a JAK inhibitor and had no prior use of a JAK
inhibitor before the start of the study.

2. IL-:23 inhibitor initiators, defined as patients with psoriasis
who initiated an IL-:23 inhibitor with no prior IL-:23
inhibitor use.

3. IL-17 inhibitor initiators, defined as patients with psoriasis
who initiated an IL-17 inhibitor with no prior IL:17
inhibitor use.

The index date was defined as the date of the first qualifying
prescription for the respective therapy. Follow-up began 1 day
after the index date to minimize immortal time bias.

Target Trial Emulation Framework
A target trial is a conceptual framework used in observational
research to explicitly specify the design of a hypothetical

R. Adler, M. Kozlov, S. Sash, et al

randomized controlled trial that would ideally answer the causal
question of interest. Key components of the target trial include
eligibility criteria, treatment strategies, treatment assignment,
start of follow-up (time zero), outcomes, estimates, and analytic
approach. By clearly defining these elements in advance, the
target trial framework helps prevent common sources of bias
in observational studies, such as immortal time bias, selection
bias, and inappropriate adjustment for posttreatment variables.
Observational data are then analyzed to emulate this hypothetical
trial as closely as possible, using methods such as propensity
score-based adjustment to approximate randomization and
intention-to-treat analyses to preserve temporal alignment
between treatment initiation and outcome assessment.

The emulated target trial sought to answer whether initiation
of JAK inhibitors, compared with biologic therapies, was
associated with differential risk of progression to psoriatic
arthritis. In the hypothetical target trial, eligible participants
would be randomized to initiate either a JAK inhibitor or a
biologic comparator and followed longitudinally for incident
PsA. In the observational emulation, treatment assignment was
approximated using 1:1 propensity score matching between
JAK inhibitor initiators and each biologic comparator group
(IL-17 and 1L-:23 inhibitors). Matching was performed using a
nearest-neighbor algorithm without replacement.

Covariates for Propensity Score Matching

Propensity score models included baseline demographic,
clinical, and medication-related covariates selected a priori
based on clinical relevance and prior literature. These covariates
included age at index date, sex, race and ethnicity, and
comorbid conditions such as hypertension, hyperlipidemia, type
2 diabetes mellitus, overweight or obesity, atopic dermatitis,
heart failure, gastroesophageal reflux disease, depressive
disorders, anxiety disorders, joint pain, and dorsalgia. Baseline
medication exposures included methotrexate use, other
immunosuppressant use, and systemic corticosteroid use.
Comorbidities were defined using ICD-10 codes, and medication
exposures were defined using RxNorm and ATC classifications.

Outcomes

The primary outcome was incident psoriatic arthritis, defined
using the ICD-10 code L40.5. Patients with PsA diagnosed prior
to the index date were excluded. Outcomes were assessed from
1 day after treatment initiation through a maximum follow-
up of 5 years. To evaluate residual confounding and outcome
specificity, several sensitivity and negative control outcomes
were prespecified, including fracture of the lower end of the
radius (S52.5), presbyopia (H52.4), nephrolithiasis (N20), and
ingrown nail (L60.0). These outcomes were also assessed from 1
day through 5 years after index therapy initiation, with patients
excluded if the outcome occurred prior to the index date.
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Follow-up

Patients were followed from 1 day after the index date until the
occurrence of the outcome of interest, loss to follow-up, death,
or 5 years of follow-up, whichever occurred first. Analyses were
conducted under an intention-to-treat framework, consistent
with the target trial specification.

Statistical Analysis

Baseline characteristics were compared between matched
cohorts to assess covariate balance. Time-to-event analyses
were performed using Cox proportional hazards regression
models to estimate hazard ratios and corresponding 95%
confidence intervals (Cls) for incident psoriatic arthritis. Kaplan-
Meier survival curves were generated, and differences between
groups were assessed using log-rank tests. Risk analyses were
conducted for both the primary outcome and sensitivity and
negative control outcomes to assess robustness and potential
residual confounding.

With those on I-:23 inhibitors (n=5,027 per group, mean follow
up 888 vs 925 days), incident PsA occurred in 19.0% of JAK
inhibitor users and 15.1% on IL-23 inhibitors, corresponding to a
higher risk with JAK inhibitors (risk ratio [RR] 1.25, 95% CI 1.15-
1.37; hazard ratio [HR] 1.32, 95% Cl 1.20-1.46; log-rank P<0.0001).

R. Adler, M. Kozlov, S. Sash, et al

Compared with IL-17 inhibitors (n=5,300 per group, mean follow
up 850 vs 1017 days), incident PsA occurred in 16.8% of JAK
inhibitor users compared with 27.1% on IL-17 inhibitors, indicating
a significantly lower risk among JAK inhibitor initiators (RR 0.62,
95% Cl 0.58-0.67; HR 0.66, 95% Cl 0.61-0.72; log-rank P<0.0001).
Kaplan-Meier analyses demonstrated consistent separation of
PsA-free survival curves across both comparisons (Figures 1-2).
Negative controls demonstrated no increased risk or hazard in
both analyses (Tables 1-2).

DISCUSSION

In this large, real-world, propensity score-matched analysis,
IL:23 inhibitors were associated with the lowest observed
incidence of incident PsA among patients with psoriasis,
followed by JAK inhibitors and IL-17 inhibitors. Although IL-17
inhibitors are often associated with more rapid initial cutaneous
clearance, accumulating evidence suggests that I1L-23 inhibition
confers more durable disease control, including sustained
improvements in PASI scores and reductions in patient-reported
pain over longer follow-up periods."' Our findings extend
these observations by suggesting that IL-23-targeted therapies
may also be associated with a lower subsequent risk of PsA,
supporting the concept that upstream modulation of the Th17
axis may have implications beyond skin-limited disease.

FIGURE 1. Kaplan-Meier curve for PsA free survival for JAK Inhibitors vs IL-23 Inhibitors, assessed over 5 years.
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TABLE 1.

Composite Table Displaying Matched Baseline Characteristics (With Standardized Mean Differences)

Age at index (years) Al 5,027 (51.1 £ 17.1) 5,027 (51.1 £ 17.5) D.D04 5,3D0(50.9+ 17.1) 5,3D0 (51.2 + 16.4) D.D17
Male sex M 1,732 (34.5%) 1,707 (34.0%) 0.007 1,855 (35.0%) 1,804 (34.0%) 0.015
White 2106-3 3,843 (76.4%) 3,829 (76.2%) -<0.001 4,009 (75.6%) 4,042 (76.3%) 0.01

Black or African American 2054-5 359 (7.1%) 380 (7.6%) 0.016 419 (7.9%) 425 (8.0%) 0.004
Hispanic or Latino 2135-2 326 (6.5%) 326 (6.5%) 0.01 341 (6.4%) 327 (6.2%) 0.02

Asian 2028-9 268 (5.3%) 252 (5.0%) 0.014 285 (5.4%) 258 (4.9%) 0.023
Hypertensive disease 110-115 1,678 (33.4%) 1,709 (34.0%) D.013 1,674 (31.6%) 1,664 (31.4%) 0.004
Hyperlipidemia E78.5 1,104 (22.0%) 1,117 (22.2%) D.006 1,101 (20.8%) 1,128 (21.3%) 0.013
Type 2 diabetes mellitus EN 712 (14.2%) 692 (13.8%) 0.058 748 (14.1%) 733 (13.8%) 0.012
Ove rweightlobesity E66 1,092 (21.7%) 1,093(21.7%) D.004 1,133 (21.4%) 1,099 (20.7%) 0.024
Nicotine dependence F17.21 361 (7.2%) 374 (7.4%) -<0.001 365 (6.9%) 361 (6.8%) 0.016
Alcohol-related disorders F10 145 (2.9%) 148 (2.9%) 0.011 151 (2.8%) 173 (3.3%) 0.008
Heart failure 150 252 (5.0%) 276 (5.5%) 0.01 241 (4.5%) 236 (4.5%) 0.003
GERO K21 1,166 (23.2%) 1,203 (23.9%) D.024 1,136(21.4%) 1,128 (21.3%) 0.0D7
Noninfective enteritis/colitis K50-K52 654 (13.0%) 755 (15.0%) 0.021 584 (11.0%) 565 (10.7%) 0.005
Atopic dermatitis L2D 541 (10.8%) 579 (11.5%) D.017 455 (8.6%) 444 (8.4%) 0.004
Psoriasis, unspecified L4D.9 2,027 (40.3%) 2,002 (39.8%) D.023 2,252 (42.5%) 2,193 (41.4%) 0.014
Generalized pustular psoriasis L4D.1 359 (7.1%) 389 (7.7%) D.019 422 (8.0%) 443 (8.4%) 0.012
Palmoplantar pustulosis L4D.3 437 (8.7%) 464 (9.2%) D.016 508 (9.6%) 527 (9.9%) 0.0D1
Guttate psoriasis L40.4 376 (7.5%) 397 (7.9%) 0.01 447 (8.4%) 449 (8.5%) 0.023
Depressive episode F32 895 (17.8%) 904 (18.0%) D.005 911 (17.2%) 894 (16.9%) 0.0D9
Anxiety disorders F41 1,159 (23.1%) 1,176 (23.4%) D.008 1,152(21.7%) 1,139 (21.5%) 0.0D6
Joint pain M25.5 1,853 (36.9%) 1,885 (37.5%) 0.013 1,840 (34.7%) 1,806 (34.1%) 0.014
Dorsalgia M54 1,541 (30.7%) 1,520 (30.2%) 0.009 1,539 (29.0%) 1,515 (28.6%) 0.01

Enthesopathies M77 289 (5.7%) 297 (5.9%) D.007 285 (5.4%) 273 (5.2%) 0.01

Digestive organ malignancy C15-C26 34 (0.7%) 39 (0.8%) D.012 28 (0.5%) 30 (0.6%) 0.0D5
Respiratory malignancy C30-C39 17(0.3%) 17 (0.3%) -<0.001 18(0.3%) 20 (0.4%) 0.0D6
Breast cancer C50 64(1.3%) 62 (1.2%) D.004 71 (1.3%) 72 (1.4%) 0.0D2
Male genital malignancy C60-C63 51 (1.0%) 50 (1.0%) D.002 49 (0.9%) 46 (0.9%) 0.0D6
Urinary tract malignancy C64-C68 28 (0.6%) 28 (0.6%) -<0.001 26 (0.5%) 23 (0.4%) 0.008
Hematologic malignancy C81-C96 133 (2.6%) 136 (2.7%) 0.004 116 (2.2%) 104 (2.0%) 0.016
Phototherapy 6A6 10(0.2%) 10 (0.2%) -<0.001 0 (0.0%) 10 (0.2%) 0.061
Immunosuppressants (any) LO4 2,643 (52.6%) 2,634 (52.4%) D.004 2,823 (53.3%) 2,801 (52.8%) 0.0D8
Systemic corticosteroids HO02 3,714 (73.9%) 3,733 (74.3%) 0.009 3,818 (72.0%) 3,857 (72.8%) 0.016
Methotrexate 6851 996 (19.8%) 949 (18.9%) D.024 1,02D(19.2%) 1,008 (19.0%) 0.0D6
Cyclosporine 30D8 198 (3.9%) 215 (4.3%) D.017 227 (4.3%) 203 (3.8%) 0.023
Acitretin 16818 73(1.5%) 78 (1.6%) 0.008 79(1.5%) 82 (1.5%) 0.005
Sulfasalazine 9524 159 (3.2%) 158 (3.1%) D.001 193 (3.6%) 201 (3.8%) 0.0D8
ESR measured 9066 1,590 (31.6%) 1,581 (31.5%) D.052 1,566 (29.5%) 1,576 (29.7%) 0.018
ESR 0-20 mm/h - 1,107 (22.0%) 1,117 (22.2%) 0.005 1,084 (20.5%) 1,079 (20.4%) 0.002
ESR >20 mm/h = 878 (17.5%) 906 (18.0%) 0.015 842 (15.9%) 841 (15.9%) 0.001
Ambulatory visit AMB 4,240 (84.3%) 4,214 (83.8%) D.014 4,477 (84.5%) 4,479 (84.5%) 0.0D1
Emergencv visit EMER 1,451 (28.9%) 1,455 (28.9%) 0.002 1,432 (27.0%) 1,412 (26.6%) 0.009

Inpatient encounter IMP 1,158 (23.0%) 1,200 (23.9%) D.02 1,136(21.4%) 1,116 (21.1%) 0.0D9
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TABLE 2.
Composite Table Displaying Post-Matching Outcome Analyses, Including Risk Estimates, Risk Ratios, Hazard Ratios, and Log-Rank Statistics For JAK

Inhibitors vs Interleukin Inhibitors.

R. Adler, M. Kozlov, S. Sash, et al

Psoriatic arthritis ICD-10 L40.5 953/5,027 (19.0%)
Fracture ICD-10 S52.5 15/4,968 (0.3%)
(negative control)
Presbyopia ~ o,
L23 (negative ontrol) ICD-10 H52.4 78/4,816 (1.6%)
Nephrolithiasis ICD-10 N20 127/4,740 (2.7%)
(negative control)
IngTxn G ICD-10 L60.0 52/4,940 (1.1%)
(negative control)
Psoriatic arthritis ICD-10 L40.5 890/5,304 (16.8%)
FEIEITE ICD-10 S52.5 16/5,248 (0.3%)
(negative control)
117 Presbyopia ICD-10 H52.4 84/5,088 (1.6%)
(negative control)
Nt it ICD-10 N20 120/5,030 (2.4%)
(negative control)
Ingrown nail ICD-10 L60.0 44/5,210 (0.8%)

(negative control)

From a mechanistic standpoint, IL.-23 occupies a central position
in the differentiation and maintenance of pathogenic Th17 cells
and may play a more direct role in driving chronic entheseal
and synovial inflammation than IL-17 alone.'® Persistent 1L-:23
signaling has been implicated in the transition from cutaneous
inflammation to musculoskeletal disease, raising the possibility
that earlier or sustained I-:23 blockade may attenuate pathways
involved in PsA pathogenesis. While JAK inhibitors act
downstream by broadly suppressing multiple cytokine signals,
their comparatively less targeted immunomodulatory profile
may account for the intermediate associations observed in this
study. These biologic considerations provide plausibility for
the observed class-specific differences, although they do not
establish causality.

Several important limitations merit careful consideration.
First, PsA diagnosis was ascertained using ICD-10 codes,
introducing potential misclassification and limiting the ability
to evaluate clinical phenotype, disease severity, or subclinical
musculoskeletal involvement. Similarly, psoriasis severity,
disease duration, nail involvement, and family history, well-
established predictors of PsA, were not directly measurable
within TriNetX and may contribute to residual confounding
despite extensive matching."”"® However, we partially mitigated
this limitation by adjusting for baseline musculoskeletal
symptoms, healthcare utilization, comorbidities, prior systemic
therapies, and psoriasis subtypes, which serve as clinically
relevant proxies for disease burden.

761/5,027 (15.1%) 1.25 (1.15-1.37) 1.32 (1.20-1.46) <0.0001
19/4,969 (0.4%) 0.79 (0.40-1.55) 0.82 (0.42-1.62) 0.567
79/4,831 (1.6%) 0.99 (0.73-1.35) 1.03 (0.76-1.41) 0.841
114/4,730 (2.4%) 1.1 (0.87-1.43) 1.16 (0.90-1.50) 0.246
37/4,935 (0.7%) 1.40 (0.92-2.14) 1.46 (0.96-2.23) 0.075

1,434/5,304 0.62 (0.58-0.67) 0.66 (0.61-0.72) <0.0001
(27.1%)
25/5,246 (0.5%) 0.64 (0.34-1.20) 0.77 (0.41-1.44) 0.413
87/5,101 (1.7%) 0.97 (0.72-1.31) 1.15 (0.85-1.56) 0.350
121/5,028 (2.4%) 0.99 (0.78-1.28) 1.17 (0.91-1.51) 0.214
46/5,206 (0.9%) 0.96 (0.63-1.44) 1.13 (0.75-1.72) 0.551

Second, channeling bias is an important consideration, with
these agents frequently prescribed in patients with prominent
joint symptoms or refractory disease.? This prescribing pattern
may have enriched the JAK inhibitor cohort with individuals
already at elevated baseline risk for PsA, potentially biasing
estimates toward higher observed incidence. Notably, despite
this bias, JAK inhibitors demonstrated a lower incidence of PSA
compared with IL-17 inhibitors, underscoring the robustness of
the observed associations. Importantly, relative comparisons
rather than absolute incidence rates are the primary focus of
this analysis, especially given follow-up duration, and outcome
ascertainment.

Despite these limitations, this study has several notable
strengths that enhance its relevance. We employed a TARGET
trial emulation framework with active comparators and rigorous
propensity score matching, reducing immortal time bias and
confounding by indication. The large, multisite nature of the
dataset increases generalizability to routine clinical practice,
capturing prescribing patterns and outcomes that may not
be observable in randomized trials. Furthermore, our study
addresses a critical evidence gap, as head-to-head randomized
trials evaluating PsA prevention across biologic and small-
molecule classes are unlikely to be conducted. Taken together,
these findings should be viewed as hypothesis-generating but
clinically informative. In the absence of prospective prevention
trials, real-world comparative effectiveness studies such as this
provide valuable insights into how therapeutic choices may
influence long-term disease trajectories.
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ABSTRACT

Background: Impetigo is a highly contagious bacterial skin infection, primarily caused by Staphylococcus aureus and, less frequently,
Streptococcus pyogenes. Although typically self-limiting, treatment is recommended to reduce symptom burden, limit transmission,
and prevent complications. Increasing antimicrobial resistance to commonly used topical antibiotics presents a growing challenge,
highlighting the need to develop new topical antibiotics and incorporate antibiotic stewardship principles into impetigo management.
Methods: A structured literature review was conducted to evaluate the clinical efficacy, safety, and antimicrobial resistance associated
with topical treatments for impetigo. An international panel of dermatologists, including pediatric dermatologists and a pediatrician,
convened in February 2026 to review the evidence and provide clinical insights on stewardship-informed management strategies.
Results: Topical antibiotics remain first-line therapy for localized uncomplicated impetigo. However, resistance to topical antibiotics
commonly used to treat impetigo (eg, mupirocin, fusidic acid, and retapamulin) has been widely reported. Antibiotic stewardship is an
essential component of impetigo management and promotes the use of the right antibiotic for the right duration. Topical ozenoxacin,
which acts against organisms resistant to other topical agents and has a low capacity for developing resistance, may help address
existing gaps and support stewardship-informed care.

Conclusions: Impetigo represents an important opportunity for antimicrobial stewardship in dermatology. Consideration of local trends
in antibiotic resistance, antibiotic-sparing strategies, and use of novel agents may help optimize management and address current
limitations in care.

J Drugs Dermatol. 2026;25(11):1003-1009. doi:10.36849/JDD.10182

INTRODUCTION

ncreasing rates of antimicrobial resistance in clinical practice
Iunderscore the importance of antibiotic stewardship in

improving patient outcomes." While stewardship efforts
have largely focused on systemic infections, superficial skin
infections such as impetigo represent an important opportunity
to optimize antibiotic prescribing.

Impetigo is 1 of the most common bacterial skin infections, with
over 3 million cases reported in the United States every year."?
Although most common in children aged 2 to 5 years, impetigo
can occur across all age groups.® Impetigo is primarily caused
by Staphylococcus aureus (S. aureus) and less frequently by
both S. aureus and Streptococcus pyogenes (S. pyogenes) or
just S. pyogenes. Both S. aureus and S. pyogenes cause the
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nonbullous form of impetigo, which occurs in approximately
70% of cases.”? This type of impetigo begins as erythematous
papules, usually smaller than 2 cm, that rapidly evolve into
vesicles and pustules that rupture, with the dried discharge
forming honey-colored crusts on an erythematous base.*
Lesions primarily occur on the face around the nose and mouth,
but can also present elsewhere on the body.?

In contrast, bullous impetigo, which is caused exclusively by
S. aureus, results in large, fragile, thin-roofed vesicopustules
that may rupture, creating crusted, erythematous erosions,
often surrounded by a collar of the roof's remnants."* They
occur primarily in intertriginous areas and the trunk.® The risk
of complications requiring hospital admission is higher for
bullous than nonbullous impetigo.®

Although impetigo is often regarded as a self-limiting disease,
treatment is important for symptom control, limiting the spread
of infection, and reducing the risk of complications.5 However,
increasing rates of antibiotic resistance to commonly prescribed
topical agents pose a challenge in impetigo management.

Despite growing recognition of antimicrobial resistance, there
remains limited guidance on applying antibiotic stewardship
principles specifically to the management of impetigo. In
particular, there is a lack of attention to antibiotic resistance in
impetigo, as well as limited information on resistance to topical
antibiotic agents used to treat it. This review aims to address
these gaps by examining the role of antibiotic stewardship in
impetigo and providing clear guidance that clinicians can take
to their practices.

L. Schachner, A. Andriessen, L. Benjamin, et al

MATERIALS AND METHODS

Scope and Preliminary Considerations

This manuscript provides clinical insights into the management
of impetigo in the context of antibiotic stewardship. It was
developed using a structured process that included a literature
review and expert panel discussion. Following the literature
search, an international panel of 9 dermatologists, pediatric
dermatologists, and a pediatrician met on February 4, 2026,
in Miami, FL to discuss the results of the literature review on
stewardship-focused impetigo management.

Literature Review

A systematic literature search was conducted prior to the
meeting to inform the development of a manuscript on
stewardship-informed treatment of impetigo. The systematic
review included research studies, clinical guidelines, consensus
papers, and English-language reviews published from 2014 to
2020 that addressed aspects of impetigo management, including
the clinical efficacy and safety of treatment, antimicrobial
resistance, costs, quality-of-life effects, and treatment regimen
tolerability. These searches were then updated with a structured
review using the same methodology to include articles from
January 2021 to November 2025. For the literature search,
the following terms were used: impetigo; bullous impetigo;
non-bullous impetigo; impetigo pathogenesis and diagnosis;
topical and systemic impetigo treatment; adjunctive impetigo
treatment; adherence; concordance; efficacy; safety; tolerability;
antimicrobial and antibiotic resistance.

FIGURE 1A. Systematic literature review results.

| References from searches assessed by titles (N = 436) |

|

| References assessed by abstracts (N = 436)

References excluded (n = 263) (duplicates, outside scope) |

|

References assessed by full (N = 171)

—

References excluded (n= 128) (outside scope) |

| References included (N =43)

Reviews (n=28)

Clinical studies (n=15)

I RS(@=4 I 1 CS(n
1

Adapted with permission from Schachner LA et al. J Drugs Dermatol. 2021;20(2):134-142. doi:10.36849/JDD.5745°
The systematic review included research studies, clinical guidelines, consensus papers, and English-language reviews published from 2014 to 2020 that addressed aspects of impetigo management,
including the clinical efficacy and safety of treatment, antimicrobial resistance, costs, quality-of-life effects, and treatment regimen tolerability.

Out of scope: Study with a small number, case studies, in-vitro or in-vivo studies, animal studies.

Clinical studies (CS); Randomized controlled trials (RCT); Retrospective studies (RS); Cross-sectional studies (CS); Systematic reviews (SR); Guidelines (GL); Meta-analysis (MA).
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FIGURE 1B. Updated literature review results.

| References from searches assessed by titles (N = 42) |

l

| References assessedby abstracts (N = 42)

References excluded (n =6) (duplicates, outside scope) |

|

| References assessed by full (N = 36)

F___4
F___*

References ex cluded (n = 18) (outside scope) |

| References included (N = 18)

Reviews (a=1)

1 I
2 f s TR e
1 a= ) 1 1 I

P — |

1 1 1 1 1 1
I RCT@=1) | |
1

The systematic literature searches were updated with a structured review using the same methodology to include articles from January 2021 through November 2025.

Out of scope: Studies with a small number, case studies, in vitro or in vivo studies, animal studies.

Clinical studies (CS); Randomized controlled trials (RCT); Retrospective studies (RS); Cross-sectional studies (CS); Systematic reviews (SR); Guidelines (GL); Meta-analysis (MA); Epidemiology studies (ES).

Titles and abstracts were reviewed first, followed by the
full articles. Publications were excluded if they had a small
number of participants, or were case studies, animal studies,
or published in a language other than English. The initial
search yielded 436 results (including duplicates); after review,
43 articles were deemed relevant to a manuscript on antibiotic
use and stewardship in impetigo (Figure 1A). The systematic
literature searches were updated with a structured review using
the same methodology to include references from January 2021
to November 2025. The initial search yielded 42 references, and
after abstract and full-text review 18 references were included
(Figure 1B).

Following the literature review, the panel of advisors
participated in a face-to-face meeting to discuss stewardship-
focused impetigo management and to develop a manuscript on
impetigo treatment in the context of antimicrobial stewardship.

Impetigo Management Principles

Impetigo is a highly contagious bacterial infection that affects
the superficial layers of the skin.® Transmission in children
occurs through contact with infected individuals or pets,
fomites, particularly in schools, daycare centers, and crowded
housing, while sources for adults include infected children
and self-inoculation from nasal or perineal carriage.® Impetigo
is more common in warm, humid climates, conditions of poor
hygiene (eg, overcrowding), and in people with underlying skin
conditions (eg, scabies).?

Most cases of impetigo resolve within 2 to 3 weeks without
scarring.® Although complications are uncommon, particularly
in non-bullous impetigo, local and systemic spread may occur,
resulting in cellulitis, lymphangitis, or, rarely, septicemia.
Infections caused by Streptococcus pyogenes may also lead
to complications such as guttate psoriasis or poststreptococcal
glomerulonephritis.® Therefore, treatment is pursued to prevent
the spread of infection, reduce the risk of complications, hasten
symptom resolution, and minimize scarring due to scratching.?

Management of impetigo includes both nonpharmacologic and
pharmacologic strategies. Gentle cleansing and crust removal
are an important part of treatment.?’ To limit the spread of
infection, children are also recommended to be kept at home
until 24 h after the start of appropriate antimicrobial therapy.’

Both bullous and nonbullous impetigo may be managed
with either topical or oral antibiotics, depending on disease
severity and distribution.®* Current guidelines recommend
topical antibiotics as first-line therapy for patients with limited
disease, while oral antibiotics are reserved for more extensive
involvement.*” Impetiginized eczema is also treated with either
oral or topical antibiotics, depending on the size of the affected
area(s) and number of infection sites.?

Topical treatment for impetigo includes fusidic acid (not
available in the United States, but used in other countries
including Canada, UK, and Australia), mupirocin, retapamulin
(no longer available), and more recently, ozenoxacin 1% cream



<Previous Page | Contents | Zoom In | Zoom Out | Search Issue | Cover | Next Page >

1006

JourRNAL OF DRUGS IN DERMATOLOGY
NOVEMBER 2026 * VOLUME 25 ¢ Issuk 11

(Table 1).246°These agents deliver a high concentration of drug
to infected skin with low systemic absorption and lower risk of
adverse effects (AEs) than oral antibiotics, supporting their use
as first-line therapy in localized mild-to-moderate impetigo.'?
Prior to the introduction of ozenoxacin, there were limited
therapeutic advances in the treatment of impetigo for several
years.

Accordingly, much of the efficacy evidence in impetigo for
topical antibiotics comes from older studies, but the applicability
of these outcomes to present-day practice may be limited by
evolving antibiotic use and resistance patterns. A Cochrane
review found that topical fusidic acid and mupirocin are as
effective as, or more effective than, oral treatment for limited
impetigo, supporting their role as first-line therapy for localized
disease.” Topical mupirocin was also found to be superior to the
oral antibiotic, oral erythromycin." However, direct comparative
studies between individual topical agents are limited, and
differences in study design, patient populations, local resistance
patterns, and outcome measures make it difficult to establish
clear superiority among available treatments. Furthermore, a

TABLE 1.

L. Schachner, A. Andriessen, L. Benjamin, et al

meta-research analysis evaluating the methodological quality
of randomized controlled trials (RCTs) on pharmacologic
treatments for impetigo identified several concerns, including
unclear randomization and allocation concealment procedures,
high risk of bias related to blinding, and high risk of attrition
bias. These findings highlight the need for more rigorous trial
design and reporting standards to strengthen the reliability of
evidence guiding impetigo management.

Antibiotic Resistance in Impetigo

An increasing number of Gram-positive pathogens, especially
S. aureus, have developed resistance to topical antimicrobial
agents commonly used in clinical practice.”Indeed, antimicrobial
resistance (AMR) has emerged as a major global health concern,
with the World Health Organization (WHO) identifying it as 1 of
the top threats to public health.”™ AMR not only makes infections
harder to treat, but also creates the need for more expensive
and intensive care.'' In the context of impetigo, resistance has
been reported to many of the most frequently prescribed topical
treatments, including mupirocin, fusidic acid, and retapamulin

Topical Antimicrobials for Impetigo

N/A in the United

States; approved in No age limitation

Active against S. aureus,

Inhibits protein synthesis
Streptococcus spp.

Fusidic Acid other countries (UK, stated in the PI TID x 7-10 days through I(?Ckmg EFGto and Corynebacterium
Canada, Australia) the ribosome minutissimum
Impetigo in Re?/ersibly _inhibits El.‘f.ective aga.inst granfw—
Eet 2003 S ) TID x 7-10 days bacterial protein and RNA  positive bacteria, especially
months old synthesis by isoleucyl- S. aureus including MRSA
tRNA synthetase and Streptococci
Effective against
gram-positive bacteria
(S. aureus, MRSA,
impetigo in Dual inhibitor of DNA S. pyogenes)
. . replication enzymes, . . .
Ozenoxacin 2017 patients >2 BID x 5 days blocks DNA gyrase and Efficacy against mupirocin-
months old” . resistant S. aureus, fusidic
topoisomerase IV . .
acid resistant S. aureus,
quinolone-resistant
S. aureus, and clinda-
mycin-resistant S. aureus
Inhibition of protein
synthesis by interacting
Impetigo in with the 50S subunit Active against S. aureus
. . of bacterial ribosomes (methicillin susceptible
Retapamulin® 2007 patients >9 BID x 5 days o oleiieln LD e Yl Gl Al
months old

subsequent prevention
of active 50S subunit
formation

BID, twice daily; EF-G, elongation factor G; MRSA, methicillin-resistant Staphylococcus aureus; TID, 3 times daily.

*In EU countries, 6 months of age and older.
‘Retapamulin is no longer available

S. pyogenes
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TABLE 2.

Global Prevalence and Mechanisms of S. aureus Resistance to Topical Antibiotics for Impetigo

In S. aureus, there are three mechanisms of resistance:
a. Mutations in the antibiotic target, EF-G

Fusidic Acid 5.9%-51.9% . . . . .
b. Expression of resistance proteins that provide target protection
c. Mutations in a ribosomal protein, uL6 (uncommon)

L S. aureus resistance to mupirocin is often caused by acquisition of a novel

Mupirocin 1.1%-37.7% . 5 . e

isoleucyl-tRNA synthetase encoded on the plasmid gene mupA.
. L. . . Because ozenoxacin inhibits both DNA gyrase and topoisomerase |V
. No published clinical resistance signal/ K . . L
Ozenoxacin equally, bacteria must develop multiple mutations in different enzymes

data identified since introduction . .
simultaneously to become fully resistant.

Resistance occurs through mutations in the genes encoding 23S rRNA but
is not crossed with other antibiotics as the binding site is unique
compared with those of other antibiotics acting on ribosomes.

Retapamulin® 5%-14%

EF-G, elongation factor G; rRNA, ribosomal ribonucleic acid; S. aureus, Staphylococcus aureus; tRNA, transfer ribonucleic acid.

*Reported range across studies and geographies
'Retapamulin is no longer available

(Table 2).36101516 While resistance patterns vary by region,
evidence suggests that increased resistance to topical agents
that are commonly used to treat impetigo may contribute to
treatment failure and recurrent infection.®

The growing prevalence of AMR is particularly concerning
in empirically managed diseases such as impetigo, where
treatment is often initiated without microbiological confirmation
or susceptibility testing.! As a result, local resistance patterns
must be considered and should periodically be checked when
making treatment decisions for patients with impetigo, as they
can guide the choice of agent and avoid unnecessary antibiotic
use.z®%7|n this context, the use of newer antimicrobial agents
with different modes of action and with activity against resistant
isolates may be appropriate.’®

Antibiotic Stewardship-Informed Treatment Principles
Antimicrobial stewardship, defined by WHO as a systematic
approach to educating and supporting health care professionals
in following evidence-based guidelines for prescribing and
administering antimicrobials, is critical to optimizing antibiotic
use while preventing the development of resistance.?™ Incor-
porating antibiotic stewardship principles into the management
of impetigo is essential, as dermatologists are among the most
frequent prescribers of topical antibiotics.2

Stewardship-informed treatment for impetigo requires not only
selecting therapy based on disease severity and extent but also
considering local antibiotic resistance trends when choosing
among available agents.® The panel noted that antibiotic
stewardship does not imply avoidance of antibiotics, but rather
the use of “the right antibiotic for the right amount of time.”
Minimizing unnecessary antibiotic exposure and avoiding
overuse of antibiotics with known or increasing resistance are
key components of this approach.

In intensive care units, antibiotic rotation has also been proposed
to reduce antibiotic resistance by systematically rotating
antibiotics or antibiotic classes for empirical treatment.” In
recurrent impetigo, a topical antibiotic rotation regimen can be
considered. An expert panel noted that the topical regimen may
comprise a rotation of mupirocin and ozenoxacin cream 1% in
the USA, while in Europe, a rotation of mupirocin, ozenoxacin,
and fusidic acid may be used.?

Concerns regarding increased antimicrobial resistance have
also prompted interest in nonantibiotic treatment options
for impetigo. For example, the Treatment of Impetigo With
Antiseptics — Replacing Antibiotics (TIARA) trial in New Zealand
is designed to evaluate clinical improvement in childhood
impetigo by comparing topical fusidic acid with topical hydrogen
peroxide and simple wound care.?

Novel topical antibiotics may offer an additional treatment
option for localized impetigo. Ozenoxacin cream is a non-
fluorinated quinolone antibiotic approved in 2017 for the
treatment of impetigo in patients aged 2 months and older. It
acts by binding to DNA gyrase and topoisomerase |V, preventing
bacterial replication and resulting in immediate cell death in
bacterial pathogens.® Ozenoxacin has demonstrated potent
bacteriostatic and bactericidal activity against Gram-positive
bacteria, including both susceptible and resistant strains of
S. aureus and S. pyogenes, including MRSA isolates.>?' Unlike
other topical antibiotics, ozenoxacin has a low capacity for
developing resistance, supported by its pharmacologic activity,
which includes a low mutant selection rate, bactericidal effect
at a low MIC, high in vitro antibacterial activity, and dermal
concentrations above the mutant prevention concentration®
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Ozenoxacin Cream 1%: Efficacy and Safety Data

The efficacy and safety of ozenoxacin 1% cream in the treatment
of impetigo have been demonstrated in 2 pivotal, placebo-
controlled, phase 3 clinical trials.?'2?

In the first randomized, double-blind, multicenter study, patients
aged >2 years with impetigo received ozenoxacin 1% cream,
placebo cream, orretapamulin 1% ointmenttwice daily for 5 days.
The primary efficacy endpoint was clinical response (success or
failure) in the intention-to-treat (ITT) clinical population at the
end of therapy (visit 3; day 6-7). Clinical, microbiological, and
laboratory evaluations were performed over a 2-week follow-
up.?2 Analysis of the primary efficacy endpoint demonstrated
that ozenoxacin was superior to placebo (success rate 34.8%
vs 19.2%; P=0.003). Furthermore, ozenoxacin produced earlier
clinical response and bacteriological eradication compared to
the placebo group and more rapid microbiological clearance
than retapamulin (success rate 74.7% vs 60.0% after 3-4 days;
P=0.0087). All 3 treatment arms were well-tolerated, with a low
incidence of treatment-emergent adverse events and no serious
adverse events (AEs) or discontinuations due to AEs.?

The second randomized, double-blind, phase 3 clinical trial
compared topical ozenoxacin 1% cream (n = 206) with placebo
cream (n=206) in patients aged 2 months or older with impetigo.
The primary efficacy endpoint of the study was clinical response
(clinical success or clinical failure) at the end of therapy in the
ITT clinical population. Clinical success was defined as total
absence of the treated lesions. Ozenoxacin was significantly
superior to placebo after 5 days of therapy, with clinical success
rates of 54.4% and 37.9%, respectively (P=0.001).?' Ozenoxacin
also demonstrated superior microbiological success compared
with placebo after 2 days of therapy (87.2% vs 63.9%; P=0.002).
Ozenoxacin was well tolerated: 8 of 206 patients experienced
AEs, with only 1 of these patients experiencing an adverse event
(rosacea and seborrheic dermatitis) that was considered at least
potentially related to the study treatment; none were serious.?

A subsequent pooled analysis of individual patient data from
both phase 3 trials in patients with impetigo treated with
ozenoxacin (n =361) or placebo (n = 362) confirmed the superior
clinical success of ozenoxacin versus vehicle after 5 days of
therapy and the superior microbiological success of ozenoxacin
versus vehicle after 2 days of therapy. The analysis concluded
that ozenoxacin showed superior clinical and microbiological
responses compared with vehicle in children as young as 2
months of age and in adults with impetigo-®

More recent comparative and pooled analyses further support
the efficacy and safety of ozenoxacin in impetigo management.
A comparative study (2023) evaluated the safety, bacteriological

L. Schachner, A. Andriessen, L. Benjamin, et al

efficacy, and clinical outcomes of 1% ozenoxacin cream against
2% mupirocin cream following a 7-day treatment period for
pediatric impetigo patients (n=33). Ozenoxacin demonstrated
more rapid clinical improvement than mupirocin after 4 days of
therapy (8/16 vs 2/17; P=0.038). Ozenoxacin also demonstrated
superior clinical (14 of 16 vs 13 of 17) and microbiological (15 of 16
vs 14 of 17) success as compared with mupirocin, after 7 days
of therapy. Both treatments were well tolerated, with 1 mild
application-site AE reported in the mupirocin group.?
Furthermore, a systematic review and meta-analysis of RCTs
comparing ozenoxacin 1% with placebo or mupirocin found that
ozenoxacin 1% significantly improved clinical and micro-
biological success rates and reduced treatment failure compared
with placebo in patients with impetigo. Efficacy was comparable
to mupirocin, although the estimates were less precise.?

Taken together, these results highlight that topical ozenoxacin
can effectively treat impetigo with a low risk of AEs and low
risk of resistance development."® In light of the emerging
resistance to fusidic acid and mupirocin, ozenoxacin cream may
be a valuable addition to the antibacterial arsenal for treating
impetigo,’ both as a first-line topical agent for impetigo and as a
second-line agent in mupirocin failures.

Limitations

Antimicrobial resistance patterns, particularly for topical
agents, vary by geographic region, which may limit the
generalizability of findings. In addition, the evidence base for
newer topical therapies continues to evolve; long-term data
on resistance patterns and comparative effectiveness remain
limited. Literature specifically addressing stewardship-informed
strategies in impetigo is also scarce. To address this gap and
provide practical guidance, the recommendations presented
here are informed by both the available evidence and advisors'
experience and opinion.

CONCLUSION

Impetigo is a highly contagious dermatologic condition that
is frequently treated with antibiotics, making it an important
target for antimicrobial stewardship. While treatment remains
necessary to limit transmission and improve patient outcomes,
increasing resistance to commonly used topical agents
highlights the limitations of current management strategies.
Appropriate treatment selection, avoidance of unnecessary
antibiotic use, and consideration of resistance patterns are
needed to optimize outcomes while preserving antibiotic
effectiveness. In this context, topical ozenoxacin, which has
a low capacity for developing resistance and acts against
organisms resistant to other topical agents, may help address
existing gaps and support antibiotic stewardship-informed care.
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ABSTRACT

Ultraviolet radiation (UVR) is the main risk factor for the development of skin cancer, and outdoor workers are especially at risk. Despite
this, there is a lack of educational programs, and preventative measures are seldom implemented to protect these workers. This
review discusses the various occupational causes of skin cancer as well as the need for increased skin surveillance and public health
campaigns. Occupational exposures such as UVR, chemicals, and pesticides increase the risk of skin cancer. Examining the various
occupational risks of skin cancers highlights the need for enhanced surveillance, prevention, education, and public health initiatives for

these workers. Dermatologists are urged to tackle these issues to improve outcomes for these individuals.

J Drugs Dermatol. 2026;25(11):1010-1013. doi:10.36849/JDD.9131

he incidence of melanoma and non-melanoma skin

I cancer (NMSC) has been increasing worldwide." NMSC
mainly consists of keratinocyte skin cancer, with about

80% basal cell carcinoma (BCC) and about 20% squamous cell
carcinoma (SCC).2 Studies have shown that 65 to 90% of all

skin cancers are attributable to solar ultraviolet radiation (UVR)
exposure.®4

This exposure can be impacted by certain occupations. Pega
et al found that globally in 2019, 1.6 billion workers were
occupationally exposed to UVR. They also found that over
2000-2019, attributable deaths and disability-adjusted life
years almost doubled.® Bauer et al found that participants
with high occupational ultraviolet (UV) exposure had a greater
than two-fold increased risk of developing BCC in commonly
UV-exposed body sites compared to participants with no or
moderate occupational UV exposure.The risk in individuals with
occupational exposure increases independently of histological
subtype, tumor localization, and Fitzpatrick phototype.® Keim et
al conducted a population-based cohort study of 1621 subjects,
with no previous keratinocyte carcinoma (KC), who were
followed up to sixteen years.They found that 21% of the patients
developed one KC, and 47% of those patients developed at
least 2 KCs.” Also, there have been several studies reporting
the coexistence of different types of KC, melanoma, and
premalignant lesions in the same individual.® Rarely, malignant
melanoma has been found within BCC and SCC.° Another
significant risk factor is chemical exposure.

Our review aims to provide a comprehensive overview of
occupational risks of skin cancers, highlighting the importance
of skin surveillance and public health campaigns.

Occupations

Welder

Globally, there are about 11 million welders and an estimated
110 million additional workers who obtain welding-related
exposures. The latter may be employed in fields such as
construction, farming, shipbuilding, or vehicle servicing. Arc
welding exposes individuals to the full range of UVR, including
UVA, UVB, and UVC radiation, as well as fumes, gases, and
co-exposures to asbestos and solvents.”" While the association
between welding and skin cancer is still being studied, the
International Agency for Research on Cancer (IARC) classified
UVR and fumes from arc welding as Group 1 or ‘carcinogenic to
humans’ in 2017."°

Ocular melanoma is a well-recognized risk linked to UVR
exposure from welding. Case-control studies have shown
positive associations with risks persisting after adjusting for sun
exposure, sunbed use, or both. A dose-response relationship
with job duration was also observed.’”? Other case-control
studies looked to see the association of welding with NMSC.
Heltoft et al examined a cohort of 4333 metal arc welders who
were followed for 25 years, and they found a significantly
increased risk of BCC in the head and neck region of welders
compared with controls." Most other case-control studies did
not find an increased prevalence of skin cancer in welders,
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but this may be due to limitations such as a small sample size
and a young average age of welders. In Emmett et al's study,
they investigated 158 workers with a mean age of 43 years.” In
addition to increased UVR exposure, chronic skin trauma and
chronic inflammation from welding burns may also play a role
in the development of skin cancer. Donoghue et al. reported a
case of BCC occurring at a site of previous episodes of welding-
induced cutaneous erythema and skin peeling.™

Farmer

Farmers are at a particularly high risk of developing skin cancer
due to their constant exposure to UVR and pesticides. One
study found that farmers made up 33% of all BCC patients, with
the nose and cheek being the most common areas affected.”™
Another study showed that 27% of farmers had a recurrence of
the disease, compared to 12% in non-farmers.®

Arsenic-based pesticides are particularly harmful to farmers,
leading to conditions like Bowen’s disease, multiple BCCs,
and SCCs. Non-arsenic pesticides, such as paraquat, are also
potentially carcinogenic.'®

Firefighter

Research has shown that despite wearing protective gear,
firefighters are still vulnerable because the UV protection
provided by their gear is often inadequate, and their work
involves prolonged outdoor activities."® Firefighters also face
risks from polycyclic aromatic hydrocarbons (PAHs), benzene,
and polychlorinated biphenyls (PCBs). Studies have revealed
that after responding to fires, firefighters often have significantly
higher levels of PAHs on their skin, highlighting the elevated risk
of skin cancer in this profession.” ™

The risk of developing melanoma is particularly high among
firefighters, and a systematic review of case-control studies
found that male firefighters are more likely to develop melanoma
compared to the general population, with a standardized
morbidity odds ratio of 1.5 (95% Cl: 1.33-1.70)."” Another study
found that firefighters have a higher risk of melanoma than
police officers.’2

Pilot

Pilots are regularly exposed to significant levels of UVA
radiation during flights. While aircraft windshields are designed
to block UVB radiation, they still allow a substantial amount of
UVA radiation to pass through, with transmission rates ranging
from 0.41% to 53.5%.2" Research has shown that pilots flying at
30,000 feet for about 56.6 minutes receive the same amount of
UVA radiation as they would during a 20-minute session in a
tanning bed.?' Pilots are also exposed to higher doses of cosmic
radiation at high altitudes. Studies have found that commercial
airline pilots have a standardized incidence ratio of 1.80 for non-
melanoma skin cancer due to cosmic radiation exposure.?

S. Meledathu, I. Noda, M. Mitre, et al

Pilots face a higher risk of melanoma due to their exposure to
UVA radiation and possibly cosmic radiation. A meta-analysis
found that pilots and cabin crew have a higher incidence of
melanoma, with a standardized incidence ratio of 2.22 for civil
pilots.2"22 For NMSC, risk factors among pilots include having
an at-risk skin type, a history of childhood sunburns, a family
history of NMSC, and extended flight time at high latitudes.
Pilots who have flown for 20 years or more are at an increased
risk of developing NMSC, with an odds ratio of 1.4 associated
with flight time at high latitudes.?

Veteran

Veterans who have been deployed in desert climates, such as
Irag and Afghanistan, face a high risk of skin cancer. Research
has shown that 77% of veterans spent 4 or more hours per
day in direct sunlight, and 63% of these veterans reported
experiencing at least one sunburn during their deployment.?
Ethnic background also plays a role in the risk of developing
NMSC among veterans. Those of Irish, Welsh, Scottish, or
English descent, along with veterans showing signs of solar
damage like actinic keratosis and solar elastosis, are at higher
risk. Actinic keratosis on the face and solar elastosis on the neck
have been identified as key predictors of skin cancer in this
group.®

Studies indicate that veterans with actinic keratosis, solar
elastosis, and prolonged sun exposure are more likely to
develop NMSC than the general population. Additionally, a
study found that veterans with a history of multiple BCCs had
a 40% chance of developing another within two years, which
highlights the importance of regular follow-up visits for early
detection and treatment.?

Construction

Thomas et al used an ecological model to examine melanoma
incidence in construction workers. They found that in US
counties with lower UVR, there is an association between
high proportions of construction workers and melanoma
incidence rates. In higher UV counties, melanoma incidence
was consistently elevated across all occupation proportions,
indicating occupation may not exert a significant impact at
higher ultraviolet exposure levels.?” Peters et al also looked at
UVR exposure and found 6.31% (4556 cases) of NMSC cases
were estimated to be attributable to occupational exposure, the
majority of which in construction fields, to solar UVR.?

Chemical Worker

Nonsolar factors are also important with regard to causing
NMSC. Gallagher et al conducted a case-control study and
found elevated risks for SCC in subjects exposed to insecticides,
herbicides, fungicides and seed treatments, petroleum products,
grease, and several other exposures. This group also found
increased risks of BCC in subjects exposed to fiberglass dust.?®
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Benzene exposure can occur in various fields such as petroleum,
chemical production, printing, and rubber manufacturing. In
2017, the IARC confirmed the carcinogenicity of benzene based
on evidence in experimental animals and humans.*® Stenehjem
et al examined a cohort of offshore petroleum workers and
found an association between exposure to crude oil or benzene
and skin cancer risk on hands and forearms.®' Lastly, arsenic
exposure has been associated with an increased risk for all
types of skin cancer.??

Lifeguards and maritime workers

Research has shown that lifeguards have a high frequency
of sunburns.® In addition, many lifeguards believe that a tan
makes people more attractive, which contributes to higher UVR
exposure. Even after participating in a sun safety program, this
belief did not significantly change, showing how deeply rooted
these attitudes are.®® Maritime workers are also at higher risk
of cancers due to UVR exposure, including mesothelioma and
non-melanoma skin cancer, most notably lip cancer.®

DISCUSSION

Standard prevention strategies like wearing sunscreen,
protective clothing, taking shade, and getting regular skin
checks are critical for workers. The Occupational Safety and
Health Administration (OSHA) tackles sun protection for outdoor
workers, specifically those in general industry, maritime,
and construction, through its regulations regarding personal
protective equipment (PPE), though the use of sunscreen is not
explicitly mentioned. OSHA requires employers to provide eye,
face, foot, and hand protection as well as filter lenses with the
appropriate associated shade number for affected employees.?®
In regard to welders, OSHA states that helmets and hand shields
that protect the face, neck, and ears from direct radiant energy
be provided. OSHA also states that where permitted, welders
should be enclosed in individual booths or noncombustible
screens painted with finishes of low reflectivity such as zinc
oxide and lamp black-=¢

Despite this, adherence can be inconsistent. One study found
that welders may not wear their protective gear due to the work
environment being too hot and the gear itself being more of a
hindrance when working jobs requiring more detailed welds.”
Even in welders who use protective gear, the UVR from the
welding light can be reflected off painted walls and ceilings.®
Workers’ decisions to use sunscreen in addition to PPE are
also variable. For example, a study showed that only 44.3% of
outdoor workers regularly used sunscreen compared to 60.2%
of indoor workers.*® Cioffi et al found that 25% of construction
workers reported rarely or never using sunscreen, while Laporte
et al found 92% of construction workers reported this.*4
This highlights the need for more effective education on sun
protection practices and the importance of regular skin exams
for early detection of skin cancers.

S. Meledathu, I. Noda, M. Mitre, et al

The Firefighter CancerInitiative (FCl) addresses occupational risks
by promoting regular skin cancer screenings and encouraging
better sun protection habits. The initiative also focuses on
reducing carcinogen exposure by recommending thorough
decontamination of personal protective equipment (PPE) to
limit skin absorption of hazardous chemicals. Additionally, FCI
uses innovative tools like skin swabs and silicone wristbands to
monitor toxic exposures during firefighting operations."

Previous public health campaigns have been instrumental in
raising awareness. The Slip! Slop! Slap! Campaign, launched
in Australia in 1981, encouraged sun safety by promoting the
use of shirts, sunscreen, and hats. This campaign later added
messages about seeking shade and wearing sunglasses, making
it one of the most successful efforts to reduce skin cancer risks.*?

In addition to basic sun protection methods, setting up shaded
rest areas and adjusting work hours to avoid the strongest
midday sun can make a big difference.*® Heydari et al also
investigated the implementation of a mobile phone-based
text message intervention among a sample of seafarers, and
found significantly higher scores among the intervention
group compared to the control group in adopting skin cancer
preventive behaviors, perceived self-efficacy, protection
motivation, and fear.*

Beyond workplace conditions, other factors that may be
involved in these occupations may also play a role in skin
cancer risk. Kricker et al found that UVR exposure is correlated
with increased prevalence of B-HPV, and other studies have
shown a correlation between UVR and cutaneous beta human
papillomaviruses (B-HPV), specifically in the development of
SCC.%46 Additionally, having a family history of skin cancer can
also increase the risk, suggesting that genetics may play a role.
For example, inherited mutations in genes such as CDKN2A,
CDK4, POT1, and TERT confer a 60% to 90% lifetime risk of
melanoma.* Lastly, the risk of skin cancer increases with age
due to accumulated sun exposure.®®

The American Academy of Dermatology is in a strong position to
expand these efforts by leading educational campaigns and can
collaborate with local health departments to organize free skin
cancer screenings at worksites. Dermatologists can collaborate
with employersto establish workplace policies promoting regular
skin exams and sun protection, such as distributing sunscreen
and providing protective clothing. Workplace education on sun
protection practices has been seen as workplace support which
encourages workers to engage in these protective behaviors.*
These interventions can significantly reduce the incidence
of occupational skin cancers and ensure earlier detection,
improving outcomes for those at risk.
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ABSTRACT

Background: A practical application of artificial intelligence (Al) in healthcare is to generate artificial datasets that capture the
characteristics of a real source dataset without exposing protected health information. This approach is particularly relevant to research
settings where recruitment and long-term follow-up are barriers to generating robust clinical evidence.

Objective: To describe the protocol of a study incorporating augmented patient datasets to assess the efficacy of a dermo-cosmetic
product (Cleanance Comedomed+®) in maintaining acne remission after discontinuation of oral isotretinoin.

Methods: In a randomized, placebo-controlled, blinded clinical trial, patients will receive the dermo-cosmetic product or placebo for
up to 12 months. Study outcomes are the number of observed relapses and time to first relapse. To overcome recruitment constraints
and reach the 400 patients required to ensure sufficient precision for a time-dependent event criterion, a cohort augmentation strategy
using artificial data is implemented. The technology relies on generative models of the Riemannian Hamiltonian Variational Autoencoder
type, which learn a compact and geometrically structured latent representation of real clinical data. Generation of artificial patients will
occur iteratively, and the initial dataset will be progressively enriched as new real inclusions become available. Reliability of generated
data will be assessed and validated through human oversight using quantitative and qualitative metrics covering 4 dimensions: (1)
statistical fidelity; (2) diversity and utility; (3) confidentiality; and (4) clinical plausibility.

Discussion and Conclusion: Structured integration of artificial data into this clinical trial illustrates the potential of generative Al as a
methodological tool complementing conventional approaches in clinical research.

J Drugs Dermatol. 2026;25(11):1014-1018. doi:10.36849/JDD.9982

INTRODUCTION

enerative artificial intelligence (Al) is increasingly being

adopted in healthcare settings to accelerate innovation.’

Realistic artificial datasets can be generated to capture
the characteristics of a real source dataset (distributions, non-
linear relationships, noise) without exposing protected health
information.?® Artificial data can overcome patient recruitment
difficulties and mitigate the impact of prolonged follow-up
and low-frequency or stochastic events already observed in
the real dataset by stabilizing their statistical representation,
while providing statistical power equivalent to that obtained
with exclusively real data. Probabilistic and generative models
have been shown to faithfully reproduce not only marginal

distributions, but also multivariate dependencies and certain
clinical trajectories observed in limited datasets.>”

The medicalization of dermo-cosmetic products requires the
production of robust, comparative, and reproducible clinical
evidence. In the setting of recalcitrant moderate to severe acne,
systemictreatmentwith oralisotretinoin remainsthe therapeutic
gold standard.®® However, a substantial proportion of patients
relapse after treatment discontinuation,’®™ underscoring the
need to develop effective strategies for the post-isotretinoin
maintenance phase. As reasons for relapse are myriad and
individual,"'?2 demonstrating the efficacy of dermo-cosmetic
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solutions in this context requires lengthy comparative clinical
trials with large sample sizes, which are often difficult to recruit.

Here, we describe an innovative methodology intended to
address a major bottleneck in dermatological research: the
difficulty of recruiting large patient cohorts for long-term
follow-up studies. This approach is illustrated by the protocol
of a study designed to assess maintenance treatment in post-
isotretinoin patients. Notably, integration of blinded clinical
validation by expert dermatologists aims to ensure that artificial
patient profiles are medically indistinguishable from real
patients, thereby bridging the gap between statistical fidelity
and clinical reality. Importantly, the protocol recognizes that
the use of artificial data in clinical research is interpreted as a
methodological support tool rather than as a substitute for real-
world clinical evidence, and its outputs must be contextualized
within a robust clinical and regulatory framework.

MATERIALS AND METHODS

Clinical Trial Design

A randomized, placebo-controlled, blinded clinical trial has been
designed to evaluate the efficacy of a dermo-cosmetic product
(Cleanance Comedomed+®) in maintaining acne remission after
discontinuation of oral isotretinoin. The emulsion contains milk
thistle Silybum marianum fruit extract and niacinamide, for
daily facial use by adolescents and young adults with acne-
prone skin. Under strict inclusion criteria, patients are to be
randomized into 2 parallel arms to receive the dermo-cosmetic
product or placebo (excipient formulation). Treatment duration
is planned for up to 12 months. Study outcomes include
the number of observed relapses and time to first relapse.
Patients with acne relapse will be withdrawn. Acne relapse is
defined as investigator-confirmed clinical worsening requiring
treatment initiation leading to patient withdrawal, ensuring
consistency with routine dermatological practice. To limit inter-
observer variability, investigators are to follow harmonized
relapse assessment criteria predefined in the study protocol.
To ensure compliance with ethical standards and participant
rights, the clinical study protocol has been thoroughly reviewed
and approved by ethics committees. Study participants will be
provided with the necessary information regarding the use of Al
on their pseudonymized data.

The statistical power calculation indicated the need to include
nearly 400 patients to ensure sufficient precision for a time-
dependent event criterion. However, recruitment constraints
(inclusion window limited to about 6 months, 1-year follow-
up burden, multicenter logistics) were expected to restrict
enrollment to around 100 patients, potentially compromising
the statistical validity of the study and exposing it to an
underpowering risk. Innovative solutions integrating Al were
therefore considered. The approach presented here offers a
dual advantage: securing the statistical power necessary to
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detect rare relapse events while minimizing the ethical burden
of enrolling additional real patients under placebo-controlled
conditions.

Methodological Integration of Artificial Data

To ensure scientific feasibility of the trial without compromising
its methodological rigor, a cohort augmentation strategy
using artificial data is implemented. The generative modeling
technology was developed by BOTdesign (Toulouse, France)
and operationalized within the ORIGA platform. It relies on
generative models of the Riemannian Hamiltonian Variational
Autoencoder (RHVAE) type, which learn a compact and
geometrically structured latent representation of real clinical
data.5” Unlike classical generative approaches based on direct
sampling from a prior in a Euclidean latent space, RHVAEs
model the latent space as a Riemannian manifold whose metric
is learned from observed data, enabling improved capture of
high-information-density regions.

The geometric structuring enables generation of new samples
with statistical and clinical characteristics close to those of real
patients, without reproducing original individual observations or
limiting generation to simple interpolation, thereby contributing
to both plausibility and confidentiality. This approach, described
as particularly suited to small real cohorts, is relevant in trials
with limited sample sizes and time-dependent event criteria,
where interindividual variability and censoring (premature
withdrawals, relapse leading to discontinuation) can strongly
affect statistical power. By employing RHVAE-based models,
the study aims to move beyond traditional data interpolation
to capture the high-dimensional complexity and non-linear
relationships inherent in dermatological clinical trajectories.

Notably, artificial data are used to augment statistical power
and enrich patient-level variability for time-to-event modeling
under censoring, while preserving the structure learned from
real patients. Artificial data do not replace, but complement, real
patient observations in primary efficacy or safety analyses.

Integration Procedure Within the Trial Design

Methodologically, integration of artificial data within the
trial is designed as a controlled, balanced, and documented
augmentation of both treatmentarms (Cleanance Comedomed+®
and placebo). In line with the operational organization of
the trial, a limited number of real patients are to be enrolled
(approximately 50 per arm at initiation of the strategy)
according to observed recruitment pace and field constraints;
data from these patients will form the initial learning base.
For each real patient, 5 artificial patients are to be generated
within the corresponding arm (treated or control), resulting in
2 augmented cohorts while preserving the original randomized
comparison and avoiding disproportionate amplification of 1
group (Figure 1).
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FIGURE 1. Use of ORIGA's technology in clinical study design.
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Generation of artificial patients is to be carried out iteratively
during the study, following an agile project management
framework. Once minimum quality and completeness criteria
are met, an initial dataset provided to BOTdesign will be
progressively enriched as new real inclusions become available.
At each stage, the RHVAE model will be adapted using the
expanded real database and subsequently used to produce
updated artificial cohorts that progressively integrate observed
interindividual variability. This adaptive approach aims to limit
biases associated with small initial samples, reduce the risk
of distributional drift between artificial data and the recruited
population, and maintain clinical representativeness over
time. The strategy preserves the initial randomization scheme
(artificial patients being attached to already randomized arms),
maintains balance of clinical covariates by design and, through
post-hoc checks, avoids distortion of group comparisons and
supports the statistical power of final analyses.

Statistical, Clinical, and Regulatory Validation

Emerging requirements of the European regulatory framework
and governance principles for Al use in healthcare require that
the reliability of generated data be assessed and validated
through human oversight using quantitative and qualitative
metrics covering 4 dimensions: (1) statistical fidelity; (2) diversity
and utility; (3) confidentiality; and (4) clinical plausibility. From
the setup phase, BOTdesign’s prerequisites are jointly reviewed,
test datasets are transmitted to verify technical feasibility, and
artificial data deliveries are accompanied by detailed expert
reports documenting data quality beyond the mere provision
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of datasets. Pierre Fabre experts (statistician, Al specialist)
contribute to defining acceptance thresholds and interpreting
indicators. A dermatologist-based validation methodology
is defined in collaboration with BOTdesign to complement
quantitative metrics with blinded clinical evaluation.

Within BOTdesign’s Al generator, statistical fidelity is assessed
using metrics established in the artificial data validation
literature.*'® Wasserstein distances are calculated variable by
variable to quantify the proximity of marginal distributions
between real and artificial data, then extended to multivariate
analyses to evaluate the preservation of structural relationships
among clinical variables. Conditional analyses are planned
within clinically relevant subgroups (eg, by initial severity,
follow-up characteristics, or risk profiles) to verify that fidelity
is maintained not only globally but also within strata critical
for clinical interpretation. Statistical moments up to the fourth
order are compared in order to capture mean and variance
as well as skewness and kurtosis. All indicators must show
deviation below 5% compared with real data. This constraint
aims to ensure that augmentation does not artificially alter the
data structure underlying analyses, particularly those related to
relapse timing.

Diversity and utility are assessed to verify that the generator
does not merely reproduce or memorize original data and
avoids collapse. The width of interquartile ranges and 5% to
95% intervals is compared between real and artificial data, with
generated data expected to show wider intervals, interpreted as



<Previous Page | Contents | Zoom In | Zoom Out | Search Issue | Cover | Next Page >

1017

JourNAL OF DRUGS IN DERMATOLOGY
NOVEMBER 2026 * VOLUME 25 ¢ Issuk 11

evidence of capacity to produce new profiles while remaining
within a plausible clinical space. A collapse test across
successive generations complements this analysis, aiming to
detect any progressive impoverishment of variability during
iterative adaptations of the model. Inter-iteration stability is
monitored to ensure that enrichment of the real base and model
adaptation does not introduce uncontrolled drifts.

Confidentiality is assessed using re-identification risk metrics
inspired by the literature.”™ A real observation is considered
sufficiently protected if at least 1 artificial data point is closer
to it than its own reconstruction by the model. This operational
criterion is used to indicate the absence of trivial memorization
and the ability of the model to generate plausible synthetic
neighbors without replicating original observations. At least
50% of observations are required to meet this criterion,
complemented by additional analyses of information leakage
or differential privacy-inspired metrics to document a level of
protection compatible with confidentiality requirements.

Finally, clinical plausibility of artificial patients is assessed by
expert dermatologists through a blinded procedure. Evaluation
datasets mix real and artificial profiles, with the proportion
of artificial data randomly drawn between 20% and 80% for
each assessment batch, and the remainder consisting of real
patient data. Practitioners are asked to assess whether profiles
are clinically coherent and distinguishable, focusing on intra-
patient consistency, plausibility of trajectories across visits, and
compatibility of timelines and events. An error rate approaching
random classification is considered an indicator of satisfactory
clinical indistinguishability, suggesting that artificial data
reproduce plausible patient profiles without readily detectable
artifacts.This step represents a key translational bridge between
Al and clinical dermatology, ensuring that synthetic data are
not only statistically valid but also clinically interpretable and
coherent with real-life patient trajectories.

DISCUSSION AND CONCLUSION

This study was conducted in Europe, where the integration of
artificial data into clinical research is an emerging topic. Similar
to Europe, the United States has also established a regulatory
framework guiding the use of Al in healthcare.’®"” This parallel
evolution highlights the importance of situating methodological
innovations, such as augmented clinical trials, within both
European and American regulatory contexts.

The structured integration of artificial data into this clinical trial
illustrates the potential of generative Al as a methodological tool
complementing conventional approaches in clinical research,
particularly when operational constraints limit real sample
size while, concurrently, the nature of the endpoint (relapse),
its random occurrence, and follow-up duration require large
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cohorts. Beyond operational benefits related to recruitment
feasibility and timeline optimization, this strategy addresses
scientific challenges (statistical power, stability of estimates),
ethical considerations (limiting exposure of additional real
patients while maintaining balanced augmentation of both
arms), and regulatory expectations (traceability, human
oversight, validation across fidelity, diversity, confidentiality,
and plausibility dimensions), while maintaining a high level
of methodological rigor. This approach contributes to the
emergence of augmented clinical trial paradigms, particularly
relevantin dermo-cosmetic research and, more broadly, in fields
where recruitment and long-term follow-up represent major
barriers to generating robust clinical evidence. Importantly,
conclusions drawn from augmented datasets should always
be interpreted in conjunction with real patient data and should
not be used in isolation to support clinical or therapeutic
recommendations.
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Abstract

Sensitive skin is comprised of a spectrum of symptoms with triggers woven into
people’s day-to-day lives, making it difficult to fully capture in the lab or with
questionnaires relying on people’s memory. In the studies described here, we applied
an Ecological Momentary Assessment (EMA) approach to capture skin sensitivity
as it happens in-life to evaluate: 1) how sensitive skin is distributed across the body,
and 2) how sensitive skin responds to product intervention over multiple weeks.
We found that women in the US who self-reported sensitive skin experienced a
range of skin sensitivity symptoms, most commonly itch, dryness, and redness,
but each with a different distribution across body locations. Using EMA, we also
found that 2 weeks of regular usage of Dove Sensitive Body Wash (Unilever) in the
shower significantly reduced in-life reports of dryness and increased the number
of days when women did not report sensitivity compared with usage of a standard
sulfate-based cleanser. These studies highlight a novel approach for understanding
sensitive skin and assessing treatment efficacy while already demonstrating the
importance of a moisturizing skin cleanser as part of such treatment.

Figure 1. Current Dove Sensitive Body Wash.
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The Science and Significance
of Skin Sensitivity

Sensitive skin is one of those experiences that most people
recognize instantly, but few can define precisely. It might reveal
itself as dry and flaking skin, a flush of redness after stepping
out into the cold, or a general feeling of tightness and discomfort
that doesn't neatly correspond to anything visible on the surface.
Dermatologically, it is best understood not as a single condition
but as a spectrum of reactions rooted in how the skin protects
itself and how it communicates with our brain to form our sensory
experiences.?

At the heart of this experience is the skin barrier, the outermost
layer of the skin, made up of tightly packed cells embedded
in a matrix of lipids that acts rather like mortar between
bricks.®* When this barrier is intact, it holds moisture in and
keeps irritants out. When it is compromised, whether through
genetics, environmental exposure, overuse of harsh cleansing,
or age-related changes, water escapes more easily, and external
triggers can penetrate more readily.® The result is skin that reacts
more quickly and more intensely to things that others might not
notice at all. Sitting just beneath this barrier is a dense network
of sensory nerve endings. In individuals with sensitive skin, these
nerves can become more easily activated, translating everyday
stimuli into signals of discomfort, itch, or burning.5”

The triggers themselves are often unremarkable. Temperature
swings, hard water, certain fragrances and preservatives, tight
or particular fabrics, shaving, and even psychological stress can
all provoke a reaction.®® Because these triggers are woven into
the fabric of daily life, sensitive skin rarely stays quiet for long,
and its expression can shift from day to day and from one part of
the body to another. It is also a deeply subjective experience: for
example, unusual cold may lead to a bit of dryness in one person,
but stinging and irritation in another; and the same person's
skin may feel calm one week and reactive the next.'® Despite
this variability, sensitive skin is strikingly common. Across large
consumer surveys conducted around the world, roughly half
to two-thirds of adults describe their skin as sensitive to some
degree, with women reporting it slightly more often than men.!

Because the barrier plays such a pivotal role in this story,
supporting it is one of the most direct routes to easing sensitivity.
Products that support the skin barrier, both moisturizers and
gentle cleansers, aim to do exactly that: minimizing disruption
to barrier lipids and proteins, replenishing the outer lipid layers of
the skin, reinforcing the lipid matrix that holds it together, thereby
maintaining the natural retention of moisture.' Such product
regimens can provide the skin a more resilient surface from
which to face its everyday insults, but determining which ones
are effective for sensitive skin is a challenge given its subjective
and ephemeral nature. That is where our research comes into

play.

Ecological Momentary Assessment for
Tracking Skin Sensitivity in Life

Sensitive skin doesn't play by the rules of a lab — a tight,
uncomfortable feeling, a hot shower, a persistent itch that
appears mid-afternoon, a patch of redness that fades before
the day is out. These everyday experiences are fleeting and
notoriously difficult to capture with traditional research methods
that either rely on often imperfect memory of past sensitivity, or
on provoking skin reactions in a lab that do not relate well to
people’s daily experiences with skin sensitivity.

Instead, we have moved to a different approach: Ecological
Momentary Assessment (EMA), a method that captures skin
sensitivity as it happens in life.™ Instead of asking people to look
back and recall the degree to which their skin felt itchy, irritated,
or uncomfortable,’®™* we invite them to check in with their skin
issues at the moment using a simple survey accessible on their
mobile devices. The result is a far richer, more accurate picture
of skin sensitivity, capturing contextual information such as when
symptoms strike, where on the body, and what in daily life seems
to set them off. We have run 2 recent studies applying this EMA
methodology to the detection and evaluation of intervention
on sensitive skin across the body. Participants in both studies
reported their skin sensitivity symptoms as they occurred, using
a questionnaire available on demand from the home screen on
their mobile phones like an app.
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In EMA studies, it is critical to maintain engagement with
participants. Ideally, we would like the reporting of experienced
skin issues to become habitual, but habits take prompting
and repetition to develop. We always begin EMA with frequent
prompts regarding reporting skin issues during the first few
days. Although participants for these studies were recruited
because they were experiencing skin sensitivity at study onset,
we understood that sensitivity symptoms can come and go,
but we nevertheless needed to keep participants not currently
experiencing symptoms engaged. Thus, we provided an option
for participants to report during the evening hours that they did
not experience any skin issues on that day, so they would sustain
engagement with the EMA even if their symptoms waned.
Anecdotally, we have observed several participants in each of
our EMA studies to continue reporting skin issues even after their
scheduled participation had ended, an indication of the power of
this approach if executed properly.

Distribution of Skin Sensitivity by Symptoms
Across the Body

Based on the responses of 117 American women aged 18 to 55
who self-reported skin sensitivity, we found that symptoms asso-
ciated with sensitive skin manifest across multiple body locations
and show substantial variation. We found that the top symptoms
reported by the EMA participants were itch and dryness, both
occurring with more than twice the frequency of the remaining
symptoms. Both symptoms were documented more frequently
on locations on the body, particularly hands, arms, feet, and
lower legs, than on the face. In fact, we found that most of the
top eleven most frequent symptoms in our EMA study, as shown
in Figure 2, were more commonly reported on bodily locations
other than the face, suggesting key roles for products that are
applied all over the body in the management of skin sensitivity.

Figure 2. Prevalence of each issue by body location from EMA reports by women
reporting sensitive skin. Issues were grouped as “body-focused” if the top 3
locations by prevalence are on the body, as “face-focused” if the top 3 locations
by prevalence are on the face, and as “general” otherwise.
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The top 5 symptoms reported during the most intense sensitivity
events by participants were general discomfort, rash, stinging,
burning, and dryness. Although stinging and burning were
not among the top 11 most prevalent symptoms, with each
occurring in less than 10% of all reported sensitivity events,
their intensity suggests that they are still important symptoms to
resolve. We initially found it surprising to see dryness associated
with high severity, but we noted that dryness showed high
and statistically significant levels of co-occurrence with other
sensitivity symptoms such as general discomfort, rash, redness,
and inflammation/swelling (see Figure 3). This suggests that, as
an indicator of a compromised skin barrier, the occurrence of dry
skin may be the precursor to the development of other sensitive
skin issues, and moisturizing products should be a part of skin
sensitivity prevention and alleviation.

Figure 3. Degree of co-occurrence of sensitive skin symptoms within EMA reports
for women reporting sensitive skin. Blue boxes indicate pairs of symptoms that
tend to co-occur within the same report, whereas yellow boxes indicate pairs of
symptoms where the occurrence of one implies the occurrence of the other is
less likely.
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Incorporating Dove Sensitive Skin Body Wash
to Mitigate Body Skin Sensitivity

Dove Sensitive Body Wash is a hypoallergenic and gentle
everyday cleanser designed specifically for people with sensitive
skin. Formulated with a sulfate-free, mild cleansing blend with 24
hr renewing Micromoisture, Dove Sensitive Body Wash cleanses
while protecting the skin barrier.

Our second EMA study evaluated the effectiveness of Dove
Sensitive Body Wash for reducing sensitive skin symptoms
in everyday life. Following a 2-week baseline period using a
standard sulfate-based body wash (control), one group of
women was provided with Dove Sensitive Body Wash while
another group continued to use the control product, and both
groups completed another 2-week test phase while continuing
real-time symptom reporting.
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Figure 4. (A) Bar chart displaying change in frequency of dryness reports from
baseline for each body wash, with error bars indicating 95% confidence intervals.
Body heatmaps displaying change in the number of dryness symptoms reported
from the baseline phase by each body location and body wash. (B) Bar chart
displaying change in the number of “no symptom day” reports from baseline
for each body wash, with error bars indicating 95% confidence intervals. Body
heatmap displaying change in all skin sensitivity symptoms from the baseline
phase for each body location and body wash.
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AsshowninFigure 4, Dove Sensitive Body Wash led to a significant
reduction in the number of dryness events compared with the
control cleanser during the test phase, indicating a measurable
improvement in that aforementioned “precursor” sensitive skin
symptom. Importantly, these reductions were most evident on
body locations that our first study identified as being particularly
prone to dryness and skin sensitivity in general, including the
lower legs, feet, arms, hand, and face, demonstrating that Dove
Sensitive Body Wash can support whole-body skin comfort.
Beyond symptom-specific improvements, we found a significant
increase in reports of “symptom-free” days for the users of
Dove Sensitive Body Wash compared with users of the control
cleanser.

Taken together, these findings suggest that Dove Sensitive Body
Wash minimizes the occurrence of dryness relative to standard
cleansers and can actively promote periods of symptom-free skin
in real-life conditions. Overall, the application of EMA provided
robust real-world evidence that daily cleansing with Dove
Sensitive Body Wash contributes to improved skin comfort for
individuals with sensitive skin, supporting its role as an effective
component of sensitive skin management in everyday life.

Conclusion

Sensitive skin is common, variable, and personal, but our
research using EMA has shown that it can be quantified
with contextual detail beyond traditional approaches. In-life
reports from women show that skin sensitivity is not confined
to the face, but is frequently experienced across the body,
with varying distributions of distinct but often interconnected
symptoms such as dryness, rash, inflammation, and general
discomfort. Our second EMA study extended this understanding
by demonstrating that Dove Sensitive Body Wash reduced
dryness events and increased symptom-free days under real-life
conditions. By helping us understand skin sensitivity with this
new level of granularity, we believe EMA can help tailor future
approaches for treating sensitive skin for broader populations.
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ABSTRACT

Background: Seborrheic dermatitis (SD) is a common, chronic inflammatory skin disease characterized by greasy, scaly plagues on the
scalp or body, often with pruritus and impaired quality of life. The pathogenesis involves dysbiosis, including Malassezia colonization,
excess sebum production, and immune dysregulation with Th17/Th22 activation. Although therapy historically targeted Malassezia,
growing evidence supports anti-inflammatory strategies.

Methods: A systematic literature review identified current treatments and management strategies for SD. Of 399 articles screened, 77
met inclusion criteria and informed algorithm development. A draft algorithm was created from these data and refined through a virtual
workshop with 6 board-certified dermatologists and 1 physician assistant.

Results: Experts recommended initial evaluation of disease extent and relevant comorbidities or lifestyle factors, along with patient
education on disease etiology and scalp/hair care. Management is divided into (1) scalp and (2) face, trunk, or intertriginous involvement.
First-line therapy emphasizes anti-inflammatory treatment with topical roflumilast 0.3% foam or corticosteroids. If disease persists,
adjunctive antifungals are recommended. For nonscalp areas, alternatives include topicals, calcineurin inhibitors, tapinarof, or ruxolitinib.
Recalcitrant or high-impact disease may warrant off-label systemic therapy such as isotretinoin, anti-IL-12/23 biologics, or oral antifungals.
Conclusions: This algorithm integrates an updated understanding of SD pathophysiology, prioritizing anti-inflammatory and immune-
modulating therapies in management. It provides a practical framework for clinicians to tailor therapy based on disease location, severity,
and response to prior treatment. Future studies are needed to validate outcomes and optimize long-term management strategies in
diverse patient populations. Further research should clarify mechanisms and refine targeted therapeutic approaches further.

J Drugs Dermatol. 2026;25(11):1019-1025. doi:10.36849/JDD.10113

INTRODUCTION

with a significant negative impact on patients.® In a study
evaluating patient-reported level of negative impact of SD, 76%

eborrheic dermatitis (SD) is a common, chronic
Sinflammatory skin disease that affects approximately

5% of the global population." It is characterized by
erythematous patches and plaques with white-yellow greasy
scale, generally affecting sebaceous gland-rich areas such as
the face, scalp, chest, and upper back.2 Mild cases may present
with isolated flaking; severe cases may involve erythematous,
greasy, scaly plaques on the face and trunk. SD is associated

of patients reported some degree of negative impact on their
emotional well-being, and 78% reported a significant negative
impact on their self-esteem.?

SD pathogenesis has historically been thought to be primarily
driven by Malassezia yeast species, with first-line treatment
consisting of antifungal therapy.* However, it has become
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increasingly understood that an altered immune response is a
key step in SD pathogenesis. Rather than a direct causative role
of Malassezia, recent research suggests that a dysregulated
immune environment may allow for increased Malassezia
growth and activity.>® Recent tape-strip transcriptomic
studies of SD skin reveal significant upregulation of T-helper
(Th)17 and Th22 pathways, reflecting some similarities in its
immune dysregulation with psoriasis.” In addition, significant
downregulation of key epidermal barrier markers was
observed, including CLDN1, CLDN8, FA2H, and ELOVL3, which
suggests dysregulation in both barrier integrity and lipid
metabolism in the skin.” These findings support a hypothesis
of immune dysregulation and skin barrier dysfunction
underlying inflammation-driven pathogenesis for SD that
is distinct from psoriasis and atopic dermatitis. Thus, novel
advances in understanding and treating SD are driving a shift
in the traditional treatment paradigm, highlighting the need for
practical guidance that incorporates emerging innovations.

Historically, the management of SD was based on symptom
control and flare reduction, with treatment selection guided by
severity and anatomic area. Frequently used topical therapies
include topical corticosteroids (TCS), topical antifungals,
topical calcineurin inhibitors (TCI), and both prescription and
over-the-counter (OTC) and prescription antifungal shampoos.4
A topical phosphodiesterase-4 inhibitor, roflumilast 0.3% foam,
was recently approved for the treatment of SD.* Systemic
agents, such as isotretinoin, oral antifungals, and biologics
(anti-1L-12/23 monoclonal antibodies), are also used for severe,
refractory cases of SD.248° |[n general, most topical and systemic
agents used in SD have varying levels of evidence supporting
their use. Topical roflumilast is the only agent that has high-
quality, proven, and reliable clinical data supporting its efficacy
and safety in the treatment of SD."%"

B. Ungar, A. Alexis, A. Andriessen, et al

Here, we present an expert-developed practical algorithm for
the management of SD in adults and adolescents, informed by
recent clinical and translational research to optimize treatment
outcomes for patients with SD.

MATERIALS AND METHODS

The algorithm was developed with input from a group of experts
(BU, AA, CGB, EC, AF, HWL, RC) with extensive experience in
SD treatment. Initial development was based on the results
of a systematic literature review. A draft algorithm was then
discussed among the experts and finalized for publication. This
manuscript presents the algorithm and considerations that went
into its development.

Systematic Literature Review

Articles addressing SD treatment for adults and adolescents
(ages 9 and older) were included from 1 January 2015 to
1 November 2025, including guidelines, meta-analyses,
systematic literature reviews, and clinical studies. The literature
search was restricted to the past 10 years to inform the treatment
algorithm. Review articles were included to represent older
seminal literature that would otherwise be outside the 10-year
window. The search was conducted on PubMed with Google
Scholar as a secondary source. Search terms were as follows:
seborrheic dermatitis AND (topical treatment OR antifungals OR
corticosteroids OR calcineurin inhibitors OR PDE4 inhibitors)
AND (systemic treatment OR JAK inhibitors OR biological
therapies OR antifungals OR isotretinoin).

Two reviewers (A Andriessen and H Andriessen) first reviewed
titles and abstracts, followed by the full articles. Disagreements
were resolved through consensus. Exclusion criteria were
pediatric interventions, nonEnglish language, and case reports/
series (<20 patients). This search yielded 399 articles, which

FIGURE 1. Literature search results.
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TABLE 1.
A Randomized, double-blind clinical trial of high quality
B Randomized clinical trial of lesser quality
C Comparative trial with severe methodologic limitations
1 Further research is unlikely to change confidence in the effect
2 Further research is likely to change confidence in the effect
3 Further research is very likely to change the effect
4 Any estimate of effect is very uncertain

were screened; after title evaluation, 138 were excluded, and
after abstract evaluation, another 122 were excluded. Of the 139
articles evaluated in full, 62 were excluded. A total of 77 articles
were extracted for content analysis, including 5 systematic
reviews, 1 clinical guideline, 30 clinical studies, and 41 reviews.
(Figure 1). Studies were graded in correspondence with the

B. Ungar, A. Alexis, A. Andriessen, et al

American Academy of Dermatology evidence-based guideline
development process (Table 1).2

Role of Experts

A panel of 6 board-certified dermatologists and one physician
assistant convened on December 11, 2025. Following the
literature review and the creation of a draft algorithm supported
by the literature, the experts participated in a virtual workshop
to discuss and adapt the algorithm. The algorithm is based on
expert opinions and discussions regarding the challenges of
treating adult and adolescent patients with SD, and the need for
clear, actionable guidance for clinicians in practice (Figure 2).
The algorithm seeks to shift from traditional severity-based
disease assessment to recommend therapies based on
anatomic location, patient symptoms, and history of treatment
resistance. Treatment recommendations are similar for adults
and adolescents; however, pediatric disease requires a separate
approach and is therefore not covered in this manuscript.

FIGURE 2. Algorithm for the treatment of seborrheic dermatitis in adults and adolescents.
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Evaluate disease severity, lesional distribution, patient demographics,

Education
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FDA approved: Roflumilast 0.3%, Ketoconazole 2%, Ciclopirox 1%, Selenium disulfide. Not FDA approved (off-label): Miconazole 2%, Betamethasone valerate 0.12%, Clobetasol propionate 0.05%,
Hydrocortisone 1%/2.5%, Pimecrolimus 1%, Tacrolimus 0.1%, Ruxolitinib 1.5% Cream, Tapinarof 1% Cream.
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Seborrheic Dermatitis Algorithm for Adults and Adolescents
The algorithm reflects current evidence and expert consensus
on the treatment of SD and begins with patient assessment and
education, followed by the provision of treatment options based
on anatomic location (Figure 2).

Patient Assessment

SD is a clinical diagnosis with clinician-determined severity.
Clinicians often classify SD as “mild’ “moderate’ or “severe’, or
in clinical studies use an investigator global assessment (IGA)
tool; however, these classifications do not consider the anatomic
location of affected sites. Instead, the algorithm here proposes
patient assessment by affected site, separating scalp SD from
face/trunk/intertriginous areas. Patient demographics, such as
skin type, must also be considered, as patients with skin of color
may also present with hypopigmentation or hyperpigmentation,
or as annular, scaly, erythematous patches or polycyclic pink
or hypopigmented coalescing rings.”™ Severe, refractory cases
of SD may raise clinical suspicion for immunodeficiency or
neurologic disease.

SD may also be influenced by environmental conditions
and lifestyle/cultural factors.? Thus, clinicians should take
a thorough patient history as part of their evaluation and
assessment. Understanding a patient’s life will help inform their
understanding of disease. For example, SD has been associated
with urban environments, heavy traffic, temperature, ultraviolet
(UV) index, stress, and humidity.2 In addition, the use of added
hair extensions and infrequent hair oil application (every
2 weeks) were strongly associated with increased SD incidence in
African American females.™ Further studies have also identified
chemical relaxers, pomades, oils, and other scalp treatments
were associated with SD flares. Thus, reviewing certain lifestyle
factors and comorbidities is important in appropriately guiding
patients.

Patient Education and Supportive Care

Effective SD management begins with patient education and
support. Many patients are unaware of their SD diagnosis and
report having difficulty finding information online about the
disease. A healthcare provider (HCP) survey study reported that
86% of HCPs felt that “most patients had not heard of SD before
their diagnosis™ Thus, educating patients about the etiology
and course of SD is paramount for SD management.

Part of the discussion should center around hair care, including
OTC products and washing habits.There has been alongstanding
belief among patients that SD is associated with poor hygiene
or poor skin/hair care habits (eg, insufficient hair washing or
lack of moisturization on the face). However, evidence has been
inconsistent in its support for this. In one study, hair washing
every 1to 2 weeks was not associated with a higher prevalence
of SD in girls aged 1 to 15 years.” However, a 2-week study
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of an Asian population reported that a lower frequency of
shampooing was associated with increased flakiness, itchiness,
and Malassezia species burden.’ More recently, a 3-week study
in 60 women of African descent (aged 20-40 years) suggested
that SD symptoms may begin as early as 1 week after the last
hair wash, leading to recommendations of weekly to biweekly
hair washing to prevent SD flares.'® Thus, patient education
should encourage appropriate hygiene regarding the patient’s
hair type and style without leading to over- or under-washing.
The use of gentle shampoos and conditioners without irritating
or allergenic ingredients should also be encouraged to further
prevent exacerbation. OTC shampoos containing selenium
sulfide or zinc pyrithione may help support dandruff treatment
through antifungal and anti-inflammatory effects.” In a seminal
study, Danby et al found that selenium sulfide 2.5% shampoo
and ketoconazole 2% shampoo were both equally effective
in the treatment of moderate to severe dandruff, making
both ingredients appropriate for SD treatment regimens."”
Additionally, multiple reports have linked decreased lipid
levels in the stratum corneum with impaired barrier function
and SD."8" Few data exist to make clear recommendations
regarding shampoos and body washes for SD. Thus, OTC
products containing lipid-replenishing ingredients may prove
helpful in SD treatment.

Topical Treatment

Topical treatments are a central pillar in SD treatment (Table 2).
Topical antifungals have generally been regarded as first-line
treatments, alongside TCS and TCI. However, there is a lack of
overwhelming/strong data for topical antifungals and TCS.

Topical roflumilast

We propose monotherapy topical roflumilast 0.3% foam as a
first-line anti-inflammatory, nonsteroidal treatment for SD on
the scalp and face/trunk/intertriginous areas, reflecting our
shift in understanding of underlying immunological drivers of
disease (Figure 2). Roflumilast is a phosphodiesterase 4 inhibitor
that decreases the production of proinflammatory cytokines by
inhibiting cyclic adenosine monophosphate degradation and is
an FDA-approved SD treatment for patients 9 years and older.?°
In the multicentre phase 3 vehicle-controlled trial, roflumilast
0.3% foam was applied once daily as monotherapy in patients
aged 9 years or older with SD covering up to 20% of their body
surface area (scalp, face, trunk, and/or intertriginous areas).
By week 8, roflumilast-treated patients showed significant
improvement in their SD, with 79.5% achieving IGA scores of
0 (clear) or 1 (almost clear).?® Roflumilast also demonstrated
a significant reduction in itch as early as week 2 compared to
vehicle, with improvement in mean itch scores within 48 hours
of the first application, making it an appropriate first-line option
for SD management.?® In addition, long-term efficacy and safety
demonstrated a durable response at week 52, with no significant
treatment-related safety signals.™
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TABLE 2.
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Topical Treatment for Limited, Localized Seborrheic Dermatitis: Evidence and Side Effects

Ketoconazole 2% Antifungal Yes
Ciclopirox 1% Antifungal Yes
Miconazole 2% Antifungal No
Betamethasone . .
valerate 0.12% Corticosteroid No

lobet | i t
Clobe asot?osp(;())plona e Corticosteroid No, off-label
Hyd rti
i 1r;3<2)-5|;)one Corticosteroid No
. . . Calcineurin
Topicals Pimecrolimus 1% . No, off-label
inhibitor
Calci i
Tacrolimus 0.1% .a C|.n<_eur|n No, off-label
inhibitor
Roflumilast Phosphooﬁlejsterase Yes
4 inhibitor
Yes
. L . (combined
Z th Antif |
inc pyrithione ntifunga with
ketoconazole)
Selenium disulfide Kere.1to|yt|c, Yes
antifungal
Ruxolitinib
1.:;°ér;';'m JAK inhibitor No, off-label
Aryl hyd b
Tapinarof 1% Cream ryrhyarocarbon o oft.1abel

receptor agonist

**For level of evidence explanation, see Table 1

1-2x/day for 2-4

Skin dryness, pruritus, stinging,

Al weeks, then 1x/week burning, tingling
2x/day for 4 weeks, Skin dryness, pruritus, stinging,
Al1] . -
then 1x/week burning, tingling
A1 1-2x/day Skin dryness., pru.ritu§, stinging,
burning, tingling
For the body; 1-2x/day Skin atrophy, telangiectasias,
A[1,2] for up to 3 weeks, hypertrichosis, perioral dermatitis
then 2x/week (all with long-term use)
For the body; 1-2x/day Skin atrophy, telangiectasias,
A[1,2] for up to 3 weeks, hypertrichosis, perioral dermatitis
then 2x/week (all with long-term use)
For the face; 1-2x/day Skin atrophy, telangiectasias,
A1,2] for 7-10 days, hypertrichosis, perioral dermatitis
then 2x/week (all with long-term use)
A[2,3] 1-2x/day for Application-site burning,
! up to 4 weeks erythema, irritation, or itching
Al23] 1x/day for 4 weeks, Application-site burning,
i then 2x/week erythema, irritation, or itching
Al4,5] 1x/day Na%xsez_:m, dia_rrheaf
application-site pain
2-3x/week for 2-4
B [2] weeks, then 1x/week N/A
or every other week
2-3x/week for 2-4
C 1] weeks, then 1x/week Itching, irritation
or every other week
Twice dail
C[2] wice datly Skin redness or irritation
for 4-6 weeks
C[2] Once daily Folliculitis

Roflumilast is formulated as an emollient, fragrance-free, water-
based foam without propylene glycol, polyethylene glycol,
isopropyl alcohol, or ethanol, making it well tolerated by
most patients and associated with a favorable safety profile.?°
Excipients were selected for their low irritant and allergenic
potential. This also makes it an appropriate option for diverse
skin and hair types, with minimal side effects. Minimal side
effects from clinical trial data included nausea (1.6%) and
application-site burning and stinging (0.3%).%°

Topical Corticosteroids

If patients experience persistent pruritus or flaking, mid- to
high-potency TCS may be used on short-term duration, such as
clobetasol propionate 0.05% or fluocinonide 0.05% solution or

shampoo on the scalp, to reduce inflammation.?" For the face/
trunk/intertriginous areas, low-potency topical corticosteroids
such as hydrocortisone 2.5% or desonide 0.05% may also be
considered as adjunctive treatment for recalcitrant areas. Use
of TCS is limited by its adverse event profile, including skin
atrophy, acne, striae, hypopigmentation, or rarely systemic
absorption leading to suppression of the hypothalamic-pituitary-
adrenal axis. These side effects may lead many patients to be
“steroid-phobic,” leading to poor treatment compliance and
under-treatment.?

Topical calcineurin inhibitors

TCI, such as tacrolimus or pimecrolimus, may also be
considered as a nonsteroidal, anti-inflammatory alternative. In
a systematic review of 4 randomized controlled trials, topical
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TABLE 3.
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Systemic Treatment for Limited, Localized Seborrheic Dermatitis, Evidence and Side Effects

Itraconazole Antifungal No, off-label
Fluconazole Antifungal No, off-label
. Terbinafine Antifungal No, off-label
Systemics
Isotretinoin Retinoid No, off-label
Ustekinumab Monc_)clonal No, off-label
Antibody

**For level of evidence explanation, seeTable 2

pimecrolimus was found to be comparable in efficacy to topical
corticosteroids and antifungals in reducing erythema, pruritus,
and scaling in patients with SD.?® These nonsteroidal options
are appropriate for use on the face/trunk/intertriginous areas
if needed for refractory SD treatment or in long-term therapy.
Other nonsteroidal topical treatments have been shown to be
effective for SD. An open-label trial of the topical JAK inhibitor
ruxolitinib 1.5% cream demonstrated efficacy in treating SD by
targeting JAK1 and JAK2, thereby reducing pro-inflammatory
cytokine signaling and improving inflammatory skin disease.?* %
Similarly, topical tapinarof 1% cream, an aryl-hydrocarbon
receptor agonist, has demonstrated efficacy in a 4-patient case
series of patients with moderate-to-severe SD, with clinical
improvement observed within 1 week of treatment (Table 2).2

Azoles

Antifungals may help reduce Malassezia spp. burden, potentially
further exacerbating inputs into the proinflammatory state in
SD."®

Topical azoles such as ketoconazole 2% shampoo, ciclopirox
olamine, and selenium sulfide 1% or 2.5% shampoo may be
used as adjunctive treatment for those with resistant forms of SD
across different body areas (Figure 2). However, azole resistance
has become an increasingly significant global concern.?”
Evidence shows that dermatophyte resistance to azoles is
increasing, with rates reported as high as 19%.2 This is largely
driven by repeated exposure to topical azole therapies and
inappropriate use of overthe-counter antifungals and steroid
combinations.?”? Ketoconazole 2% shampoo used once weekly
has been shown to be effective in preventing SD flares, and when

200 mg/day for7days,
A[1] then 200 mg weekly
for 2-11 months

Nausea, headache, drug-drug
interactions

200 mg/weekly for 4
A[1] weeks, OR 300 mg/
week for 2 weeks

Elevated liver function tests,
nausea

Taste disorders, tachycardia,
insomnia, gastrointestinal
symptoms, migraines, rash;
rarely liver injury

250 mg/day

Al for 4-6 weeks

10-20 mg/day or
A [4] every other day
for 2-6 months

Cheilitis, nose bleeds, skin
fragility, skin dryness, myalgias

45 mg or 90 mg
subcutaneously at
week 0, 4, ~every
12 weeks thereafter

C[4] URIs

combined with clobetasol propionate 0.05% shampoo, leads to
greater efficacy in SD clearance.® Ketoconazole 2% shampoo
(twice weekly application) has been shown to be superior to zinc
pyrithione and 2.5% selenium sulfide in scalp SD.*'3? However,
more recent studies demonstrate earlier symptom relief with
selenium sulfide than ketoconazole.®® For the facial and trunk
SD, multiple studies have demonstrated that 2% ketoconazole
cream was superior to vehicle or equivalent in efficacy to 1%
hydrocortisone cream.3* Antifungal treatment may be helpful in
skin of color populations, where SD was found to be amongst
the top 5 most common dermatological conditions in African
Americans compared to White, Hispanic, and Asian patients.®

Given emerging evidence supporting SD as an immune-driven
disease, the use of nonsteroidal agents such as roflumilast may
be a more appropriate option. Overall, treatment of SD with
effective anti-inflammatory agents may reduce the necessity and
frequency of antifungal application. Lessening antifungal use,
such as ketoconazole, will improve antifungal stewardship and
may reduce the development of azole resistance in the future.?”

Systemic Treatment/Advanced Treatment

Severe, treatment-refractory SD with high BSA involvement
may be treated with systemic agents (Table 3). Oral, low-dose
(<0.5 mg/kg/day) isotretinoin has demonstrated efficacy in the
treatment of SD, with patients reporting a significant reduction
in erythema, scaling, and sebum production by 3 months
of treatment.®3% Further studies compared 10 mg to 20 mg
isotretinoin and reported no significant difference in reducing
SD symptoms.¥ Isotretinoin reduces sebum production, thereby
indirectly targeting Malassezia colonization by reducing the
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availability of its lipid substrate, while also conferring anti-
inflammatory effects.

I-12/23 targeting with ustekinumab has some evidence
supporting its effectiveness in treating SD, with clearance after
only a few doses and lasting remission.®

Oral antifungals have also been recommended for severe SD.?
Terbinafine (2560 mg/day for 4 to 6 weeks) has demonstrated
efficacy in some cases, while oral fluconazole has shown more
variable results.>®® Although these medications may benefit
certain patients, current evidence suggests that SD management
should move away from routine use of oral antifungals. Both
terbinafine and fluconazole carry the risk of liver toxicity with
long-term use and significant drug-drug interactions. In addition,
their overuse may contribute to rising antifungal resistance
while failing to address the primary inflammatory driver of SD.

CONCLUSION

SDisacommon, chronicinflammatory skin disease characterized
by immune dysregulation and skin barrier dysfunction leading
to increased sebum production and commensal Malassezia
growth. Clinical presentation may range from mild scalp dandruff
to severe erythematous, greasy, scaly plaques on the scalp, face,
and trunk, representing a wide SD spectrum. Here, we present
a practical algorithm that integrates novel understanding of
SD pathogenesis as an inflammatory condition with Th17/Th22
skewing, thereby requiring immune-modulatory treatments.
The practical algorithm reflects a shift from antifungal to anti-
inflammatory and immune-modulatory treatments. The length
of treatment, adjunctive treatment, and maintenance regimens
will be important to consider for each patient. Future studies
and discussions will be necessary to evaluate these long-term
regimens and to delineate SD treatment for pediatric patients
under 9 years of age.
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ABSTRACT

Background: Patients desire products that will result in hair growth and treatments to address concerns of hair loss in alopecia.
Peptide-based formulations represent established, promising, and safe therapeutics that target hair growth pathways.

Methods: On November 3, 2025, PubMed, Embase, and the Cochrane Library were searched per PRISMA guidelines for English-
language clinical trials assessing peptide-containing therapies for hair loss in human subjects.

Results: Of the 981 studies identified, 14 met the inclusion criteria. Grade of recommendation: B for formulations with acetyl
tetrapeptide-3, biotinoy! tripeptide-1, glycyl-histidyl-lysine peptide, and penta-peptide Gly-Pro-lle-Gly-Ser. Grade of recommendation:
C for QR678 and QR678 Neo®.

Conclusion: Clinical data support peptide-based formulations, particularly combinations containing acetyl tetrapeptide-3, biotinoyl
tripeptide-1, and glycyl-histidyl-lysine peptide as effective, well-tolerated alternatives to conventional hairgrowth therapies.

J Drugs Dermatol. 2026;25(11):1026-1032. doi:10.36849/JDD.9736

any patients seek interventions to achieve thicker,
Mfuller hair for aesthetic enhancement. Hair loss is

a multifactorial condition impacting the majority of
men and women worldwide during their lifetimes." Hair loss
encompasses a spectrum of etiologies, including androgenetic
alopecia (AGA), telogen effluvium, alopecia areata, and central
centrifugal cicatricial alopecia.2 Beyond physical concerns, hair
loss poses a psychosocial burden, associated with poor self-

esteem, stress, anxiety, depression, and impaired quality of
life.34

Hair loss is influenced by intrinsic and extrinsic factors.
Intrinsic contributors include hormone imbalance, genetic
predisposition, autoimmune processes, and alterations in
follicular cycling.2 The androgen dihydrotestosterone (DHT),
produced through b5a-reductase activity, is particularly
implicated in follicular miniaturization and shortened anagen
duration.® Psychological stressors, including anxiety and
depression, may precipitate hair loss.%6 Extrinsic factors,
including lifestyle patterns, pollution, and ultraviolet radiation,
increase oxidative stress, inducing hair follicle apoptosis and
atrophy.®

Current treatments aim to enhance aesthetic hair density
and quality and prevent follicular loss. First-line therapies,
minoxidil and finasteride, are effective in early disease, but
their effects diminish over time and can result in adverse effects
(AEs).” Oral minoxidil can cause tachycardia, headaches, and
hypertrichosis, while finasteride has been linked to permanent
sexual dysfunction and depression.?® In advanced stages,
patients often pursue procedural interventions, including
intradermal injections of platelet-rich plasma (PRP) or follicular
unit transplantation.’™

Peptides have recently emerged as promising bioactive
molecules in hair restoration therapy and aesthetic
enhancement. Peptides are chains of 2 to 50 amino acids
that can modulate follicular biology through targeted
mechanisms.'? Research suggests that peptides can strengthen
extracellular matrix (ECM) integrity, stimulate dermal papilla
activity, improve microcirculation, and prolong the anagen
(growth) phase of the hair cycle.'>™ Clinical data support these
mechanisms, demonstrating significant improvements in
hair density, thickness, and investigator-assessed outcomes.™
Herein, we summarize the safety and efficacy of peptide-based
formulations for hair growth, elucidate underlying mechanisms
of action, and identify gaps to guide future trial design and
optimize clinical integration.
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FIGURE 1. PRISMA flow diagram for the systematic review of peptides for the treatment of hair loss.

Identification of studies from databases

Papers were identified from PubMed, Embase, and Cochrane Library
using the following search terms:
E (Hair OR Alopecia OR Baldness) AND (Peptide OR Peptides OR
§ “Copper Peptide” OR GHK-Cu OR “Acetyl Tetrapeptide-3” OR
b “Thymosin Beta-4” OR “Biotinoyl Tripeptide-17)
5
= (n=976)
Additional records identified through bibliographic search of relevant
articles (n = 5)
- 1
Articles screened for duplicates |= | Duplicate articles removed
(n=981) (n=58)
12
Articles screened for inclusion Excluded articles
) (n=923) (n=909)
&=
§ Inclusion criteria: Exclusion criteria:
g Clinical trials using discrete, | Studies that did not meet
sequence-specific peptides for inclusion criteria,
hair in human subjects and posters/conference abstracts,
written in English. review articles, non-clinical and
in vitro studies, animal studies,
non-English articles, studies on
o larger proteins, and unclear
I ingredients/peptides.
] Articles included in the Abstracts and full-texts were
= systematic review independently screened by
T':) reviewers LJ and KZ for
— n=14) eligibility.

MATERIALS AND METHODS TABLE 1.

A systematic search of PubMed, Cochrane Library, and Embase Level of E_wdence and Grad.es- of Recommendation per Oxford Cen-
ter for Evidence-based Medicine?

databases was performed on November 3, 2025, according to

. . . Level of Evidence
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses [PRISMA] guidelines (Figure 1).

1a. Systematic review of RCTs
1b. Individual RCT

RESULTS 2a. Systematic review of cohort studies

Our systematic search yielded 981 papers. After title, abstract, 2b. Individual cohort study (including low-quality RCT)
and full-text screening, 14 clinical trials met the inclusion 3a. Systematic review of case-control studies
criteria. The studies evaluated formulations with the following 3b. Individual case-control study

peptides: biotinoyl tripeptide-1 (3), QR678 and QR678 Neo® (6),
acetyl tetrapeptide-3 (2), glycyl-histidyl-lysine peptide (2), and
penta-peptide Gly-Pro-lle-Gly-Ser (1). The peptide formulations
are organized alphabetically by grade of recommendation, as Grades of Recommendation
definedinTable 1. Study characteristics are summarized inTable 2.

4. Case series

5. Case reports, expert opinion, bench research

A. Consistent level 1 studies
B. Consistent level 2 or 3 studies or extrapolations from level 1 studies

C. Level 4 studies or extrapolations from level 2 or 3 studies

D. Level 5 evidence or troubling inconsistent or inconclusive studies of
any level

RCT, randomize controlled trial
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Baseline Demographic Characteristics of the Celecoxib, Sirolimus, and Acitretin Cohorts After Propensity Score Matching (PSM)

Loing
(2013)™®

Lueangarun
(2020)™

Wu
(2025)¢

Voiculescu
(2025)™

Garre
(2018)"”

Lee
(2016)"

Rinaldi
(2019)®

lwabuchi
(2016)%

Acetyl tetrapeptide-3,
biochanin A, and trifolium
pratense flower extract

Acetyl tetrapeptide-3,
biochanin A, and
ginseng extracts

Biotinoyl tripeptide-1 and
Phyllanthus emblica

Biotinoyl tripeptide-1,
oleanolic acid, and
apigenin (Minoxicapil)

Biotinoyl tripeptide-1,
oleanolic acid, apigenin,
diaminopyrimidine oxide,
adenosine, biotin and
ginkgo biloba extract

Glycyl-histidyl-lysine
(GHK) peptide and
5-aminolevulinic
acid (5-ALA)
(ALAVAX complex)

Copper tripeptide-1
(GHK-Cu), octapeptide-2,
oligopeptide-20,
and acetyl decapeptide-3
(TR-M-PRP plus)

Penta-peptide Gly-Pro-lle-
Gly-Ser (GPIGS)

30 participants
with AGA (age not
reported)

32 participants
with AGA (mean
age 41.3)

40 participants
with hair loss (age
range, 25-55)

48 participants
with AGA (age
range, 19-79)

56 participants
with AGA or
telogen effluvium
(age range, 25-50)

45 men with AGA
(age range, 25-60)

60 participants
with AGA (age
range, 18-60)

22 Japanese men
with AGA (age
range, 28-49)

20 drops of lotion
with 5% product
(300 ppm acetyl
tretrapeptide-3)

daily

Topical TmL of
herbal extract twice
daily to scalp

3% minoxidil

One spray of 0.1g
peptide formulation
to the right scalp
twice daily

Left scalp placebo

10-12 sprays (0.2

mL per spray) of
peptide formulation
Combination: Spray

and antioxidant oral
formulation

Topical formulation
once daily

100 mg/mL spray
ALAVAX daily

50 mg/mL spray
ALAVAX daily

Placebo

Topical 15 mL
peptide lotion twice
weekly

Placebo

Topical 3 mg
penta-peptide
twice daily

Placebo

120 days

168 days

90 days

90 days

180 days

180 days

90 days

120 days

Strong increase in anagen hair,
decrease in telogen hair, and increase
in anagen/telogen ratio compared to
placebo

Herbal extract formulation and 3%
minoxidil demonstrated similar
efficacy, with no significant difference
between groups

Significant improvement in terminal
hair count and hair mass index in both
groups

Significantly improved hair mass,
density, and vellus hair in men

Significantly increased vellus hair and
total hair density in women

Significantly improved hair density,
hair shaft thickness,
empty follicles, and anagen to telogen
ratio

Combination group had a significantly
greater increase in total and anagen
hair count than that of spray alone

Significantly increased number of
anagen and total hair count

39% developed clinically significant
scalp coverage

Significantly increased hair count for
100 mg/mL ALAVAX and 50 mg/mL
ALAVAX groups, unlike
the placebo

Significant difference in the ratio of
change in hair count between 50 mg/
mL ALAVAX and placebo

No significant difference in hair
thickness and length among the
treatment groups

Significantly improved SALT scores
from baseline, greater than placebo

Significantly less vellus hair, more
thick hair, and less visual hair loss than
placebo

None

Scalp eczema with
3% minoxidil (n=1)

None

Dryness (n=5),
itching (n=5),
dandruff (n=2),
increased sebum
(n=4), and
gastrointestinal
effects (n=3)

None

None

None

None
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L. Joerg, K. Zafar, J. Jagdeo

Baseline Demographic Characteristics of the Celecoxib, Sirolimus, and Acitretin Cohorts After Propensity Score Matching (PSM)

Kapoor
(2018)%

Kapoor
(2020)?

Kapoor
(2020)"

Clinic
(2022)*

Shome
(2022)%

Gold
(2025)7

Copper tripeptide-1,
thymosin B4, vascular
endothelial growth factor
(VEGF; human oligopep-
tide-11), fibroblast growth
factor (FGF; human
oligopeptide-3), insulin-
like growth factor-1 (IGF-1;
human oligopeptide-2),
and keratinocyte growth
factor (KGF) (QR678°)

1,000 participants
with AGA
(age range, 20-60)

20 women with
PCOS and female
pattern alopecia
(age range, 25-50)

QR678° (see above)

50 men with AGA

QR678° (see above) (age range, 25-50)

Copper tripeptide-1, sh-
polypeptide-9, sh-oligo-
peptide-2, sh-polypep-
tide-3, sh-polypeptide-1,
and sh-oligopeptide-4
(QR678 Neo®)

2428 participants
with AGA (age
range, 18-65)

20 women with
telogen effluvium
after Covid-19
(mean age 35)

QR678 Neo® (see above)

112 males with
AGA (age range,
25-50)

QR678 Neo® (see above)

1.5 mL scalp

injections every

3 weeks for
8 sessions

1.5 mL scalp
injections every
3 weeks for
8 sessions

1.5 mL QR678 scalp

injections every
3 weeks for
8 sessions

Injections with PRP

1 mL scalp
injections every
3 weeks for
8 sessions

1.5 mL scalp
injections every
4 weeks for
8 sessions

Group A: Hair
transplant with
QR678 Neo®: (1)
1mL intradermal

injections, (2)

follicular units
diluted in QR678
Neo® solution, (3)

post-transplant
administration

Group B:Traditional
hair transplant

Significantly increased total hair
count after 1 year

Significantly decreased hair fall
147 days in 83% of participants
Most patients had improved
number of vellus and terminal
hairs and shaft diameter

Significantly improved vellus and
terminal hair count and hair shaft
147 days diameter

Improved GPA score

100% reduction in hair fall out
over 1 year, unlike PRP.

Significantly improved hair den-

sity, terminal hair density, vellus

hair density, and shaft diameter
compared to PRP

147 days

Positive hair pull test in only
12% of patients

Improvement in GPA score
147 days p
Significant improvement in vellus
and terminal hair count and
average hair shaft diameter

87% participants reached
a negative pull test

Significantly improved hair count

Substantial improvement
196 d
ays In GPA scores
Patient self-assessment resulted
in high satisfaction scores for hair
growth, hair appearance, and
reduction in scalp visibility

Significantly better hair regrowth,
density, and shaft diameter than
traditional hair transplant

Based on
alopecia
severity

15% of patients
experienced
scalp itching

None

QR678 group:
painful
administration (n=7)
PRP group: painful
administration
(n=22), itchy scalp,
and light-
headedness

Itching (1.85%)
and painful
administration
(1.2%)

Itchy scalp (n=2)
and painful
administration
(n=1)

None
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DISCUSSION

Acetyl Tetrapeptide-3

The efficacy of acetyl tetrapeptide-3-based formulations was
evaluated in two RCTs (Table 2). A 4-month RCT involving
30 participants assessed the efficacy of acetyl tetrapeptide-3
combined with biochanin A and flower extract. The combination
increased anagen hair (+13%), decreased telogen hair (-29%),
and improved anagen/telogen ratio (+46%) compared with
placebo (anagen, -2%; telogen, +23%; anagen/telogen ratio,
-33%). No adverse events (AEs) were reported. Proposed
mechanisms include enhanced ECM synthesis, 5a-reductase
inhibition, and attenuation of inflammation.'

The second RCT compared an herbal extract combination
containing acetyl tetrapeptide-3, biochanin A, and ginseng
extracts with 3% minoxidil over 24 weeks. Both groups
demonstrated significant improvements in terminal hair count
(8.3%, P=0.009; 8.7%, P=0.002, respectively) and hair mass index
(13.8%, P=0.008; 31.5%, P=0.026), with no significant difference
between groups. One patient using 3% minoxidil developed
eczema.”™ By increasing hydroxyproline, type Ill collagen, and
laminin, the peptide formulation enhances the dermal papilla
ECM, leading to increased follicle size and anchorage.’ In vitro
data suggest that biochanin A and acetyl tetrapeptide-3 may
also reduce proinflammatory cytokine expression and improve
dermal papilla cell proliferation.®

Grade of recommendation: B for acetyl tetrapeptide-3 for the
treatment of hair loss based on 2 level 2b studies (Table 1).

Biotinoyl tripeptide-1

The efficacy of biotinoyl tripeptide-1 formulations was
evaluated in three studies (Table 2). In a 90-day open-label, split-
scalp study, 40 participants applied 0.1 g biotinoyl tripeptide-1
and fruit extract formulation (Biosea Revive serum or BRS) to
their right scalp twice daily. Treatment with BRS significantly
improved hair mass, density, and vellus hair count in men
(P<0.05), andimprovedvellus hairandtotal hair density inwomen
(P<0.05). In vitro, BRS enhanced dermal papilla cell proliferation
compared with the control (P<0.05), similar to minoxidil. BRS
also inhibited 5a-reductase expression (P<0.05) and decreased
reactive oxygen activity, further resembling minoxidil’s effects.
Transepidermal water loss decreased significantly in the female
BRS group, indicating improved scalp barrier integrity. No AEs
or lab abnormalities were reported, supporting the long-term
safety and efficacy of BRS in both genders.®

BRS promotes hair growth through a multi-mechanistic
approach. Biotinoyl tripeptide-1 inhibits 5a-reductase, thus
decreasing DHT and its downstream effects of follicle atrophy
and impaired hair growth.6 Phyllanthus emblica fruit extract
enhances dermal papilla proliferation, prolongs the anagen
phase, and prevents hair follicle atrophy from ROS damage.®

L. Joerg, K. Zafar, J. Jagdeo

Another open-label, 3-month study investigated a topical spray
containing biotinoyl tripeptide-1, oleanolic acid, and apigenin
(Minoxicapil), alone or in combination with oral capsules,
in 48 participants with AGA. The overall study population
demonstrated significant improvements in hair density, hair
shaft thickness, empty follicles, and anagen-to-telogen ratio
(P<0.05). Combination therapy demonstrated a greater increase
in total and anagen hair count compared to the topical spray
group (P<0.05). Minor AEs were reported (n=19)."

A third open-label study involving 56 participants applied a
combination formulation with biotinoyl tripeptide-1, oleanolic
acid, apigenin, diaminopyrimidine oxide, adenosine, biotin,
and ginkgo biloba extract. Significant increases were observed
in anagen hair count and total hair count (median increases of
5% and 9%, respectively; P<0.05). The formulation significantly
improved hair thickness, similar to Minoxicapil. Based on
a dermatologist's clinical assessment, 39% of participants
achieved clinically significant scalp coverage. No AEs were
reported.”

These findings suggest that trichologicimprovement is mediated
by both hormonal and vascular modulation. Oleanolic acid and
biotinyl tripeptide-1 inhibit 5a-reductase, reducing DHT-driven
follicular miniaturization.™ Apigenin enhances perifollicular
angiogenesis, vasodilation, and microcirculation through
VEGF and nitric oxide synthesis.”” Oleanolic acid-mediated
activation of Wnt/B-catenin signaling promotes follicular stem
cell activation and prolongs the anagen phase.™

Grade of recommendation: B for the biotinoyl tripeptide-1
formulations for hair growth based on 1 level 2b study and 2
level 4 studies.

Glycyl-Histidyl-Lysine Peptide

One RCT involving 45 men with male-patterned hair loss
evaluated ALAVAX, a combination therapy containing
5-aminolevulinic acid (5-ALA) and glycyl-histidyl-lysine (GHK)
peptide. Treatment with ALAVAX at 50 mg/mL and 100 mg/mL
resulted in significant increases in hair count (71.5 and 52.6,
respectively; P<0.05) compared with placebo.The ratio of change
in hair count was significantly greater in the 50mg/mL ALAVAX
group than in the placebo group (2.38 and 1.21, respectively;
P<0.05). No significant differences in hair thickness or length
were observed among the treatment groups.'? These results are
supported by a 3-month RCT revealing that a copper tripeptide-1
(GHK-Cu) formulation TR-M-PRP significantly improved Severity
of AlopeciaTool scores in participants with alopecia areata.”® No
AEs were reported in either study. GHK-Cu supports hair growth
by stimulating angiogenesis, ECM production, and stem cells
to promote follicle growth.” Emerging data suggest that the
copper-free GHK peptide exerts similar effects.’
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Grade of recommendation: B for copper tripeptide-1 formula-
tions for the treatment of hair loss based on 2 level 2b studies
(Table 1).

Penta-Peptide Gly-Pro-lle-Gly-Ser

In a 4-month study of 22 men with AGA, topical GPIGS (6 mg/
day) resulted in significantly less vellus hair (P=0.029), thicker
hair (P=0.006), and less visible hair loss (P=0.020) compared
with placebo. No treatment-related AEs were observed.? Prior
research demonstrated that GPIGS increased murine hair
keratinocyte proliferation.? The effects of GPIGS are thought to
be mediated by stimulation of hair-follicle keratinocytes and hair
shaft growth, potentially by lengthening the anagen phase of
hair growth.?°

Grade of recommendation: B for penta-peptide Gly-Pro-lle-
Gly-Ser for the treatment of hair loss based on 1 level 2b study
(Table 1).

QR678 and QR678 Neo®

QR678 and QR678 Neo® containing copper tripeptide-1 and
growth factor formulations, were investigated in 6 clinical trials
(Table 2). QR678 Neo® s a plant-derived polypeptide formulation
that replicates the biological activity of growth factors found in
QR678.%2

In an open-label, pilot study with 1,000 participants, 8 sessions
of 1.5 mL QR678 scalp injections over 21 weeks significantly
increased total hair count after one year (P=0.002), and 83%
of participants exhibited significantly reduced hair shedding
on the hair pull test. Improvements were observed in vellus
and terminal hair counts and shaft diameter. Scalp itching was
reported by 15% of patients.?

In a prospective study of 20 women with female pattern alopecia
from polycystic ovary syndrome, QR678 significantly increased
vellus and terminal hair counts and hair shaft diameter (P<0.05).
Over one year, participants experienced profound improvement
in Global Photographic Assessment (GPA) scores (mean=8 out
of a 10-point scale), with no AEs.?

QR678 therapy was compared to PRP in a randomized, single-
blind study in 50 men with AGA. Over 1 year, hair-pull tests
revealed that QR678 led to a 100% reduction in hair fall. The
QR678 group demonstrated significantly improved hair density,
terminal hair density, vellus hair density, and shaft diameter
compared with the PRP group (P<0.05), with fewer AEs. The
QR678 and QR678 Neo formulations have equivalent efficacy;
thus, these results apply to both formulations.”

An open-label, multi-ethnicity phase IV trial evaluating QR678
Neo® in 2428 participants found 12% had a positive hair pull
test after treatment, and the mean GPA score increased from 6
to 8.The vellus and terminal hair counts and average hair shaft
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diameter increased significantly (P<0.05). ltching (1.85%) and
injection discomfort (1.2%) were the most common AEs.?

In a single-blind study of COVID-19-induced telogen effluvium,
QR678 Neo® significantly reduced shedding in most
participants, with 87% achieving a negative pull test. QR678
Neo® led to a significantly improved hair count (mean=29.32;
P=0.048). GPA scores demonstrated substantial improvement,
even post-therapy. Similarly, patient self-assessment yielded
high satisfaction scores for hair growth, hair appearance, and
reduced scalp visibility. Three participants reported mild AEs.?®
In a single-blind RCT involving 112 men undergoing hair
transplantation, transplants with QR678 Neo® increased vellus
and terminal hair counts, density, and shaft diameter compared
to conventional transplantation (P<0.05).The QR678 Neo® group
also demonstrated significantly higher GPA scores and terminal
hair count (8.87 and 181.02, respectively; P<0.001). No AEs were
reported.”

QR678 and QR678 Neo® exert their effects through intradermal
delivery of recombinant and biomimetic growth factors,
including VEGF, FGF IGF-1, KGF and copper tripeptide-1,
which stimulate angiogenesis, promote anagen induction, and
enhance follicular proliferation, in AGA and telogen effluvium.®
These growth factors modulate key stages of the hair cycle and
represent safe, accessible, and nonimmunogenic options for
hair loss management.®

Grade of recommendation: C for the included QR678 and QR678
Neo® formulations for the treatment of hair loss based on 2 level
2b studies and 4 level 4 studies (Table 1).

Clinical Recommendations

Current evidence supports acetyl tetrapeptide-3, biotinoyl
tripeptide-1, and glycyl-histidyl-lysine peptide formulations
for hair growth therapy. The acetyl tetrapeptide-3 formulations
received a Grade B recommendation (2 level 2b RCTs), with
favorable follicular growth parameters and non-inferiority to 3%
minoxidil. Biotinoyl tripeptide-1 formulations warrant a Grade
B recommendation (1 level 2b and 2 level 4 studies), showing
consistent improvements in hair density, shaft thickness, and
anagen-to-telogen ratio. GHK/GHK-Cu formulations received
a Grade B recommendation (2 level 1b RCTs) with clinically
meaningful improvements, although replication in larger,
diverse trials is needed to confirm efficacy. GPIGS similarly
received a Grade B recommendation, but based on only a single
level 2b RCT. In contrast, QR678 and QR678 Neo® are supported
by more studies but lower levels of evidence (2 Level 2b and 4
Level 4 studies), justifying a Grade C recommendation. These
formulations may be considered adjunctive in select clinical
settings until higher-quality comparative data become available.
Among the 12 clinical trials, 7 (58%) reported no adverse events,
supporting the safety of peptide-based formulations.
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CONCLUSION

Peptides represent a promising therapeutic agent to address
an unmet need for well-tolerated, effective treatments for hair
loss and aesthetic improvement of hair appearance. Acetyl
tetrapeptide-3, biotinoyl tripeptide-1, and glycyl-histidyl-lysine
peptide-containing formulations demonstrated the most robust
clinical data supporting their safe and effective use in hair
growth. Limitations of this review include small sample sizes
(n<50), multi-ingredient formulations that confound individual
peptide effects, and varied outcome assessment, which limit
inter-study comparisons. Further high-powered RCTs are
needed to determine the independent efficacy of peptides for
hair loss.
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ABSTRACT

Background: Psoriatic arthritis (PsA) is a common, underdiagnosed inflammatory comorbidity of psoriasis (PsO) that can lead to
irreversible joint damage without early intervention. Dermatologists are uniquely positioned to facilitate early PsA detection; however,
routine screening remains inconsistent. Lifestyle interventions such as the Mediterranean diet (MD) may further enhance treatment
outcomes when combined with biologic therapy.

Methods: This prospective, single-center, non-randomized controlled study evaluated routine PsA screening and treatment outcomes
in an outpatient dermatology clinic. Adults with dermatologist-confirmed PsO were screened for PsA using the Psoriasis Epidemiology
Screening Tool (PEST). Patients screening positive self-selected into biologic therapy alone or biologic therapy plus MD intervention.
Pain severity was assessed at baseline and 1 month; logistic regression identified predictors of PsA screening positivity, and one-way
ANOVA compared pain score changes among treatment groups.

Results: a total of 117 PsO patients were screened for PsA; 72 (61.5%) screened positive, representing a statistically significant increase
compared with PsA detection prior to implementation of routine PEST screening (P<0.001).Pain severity was the only significant
predictor of a positive PsA screen (P<0.001). Both guselkumab- and secukinumab-treated patients were evaluated with and without
adherence to the MD; guselkumab combined with the MD demonstrated the greatest reduction in pain scores at 1 month compared
with biologic therapy alone (mean change 3.13 + 1.12; P=0.01).

Conclusions: Implementation of routine PsA screening in dermatology practice markedly increased PsA detection. Combining biologic
therapy with dietary intervention was associated with greater short-term pain reduction, supporting the utility of lifestyle changes and
counseling alongside pharmacologic management in PsA care.

J Drugs Dermatol. 2026;25(11):1033-1038. doi:10.36849/JDD.9910

INTRODUCTION

Dermatologists managing PsO are in a unique position to

soriatic arthritis (PsA) is a chronic, immune-mediated
Pinflammatory disease that affects up to 30% of patients

with psoriasis (PsO), corresponding to nearly 3 million
individuals in the United States."? The annual incidence is
estimated at 6 per 100,000 people, with a prevalence of 1 to 2
per 1,000, affecting men and women equally.® PsO is associated
with a significant comorbidity burden, including increased risk
of PsA, cardiovascular disease, inflammatory bowel disease,
and psychological disorders, among others.* Patients frequently
report impaired quality of life due to pain, fatigue, depression,
social impairment, and disability, and up to 20% progress to
irreversible joint damage and severe functional limitations
without timely treatment.®

facilitate early PsA detection; however, screening strategies
and implementation remain inconsistent. Studies show that
up to 40% of dermatology providers do not routinely screen
PsO patients for PsA, leading to delayed diagnosis and missed
opportunities for early intervention.%” Barriers include limited
time during patient visits, lack of training in screening tools, and
uncertainty regarding next steps or treatment modifications
once PsA is suspected.®® Validated, low-cost instruments such
as the Psoriasis Epidemiological Screening Tool (PEST) offer
an efficient means of identifying patients at risk,’® yet are
underutilized.
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Advances in treatment have shifted the therapeutic landscape.
While traditional immunosuppressants such as methotrexate
and sulfasalazine remain in use, biologic therapies targeting
cytokines such asTNF, IL-17, and IL-:23 are now endorsed as first-
linetherapybybothdermatologyandrheumatologysocieties." 2
Lifestyle interventions, particularly anti-inflammatory diets and
weight reduction, have also demonstrated benefits in managing
PsO and PsA, including reduced pain, improved metabolic
outcomes, and enhanced overall quality of life.’®'* Integrating
dietary counseling with pharmacologic therapy may therefore
represent a cost-effective and sustainable approach to optimize
patient outcomes.

The present study aims to evaluate the impact of implementing
routine PsA screening in a private dermatology practice, to
compare the effectiveness of combining biologic therapy
with an anti-inflammatory diet, and to identify demographic
and clinical predictors of PsA detection. *To obtain copies of
additional materials that are mentioned further in this article,
such as the standardized script, Data Information Sheet,
Mediterranean diet materials, and script call, please reach out
to the corresponding author.

MATERIALS AND METHODS

Study Design, Setting, and Eligibility

This prospective, single-center, non-randomized controlled
trial was conducted at an outpatient dermatology clinic in
Southeast Tennessee. The clinic staff included 2 board-certified
dermatologists, 2 nurse practitioners, and 1 physician assistant.
The primary aims of this study were threefold: (1) to assess
the effectiveness of the Psoriasis Epidemiology Screening Tool
(PEST) in identifying patients with psoriatic arthritis (PsA) among
those with psoriasis (PsO); (2) to evaluate whether demographic
and clinical variables (age, gender, ethnicity, marital status,
and pain severity) predict a positive PsA screening; and (3)
to determine whether the addition of the Mediterranean diet
(MD) to standard biologic therapy yields greater pain reduction
compared with pharmacologic therapy alone. Patients were
eligible for inclusion if they: (1) were aged >18 years; (2) had a
dermatologist-confirmed diagnosis of PsO; (3) reported English
as their primary language; (4) could read and write in English;
and (5) were available for follow-up at 1 month.

Screening and Recruitment

All eligible patients were administered the PEST questionnaire
to screen for PsA. A total of 117 patients with psoriasis were
screened, of whom 72 (61.5%) screened positive for PsA. Of
these, 71 (99%) elected to enroll and self-selected into 1 of 4
treatment arms. Patients were then assessed for pain severity
using the Wong-Baker FACES Pain Rating Scale (WBFPRS),
which measures pain on a scale from 0 (no pain) to 10 (worst
pain). Study details were explained to potential participants
using a standardized script* to ensure uniform recruitment.
Informed consent was obtained, and participants completed a
Data Information Sheet*.

V. Czerkasij, S. Romanelli, B. Childs, et al

Intervention and Control Groups

Participants chose between 2 treatment arms: biologic
therapy alone or biologic therapy in combination with dietary
modification. Those opting for the combination approach
received instruction on the MD, guided by a script and
supplementary materials including a shopping list, diet
compliance calendar, and MD pyramid.*

There were 4 treatment groups:

e Group 1 (n = 11): Secukinumab 300 mg subcutaneous
injections weekly for 1 month followed by monthly dosing
thereafter + MD

e Group 2 (n = 24): Guselkumab 100 mg subcutaneous
injection once monthly + MD

® Group 3 (n =7): Secukinumab alone

e Group 4 (n = 14): Guselkumab alone

Secukinumab and guselkumab were selected for their favorable
safety profiles, ease of home administration, broad insurance
coverage, and sample availability in-office. Medication selection
was determined by provider experience and insurance coverage.
All patients initiated therapy at the time of enroliment.

Provider Training and Standardization

Providers received training in PEST administration through
one-on-one sessions with the principal investigator, including a
review of American College of Rheumatology (ACR) criteria and
relevant literature. Additional group training sessions were held
in December 2021 and again following IRB approval in March
2022. Providers were instructed to use only standardized scripts
and respond to all patient questions uniformly.

Follow-Up and Compliance Monitoring

Patients in the dietary intervention arms were contacted 1-week
post-enrollment using a scripted call* to reinforce dietary
compliance and address concerns. Up to 3 attempts were made
if the patient did not answer initially. These patients also tracked
compliance using the MD Calendar by marking diet-compliant
meals with hash marks.

At 1 month, all study participants returned for follow-up.
Pain was reassessed using the WBFPRS. MD Calendars were
reviewed, and adherence was considered satisfactory if >50%
of meals were compliant. Patients were also asked about
medication side effects.

Outcomes and Statistical Analysis

The primary outcomes were: (1) proportion of PsO patients
screening positive for PsA using the PEST tool; (2) change in
WBFPRS scores from baseline to 1 month; and (3) dietary
compliance in the intervention groups.

A chi-square (y3) Goodness of Fit test evaluated the change
in PsA detection rates pre- and post-implementation of PEST.
Logistic regression was used to assess predictors of a positive



<Previous Page | Contents | Zoom In | Zoom Out | Search Issue | Cover | Next Page >

1035

JourNAL OF DRUGS IN DERMATOLOGY
NOVEMBER 2026 * VOLUME 25 ¢ Issuk 11

PsA screen based on demographic and clinical variables. A
one-way ANOVA compared mean pain score changes among
the 4 treatment groups. Post-hoc analysis was conducted to
determine differences between the intervention and control
groups.

The average age of our 117 PsO patient population was 52
years old and exhibited a female (54.7%) and white (92.4%)
predominance, with 5.4%, 1.2%, and 1.0% identifying as black,
Hispanic, and Asian, respectively. A non-parametric one-sample
chi-square test was run to compare the proportion of positive
PsA diagnoses using the PEST screening tool to the proportion
of PsA diagnoses prior to PEST screening for patients with PsO.
Before the PEST screening tool, 16 cases of PsA were diagnosed
out of 1,261 total patients seen in the clinic, from January 1, 2021
to March 12, 2022. When PEST screening was initiated for the
identified 117 PsO patients, 72 (61.5%) were diagnosed with PsA.
A chi-square y> goodness-of-fit test demonstrated a statistically
significant difference in the proportion of PsO patients
diagnosed with PsA using the PEST screening tool compared
with the proportion diagnosed without PEST screening; »? (1) =
3436.835, P<0.001 (Table 1).

The patients who screened positive for PsA using the PEST were

invited to participate in the treatment arm of this study. Seventy-
one (71) patients accepted the offer, and of these, 47 expressed

TABLE 1.

V. Czerkasij, S. Romanelli, B. Childs, et al

willingness to use diet modification with pharmacology for
treatment of their PsA. Of these 47 patients, 25% were deemed
non-compliant by the Pl at the 1-month follow-up visit discussion
and diet calendar review and were excluded from final statistical
analysis. A total of 35 eligible participants were included in the
intervention arm.

One-way ANOVA analysis showed a statistically significant
difference in mean pain scores before and after treatment
regimens among the 4 different therapy regimens. Baseline
mean pain scores were highest in groups 2 (Guselkumab + Diet)
and 4 (Guselkumab alone). After 1 month of treatment, one-
way ANOVA with post-hoc analysis showed that guselkumab
combined with the MD resulted in the greatest reduction in
pain scores (mean change 3.13 = 1.12; P=0.01) compared with
the other 3 treatment groups (Table 2, Figure 1). Smaller,
non-statistically significant reductions were observed with
secukinumab plus MD (2.64 + 1.21), secukinumab alone (3.00 +
2.16), and guselkumab alone (1.86 + 0.77) (Table 2).

To test the probability of predicting a positive PsA among the
selected variables, logistic regression was used.When assessing
baseline pain as well as demographic variables, including age,
gender, marital status, and race, pain was found to be the only
significant predictor of PsA diagnosis; B(1) = -1.116, P=<.001
(Table 3).

Comparison of PsA Rates Before and After the Use of PEST Screening Tool

1245 (99.9)
45 (38.5)

Before PEST implementation

After PEST implementation

TABLE 2.

16 (0.01)
72 (61.5)

3436.84 0.001

Mean Pain Score Differences Among 4 Treatment Groups at Initial Visit and at 1 Month Post Treatment Initiation

1(1) 4.18 (0.75)
2 (24) 471 (2.16)
3(7) 6.00 (2.16)
4(14) 4.29 (1.64)
Total 56 -

Group 1: Secukinumab + MD
Group 2: Guselkumab + MD
Group 3: Secukinumab alone
Group 4: Guselkumab alone

1.55 (1.21) 2.64 (1.21) - -
1.58 (1.64) 3.13 (1.12) - -
3.00 (2.52) 3.00 (2.16) - -
2.43 (1.40) 1.86 (0.77) - ==
- 2.69 (0.17) 3.29 (3,52) 0.028
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FIGURE 1. Mean pain score changes among 4 treatment groups at initial visit and at 1 month post treatment initiation.

o
'
a

Secukinumab + Guselkumab + MD  Secukinumab
MD (n=11) (n=24) alone (n=7)
Treatment Group

Mean Pain Score
>—I—‘ (] p— (A=) w N w [} ~J [es] O

Guselkumab alone
(n=14)

B Baseline Mean W 1-Month Mean

Note: Post-hoc comparisons using the Bonferroni test indicated that there was a significant difference only between Group 2 (Guselkumab + MD) and Group 4 (Guselkumab alone), with the mean score
for Group 2 being 3.13 (SD = 1.12), P=0.01.

TABLE 3.

Logistic Regression Analyses of Predicting Factors for Psoriatic Arthritis

First Pain -1.116 0.226 24.330 1 <.001 0.328
Gender 0.196 0.331 0.353 1 0.552 1.217
Age 0.019 0.020 0.965 1 0.326 1.019
Single -0.209 0.614 0.116 1 0.734 0.812
Married -1.013 1.169 0.751 1 0.386 0.363
Divorced -0.393 1.571 0.063 1 0.803 0.675
White -16.670 26641.07 0.000 1 1.000 0.000
Black -0.036 1.116 0.001 1 0.975 0.965
Hispanic 19.202 26429.84 0.000 1 0.999 21838109
Constant 4.660 2.168 4.619 1 0.032 105.630

DISCUSSION

This study demonstrates a significant increase in patients who
were diagnosed with PsA following the implementation of the
PEST screening tool in a dermatology clinic. While only 16 PsA
cases were diagnosed in a 15-month period prior to the project,
72 PsO patients screened positive for PsA in only a 3-month
period, indicating the utility of the PEST. Ultimately, our results
found that Guselkumab in combination with the MD significantly
decreased patient-reported pain. Interestingly, pain was found
to be the only significant predictor for PsA diagnosis.

The high rate of PsA detection observed in this patient cohort
following the implementation of the PEST is consistent with high
rates of PsA underdiagnosis reported in the literature. While the
overall prevalence of PsA in patients with PsO is 20%," up to
41% of patients not actively under the care of a rheumatologist
have undiagnosed PsA.'®To address this gap, the International
Dermatology Outcome Measures (IDEOM) group has developed
a clinical framework integrated into the electronic medical
record (EMR) using the PEST and Psoriatic Arthritis Impact of
Disease questionnaire (PsAID-12) to streamline PsA screening,
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symptom assessment, and specialist referral.”” Taken together,
these results underscore the importance of screening all PsO
patients for PsA using a validated tool in the dermatology clinic
setting.

Previous research has shown a statistically significant
inverse association between MD adherence and PsO severity,
independent of confounders such as BMI and comorbidities.'
The anti-inflammatory and antioxidant properties of the
diet, as well as its favorable effects on the gut microbiome,
are hypothesized as driving factors.”®™® When specifically
investigating its effects on PsA, Katsimbri et al have shown that
adherence to the MD correlates with reduced disease activity
scores, decreased inflammatory markers, and improved joint
and skin outcomes, even after adjusting for BMI.2° Notably, this
study also incorporated adherence to exercise regimens, which
our study did not account for.

In 2018, the National Psoriasis Foundation (NPF) published
the following dietary recommendations: hypocaloric diets in
overweight or obese patients, gluten-free diets in patients who
test positive for serologic markers of gluten sensitivity, and
weakly recommended vitamin D supplementation in patients
with PsA.2" While these initial recommendations are based on
low-quality data, there have since been more original studies,
including our analysis, which support the use of the MD for
patients with PsO.%

However, this study is not without limitations. Weight loss as a
major confounder complicates the interpretation of many dietary
studies. Since obesity independently worsens psoriasis severity
and weight reduction alone improves outcomes, distinguishing
whether benefits arise from specific dietary components vs
caloric restriction remains challenging.?? Additionally, high
patient dropout rates amongst dietary intervention studies
create significant attrition bias.?® In our study, high non-
compliance initially seen in the dietary intervention arm, lack
of randomization between treatment groups, and absence of
blinding introduce potential bias. Treatment assignment was
also constrained by insurance formularies and product sample
availability, leading to a disproportionately larger Guselkumab
group and potentially more favorable outcomes. The planned
1-week follow-up phone calls reached only 10% of participants
in the intervention arm due to difficulty contacting patients,
limiting follow-up analysis. The overall sample size was small,
and the study population was predominantly White, reflecting
regional demographics and limiting generalizability of the
findings.

Overall, our results promote the need for increased PsA
screening conducted by dermatology providers as well as
the utility of the MD as an adjunctive intervention to medical
PsA treatment. Future research should further examine the

V. Czerkasij, S. Romanelli, B. Childs, et al

use of integrated PsA screening into the EMR, the efficacy of
different dietary interventions over longer follow-up periods
and investigate the potential benefits of combining emerging
biologic therapies with broader lifestyle interventions.
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F AROUND AND FIND OUT: FAILING FORWARD, IL-17F IN FOCUS,
AND FINDING NEW TREATMENT PARADIGMS AND FRIENDSHIPS

THROUGH INDUSTRY COLLABORATIONS

For too long, the therapeutic ladder in hidradenitis suppurativa has often looked less like a ladder and more like

an uneven mound: try this, fail that, wait, escalate, repeat. But while we are waiting, HS certainly isn’t. Inflammation
marches on, tunnels form, scars accumulate, and what was potentially preventable disease becomes permanent
architectural damage. So perhaps the better question isn’t when has the patient failed enough to earn advanced
therapy, but rather when do we have enough evidence to justify waiting? JDD Podcast host Dr. Adam Friedman

is joined by Dr. Tae Oh, Head of Medical Affairs for Dermatology in the US at UCB, to challenge the conventional
“save it for later” mentality and examine how our evolving understanding of HS pathogenesis should reshape

the treatment paradigm.

Tune in as they go beyond the bottle to explore industry’s role moving past the molecule. Can therapeutic development
help expose the true prevalence and burden of an underrecognized disease? What responsibilities do industry partners
have in disease awareness, education, evidence generation, patient identification, and ultimately defining not simply
whether a therapy works, but when it should be used? Then it’s down to the follicular unit. Drs. Friedman and Oh dig
into what our evolving understanding of HS initiation and propagation means at the bedside. If inflammation ultimately
contributes to irreversible tunnels, scarring, pain, and disfigurement, is there a window of opportunity when earlier
intervention could alter the trajectory before inflammatory disease becomes structural disease? And finally,

the uncomfortable question...Are we making patients fail their way toward effective treatment? From therapeutic inertia
and payer barriers to biologics, procedures, disease modification, and the consequences of undertreatment, this episode

HOST
Dr. Adam Friedman

GUEST
Dr. Tae Oh

challenges one of medicine’s most persistent assumptions, that doing less first is inherently safer or smarter.
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Available now at JDDonline.com/podcast

Vi Inspired by patients.

h |4 Driven by science.

This podcast is funded by UCB.
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ABSTRACT

Background: Systemic lupus erythematosus (SLE) is a chronic relapsing autoimmune disease with frequent cutaneous involvement
and unmet treatment need. Given safety and efficacy concerns with first-line therapies and no US Food and Drug Administration (FDA)-
approved treatment for cutaneous lupus erythematosus (CLE), Bruton tyrosine kinase (BTK) has emerged as a biologically relevant
target.

Methods: On January 20, 2026, PubMed, Embase, and Cochrane Library were searched per PRISMA guidelines. Clinical trials
investigating BTK inhibitors for the treatment of SLE were included.

Results: Of 579 records, 5 randomized clinical trials met inclusion criteria, evaluating elsubrutinib (2), evobrutinib (1), fenebrutinib (1),
and orelabrutinib (1). Efficacy across SLE endpoints was variable. Elsubrutinib- and orelabrutinib-based regimens improved cutaneous
disease. Evobrutinib and fenebrutinib showed limited or nonsignificant differences in primary endpoints compared with placebo. Safety
was generally acceptable; adverse events included infections and elevations in transaminase levels.

Conclusions: BTK inhibitors showed variable efficacy in SLE but potential for cutaneous disease improvement. To date, no clinical trials
have evaluated BTK inhibition in CLE. Given promising clinical and mouse model data, dedicated CLE-focused randomized controlled
trials are warranted.

J Drugs Dermatol. 2026;25(11):1039-1044. doi:10.36849/JDD.10039

INTRODUCTION
is a chronic

ystemic lupus erythematosus (SLE)
Sautoimmune disease with frequent relapses and

multisystem involvement, including the joints, kidneys,
heart, lungs, central nervous system, and commonly the skin.’

SLE impacts more than 200,000 Americans and 3.4 million
worldwide, with a projected global market >$4 billion by 2030."*

Cutaneous involvement is a common manifestation of SLE,
impacting >80% of patients.” Cutaneous lupus erythematosus
(CLE) comprises acute, subacute, and chronic subtypes, with
variable clinical features and risk of progression to SLE." Acute
CLE presents in a malar or maculopapular pattern, occurring in
up to 50% of SLE patients.® Subacute CLE is a photosensitive
annular or papulosquamous eruption observed in 10% to 15%
of SLE patients.® CLE commonly presents as discoid lupus
with scaly, erythematous macules or papules that progress to
indurated plaques; other chronic CLE manifestations include
lupus erythematosus profundus (lupus panniculitis), chilblain
lupus erythematosus, and lupus erythematosus tumidus.>®
Nearly 30% of patients with DLE progress to SLE, and these

patients often require systemic therapy.>® Notably, there are no
US Food and Drug Administration (FDA)-approved therapies
for CLE, highlighting a substantial therapeutic unmet need.

Treatment of SLE relies on immunosuppression to prevent flares
and modulate systemic involvement." Hydroxychloroquine
(HCQ) is a systemic therapy for CLE and SLE." However, HCQ
can be associated with adverse events (AEs), including cardio-
toxicity, neuromyotoxicity, hyperpigmentation, and vision
loss.” HCQ use may yield incomplete response (~50%) and
flares.® Given toxicity and efficacy concerns, there remains a
clear need for safer, more effective SLE therapies.

The pathophysiology of SLE is multifactorial, with dysregulated
B- and T-cells central to disease pathogenesis and key thera-
peutic targets.® B-cell dysregulation drives disease through
loss of tolerance to self-antigens, generating pathogenic auto-
antibodies, immune complex deposition, complement
activation, and multiorgan damage.' Reduced B-cell recep-
tor signaling, including impaired tolerance and lowered
activation thresholds, promotes abnormal stimulation of auto-
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Summary of Studies Meeting Inclusion Criteria for the Use of BTK Inhibitors for the Treatment of Systemic Lupus Erythematosus

Merrill
(2024)

Merrill
(2025)™

Wallace
(2023)"2

Isenberg
(2021)®

Li
(2025)

341
participants

185
participants

469
participants

260
participants

60
participants

Taken orally:

e Elsubrutinib 60 mg
and upadacitinib 30
mg QD (ABBV-599 high
dose)

Elsubrutinib 60 mg
and upadacitinib 15
mg QD (ABBV-599 low
dose)

Elsubrutinib 60 mg QD
Upadacitinib 30 mg
Qb

Placebo

Taken orally:

e Elsubrutinib 60 mg
and upadacitinib 30
mg QD (ABBV-599 high
dose)

e Upadacitinib 30 mg
Qb

* ABBV-599 high dose
(originally placebo
group)

Taken orally:

e Evobrutinib 256 mg QD
e Evobrutinib 75 mg QD
e Evobrutinib 50 mg BD
* Placebo

Taken orally

® Fenebrutinib 150 mg
Qb

e Fenebrutinib 200 mg

® Placebo

Taken orally:

e Orelabrutinib 50 mg
e Orelabrutinib 80 mg
e Orelabrutinib 100 mg
* Placebo

48 weeks

104
weeks

52 weeks

48 weeks

12 weeks

3

Higher CLASI-50 response rates with
ABBV-599 high dose cadompared with
placebo at week 24 and upadacitinib 30 mg
compared with placebo at week 48

Greater proportion of patients achieved
SRI-4 and glucocorticoid dose <10 mg QD
at week 24, with upadacitinib (54.8%) and

ABBV-599 high dose (48.5%) versus placebo

(37.3%)

SRI-4, BICLA, and LLDAS responses higher
with ABBV-599 high dose and upadacitinib
compared with placebo at weeks 24 and 48
ABBV-599 high dose and upadacitinib 30
mg significantly improved flare incidence
and time to first flare through week 48
compared with placebo

Increased proportion of patients who
achieved CLASI-50 (100%, 88.9%, and 100%
of patients in the upadacitinib 30 mg,
ABBV-599 high dose, and placebo to
ABBV-599 high dose groups, respectively)
In the upadacitinib 30 mg and ABBV-599
high dose groups, the proportion

of patients achieving SRI-4, BICLA,

and LLDAS responses was sustained
through week 104

Daily glucocorticoid dose decreased from
week 0 to week 104 in all treatment groups
The incidence of overall flares through

104 was maintained in the upadacitinib

30 mg group and decreased in the
ABBV-599 high dose and placebo to
ABBV-599 high dose groups

No statistically significant differences
between evobrutinib groups and placebo in
general SRI-4 response, SRI-4 response in
the serologically active subpopulation, and
SRI-6 response in HDA subpopulation
Compared with placebo, evobrutinib 75 mg

QD demonstrated longer time to first BILAG

A flare

No clinically meaningful differences
between evobrutinib and placebo in organ-
specific disease activity, flare rate, health-
related quality of life, corticosteroid usage,
or SLE serum markers

SRI-4 response rates slightly higher for
fenebrutinib 150 mg QD and fenebrutinib
200 mg BD (51% and 52%, respectively)
compared with placebo (44%), without
between-group statistical significance
BICLA response rates were 53% with
fenebrutinib 150 mg QD, 42% with
fenebrutinib 200 mg BD, and 41% with
placebo

No differences between treatment groups
for time to flare

Relative to placebo, fenebrutinib was
associated with reductions in anti-double-
stranded DNA autoantibodies, BTK-

dependent plasmablast RNA signature, total

IgG, and IgM, along with increased
C4 levels

SRI-4 response rates were 50%, 62%, and
64% with orelabrutinib 50 mg, 80 mg, and
100 mg, respectively, versus 36% with
placebo

In the subgroup of participants with
baseline SLEDAI-2K >8, SRI-4 responses
were significantly higher with orelabrutinib
50 mg (80%), 80 mg (83%), and 100 mg
(100%) in comparison with placebo (0%)
Rash remission rates based on SLEDAI-2K
were 40%, 75%, and 36% with orelabrutinib
50 mg, 80 mg, and 100 mg, respectively,
versus 33% with placebo

Incidence TEAEs was lower in the
ABBV-599 high dose group (10.3%)

than in the upadacitinib 30 mg (21.0%)
or placebo (17.3%) groups

AEs in patients receiving ABBV-599 high
dose and upadacitinib 30 mg included
nonfatal strokes, not attributed to the
study drugs, and increased incidence
of serious infections in patients with
underlying risk factors for infection
Higher incidence of herpes zoster
infections in the ABBV-599 high dose
and upadacitinib 30 mg groups than
placebo

Three deaths unrelated to the study drug

Exposure-adjusted TEAEs were
highest in the placebo to ABBV-599
high dose group

Rates of exposure-adjusted serious
AEs were low across all groups, with
no deaths

Only 1/5 serious infections (limb
abscess) was considered related to
upadacitinib

Herpes zoster occurred across all
groups, and one patient in the
upadacitinib 30 mg group developed
hypogammaglobulinemia

All doses of evobrutinib were well
tolerated

TEAE rates were similar between
treatment groups, most commonly ALT,
AST, amylase, and lipase, as well as
lymphopenia, noncardiac chest pain,
otitis media, and headache

Two deaths occurred in the HDA
subgroup; investigators only reported
bone marrow failure as treatment-related
121 (25.8%) participants who
discontinued treatment were generally
balanced across treatment groups, and
most commonly discontinued due to an
AE such as increased ALT or AST (n=64),
lack of efficacy (n=13), or loss to follow-
up (n=9)

More patients in the fenebrutinib 200
mg BD group reported serious AEs and
experienced AEs that led to treatment
withdrawal than the fenebrutinib 150 mg
QD and placebo groups

One death occurred in the fenebrutinib
150 mg group (salivary gland neoplasm)
The treatment groups developed similar
infection and serious infection rates
More patients in the fenebrutinib 200 mg
BD group also experience elevations in
AST and ALT levels than other treatment
arms

Most AEs were mild-to-moderate with 3/6
serious AEs being treatment-related

At least one TEAE occurred in 80%,

93%, and 100% of patients receiving
orelabrutinib 50 mg, 80 mg, and 100 mg
once daily, respectively, compared with
86% of patients taking placebo

AEs included upper respiratory tract
infection, decreased lymphocyte count,
anemia, and abnormal liver function

No deaths occurred, and AE-related
treatment discontinuation was infrequent
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FIGURE 1. PRISMA flow diagram for the systematic review of BTK Inhibitors for the treatment of SLE.

Identitication of studies from databases

Papers were identified from PubMed, Embase, and Cochrane Library using the following search
terms:

(“Systemic Lupus Erythematosus” OR SLE OR “Lupus Nephritis” OR “Lupus Erythematosus” OR
“Cutancous Lupus” OR “Discoid Lupus” OR DILE)
AND
(“Agammaglobulinemia Tyrosine Kinase™ OR “Bruton Tyrosine Kinase™ OR “Bruton’s Tyrosine
Kinase” OR BTK OR “Bruton Agammaglobulinemia Tyrosine Kinase” OR “Bruton Tyrosine Kinase
Inhibitor” OR “BTK Inhibitor” OR “BTK Inhibitors™ OR Ibrutinib OR Acalabrutinib OR
Zanubrutinib OR Pirtobrutinib OR Rilzabrutinib OR Remibrutinib OR Fenebrutinib OR Evobrutinib

Identification

OR Rirabrutmib OR Orelabrutimb OR Spebrutinib OR Rilzabrutinib)

(n=579)

L 4

Articles screened for duplicates
(n=579)

-»

Duplicate articles removed
(n-158)

4

Articles screened for inclusion
(n=421)

Screening

Inclusion criteria:
English-language clinical studies investigating
BTK inhibitors for SLE trcatment in human
subjects.

A g

Articles included in the
systematic review

n=3)

Included

reactive B-cells.® In CLE, B cells drive autoantibody-mediated
immune-complex deposition at the dermal-epidermal junction,
promoting complement activation and chronic skin injury.® B-
cell dysregulation is a central driver of disease pathogenesis
and provides a strong mechanistic basis for B-cell-targeted
therapeutic strategies, such as belimumab, which is FDA-ap-
proved for SLE management.

Bruton tyrosine kinase (BTK) is a key messenger in the B-cell
receptor signaling pathway, necessary for B-cell activation and
differentiation.®'* BTK is also involved in signaling pathways in
innate immune cells, including monocytes and macrophages,
and contributes to cutaneous inflammation in SLE.™ Peripheral
blood B cells in SLE patients exhibit higher BTK expression
than those from healthy controls, and expression correlates
with established disease-severity markers, including SLE
Disease Activity Index, anti-double-stranded DNA antibody
levels, 24-hour proteinuria, and lupus nephritis.™'? Although
initially identified as a genetic mutation causing X-linked
agammaglobulinemia, BTK’s multifaceted role in B-cell
function makes it a promising therapeutic target for other B-cell
disorders, including SLE and CLE." Murine models and clinical
trials investigating BTK inhibitors for SLE suggest potential

Excluded articles
(n=414)

Exclusion criteria:

Studies that did not meet the inclusion criteria,
posters/conference abstracts, review articles,
non-c¢linical and in vitro studies, animal
studies, and non-English articles

Abstracts and full-texts were independently
screened by reviewers JS and LT for eligibility.

benefits for systemic and cutaneous disease activity.” Herein,
we summarize the safety and efficacy of BTK inhibitors for the
treatment of SLE.

MATERIALS AND METHODS

On January 20, 2026, Embase, PubMed, and Cochrane Library
were systematically searched according to Preferred Reporting
Iltems for Systematic Reviews and Meta-Analyses [PRISMA]
guidelines (Figure 1).

The systematic search yielded 579 papers. After title, abstract,
and full-text screening by LJ and JS, 5 randomized controlled
trials (RCTs) met the inclusion criteria. These studies evaluated
formulations with the following BTK inhibitors: elsubrutinib (2),
evobrutinib (2), fenebrutinib (1), and orelabrutinib (1).

DISCUSSION

Elsubrutinib

Elsubrutinib is an investigational, oral, selective, and irreversible
BTK inhibitor developed for autoimmune diseases, including
SLE and rheumatoid arthritis, that inhibits B-cell activation and
modulates immune complex-based inflammation.®Elsubrutinib
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has been studied in combination with upadacitinib (ABBV-599)
to target the Janus Kinase 1 (JAK1) pathway in addition to
BTK.™15

We identified 2 RCTs evaluating oral elsubrutinib-based
therapy for SLE. In a 48-week, phase 2 RCT, 341 patients with
SLE were divided into 5 groups: (1) elsubrutinib 60 mg and
upadacitinib 30 mg once daily (QD) (ABBV-599 high dose), (2)
elsubrutinib 60 mg and upadacitinib 15 mg QD (ABBV-599 low
dose), (3) elsubrutinib 60 mg QD, (4) upadacitinib 30 mg QD,
or (5) placebo. Among patients with baseline Cutaneous Lupus
Erythematosus Disease Area and Severity Index (CLASI) activity
scores 210, CLASI-50 response rates were significantly higher
with ABBV-599 high dose compared with placebo at week 24
(P=0.021) and upadacitinib 30 mg compared with placebo at
week 48 (P=0.034).The elsubrutinib monotherapy and ABBV-599
low-dose arms were discontinued due to inadequate efficacy in
treating systemic disease; therefore, cutaneous outcomes were
not further evaluated in both groups. A greater proportion of
patients achieved the primary endpoint (both Systemic Lupus
Erythematosus Responder Index 4 (SRI-4) and glucocorticoid
dose <10 mg QD at week 24) with upadacitinib (54.8%; P=0.028)
and ABBV-599 high dose (48.5%; P=0.081) vs placebo (37.3%).The
SRI-4, British Isles Lupus Assessment Group-Based Composite
Lupus Assessment (BICLA), and Lupus Low Disease Activity
State (LLDAS) responses were consistently higher with ABBV-
599 high dose and upadacitinib 30 mg compared with placebo
at weeks 24 and 48.The ABBV-599 high dose and upadacitinib 30
mg arms significantly improved the incidence of flares and time
to first flare through week 48 compared with placebo (P<0.05)."®

The incidence of treatment-emergent adverse events (TEAEs)
was lower in the ABBV-599 high dose group (10.3%) than in the
upadacitinib 30 mg (21.0%) or placebo (17.3%) groups. AEs in
patients receiving ABBV-599 high dose and upadacitinib 30 mg
included nonfatal strokes (not attributed to the study drugs) and
an increased incidence of serious infections in patients with
underlying risk factors for infection. There was also a higher
incidence of herpes zoster infections in the ABBV-599 high dose
and upadacitinib 30 mg groups than in the placebo group.There
were three deaths unrelated to the study drugs.™

A subsequent long-term extension study following the 48-
week RCT further evaluated the safety and efficacy of oral
upadacitinib 30 mg alone or combined with elsubrutinib 60 mg
QD (ABBV-599 high dose) over 104 weeks in 185 enrolled adults
with SLE. The participants originally assigned to the placebo
group were then given ABBV-599 high dose. The proportion
of patients who achieved CLASI-50 increased from week 48
to 104 and was 100%, 88.9%, and 100% in the upadacitinib 30
mg, ABBV-599 high dose, and placebo to ABBV-599 high dose
groups, respectively. In the upadacitinib 30 mg and ABBV-599
high dose groups, the proportion of patients achieving SRI-4,
BICLA, and LLDAS responses was sustained through week 104.
Daily glucocorticoid dose decreased from week 0 to week 104

L. Joerg, J. Stolyar, J. McGovern, et al

in all treatment groups. The incidence of overall flares through
week 104 was maintained in the upadacitinib 30 mg group and
decreased in the ABBV-599 high dose and placebo to ABBV-599
high dose groups.™

Exposure-adjusted TEAEs were highest in the placebo to ABBV-
599 high dose group compared with upadacitinib 30 mg and
continuous ABBV-599 high dose groups. Exposure-adjusted
serious AE rates were low across all groups, with no deaths.
Only one of five serious infections (limb abscess) was considered
possibly related to upadacitinib. Herpes zoster occurred across
all groups, and one patient in the upadacitinib 30 mg group
developed hypogammaglobulinemia.™

Evobrutinib

Evobrutinib is an oral, highly selective, central nervous system-
penetrating, covalent BTK inhibitor.”? In vitro data indicate that
evobrutinib attenuates pro-inflammatory M1 macrophage
differentiation and suppresses B cell activation, differentiation,
polarization, and cytokine release.'® The efficacy of evobrutinib
has been evaluated in autoimmune diseases, including multiple
sclerosis, rheumatoid arthritis, and SLE."

A 52-week multicenter, dose-ranging RCT evaluated the safety
and efficacy of evobrutinib in 469 participants with autoantibody-
positive SLE, assigned to either oral evobrutinib 256 mg QD,
75 mg QD, 50 mg twice daily (BD), or placebo. There were no
statistically significant differences between evobrutinib groups
and placebo in general SRI-4 response, SRI-4 response in the
serologically active subpopulation, and SRI-6 response in the
high disease activity (HDA) subpopulation at week 52. Compared
with placebo, evobrutinib 75 mg QD showed a numerically
longer time to first BILAG A flare, but the difference was not
statistically significant. Despite reduced total B cell numbers,
there were no clinically meaningful differences between
evobrutinib and placebo in organ-specific disease activity, flare
rate, quality of life, corticosteroid use, or serum markers (C3/
C4 complement levels, IgG, IgM, IgA, and anti-double-stranded
DNA) over 52 weeks."?

All doses of evobrutinib were well tolerated. The rates of
reported TEAE were similar between treatment groups. The
most common AEs included increased alanine aminotransferase
(ALT), aspartate aminotransferase (AST), amylase, and lipase, as
well as lymphopenia, noncardiac chest pain, otitis media, and
headache. Two patients in the HDA subgroup died, although
only one death of a patient with bone marrow failure was
attributed to the treatment. Overall, 121 (25.8%) participants who
discontinued treatment were generally balanced across groups.
Treatment was discontinued due to AEs such as increased ALT
or AST (n=64), lack of efficacy (n=13), or loss to follow-up (n=9)."2

Fenebrutinib
Fenebrutinib is an oral, highly selective, reversible, and
noncovalent BTK inhibitor that has demonstrated efficacy
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in multiple sclerosis, rheumatoid arthritis, and chronic

spontaneous urticaria.'®

In a phase Il multicenter RCT, 260 patients received oral
fenebrutinib 150 mg QD, fenebrutinib 200 mg BD, or placebo
for 48 weeks. SRI-4 response rates were slightly higher for
fenebrutinib 150 mg QD and fenebrutinib 200 mg BD groups
(51% and 52%, respectively) compared with placebo (44%),
without between-group statistical significance. BICLA response
rates were 53% with fenebrutinib 150 mg QD (P=0.086 vs
placebo), 42% with fenebrutinib 200 mg BD (P=0.0879 vs
placebo), and 41% with placebo.There were also no differences
between treatment groups for time to flare. Relative to placebo,
fenebrutinib was associated with reductions in anti-double-
stranded DNA autoantibodies, BTK-dependent plasmablast
RNA signature, total IgG, and IgM, along with increased C4
levels.™®

More patients in the fenebrutinib 200 mg BD group reported
serious AEs and experienced AEs that led to treatment withdrawal
than the fenebrutinib 150 mg QD and placebo groups. One death
occurred in the fenebrutinib 150 mg QD treatment group due
to salivary gland neoplasm. The treatment groups developed
similar rates of infection and serious infection. More patients in
the fenebrutinib 200 mg BD group also experienced elevations
in AST and ALT levels than the other arms.™

Orelabrutinib

Orelabrutinib is an oral, highly selective, and irreversible BTK
inhibitor.” Orelabrutinib has demonstrated promise in B-cell
malignancies, including mantle cell lymphoma and chronic
lymphocytic leukemia, as well as autoimmune diseases such as
multiple sclerosis and SLE.™

A 12-week multicenter phase Ib/lla RCT evaluated oral
orelabrutinib 50 mg, 80 mg, or 100 mg compared with placebo
in 60 patients with active SLE. At week 12, SRI-4 response rates
were 50%, 62%, and 64% with orelabrutinib 50 mg, 80 mg, and
100 mg, respectively, vs 36% with placebo. In the subgroup
of participants with baseline Systemic Lupus Erythematosus
Disease Activity Index 2000 (SLEDAI-2K) >8, SRI-4 responses
were significantly higher with orelabrutinib 50 mg (80%,
P=0.048), 80 mg (83%, P=0.048), and 100 mg (100%, P=0.029) in
comparison with placebo (0%). Rash remission rates based on
SLEDAI-2K were 40%, 75%, and 36% with orelabrutinib 50 mg,
80 mg, and 100 mg, respectively, versus 33% with placebo.™

Most AEs were mild to moderate. Among the 6 serious AEs
reported, 3 were considered treatment related. At least 1
TEAE occurred in 80%, 93%, and 100% of patients receiving
orelabrutinib 50 mg, 80 mg, and 100 mg, respectively,
compared with 86% of patients taking the placebo. AEs included
upper respiratory tract infection, decreased lymphocyte count,
anemia, and abnormal liver function. No deaths occurred, and
AE-related treatment discontinuation was infrequent.™

L. Joerg, J. Stolyar, J. McGovern, et al

Integrated Interpretation

Despite the variable efficacy of BTK inhibitors in randomized SLE
trials, preliminary favorable signals of cutaneous improvement
with BTK inhibition supportdedicated future clinical investigation
in CLE. The RCT data demonstrated that elsubrutinib-based
therapy (particularly ABBV-599 high dose) achieved significantly
higher CLASI-50 response rates than placebo in patients with
active skin disease, with durable cutaneous responses in long-
term extension follow-up. Although upadacitinib 30 mg also
achieved significantly higher CLASI-50 response rates than
placebo, the high-dose ABBV-599 group achieved this endpoint
in half the time. Orelabrutinib also showed consistently higher
rates of rash remission than placebo across all doses.

Murine lupus models have demonstrated that BTK inhibition
reduces disease activity and modulates immune signaling
across key cell populations, including B cells, monocytes, and
macrophages.? Murine studies also implicate B-cell hyperactivity
and pathologically amplified B-cell receptor signaling in SLE
pathogenesis and associated cutaneous disease.?’ Treatment
with the selective BTK inhibitor BI-BTK-1 in MRL:Ipr/lpr mice
decreased macroscopic and microscopic skin lesions, cutaneous
cellular infiltration, and inflammatory cytokine expression
compared to controls in in vivo murine models.?” These data
suggest current SLE clinical trials investigating BTK inhibitors
may incompletely capture clinically meaningful skin responses.
To date, no clinical trials have evaluated BTK inhibitors in CLE.
Given there are no FDA-approved treatments for CLE, dedicated
CLE RCTs with BTK inhibitors could define safety and efficacy.

A strength of this systematic review is the inclusion of RCT data,
providing high-level clinical evidence across BTK compounds
and treatment durations. Interpretation is limited by the small
number of available clinical trials, heterogeneity in endpoints,
and variable reporting of skin-specific outcomes.

CONCLUSION

BTK inhibition demonstrated mixed efficacy across SLE
endpoints but showed potential for cutaneous benefit with
elsubrutinib- and orelabrutinib-based regimens. The clinical
findings are reinforced by murine model data showing
attenuation of skin inflammation, reduced lesion burden, and
modulation of B-cell pathways with BTK inhibition. These data
suggest that current SLE studies may fail to fully capture skin-
specific therapeutic effects. BTK inhibitors may be promising
therapeutic options for cutaneous disease associated with SLE.
Dedicated CLE-focused randomized controlled trials are needed
to define safety, efficacy, optimal dosing, and durability of
response.
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ABSTRACT

Background: The use of immunosuppressive and immunomodulatory medications in dermatology remains challenging in patients
with active or prior malignancy due to concerns of cancer risk. Clinical trials have historically excluded this population, and real-world
carcinogenesis requires prolonged follow-up, leaving dermatologists with limited guidance.

Obijective: To review current evidence on malignancy risk associated with immunosuppressive and immunomodulatory agents in
dermatologic disease, to provide considerations for patients with active or prior malignancy.

Methods: A narrative review was conducted to evaluate oncologic risk of major drug classes used in chronic inflammatory skin
diseases, including biologics, methotrexate, calcineurin inhibitors, JAK inhibitors, acitretin, apremilast, and dupilumab.

Results: Broad immunosuppressants, including TNFa inhibitors, methotrexate, and systemic calcineurin inhibitors, demonstrate
increased malignancy risk. Targeted therapies, such as [1-:12/17/23 inhibitors, apremilast, and dupilumab, are favorable, with no clear
increased malignancy risk. Acitretin is non-immunosuppressive and chemoprotective against certain skin cancers. JAK inhibitors
have limited dermatologic data suggesting malignancy risk but carry an FDA black box warning due to increased malignancy risk in
rheumatoid arthritis.

Conclusion: Current evidence supports using therapies with lower oncologic risk and avoiding those with carcinogenic potential or
using them cautiously with increased surveillance. Continued long-term, real-world studies are needed to further understand risks in
this population and guide treatment.

J Drugs Dermatol. 2026;25(11):1045-1050. doi: 10.36849/JDD.9859R1

INTRODUCTION

mmunosuppressive and immunomodulatory medications
Iare widely utilized in dermatology to treat chronic

inflammatory skin conditions. However, their use in
patients with active or prior malignancy remains an area of
uncertainty. Certain immunosuppressive medications have
been linked to an increased incidence and mortality from
melanoma and non-melanoma skin cancer (NMSC), and may
contribute to recurrence of primary malignancies." Clinical
trials have historically excluded patients with malignancy, and
carcinogenesis often requires prolonged follow-up, leaving
limited evidence to guide treatment decisions.?® Therefore,
dermatologists may hesitate to initiate or continue systemic
immunosuppressive therapy in this population. This article
reviews current literature regarding the use and safety of
immunosuppressive and immunomodulatory medications
in this population. Table 1 summarizes key evidence on
malignancy risk for each therapeutic class with odds ratios and
confidence intervals when available.

Biologics: Tumor Necrosis Factor Alpha Inhibitors

Tumor necrosis factor alpha (TNF-a) is a pro-inflammatory
cytokine. Elevated levels are characteristic of several
inflammatory skin diseases, due to keratinocyte proliferation,
immune cell activation, and adhesion molecule upregulation.*
TNF-a inhibitors (TNFis), including infliximab, adalimumab,
etanercept, and certolizumab pegol, are FDA-approved for
psoriasis, and adalimumab is approved for hidradenitis
suppurativa.® Off-label uses include pemphigus vulgaris and
pyoderma gangrenosum.®

TNFis have been associated with an increased cancer risk in
psoriasis. Nested case-control analyses in the PSOLAR study
(n=1260) found long-term (>12 months) TNFi therapy was
associated with increased malignancy risk, excluding NMSC
(odds ratio (OR), 1.54; 95% ClI, 1.10-2.15). However, in analyses
restricted to monotherapy, this association was no longer
statistically significant (OR, 1.29; 95% CI, 0.84-1.98).6 A Korean
study of 191,678 patients with psoriasis found overall cancer
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Summary of Key Studies Assessing Malignancy Risk With Inmunosuppressive and Inmunomodulatory Therapies in Dermatologic Disease

TNF-a
inhibitors/
TNFi

11:12, IL-23,
IL-17 inhibitors

Methotrexate

Calcineurin
Inhibitors

JAK inhibitors

Acitretin

Apremilast

Dupilumab

PSOLAR registry
(TNFi, methotrexate)®

Korean nationwide
cohort study
(TNFi, IL12/23i)”

International population-
based study (IL-17i/IL-23i
vs TNFi)®

Ustekinumab phase II/
phase Ill trials™

VOYAGE 1 and 2 trials
(guselkumab)"

Danish nationwide
case-control study™

PSOLAR registry
(TNFi, methotrexate)®

Multi-national cohort
study (cyclosporine)??

Korean cohort study
(topical tacrolimus and
pimecrolimus)?

Measure Up 1 and 2
phase lll trials
(upadacitinib)?’

ORAL Surveillance
(tofacitinib)?®

North Central Cancer
Treatment Group Study
9692513

International
clinical trials®

American cohort study*

Nested case-control
analysis within
prospective registry

Retrospective
population-based
cohort

Retrospective
population-based
cohort

Pooled analysis
of randomized
phase I/l trials

Randomized
phase lll trials

Case-control

Nested case-control
analysis within
prospective registry

Retrospective cohort

Multi-center
Retrospective cohort

Pooled analysis of
randomized phase llI
trials

Prospective phase IlIb-1V
safety trial

Prospective randomized
controlled trial

Pooled analysis of 15
randomized controlled
trials (open-label
extension phases)

Retrospective cohort

n=1260
(in analysis)

n=191678

n= 15331 (IL-17i),
n=5832 (IL-23i)

n=3117

n=1221

n=176176 (cases)

n=1260 (in
analysis)

n=1252

n=25694

n=1608

n=2911

n=70

n=4183

n=9707, 1627 on
dupilumab

>0 months to
>12 months

>1 year

5 years

Up to 3 years

156 weeks

Minimum 2.7
years

>0 months to
>12 months

5 years

38 months
(median)

52 weeks

4 years
(median)

2 years

Up to 5 years

5 years

0.55 (all treatments;
excludes NMSC)

0.60 (all treatments)

NR

1.30 (adjusted for duration

of follow-up)

0.28 (NMSC), 0.47 (other

cancers)

NR

0.55 (all treatments;
excludes NMSC)

1.08
0.0136 (lymphoma),
0.017 (NMSC),
0.0052 (melanoma)

0.6 (15 mg dose), 0.9 (30
mg dose)

NR

NR

1.29 (primary malignancy);

0.80 (NMSC); 0.092
(recurrent malignancy)

Adjusted OR:

2.05 [0.82-5.12] for >0 months
to <3 months;

1.15 [0.63-2.09] for >3 months
to <12 months

(OR, 1.54; 1.10-2.15; P=.01)
for 212 months

aHR, 1.41, (1.01-1.97)

Overall risk decreased across
several cancers:

1L-23i NHL (HR, 0.39; 0.19-0.78;
P=0.006),

IL-17i NHL (HR, 0.58; 0.40-0.82;
P=0.002),

NR

NR
Adjusted OR:

1.29 (1.20-1.38) for basal cell
carcinoma

1.61 (1.37-1.89) for cutaneous
squamous cell carcinoma

1.35 (1.13-1.61) for cutaneous
malignant melanoma

Adjusted OR:

1.30 [0.34-5.01] for >0 months to
<3 months

1.01[0.45-2.28] for >3 months to
<12 months

.98 [0.63-1.54] for >12 months)

NR

NR

NR

HR 1.33 (1.04-2.09)
Rate of new primary NMSC:

OR 0.41 (0.15-1.13), P=.13

NR

NR

aHR, adjusted hazard ratio; HR, hazard ratio; NR, not reported; NMSC, non-melanoma skin cancer; NHL, Non-Hodgkin Lymphoma; OR, odds ratio; SIR, standardized incidence ratio
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risk was elevated with TNFi use (adjusted hazard ratio (aHR),
1.41; 95% Cl, 1.01-1.97), specifically for Non-Hodgkin lymphoma
(NHL; aHR, 2.98; 95% Cl, 1.02-8.69), but not other cancers
including NMSC.”

Oncologic risk with TNF is complex and influenced by factors
including personal malignancy history, treatment duration, and
concomitant immunosuppressant use.® Certain malignancies
appear to be more strongly linked to TNFi therapy, such as
NHL. These studies suggest that although there is evidence
of increased risk of malignancy with TNFis, they can be safely
used in patients with past malignancy, given close follow-up for
new or recurrent malignancy.

Biologics: Interleukin Inhibitors

Interleukins, specifically 1L-:12/17/23 cytokines, play key roles
in the pathogenesis of immune-mediated skin diseases,
particularly psoriasis. 112 and IL-23 promote differentiation
of Th1 and Th17 cells, respectively, which in turn secrete a
pro-inflammatory cytokine cascade.® With high efficacy and
favorable side effect profiles, these agents are first-line biologics
in moderate-to-severe psoriasis, and off-label uses include
pyoderma gangrenosum and systemic lupus erythematosus.>®

Limited data exist on cancer risk with the use of these biologics,
but it currently suggests no increased risk. A population-based
cohort study comparing TNFi versus IL-17i and IL-23i in patients
with psoriasis found patients receiving the interleukin inhibitors
had a decreased risk of up to 26 identified malignancies,
including melanoma and NMSC.®° In a pooled safety analysis
of phase Il and Ill trials, patients treated for psoriasis with
the IL-12/23i ustekinumab (n=3117) had no increased risk of
malignancy (excluding NMSC) compared with the general
population.” The VOYAGE 1 and 2 trials (n=1221) assessing
safety of the IL-:23i guselkumab found an incidence of 0.28 per
100 patient-years for NMSC (95% Cl, 0.13-0.53) and 0.47 per
100 patient-years for other cancers (95% Cl, 0.26-0.77) over a
156-week period."”

Overall, current evidence suggests interleukin inhibitors can be
safe for patients in whom malignancy is a concern.

Methotrexate

Methotrexate is an anti-folate drug with anti-proliferative and
anti-inflammatory effects. It limits epithelial cell hyperplasia and
suppresses pro-inflammatory cytokine production, including
TNF-a.’2"® Methotrexate is approved for severe psoriasis but
is used off-label for other dermatologic diseases, particularly
atopic dermatitis (AD)."

Data on cancer risk with methotrexate use is inconclusive,
with some studies suggesting increased malignancy risk and
others suggesting no significant association. A Danish case-
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control study including almost 2,000,000 participants found
an increased risk of basal cell carcinoma (BCC; OR, 1.45; 95%
Cl, 1.37-1.54), cutaneous squamous cell carcinoma (cSCC; OR,
1.61; 95% ClI, 1.37-1.89), and cutaneous malignant melanoma
(CMM; OR, 1.35; 95% CI, 1.13-1.61), with risk increasing at
higher cumulative doses."™ This risk was no longer statistically
significant when restricted to patients taking methotrexate for
psoriasis.’ Similarly, the PSOLAR study found no elevated risk
of malignancy (excluding NMSC) in patients on methotrexate
for psoriasis, even with long-term therapy (=12 months).® In
contrast, a systematic review and meta-analysis of 11,875
patients with psoriasis, including 2,192 on methotrexate, found
methotrexate increased the risk of developing NMSC by 2.8-
fold (95% CI, 1.47-5.39; P=0.002)."® Another systematic review
and meta-analysis (n=16642) evaluating melanoma rates in
low-dose methotrexate use across multiple conditions found
a 15% increased melanoma risk (pooled relative risk (RR),
1.15; 95% Cl, 1.08-1.22); however, the absolute risk increase
was negligible considering the overall incidence of melanoma
globally.”

Additional data are needed to better understand the long-term
cancer risk of methotrexate for patients with prior or current
malignancy. Currently, evidence suggests methotrexate is safe
in patients with cancer history but should be used cautiously
in those with significant skin cancer history, with emphasis on
routine skin exams for surveillance.

Calcineurin Inhibitors

Calcineurin is a calcium- and calmodulin-dependent phospha-
tase that disrupts pro-inflammatory cytokine transcription,
subsequently impairing proliferation and differentiation of
CD4+ helper and CD8+ cytotoxic T-cells.” Topical calcineurin
inhibitors (TCls) are approved for moderate-to-severe AD with
suboptimal response to standard treatments and are also first-
line for localized vitiligo.” They have been used off-label in
psoriasis and seborrheic dermatitis.”™ Cyclosporine, a systemic
calcineurin inhibitor (CNI), is reserved for severe or refractory
cases of psoriasis or AD.20:2"

The carcinogenic potential of cyclosporine is well established.
A 5-year cohort study of psoriasis patients on cyclosporine
(n=1252) found that 3.8% of patients developed malignancies,
49% being skin cancers.?? Notably, they reporta2.1-foldincreased
malignancy risk compared with the general population, driven
by a 6-fold increased risk of NMSC, specifically cSCC.22 TCls do
not carry the same risk. A systematic review and meta-analysis
of cohort (n=408366) and case-control (n=3898) studies of
TCl use in AD found no increased cancer risk.2 However, an
elevated RR of lymphoma was noted, with authors noting the
absolute risk remained low, reflecting potential confounding or
bias.?® A retrospective cohort study of vitiligo patients (n=25694)
treated withTCls for >6 weeks found no increased risk of NMSC,
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melanoma, or lymphoma in 95,203 person-years with median
follow-up of <4 years, further supporting TCI safety.?*

Overall, the literature suggests increased malignancy risk with
cyclosporine. This risk burden is influenced by independent
factors including exposure length (>2 years), prior PUVA
(psoralen and ultraviolet A), and prior immunosuppressive
therapy.? Accordingly, CNIs should be avoided in patients with
active or prior malignancy or limited to short durations for
acute flares.

JAK Inhibitors

Janus kinases are intracellular tyrosine kinases essential
in cytokine-mediated signal transduction, regulating genes
involved in immune cell proliferation, differentiation, and
inflammatory responses.?® Through signal disruption, JAK
inhibitors (JAKi) are approved to treat several dermatologic
conditions, including alopecia areata (AA), AD, and vitiligo.?
Off-label uses include systemic lupus erythematosus and lichen
planus.?®

The literature evaluating malignancy risk with JAKi in
dermatologic conditions is expanding, reflecting their relatively
recent adoption in practice. Pooled data of two upadacitinib
trials (n=1608) reported an exposure-adjusted event rate of
malignant neoplasms of 0.6 and 0.9 per 100 patient-years
for 15 and 30 mg doses, respectively.? NMSC was the most
frequently reported malignancy across both treatment groups,
with rare cases of breast, gastric, and anal cancer reported
during the 52-week follow-up period.?” In phase Il AA trials, the
incidence of malignancy during the 36-week follow-up period
was comparable between 598 baricitinib-treated patients
and placebo, with a single case of B-cell lymphoma in the
baricitinib-treated group.? Patients were eligible for inclusion
if they: (1) were aged >18 years; (2) had a dermatologist-
confirmed diagnosis of PsO; (3) reported English as their
primary language; (4) could read and write in English; and (5)
were available for follow-up at 1 month.

Studies assessing patients treated with systemic JAKi for
other inflammatory conditions strongly support an elevated
malignancy risk. Notably, JAKi carry an FDA black box
warning based on the ORAL Surveillance trial of tofacitinib
in rheumatoid arthritis, in which tofacitinib-treated patients
(n=2911) demonstrated malignancy compared with TNFi (4.2%
vs 2.9%; HR, 1.48; 95% Cl, 1.04-2.09) over a 4-year median follow-
up period.?® Overall, while current data do not strongly support
increased malignancy risk with systemic JAKi in dermatologic
disease, it remains insufficient.

Acitretin
Acitretin is a synthetic oral retinoid that exerts anti-inflammatory
and anti-proliferative effects by inhibiting production of pro-
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inflammatory cytokine 1-6, reducing Th17 cell production and
increasing T-regulatory cell production.®® Acitretin, although
largely replaced by biologics, is approved for psoriasis, and off-
label uses include disorders of keratinization, such as Darier’s
disease.®'*

Unlike other systemic immunomodulators, acitretin has a
unique oncologic safety profile. It has chemoprotective effects
against NMSC, making it a good choice for patients who
are immunosuppressed or at increased skin cancer risk.>
A randomized controlled trial in renal transplant recipients
(n=28) found decreased incidence of ¢cSCC in 3 years on low-
dose acitretin, with rates rising upon discontinuation.®® In a
prospective, randomized controlled trial of 70 patients with
NMSC history, acitretin showed a trend towards reduced
incidence of new NMSC.3*

The data suggest acitretin is safe for patients with current or
prior malignancy and may offer protective benefit in high-risk
patients against development of new skin cancers.

Apremilast

Apremilastis an oral small-molecule inhibitor that modulates in-
flammation by inhibiting pro-inflammatory cytokines including
TNF-a and IFN-y, and upregulating anti-inflammatory cytokines
like IL-10.%° It is approved for psoriasis, psoriatic arthritis, and
oral ulcers of Behget's disease.®

Current literature does not demonstrate an association between
apremilast and increased malignancy risk. A pooled analysis of
15 randomized, placebo-controlled studies with 4,183 patients
with up to 5 years of apremilast exposure found the incidence of
malignancy to be 1.0 per 100 patient-years, with no new safety
signals noted.*” One systematic review evaluated psoriasis
patients on apremilast with comorbid serious disease and
found only 3 cases of cancer progression out of 456 patients
with active or prior malignancy.® A survey of dermatologists
(n=57) found apremilast was the most prescribed medication
for patients with psoriasis and concomitant malignancy,
highlighting clinician comfort.*

Taken together, apremilast represents a suitable option when
malignancy is a concern. However, continued long-term
follow-up studies are needed to clarify safety in diverse patient
populations.

Dupilumab

Dupilumab is a fully human monoclonal antibody that inhibits
signaling of IL-4 and IL-13, cytokines critical to Th2-mediated
inflammation, epidermal permeability, and impaired skin
barrier function.** Dupilumab is approved to treat moderate-to-
severe AD and bullous pemphigoid.*'
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Dupilumab does not have a well-established association with
cancer in dermatologic treatment. A 5-year retrospective study
of 9,707 patients with AD, including 1,627 on dupilumab, found
no increased risk of new primary cancers on dupilumab (aHR,
1.010; P=.946) and no increased risk of cancer recurrence on
dupilumab (aHR, 0.828; P=.758).#2 Another study of 139 patients
with AD and concurrent hematologic disease (including
malignancy) found no evidence of cancer progression during
dupilumab therapy with a median follow-up of 52 weeks.®
Dupilumab is currently recommended as first-line treatment for
AD in patients with a history of malignancy.*

Conversely, some studies have shown an association
between dupilumab and cutaneous T-cell lymphoma (CTCL)
risk; however, it is unclear if this represents early CTCL cases
misdiagnosed as AD or true malignant transformation due to
dupilumab.* Therefore, dupilumab should be used cautiously
in atypical AD presentations in older adults.

CONCLUSION

Overall, literature supports prioritizing immunosuppressive
and immunomodulatory agents with narrower targets
and lower oncologic risk and avoiding agents with clear
carcinogenic potential. As long-term, real-world evidence
grows, dermatologists should balance disease control with
individualized cancer risk rather than broadly withholding these
therapies in patients with active or prior malignancy.

DISCLOSURES

Dr Dulmage is a consultant for Novocure and serves on the Data
Safety and Management Board of Hoth Therapeutics. The other
authors have no conflicts of interest to disclose.

REFERENCES

1. Griffith CE  Skin cancer in immunosuppressed patients.
2022;35(2):19-27 doi:10.1097/01.JAA.0000805800.77311.4¢

2. Patel RR, Parisi R, Verma V, et al. Association between prior malignancy

exclusion criteria and age disparities in cancer clinical trials. Cancers (Basel).

2022;14(4):1048. doi:10.3390/cancers 14041048

Kempen JH, Gangaputra S, Daniel E, et al. Long-term risk of malignancy

among patients treated with immunosuppressive agents for ocular

inflammation: a critical assessment of the evidence. Am J Ophthalmol.

2008;146(6):802-812.e1. doi:10.1016/j.aj0.2008.04.035

Ovcina-Kurtovic N, Kasumagic-Halilovic E. Serum levels of tumor necrosis

factor - alpha in patients with psoriasis. Mater Sociomed. 2022;34(1):40-43.

doi:10.5455/msm.2022.33.40-43

Hong JJ, Hadeler EK, Mosca ML, et al. Off-label uses of TNF-a inhibitors and

I:12/23 inhibitors in dermatology. Dermatol Online J.

6. Fiorentino D, Ho V, Lebwohl MG, et al. Risk of malignancy with systemic

psoriasis treatment in the Psoriasis Longitudinal Assessment Registry. J Am

Acad Dermatol. 2017,77(5):845-854.e5. doi:10.1016/j.jaad.2017.07.013

Jung JM, Kim YJ, Chang SE, et al. Cancer risks in patients with psoriasis

administered biologic therapy: a nationwide population-based study. J

Cancer Res Clin Oncol. 2023;149(19):17093-17102. doi:10.1007/s00432-023-

05387-6

8. Poizeau F, Leducg S, Fardet L, et al. Treatment of moderate-to-severe psoriasis
in adults: an expert consensus statement using a Delphi method to produce
a decision-making algorithm. Ann Dermatol Vlenereol. 2024,151(3):103287.

9. Kridin K, Abdelghaffar M, Mruwat N, et al. Are interleukin 17 and interleukin
23 inhibitors associated with malignancies?-Insights from an international
population-based study. J Eur Acad Dermatol Venereol. 2024,38(2):315-324.
doi:10.1111/jdv.19520

JAAPA.

w

>

o

~

A.Khuhro, L. Kaufman, S. Kobayashi, et al

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Gordon KB, Papp KA, Langley RG, et al. Long-term safety experience of
ustekinumab in patients with moderate to severe psoriasis (Part Il of II):
results from analyses of infections and malignancy from pooled phase Il
and IlI clinical trials. J Am Acad Dermatol. 2012;66(5):742-751. doi:10.1016/].
jaad.2011.06.041

Reich K, Griffiths CEM, Gordon KB, et al. Maintenance of clinical response
and consistent safety profile with up to 3 years of continuous treatment with
guselkumab: results from the VOYAGE 1 and VOYAGE 2 trials. J Am Acad
Dermatol. 2020;82(4):936-945. doi:10.1016/j.jaad.2019.11.040
Czarnecka-Operacz M, Sadowska-Przytocka A. The possibilities and
principles of methotrexate treatment of psoriasis - the updated knowledge.
Postepy Dermatol Alergol. 2014;31(6):392-400. doi:10.5114/pdia.2014.47121
Festugato M. Adenosine: an endogenous mediator in the pathogenesis
of psoriasis. An Bras Dermatol. 2015;90(6):862-867. doi:10.1590/abd1806-
4841.2015368

Mocanu M, Procopciuc D, Gheuca-Solovastru DF, et al. An overview
of methotrexate indications in skin diseases. Medicina (Kaunas).
2024;60(7):1024. doi:10.3390/medicina60071024

Polesie S, Gillstedt M, Schmidt SAJ, et al. Use of methotrexate and risk of
skin cancer: a nationwide case-control study. Br J Cancer. 2023;128(7):1311-
1319. doi:10.1038/s41416-023-02172-7

Lang Houser ME, Stewart JR, Brewer JD. Psoriasis patients treated
with methotrexate have an increased risk of nonmelanoma skin cancer:
a systematic review and meta-analysis. Cureus. 2023;15(4):e37174.
doi:10.7759/cureus.37174

Yan MK, Wang C, Wolfe R, et al. Association between low-dose methotrexate
exposure and melanoma: a systematic review and meta-analysis. JAMA
Dermatol. 2022;158(10):1157-1166. doi:10.1001/jamadermatol.2022.3337
Gutfreund K, Bienias W, Szewczyk A, et al. Topical calcineurin inhibitors
in dermatology. Part I: properties, method and effectiveness of drug use.
Postepy Dermatol Alergol. 2013;30(3):165-169. doi:10.5114/pdia.2013.35619
Guenther L, Lynde C, Poulin Y. Off-label use of topical calcineurin inhibitors
in dermatologic disorders. J Cutan Med Surg. 2019;23(4_suppl):27S-34S.
doi:10.1177/1203475419857668

Menter A, Gelfand JM, Connor C, et al. Joint American Academy of
Dermatology-National Psoriasis Foundation guidelines of care for the
management of psoriasis with systemic nonbiologic therapies. J Am Acad
Dermatol. 2020;82(6):1445-1486. doi:10.1016/j.jaad.2020.02.044
AAAAI/ACAAI JTF Atopic Dermatitis Guideline Panel, Chu DK, Schneider
L, et al. Atopic dermatitis (eczema) guidelines: 2023 American Academy of
Allergy, Asthma and Immunology/American College of Allergy, Asthma and
Immunology Joint Task Force on Practice Parameters GRADE- and Institute
of Medicine-based recommendations. Ann Allergy Asthma Immunol.
2024;132(3):274-312. doi:10.1016/j.anai.2023.11.009

Paul CF Ho VC, McGeown C, et al. Risk of malignancies in psoriasis
patients treated with cyclosporine: a 5 y cohort study. J Invest Dermatol.
2003;120(2):211-216. doi:10.1046/j.1523-1747.2003.12040.x

Lam M, Zhu JW, Tadrous M, et al. Association between topical calcineurin
inhibitor use and risk of cancer, including lymphoma, keratinocyte carcinoma,
and melanoma: a systematic review and meta-analysis. JAMA Dermatol.
2021;157(5):549-558. doi:10.1001/jamadermatol.2021.0345

JuHJ, Han JH, Kim MS, et al. The long-term risk of lymphoma and skin cancer
did not increase after topical calcineurin inhibitor use and phototherapy in a
cohort of 25,694 patients with vitiligo. J Am Acad Dermatol 2021;84(6):1619-
1627 doi:10.1016/j.jaad.2021.01.067

Klein B, Treudler R, Simon JC. JAK-inhibitors in dermatology - small
molecules, big impact? Overview of the mechanism of action, previous study
results and potential adverse effects. J Dtsch Dermatol Ges. 2022;20(1):19-
24. doi:10.1111/ddg. 14668

Huang MY, Armstrong AW. Janus-kinase inhibitors in dermatology: a review
of their use in psoriasis, vitiligo, systemic lupus erythematosus, hidradenitis
suppurativa, dermatomyositis, lichen planus, lichen planopilaris, sarcoidosis
and graft-versus-host disease. Indian J Dermatol Venereol Leprol.
2023;90(1):30-40. doi:10.25259/IJDVL_15_2023

Simpson EL, Papp KA, Blauvelt A, et al. Efficacy and safety of upadacitinib in
patients with moderate to severe atopic dermatitis: analysis of follow-up data
from the Measure Up 1 and Measure Up 2 randomized clinical trials. JAMA
Dermatol. 2022;158(4):404-413. doi:10.1001/jamadermatol.2022.0029

King B, Ohyama M, Kwon O, et al. Two phase 3 trials of baricitinib for
alopecia areata. N Engl J Med. 2022;386(18):1687-1699. doi:10.1056/
NEJM0a2110343

Ytterberg SR, Bhatt DL, Mikuls TR, et al. Cardiovascular and cancer risk
with tofacitinib in rheumatoid arthritis. N Engl J Med. 2022;386(4):316-326.
doi:10.1056/NEJM0a2109927

Zito PM, Patel B Mazzoni T. Acitretin. In: StatPearls. Treasure Island, FL:
StatPearls Publishing; 2025. Available from: https://www.ncbi.nim.nih.gov/
books/NBK519571/



<Previous Page | Contents | Zoom In | Zoom Out | Search Issue | Cover | Next Page >

1050

JourNAL OF DRUGS IN DERMATOLOGY
NOVEMBER 2026 * VOLUME 25 ¢ Issuk 11

A.

Khuhro, L. Kaufman, S. Kobayashi, et al

31.  Booij MT, Van De Kerkhof PC. Acitretin revisited in the era of biologics. 40. Gooderham MJ, Hong HC, Eshtiaghi F et al. Dupilumab: a review of its use
J Dermatolog Treat. 2011;22(2):86-89. doi:10.3109/09546630903578582 in the treatment of atopic dermatitis. J Am Acad Dermatol. 2018;78(3 Suppl
32. Sarkar R, Chugh S, Garg VK. Acitretin in dermatology. Indian J Dermatol 1):528-S36. doi:10.1016/j.jaad.2017.12.022
Venereol Leprol. 2013;79(6):759-771. doi:10.4103/0378-6323.120721 41, Olbrich H, Sadik CD, Ludwig RJ, et al. Dupilumab in inflammatory skin
33. Harwood CA, Leedham-Green M, Leigh IM, et al. Low-dose retinoids in diseases: a systematic review. Biomolecules. 2023;13(4):634. doi:10.3390/
the prevention of cutaneous squamous cell carcinomas in organ transplant biom13040634
recipients: a 16-year retrospective study. Arch Dermatol. 2005;141(4):456- 42, Owiji S, Ungar B, Dubin DR et al. No association between dupilumab use and
464. doi:10.1001/archderm.141.4.456 short-term cancer development in atopic dermatitis patients. J Allergy Clin
34. Kadakia KC, Barton DL, Loprinzi CL, et al. Randomized controlled trial of Immunol Pract. 2023;11(5):15648-1551. doi:10.1016/].jaip.2022.12.018
acitretin versus placebo in patients at high-risk for basal cell or squamous 43. Bettolini L, Bighetti S, Ferrucci SM, et al. Safety and effectiveness of
cell carcinoma of the skin (North Central Cancer Treatment Group Study dupilumab in atopic dermatitis patients with hematologic comorbidities:
969251). Cancer. 2012;118(8):2128-2137. doi:10.1002/cncr.26374 a multicenter, retrospective study. Antibodies (Basel). 2025;14(3):75.
35. Schett G, Sloan VS, Stevens RM, et al. Apremilast: a novel PDE4 inhibitor doi:10.3390/antib14030075
in the treatment of autoimmune and inflammatory diseases. Ther Adv 44.  Drucker AM, Lam M, Flohr C, et al. Systemic therapy for atopic dermatitis in
Musculoskelet Dis. 2010;2(5):271-278. doi:10.1177/1759720X10381432 older adults and adults with comorbidities: a scoping review and International
36. Padda IS, Bhatt R, Parmar M. Apremilast. In: StatPearls. Treasure Island, FL: Eczema Council survey. Dermatitis. 2022;33(3):200-206. doi:10.1097/
StatPearls Publishing; 2025. Available from: https://www.ncbi.nim.nih.gov/ DER.0000000000000845
books/NBK572078/ 45.  Hasan |, Parsons L, Duran S, et al. Dupilumab therapy for atopic dermatitis is
37.  Mease PJ, Hatemi G, Paris M, et al. Apremilast long-term safety up to 5 years associated with increased risk of cutaneousT cell lymphoma: a retrospective
from 15 pooled randomized, placebo-controlled studies of psoriasis, psoriatic cohort study. J Am Acad Dermatol. 2024;91(2):255-258. doi:10.1016/j.
arthritis, and Behget's syndrome. Am J Clin Dermatol. 2023;24(5):809-820. jaad.2024.03.039
doi:10.1007/s40257-023-00783-7
38. Tsentemeidou A, Sotiriou E, Sideris N, et al. Apremilast in psoriasis patients AUTHOR CORRESPONDENCE
with serious comorbidities: a case series and systematic review of literature.
Dermatol Pract Concept. 2022;12(4):e2022179. doi:10.5826/dpc.1204a179 .
39. Bowe S, Murphy M, Bourke J, et al. Prescribing practices among psoriasis B"ttany DUImage MD

experts for patients with concomitant malignancy: a survey of International
Psoriasis Council members. Clin Exp Dermatol. 2025;50(9):1818-1826.
doi:10.1093/ced/llaf198

SHOTS, SHOTS, SHOTS:

E-maili...ei Brittany.Dulmage@osumc.edu

IS THERE SUCH A THING AS ONE TOO MANY?

Corticosteroid injections are everywhere in musculoskeletal medicine. Epidurals, joints, facets, bursae:
when inflammation and pain are the targets, steroids have long been one of the sharpest tools in the shed. But does
local treatment mean only local consequences? And when does another shot become one shot too many? In this episode

of the JDD Podcast Corticosteroid Stewardship Series, host Dr. Adam Friedman sits down with Dr. Joseph Bax,
an interventional physiatrist and Assistant Professor of Orthopedics and Rehabilitation and Human Performance
at the Icahn School of Medicine at Mount Sinai, to inject some perspective into procedural corticosteroid use.

The two take aim at the when, where, why, and how often of corticosteroid injections: Who is the right patient?
How much is too much? Perhaps most importantly, who is keeping the steroid scorecard when one patient gets
an epidural from one physician, a joint injection from another, oral prednisone somewhere else, and a topical

steroid from...well, you know who? From cumulative corticosteroid exposure and comorbidities to physical therapy,

radiofrequency ablation, nerve blocks, PRP, and other steroid-sparing strategies, Drs. Friedman and Bax explore how GUEST

to reduce reliance without replacing evidence-based medicine with wishful thinking. So before you say, “Just give 'em Dr. Joseph Bax
another shot,” give this episode a gander. Good corticosteroid stewardship isn’t about taking the needle away,

it’s about the right shot, right patient, right time, and right reason.

Available now at JDDonline.com/podcast
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Squamous Cell Carcinoma: An Expert Consensus Panel

Joshua Burshtein MD,* Angela Rosenberg DO,® Sarah T. Arron MD PhD;,¢ Brooke Bartley MD,?
David Cotter MD PhD,? Seemal R.. Desai MD,*f Lauren DeBusk MD,®> Aaron Farberg MD,?
Harrison P. Nguyen MD MBA MPH,"J Todd Schlesinger MD,*! Milaan Shah MD,™ Danny Zakria MD MBA,"
Nathalie Zeitouni MD,*? Darrell Rigel MD MSb¢

“Department of Dermatology, University of Illinois Chicago, Chicago, IL
*Department of Dermatology, UT Southwestern Medical Center, Dallas, TX
‘Premier Aesthetic Dermatology, San Carlos, CA; “Las Vegas Dermatology, Las Vegas, NV; ‘University of Texas Southwestern
Medical Center, Dallas, TX; Innovative Dermatology, Plano, TX; éBare Dermatology, University of North Texas Health Science Center,
Baylor Scott & White Health, Dallas, TX; "Harrison Dermatology & Research Group, Houston, TX; ‘Tilman ] Fertitta Family
College of Medicine, University of Houston, Houston, TX; Department of Dermatology, Baylor College of Medicine, Houston, TX;
*Clinical Research Center of the Carolinas, Charleston, SC; 'Department of Dermatology, the George Washington University School
of Medicine and Health Sciences; "Department of Dermatology, Medical University of South Carolina, Charleston, SC;
"Department of Dermatology, Icahn School of Medicine at Mount Sinai, New York, NY; °Medical Dermatology Specialists, Phoenix, AZ;
PUniversity of Arizona College of Medicine, Phoenix, AZ; ‘Department of Dermatology, NYU Grossman School of Medicine, New York, NY

ABSTRACT

Background: The 40-gene expression profiling (40-GEP) test has been validated to identify patients at highest risk for nodal or distant
metastasis, as well as those most likely to benefit from adjuvant radiation therapy (ART). The purpose of this expert consensus panel
was to review the published literature on the clinical efficacy, utility, and role of the 40-GEP test in providing prognostic information for
high-risk ¢SCC.

Methods: A comprehensive literature search was completed using a combination of keywords “40-gene expression profiling,’
"cutaneous squamous cell carcinoma,” “prognosis,” “clinical efficacy,” and “clinical utility” A panel of 8 dermatologists with significant
expertise in management of cSCC gathered to review the articles and create consensus statements. A modified Delphi process was
used to approve each statement, and a strength of recommendation was assigned.

Results: The literature search produced 55 articles. Screening resulted in 18 articles that met criteria. The panel unanimously voted to
adopt 8 consensus statements and recommendations: 5 with strength "A} 2 with strength “B’ and 1 with strength “C"

Conclusion: The 40-GEP test augments staging accuracy by improving metastatic and local recurrence risk stratification beyond
traditional staging systems. It also has clinical utility in informing decisions regarding adjuvant radiation therapy and guiding broader
management strategies.

J Drugs Dermatol. 2026;25(11):1051-1057. doi:10.36849/JDD.9901R1

utaneous squamous cell carcinoma (cSCC) is the
‘ second most prevalent skin cancer, and its incidence

and prevalence are rising."? Traditional treatment
methods include surgical interventions (ie, wide local excision
and Mohs micrographic surgery), though for select patients
other interventions may be more appropriate or required (ie,
radiation therapy, immunotherapy).® ¢SCC has the potential
to develop into metastatic disease, with approximately 4% of
patients experiencing locoregional or distant recurrence and
may lead to death.*® Therefore, patients with higher risk of
poor outcomes from ¢SCC may benefit from more intensive
management.

Identifying those at risk of recurrence and metastasis has been
based on several staging systems available for cSCC, which
include the American Joint Committee on Cancer 8" edition
(AJCC8) and the Brigham and Women'’s Hospital (BWH) staging
system. The National Comprehensive Cancer Network (NCCN)
is a guideline framework incorporating staging systems that
provides risk stratification for cSCC. Each of these systems has
a distinctive method of classifying cSCC as high-risk, which is
based on a combination of various clinicopathologic features.”™
Given the differences in these approaches, there remains a lack
of uniformity for the classification and management of high-
risk cSCCs following surgical excision with clear margins.'*"?
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The 40-gene expression profile (GEP) test analyzes formalin-
fixed paraffin-embedded, primary cSCC tissue to stratify
tumors into low (Class 1), high (Class 2A), and highest (Class
2B) risk for regional or distant metastasis.’*"® It has been
validated in multiple studies to identify patients at highest risk
for nodal or distant metastasis independent of existing risk
assessment tools, as well as those most likely to benefit from
adjuvant radiation therapy (ART)."*?' Although substantial data
are available, few guidelines outline how and when to integrate
this test into clinical practice.

The purpose of this expert consensus panel was to review the
published literature on the clinical efficacy, utility, and role of
the 40-GEP test in providing prognostic information for high-
risk ¢SCC, in order to guide clinical decision-making and
enhance patient care.

MATERIALS AND METHODS

Literature Search and Study Selection

A comprehensive literature search of PubMed/Scopus/Google
Scholarwas completed on August 13", 2025, using a combination
of keywords “40-gene expression profiling,” *“cutaneous
squamous cell carcinoma,” “prognosis,” “clinical efficacy,” and
“clinical utility,” along with the Boolean term “AND” for English-
language original research articles, systematic reviews, and
meta-analyses without date restrictions. This study did not
require IRB approval. Articles were screened for relevance to
the topic of 40-GEP testing for providing prognostic information
for ¢SCC. Eight experts with expertise in the management of
¢SCC were asked to participate in a panel. The articles that met
inclusion criteria were distributed to the panelists, and each
member assigned them a level of evidence based on Strength
of Recommendation Taxonomy (SORT) criteria.?? These levels
include level 1 (good-quality, patient-oriented evidence), level
2 (limited-quality, patient-oriented evidence), or level 3 (other).?
Development of Consensus Statements

The panel convened on October 22", 2025, to discuss the
studies and create consensus statements. A modified Delphi
process was utilized to reach consensus for each statement,?
which requires a supermajority approval (6 out of 8) for adoption
of a recommendation through multiple rounds of real-time
voting. This is a frequently utilized method to develop expert
recommendations in dermatology.?? Consensus statements
were assigned a strength of recommendation of A (consistent,
good-quality, patient-oriented evidence), B (inconsistent, limited-
quality, patient-oriented evidence), or C (consensus, opinion,
etc).

Literature Search and Study Selection

The literature search resulted in 55 articles that met search
criteria. After a comprehensive screening process, 18 articles
were selected as relevant to the research questions.

J. Burshtein, A. Rosenberg, S.T. Arron, et al

Levels of Evidence Designation
For the 18 articles that were evaluated, the panel assigned level
1 evidence to 1 article, level 2 evidence to 9 articles, and level 3
evidence to 7 articles (Table 1).

Consensus Statements

The panel developed 8 consensus statements. Of the 8
statements, all received a unanimous (8/8) vote for adoption.
Each statement was assigned a strength based on SORT criteria
(Table 2).

Statement 1: The 40-GEP test provides statistically significant
and clinically meaningful enhancement of the 3-year metastatic
risk assessment of high-risk cSCC beyond traditional staging
systems (AJCC8, BWH). (SORT Level A)

The 40-GEP test has consistently demonstrated significant
prognostic value.”™®52 A systematic review and meta-analysis
found that overall 3-year metastasis-free survival rates were
92.4% for Class 1, 78.9% for Class 2A, and 45.4% for Class 2B,
indicating a significant difference in the risk classification of each
40-GEP group.? Other studies have also reported significant
differences (P<0.0001) in the metastatic risk profiles of the 40-
GEP results.”' When integrated with clinicopathologic risk
factors, metastasis rates were near the general cSCC population
for 40-GEP Class 1 and were >50% for Class 2B, regardless of the
number of risk factors.” Multivariate modeling demonstrates
that the 40-GEP test provides independent and additive
prognostic value to the AJCC8 and BWH staging systems.™
One study reported 77.8% sensitivity of a Class 2 result, 55.5%
specificity of Class 2 result, 23.6% positive predictive value of
Class 2 result, and a 96.9% specificity of Class 2B, which was
greater than those for high-stage AJCC8 (sensitivity 38.1%,
specificity 84.3%)and BWH tumors (sensitivity 30.2%, specificity
89.6%)." Additionally, pooled analyses revealed the positive
predictive value was significantly greater in Class 2B (55.9%)
compared with AJCC8 (33%) or BWH (29%).22 Combining 40-
GEP Class 2B results with current staging systems results in
>3-fold improvement in metastasis prediction compared with
them alone[AJCC8:hazard ratio (HR) 9.98 vs 2.61; BWH: HR 8.62
vs 2.18].%8

Statement 2: Data suggest that the 40-GEP test enhances local
recurrence risk assessment of NCCN high-risk ¢SCC beyond
traditional staging systems (AJCC8, BWH). (SORT Level B)

The NCCN high-risk ¢cSCC group poses treatment challenges,
as >30% of local recurrence (LR)or metastases occur in this
group.®3 AJCC8 and BWH staging do not reliably identify
greater risk of LR or metastasis in the NCCN high-risk ¢cSCC
group.® On the other hand, evidence shows that the LR rate for
40-GEP Class 2B (28.6%)and Class 2A (14.5%)is greater than that
of Class 1 (5.8%) (P=0.003).% In a multivariable analysis, 40-GEP
results of Class 2A and 2B were the only significant predictors of
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TABLE 1.

SORT Criteria Level of Evidence for Articles

Association of a 40-gene expression profile with risk of metastatic disease progression of cutaneous squamous cell carcinoma and

specification of benefit of adjuvant radiation therapy.

Analytical validity of decisiondx-scc, a gene expression profile test to identify risk of metastasis in cutaneous squamous cell carcinoma 3
(SCC) patients.

Integrating 40-gep testing to improve clinical recommendations for adjuvant radiation for cutaneous squamous cell carcinoma: 3
multidisciplinary consensus guidelines.

Real-world evidence shows clinicians appropriately use the prognostic 40-gene expression profile (40-gep) test for high-risk cutaneous 3
squamous cell carcinoma (cSCC) patients.

Enhanced metastatic risk assessment in cutaneous squamous cell carcinoma with the 40-gene expression profile test. 2
Impact of a prognostic 40-gene expression profiling test on clinical management decisions for high-risk cutaneous squamous cell 3
carcinoma.

The prognostic value and clinical utility of the 40-gene expression profile (40-gep) test in cutaneous squamous cell carcinoma: systematic 2
review and meta-analysis.

Inconsistent associations between risk factor profiles and adjuvant radiation therapy (ART) treatment in patients with cutaneous 2
squamous cell carcinoma and utility of the 40-gene expression profile to refine art guidance.

The 40-gene expression profile test identifies patients with national comprehensive cancer network high-risk cutaneous squamous cell 2
carcinoma at high risk of poor outcomes to inform management decisions.

Adjuvant radiation following clear margin resection of high t-stage cutaneous squamous cell carcinoma halves the risk of local and 2
locoregional recurrence: a dual-center retrospective study.

Predicting adjuvant radiation therapy benefit in cutaneous squamous cell carcinoma with the 40-gene expression profile. 2
A prospective, multi-center clinical utility study demonstrates that the 40-gene expression profile (40-gep) test impacts clinical 1
management for Medicare-eligible patients with high-risk cutaneous squamous cell carcinoma (cSCC).

Actionable risk thresholds for adjuvant radiation therapy and surveillance imaging in high-risk cutaneous squamous cell carcinoma. 3
Incorporation of the 40-gene expression profile (40-gep) test to improve treatment decisions in high-risk cutaneous squamous cell 3
carcinoma (cSCC) patients: case series and algorithm.

Use of the 40-gene expression profile (40-gep) test in Medicare-eligible patients diagnosed with cutaneous squamous cell carcinoma 2
(cSCC) to guide adjuvant radiation therapy (art) decisions leads to a significant reduction in healthcare costs.

Validation of a 40-gene expression profile test to predict metastatic risk in localized high-risk cutaneous squamous cell carcinoma. 2
Integrating the 40-gene expression profile (40-gep) test improves metastatic risk-stratification within clinically relevant subgroups of 2

high-risk cutaneous squamous cell carcinoma (cSCC) patients.

TABLE 2.

Consensus Statements and Recommendations

The 40-GEP test provides statistically significant and clinically meaningful enhancement of the 3-year metastatic risk

assessment of high-risk cSCC beyond traditional staging systems (AJCC8, BWH) A 8/8
Data suggest that the 40-GEP test enhances local recurrence risk assessment of NCCN high-risk cSCC beyond B /8
traditional staging systems (AJCC8, BWH)
The 40-GEP test independently identifies cSCC patients that may benefit from adjuvant radiation therapy A 8/8
In combination with clinicopathologic staging, the 40-GEP test identifies an additional subset of high-risk cSCC A /8
patients that may benefit from ART
In combination with clinicopathologic staging, the 40-GEP test identifies high-risk cSCC patients that may defer B /8
adjuvant radiation therapy
Utilization of the 40-GEP test can materially impact management decisions for clinicians treating patients with

. . A 8/8
high-risk cSCC
The 40-GEP test can be used to guide clinical decision-making regarding surveillance imaging C 8/8

The 40-GEP test is recommended for patients with high-risk cSCC tumors when clinically appropriate A 8/8
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LR (HR 2.6, P=0.005 and HR 6.5, P=0.013, respectively).*° Further,
the 40-GEP test can stratify patients by LR-free survival (LRFS)
(log-rank, P=0.001), with a 3-year LRFS of 95.3% for Class 1,
85.5% for Class 2A, and 71.4% for Class 2B.*° The 40-GEP test
result also significantly stratifies LRFS in patients who had
surgical intervention for cSCC (Mohs or wide local excision)and
negative margins.® Given the limited literature on LR, the expert
panel graded this statement a level B.

Statement 3: The 40-GEP test independently identifies ¢SCC
patients that may benefit from adjuvant radiation therapy.
(SORT Level A)

Adjuvant radiation therapy (ART) following clear-margin surgery
for high-risk ¢SCC can halve the risk of LR and locoregional
recurrence.®” Decision-making for which patients should be
treated with ART can be clinically challenging. One study found
significant variation in treatment decisions among patients
with comparable clinicopathologic characteristics, indicating
that reliance on these factors alone leads to inconsistent
management choices.*? In this study, 70% of patients who did not
receive ART had clinicopathologic risk profiles similar to those
who did, highlighting the variable application of ART despite
similar clinical features.®> Among the untreated patients, 4.3%
were 40-GEP Class 2B, suggesting they may have benefitted
from ART despite being classified as lower-risk by clinical
features.®? Additionally, another study found that patients with
Class 2B who were treated with ART had an approximately 50%
improvement in median 5-year disease progression rates and
about 5-fold predicted time to a metastatic event vs those not
treated with ART."™ Independent validation has demonstrated
that patients with Class 2B tumors treated with ART had
significant improvements in metastasis-free survival compared
with untreated patients (HR 0.17, P=0.01), which strengthens the
evidence for using the 40-GEP to predict ART benefit in cSCC.*

Statement 4: In combination with clinicopathologic staging, the
40-GEP test identifies an additional subset of high-risk ¢cSCC
patients that may benefit from ART. (SORT Level A)

Patients with a more moderate risk of metastasis may also benefit
from ART. In 1 study, a benefit was observed for 40-GEP Class 2A
ART-treated tumors, which had a median disease progression
of 12% compared with 30.5% in ART-untreated tumors.*® There
was also an increase in median time to metastasis in ART-treated
Class 2A tumors compared with ART-untreated (6.4 years-7.9
years, a 1.25-fold increase).®® Additionally, ART-treated Class 2A
tumors had a statistically greater time-to-metastasis distribution
compared with ART-untreated (P<0.05)and also had a delay in
disease progression.*®* When combined with clinicopathologic
features, 40-GEP testing can aid decision-making for ART in this
subgroup of patients.

J. Burshtein, A. Rosenberg, S.T. Arron, et al

The expert panelists noted that recommendations for ART in
patients with ¢cSCC must also consider other factors such as
patient age, medical comorbidities, tumor location, treatment
tolerance, patient preferences, and access to care.

Statement 5: In combination with clinicopathologic staging, the
40-GEP test identifies high-risk ¢cSCC patients that may defer
adjuvant radiation therapy. (SORT Level B)

The 40-GEP test can identify patients with high-risk cSCC who
may safely defer ART. While the 40-GEP test result should
not be used in isolation, there is evidence for its utility when
combined with clinicopathologic staging. In 1 study, one-third
of patients with the highest-risk clinical features had 40-GEP
Class 1 results, supporting the safety of ART deferral.’2 When
applied to ART-eligible untreated patients, the 40-GEP result
would have recommended ART deferral in 53%, consideration
in 42%, and treatment in 5%.32 Another study found that the
significant benefit from ART was not observed for patients with
40-GEP Class 1 or Class 2A (P>0.05 for each), where disease
progression was similar regardless of ART treatment, though
this study was not powered to detect a benefit from Class 2A
given the low-risk population of patients.™ In fact, incorporation
of 40-GEP test results into ART decision-making to defer ART for
Class 1 results could save up to $784 million per year in direct
costs.®* A multidisciplinary panel identified key areas in clinical
practice where 40-GEP testing offers distinct value, particularly
in guiding de-escalation of care for patients in whom the
potential risks of ART may exceed its benefits, and in informing
decisions about elective nodal radiation.®

The panelists noted that there are limited data showing high-risk
patients with certain clinicopathologic features, such as focal,
incidental perineural invasion, can safely defer ART despite the
40-GEP result. A recent systematic review reported that local
recurrence rates were 2.7% for BWHT1, 7.5% forT2a, 15.7% for
T2b, and 33.5% forT3.3¢ Therefore, the panelists highlighted that
high-stage tumors such asT2b with a 40-GEP Class 1 result still
have a high risk of metastasis, so ART would not necessarily be
deferred.

Statement 6: Utilization of the 40-GEP test can materially impact
management decisions for clinicians treating patients with high-
risk cSCC. (SORT Level A)

Evidence demonstrates that the 40-GEP test can meaningfully
influence clinical management in high-risk ¢cSCC.""' In national
survey-based studies, clinicians presented with high-risk cSCC
vignettes altered management decisions in a risk-aligned
manner based on 40-GEP results: Class 1 results led to
reductions in recommendations for sentinel lymph node biopsy,
ART or chemotherapy, follow-up frequency, and nodal imaging,
whereas Class 2B results prompted appropriate escalation of
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these interventions'®¥73 Similarly, lower-risk 40-GEP results
consistently reduced recommendations for intensive therapies
and follow-up, while higherrisk results increased clinical
intervention intensity.'83738

Further, a multicenter prospective study of 59 Medicare-eligible
patients reported that over 80% of clinicians found the 40-GEP
test positively impacted management, 42% identified it as the
single most influential factor, and 24% modified treatment plans
based on results'®

Clinician perception of metastatic risk increased for 71.4% of
patients with Class 2A tumors and decreased for 25.5% of those
with Class 1 tumors, reflecting accurate interpretation.’® While
existing studies have relatively small cohorts, they provide
high-quality, patient-centered evidence supporting the test's
clinical utility.”

Despite the demonstrated value of the 40-GEP test, it continues
to remain underutilized, with clinicians typically ordering it
when results are likely to influence outcomes. Expert consensus
supports 40-GEP use to guide escalation or de-escalation of
care, highlighting its role as a clinically meaningful tool for
individualized, risk-aligned management of high-risk cSCC.3®

Statement 7: The 40-GEP test can be used to guide clinical
decision-making regarding surveillance imaging. (SORT Level C)

By accurately predicting metastatic potential, the 40-GEP test
enables a shifttoward tailoring the intensity of nodal assessment,
such as selecting appropriate imaging modalities (ultrasound,
MRI, or CT) or determining the need for nodal biopsy.™ Its use
should remain limited to NCCN-defined high-risk patients,
where it informs surveillance imaging and follow-up strategies
aligned with individual tumor risk.

Class 1 results support de-escalation of surveillance imaging
and less frequent clinical follow-up for 40-GEP classified low-risk
tumors if extensive disease is not present, while Class 2 results
prompt discussion and consideration of more frequent imaging
and closer monitoring for high-risk disease.” Importantly, these
recommendations apply specifically to surveillance imaging,
used for routine, risk-aligned monitoring, rather than diagnostic
imaging, which is reserved for evaluation of symptomatic or
suspected disease.

In a national survey of 244 clinicians experienced with 40-
GEP testing, a Class 2B result was identified as one of the
most influential high-risk factors guiding surveillance imaging
decisions, comparable to extensive perineural invasion.®
Notably, 95% of respondents cited a Class 2B result as the single
most important factor prompting consideration of surveillance
imaging, and clinicians overall viewed a 10% risk of local
recurrence and a 20% risk of regional or distant metastasis as
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meaningful thresholds for initiating imaging.* While real-world
data confirm that clinicians are incorporating 40-GEP results
into surveillance imaging decisions, outcome-based evidence
demonstrating improved survival or recurrence rates remains
limited, highlighting a critical evidence gap.

Statement 8: The 40-GEP test is recommended for patients with
high-riskcSCCtumorswhenclinicallyappropriate. (SORT LevelA)

The 40-GEP test is recommended for patients with high-risk
c¢SCC when clinically appropriate, as it provides additional
prognostic information beyond traditional clinicopathologic
features. The panelists describe that the test is recommended
when developing treatment or surveillance decisions and
additional information is required for decision-making.

There are a number of limitations that are associated with use of
traditional staging systems (AJCC8 and BWH). Current staging
systems do not include all risk factors known to be associated
with metastasis, and inconsistencies in their assessment have
been documented.”®" For example, about 30% of metastatic
cases are misclassified as low-risk T stages (eg, BWH T1/T2a),
while about 75% of tumors categorized as high-risk (eg, BWH
T2b/T3)do not metastasize.?%2°4041 These findings highlight
that additional refinement of risk stratification in high-risk
c¢SCC remains necessary. Further, biopsy specimens are
frequently transected, which can hinder accurate assessment
of tumor depth.** There is also interobserver variability in
dermatopathology, with 1 study reporting discrepancies in 22%
of cases, 40% of which involved nonmelanocytic neoplasms.*+4¢
Collectively, these limitations contribute to the low sensitivity
(23-46%)and positive predictive value (12-13%)observed in
these staging systems.892947

The panel described that clinically appropriate reasons for using
the 40-GEP test include refining staging with metastatic and
local recurrence risk stratification, guiding decision-making for
ART, and guiding management decisions including imaging and
clinical surveillance. Studies have demonstrated that the 40-
GEP can reclassify a subset of tumors initially deemed high-risk
by BWH or AJCC8 staging into lowerrisk categories, thereby
supporting safe deferral of ART or other interventions. On the
other hand, it can also identify patients with aggressive tumors
who may benefit from escalated management despite lower-
risk clinical features. Thus, when used alongside established
clinical and histopathologic criteria, the 40-GEP test enhances
individualized risk assessment and supports evidence-based,
precision care for high-risk cSCC.

CONCLUSION

An expert consensus panel completed a comprehensive review
of the literature and developed 8 consensus statements on the
clinical utility and clinical impact of the 40-GEP test in enhancing
management of high-risk ¢SCC. The 40-GEP test augments
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staging accuracy by improving metastatic and local recurrence
risk stratification beyond traditional staging systems (AJCCS,
BWH), thereby better informing decisions regarding ART as well
as guiding broader management strategies, including imaging
and clinical surveillance. The expert panel believes that given
the robust existing literature on the 40-GEP test, it should be
utilized for patients with high-risk cSCC tumors when clinically
appropriate.
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A Moisturizer With Centella asiatica and Mandelic Acid
Reduces Bruising and Speeds Recovery in Mature Skin

Todd Schlesinger MD,** Glynis Ablon MD FAAD,¢ Alan Widgerow MBBCh MMed FCS FACS,*
Christine Emesiani PharmD,¢ Sindhu Garimella MS;* Thu Q. Nguyen PhD,*
JP York PhD,® Matthew Meckfessel PhD¢

aClinical Research Center of the Carolinas, Charleston, SC
"Department of Dermatology, The George Washington University School of Medicine and Health Sciences, Washington, DC
‘Department of Dermatology, University of California, Los Angeles, Los Angeles, CA
dAblon Skin Institute & Research Center, Manhattan Beach, CA
¢Galderma Laboratories, L.P., Fort Worth, TX

ABSTRACT

Background: Dermatoporosis is a chronic cutaneous insufficiency syndrome characterized by skin atrophy, purpura, bruising, delayed
healing, and increased injury susceptibility. This study evaluated an investigational cream, GC (Galderma Laboratories, L.P, Fort Worth,
TX), in subjects with mature, crepey, bruise-prone skin, using a novel method to assess bruise severity and duration.

Methods: This 12-week multicenter, randomized, blinded, in-use study recruited men and women aged 40 to 60 years with fragile,
bruise-prone skin to apply GC cream twice daily to knees and thighs. A subset of 15 subjects underwent electric cupping on
1 randomized upper knee at baseline and week 12 to induce localized ecchymosis. Bruise severity was evaluated 15 minutes
postinduction by investigators using standardized photography, and subjects captured daily images until resolution. Safety, tolerability,
and subject satisfaction were assessed throughout.

Results: After 12 weeks of GC cream use, investigatorassessed bruise severity score was significantly lower than baseline (mean [SD]
3.27 [1.33] vs 4.13 [1.02]; [P=.0087]). Days to bruise resolution were also numerically shorter at week 12 compared with baseline (mean
[SE] 6.33[0.91] vs 8.00 [0.56]; [log-rank P=.3134]). Serial photography confirmed expected temporal evolution and resolution of bruising
and supported improvement in investigator-assessed severity. Subject satisfaction was high, and there were no related adverse events.
Conclusion: Twelve weeks of twice-daily GC cream use significantly reduced bruise severity induced by electric cupping and helped
bruises resolve faster. These findings support GC cream as an important new option to reduce bruise potential and improve skin health
of subjects with dermatoporosis.

J Drugs Dermatol. 2026;25(11):1059-1065. doi:10.36849/JDD.10326

INTRODUCTION

and reduced subcutaneous support can lower the threshold

ermatoporosis is a cutaneous syndrome characterized
D by a progressive loss of skin strength and structural

integrity.™ Its clinical features include atrophy,
purpura, lacerations, delayed healing, and, in advanced
cases, dissecting hematomas.™ Skin fragility may range from
thinning, wrinkling, and laxity in midlife to marked atrophy with
purpuric lesions in older individuals.256 This spectrum reflects
the varying contributions of intrinsic aging, photoaging,
environmental exposure, and other factors that drive tissue
decline.>®

Visible bruising is a clinically relevant feature of dermatoporosis
because itis readily apparent to subjects, can be distressing, and
may indicate reduced tissue support.”® In mature skin, dermal
thinning, extracellular matrix deterioration, vascular fragility,

for vessel rupture and ecchymosis.”® Morphologic studies
using reflectance confocal microscopy and ultrasonography
have demonstrated structural changes in dermatoporosis,
supporting the value of objective assessment of skin structure
in this condition.®

The biology of bruise-prone mature skin is multifactorial.
Intrinsic aging and chronic ultraviolet exposure alter epidermal
function, collagen and elastin organization, dermal thickness,
vascular support, and skin biomechanics.'®' Type | collagen loss
contributes to dermal thinning and reduced tensile strength,
while altered hyaluronan-CD44 signaling has been implicated
in dermatoporosis-associated atrophy and purpura.’*'” Cellular
senescence provides another mechanistic framework for age-
related skin fragility, as senescent fibroblasts and keratinocytes
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have been described in aging skin, and emerging evidence
suggests that senescence-related processes, including
impaired clearance of photoaged fibroblasts, may contribute
to dermal matrix disruption.’®??Together, these changes reduce
perivascular and dermal support, making small vessels more
susceptible to rupture after minor mechanical stress and
increasing the likelihood of visible bruising.”®

Current management of mature, fragile, bruise-prone skin
remains limited and is largely supportive. Recommended
approaches generally include photoprotection, gentle cleansing,
moisturization, avoidance of unnecessary topical corticosteroid
exposure, and mechanical protection of vulnerable skin, such
as wearing protective clothing or limb coverings, selecting
clothing that camouflages bruises when desired, and
adopting lifestyle modifications to reduce avoidable minor
trauma.”®?26 Published interventions for dermatoporosis or
actinic purpura include topical retinaldehyde with defined-size
hyaluronate fragments, topical vitamin C, collagen-oriented
strategies, device-based approaches, and newer skin-fragility
formulations.?”3° Across these published interventions, study
populations, anatomic sites, comparators, and endpoints differ,
and bruise-specific outcomes are not consistently reported.?-*

Previously, Widgerow explored the effects of microdosed
Centella asiatica and mandelic acid. In vitro data showed a
synergistic decrease in expression of genes related to the
senescence-associated secretory phenotype and associated
inflammation; an ex vivo skin model validated reduced
senescent cells with the microdosed formulation.® This novel
formulation is now the investigational product, GC cream
(Galderma Laboratories, L.P, Fort Worth, TX), that is being
assessed in a multicenter, randomized, blinded, in-use clinical
study of adults with mature, crepey skin. Given the potential
for GC cream to modify cell senescence and improve dermal
structure, we assessed its efficacy, subject satisfaction, and
safety on induced bruise severity and duration.

MATERIALS AND METHODS

This was a 12-week multicenter study conducted in the United
States in accordance with Good Clinical Practice guidelines.
Institutional Review Board (IRB) approval was obtained
on July 30, 2025 (IRB ID: 14308; ClinicalTrials.gov number:
NCT07398989). All subjects provided written informed consent.

Subjects

Eligible subjects were males and females aged 40 to 60 years
with a self-reported history of fragile and easily bruised skin,
mild-to-moderate skin crepiness, photodamage, and firmness
on the knees and lower thighs, defined as a score of 3 to 6 on the
modified Griffiths scale (0 = none; 9 = most severe).®? Subjects
agreed to discontinue current topical body skincare products

T. Schlesinger, G. Ablon, A. Widgerow, et al

and replace them with the study product for the duration of
the study. For this bruising component, subjects were required
to be willing to undergo bruise induction on the upper knees.
Key exclusion criteria relevant to bruising included allergy or
hypersensitivity to anesthetics or lidocaine; diagnosed bleeding
disorder; history of excessive bleeding after medical procedures;
current use of blood-thinning medications, immunosuppressive
medications, or systemic steroids; and history of keloid
formation or hypertrophic scarring.

Study Product

Subjects were instructed to apply the GC cream liberally
twice daily, morning and evening, to the thighs and knees.
Reapplication was encouraged throughout the day as needed. A
supporting SPF moisturizer was provided, which subjects were
instructed to use before sun exposure and to reapply as needed
throughout the day. For at least 3 days before baseline, subjects
used only their regular body cleansing product and avoided
body moisturizers and other topical body skincare products.
Subjects agreed to stop using current topical skincare products
for the duration of the study.

Bruise Induction

Bruise induction was performed and assessed at 1 selected
center in this multicenter study. Bruising was induced on the
randomized upper knee using an electric cupper (Smart Cupping
Therapy Massager, manufactured by Revomadic) on heat level
0, suction level 5 or higher, and cupping mode 2 (continuous
suction). Optional lidocaine could be applied before cupping.
The cupper was applied for a minimum of 10 minutes, and the
induced bruise was required to reach at least moderate visibility
at baseline, defined as a score of 3 or higher on the 5-point
Bruise Visibility Scale.®® If needed, cupping could continue in
2-minute intervals until target bruise visibility was reached. A
specific cupping procedure was established for each subject at
baseline, which was repeated at week 12 in order to standardize
bruise induction and assessment.

Assessments

Clinical grading of bruise severity was performed at baseline
and week 12 by the investigator based on a 5-point Bruise
Visibility Scale. Standardized bruise photography was obtained
15 minutes after bruise induction using a handheld Canon
EOS R100 camera with ranging lights (Canfield Scientific, Inc.).
Images were captured under standard and cross-polarized
filters. Subjects were also instructed to capture daily at-home
images of the bruise, using similar positioning, timing, lighting,
and location, when possible. Subjects submitted the images
through a data-protected platform until the bruise was resolved
or no longer visible. Bruising endpoints included change in
bruise visibility/severity and change in bruise duration after 12
weeks of product use compared with baseline.
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Subjects’ perception, satisfaction, and preference regarding
the study product were appraised via a self-assessment
questionnaire at weeks 4, 8, and 12.Tolerability of the GC cream
was evaluated at baseline and weeks 4, 8, and 12. Investigators
assessed erythema, edema, and dryness of subjects’ knees and
lower thighs using a 4-point analog scale (0 = none, 1 = mild, 2
= moderate, 3 = severe). Adverse events (AEs) were monitored
throughout the study, including potential study product-related
events and procedure-related events relevant to cupping.

Statistical Methods

Change from baseline in bruise visibility/severity and bruise
duration was analyzed using a one-sample t-test; if normality
assumptions were not met, the Wilcoxon signed-rank test was
used. A decrease in bruise visibility/severity score indicated
improvement, and a decrease in bruise duration indicated
improvementinbruise resolution. Subjects with bruise resolution
of more than 10 days were censored. For subject questionnaire
data, a binomial sign test was applied to determine whether
the proportion of combined favorable responses differed
significantly from that of combined unfavorable responses. All
statistical tests were performed at a two-sided significance level
of 5%.

A total of 31 subjects were enrolled in the 12-week study across
2 centers; characteristics of the study population have been
previously reported.®* Baseline characteristics of the bruising
cohort are summarized in Table 1. Sixteen (16) subjects were
included at baseline, and 15 subjects had bruise assessments
at week 12 and were evaluable for bruising-specific endpoints.
Subjects in the bruising cohort were a mean of 54 years of age

T. Schlesinger, G. Ablon, A. Widgerow, et al

(range, 43-60 years), all identified as White/Caucasian, and 15
of 16 were female, non-Hispanic or Latin American, and had
Fitzpatrick skin types Il or lll.

TABLE 1.

Subject Disposition and Baseline Characteristics. This cohort
represents subjects who participated in the bruising assessments,

including bruise induction, investigator-assessed bruise severity,
standardized bruise photography, and daily at-home photographic
follow-up until bruise resolution.

Enrolled 16 100
Number
Completed 15 93.8
Mean 54
Age Minimum 43
Maximum 60
Female 15 93.8
Sex
Male 1 6.3
Race White/Caucasian 16 46.7
Hispanic/
Latin American ! 26.7
Ethnicity Non-Hi o/
on-Hispanic
Latin American 19 998
| 0 0
1] 10 62.5
Fitzpatrick 1] 5 31.3
SkinType v 1 6.3
\Y
VI

FIGURE 1. Bruise severity and resolution time at baseline and week 12. Bruise severity was assessed by the investigator on a 5-point scale (1 =

barely visible, 3 = moderately visible, 5 = clearly visible).
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Data shown are the mean (SD) of n=16 at baseline and n=15 at week 12; *P<.05 vs baseline. Time to bruise resolution was documented by daily subject photography. Data shown are the mean (SE) of

n=16 subjects at baseline and n=15 subjects at week 12.
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Mean (SD) investigator-assessed bruise severity decreased
from 4.13 (1.02; n=16) at baseline to 3.27 (1.33; n=15) at week
12 (Figure 1A). The mean (SD) change from baseline was
—0.87 (1.19; P=.0134). Bruise duration was assessed using daily
subject-acquired photographs until bruise resolution or until
the bruise was no longer visible. Documented bruise resolution
in fewer than 10 days occurred in 12 of 16 subjects (75.0%) at

T. Schlesinger, G. Ablon, A. Widgerow, et al

baseline and in 13 of 15 (86.7%) at week 12. Mean (SE) time to
resolution was 8.00 (0.56) days at baseline and 6.33 (0.91) days
at week 12 (Figure 1B). Median time was 8.5 days and 7.0 days,
respectively. The difference was not statistically significant (log-
rank P=.3134). Resolution by day 7 was 31.3% at baseline versus
60.0% at week 12; by day 10, resolution was 75.0% versus 86.7%,
respectively.

FIGURE 2. Representative clinical and subject photographs. (A) Subject 205 is a 54-year-old, non-Hispanic/Latin American, White/Caucasian
female with Fitzpatrick skin type Ill. (B) Subject 213 is a 52-year-old, non-Hispanic/Latin American, White/Caucasian female with Fitzpatrick skin

type Il
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FIGURE 3. Cumulative probability of bruise resolution. Kaplan-Meier curves show the cumulative percentage of subjects with documented bruise
resolution after bruise induction at baseline and week 12; censored subjects were included in the time-to-event analysis.
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FIGURE 4. Subject self-assessments after 4 weeks and 8 weeks of GC cream use. Study subjects completed questionnaires after 4 weeks (N=30)

and 8 weeks (N=31). Data shown are the mean favorable responses.
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Figure 2 shows a representative series of daily at-home
photographs from 2 subjects at baseline and week 12. The
images show bruise evolution from early discoloration through
fading and are consistent with mean severity and days to
resolution shown in Figure 1.

Figure 3 shows the Kaplan-Meier plot of cumulative probability
of bruise resolution over time. Half of the subjects documented
resolution within 7 days or fewer after 12 weeks of GC cream
use. At baselineg, it took 8 days for bruising to resolve in half of
subjects.

Clinical assessment of skin quality at baseline and week 12 for
the full study population has been previously reported.®* In
the bruising subset, erythema and edema scores were 0.00 at
baseline and at week 12. Mean (SD) dryness decreased from
0.56 (0.73) to 0.00 (0.00), with a mean change of —-0.56 (0.73;
P=.0074).

Subjects responded favorably to self-assessment questionnaires
as early as 4 weeks of GC cream use and until the end of the
study. Ninety percent (90.0%) of subjects reported that their
skin looked healthier by week 4 and 93.5% reported that their

Improvement of
my skin health

skin felt stronger by week 8. After 12 weeks of use, consistent
high satisfaction responses to questions about skin appearance
ranged from 86.7% to 96.7%, while responses to questions
about perceptions of skin health ranged from 90.0% to 93.3%
(Figure 4). All subjects reported that they would continue using
the GC cream (for responses to specific questions at week 12,
see Ablon et al®).

No AEs related to the study product were observed or reported
throughout the study. One subject was discontinued from the
study because of a serious AE of equilibrium loss, which was not
considered related to the study product.

DISCUSSION

Bruising is a common concern among adults with
dermatoporosis. In mature skin, dermal matrix deterioration,
diminished connective tissue support, and impaired barrier
function may lower the threshold for bruising after minor
trauma.’®?% |n addition to being distressing, visible bruising
can reflect reduced dermal support and vascular protection.
Currently, there are few evidence-based topical options available
to address bruise severity or resolution.”?
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This study shows that consistent twice-daily use of GC cream
for 12 weeks helped lessen bruise severity and hasten bruise
resolution in subjects with fragile, aging skin. Standardized
clinical photography and daily subject-acquired photographs
provided supportive visual documentation of bruise induction
and longitudinal resolution, complementing the investigator
assessed severity and duration outcomes. Subjects were greatly
satisfied with GC cream to improve overall skin appearance and
restore skin health. There were no AEs related to the product,
and subject satisfaction was high.

Traditionally, bruising studies have relied on invasive bruise
induction methods, such as paintball pellets, dropped
weights, and lasers, which can be difficult to standardize
and reproduce.®® Cupping with an electronic device was
the bruise induction model chosen for this study due to the
ability to carefully control the degree of suction and establish
conditions for each subject that produced standardized bruising
at baseline while maintaining the subject’s safety. Cupping is
an ancient procedure used in a variety of therapeutic settings.
The application of controlled negative pressure disrupts tissues
and capillaries, increases local blood flow, and creates an area
of petechiae, purpura, or ecchymoses.® The resulting bruises
are similar to those achieved from other invasive bruising
methods. The use of subject-specific cupping conditions at
baseline reduced intraindividual variation, and the use of the
same subject-specific cupping conditions after 12 weeks of GC
cream use helped reduce procedural variability. Daily subject-
acquired photography supported longitudinal evaluation of
bruise evolution. This is, to our knowledge, the first clinical
study to use electric cupping to assess bruise severity and time
to resolution. It offers an important new opportunity to expand
evidence-based decision-making by dermatologists.

The rationale for evaluating a topical moisturizer in bruise-prone
mature skin is biologically plausible. Moisturizers and barrier-
supporting topical products may improve hydration and barrier
integrity, while mature, fragile skin also reflects extracellular
matrix deterioration and reduced tissue resilience.?* Prior
dermatoporosis research suggests that selected topical
strategies may influence fragile skin biology, particularly
through pathways related to hyaluronan signaling and dermal
structure.’®”2 GC cream in particular was formulated based on ex
vivo data showing that microdoses of Centella asiatica (0.005%)
and mandelic acid (0.5%) reduced the number of senescent cells
in the dermis and decreased inflammatory markers.®' We have
previously shown that this formulation improves skin hydration
and increases expression of elastin and mechanical stretch with
12 weeks of use.®** This is the first report of GC cream in a
clinical study of bruising, and these results continue to support
GC cream as a novel treatment for dermatoporosis.

T. Schlesinger, G. Ablon, A. Widgerow, et al

A strength of this bruising-focused analysis is the integration of
a standardized bruise induction method with both investigator
assessment and longitudinal subject-acquired photography.
The requirement that induced bruises reach at least moderate
visibility supported interpretability of bruise visibility/
severity and duration outcomes. The combination of in-clinic
standardized imaging and daily at-home photography allowed
evaluation of both immediate postinduction bruise appearance
and subsequent bruise resolution.

Several limitations should be considered. First, the in-use study
did not include a vehicle, untreated, or usual-care comparator
arm; therefore, findings should be interpreted as within-subject
changes after 12 weeks of GC cream use rather than controlled
efficacy estimates. Next, the small number of subjects in
the bruise cohort may limit generalizability to more diverse
populations. Finally, bruises may differ by mechanism: everyday
blunt-force trauma can involve pressure and shearing injury,
whereas cupping produces tension-induced injury and rupture
of small vessels. While the cupping model standardizes bruise
induction and provides replicable control of the induction force,
suction-induced bruises may not fully reproduce spontaneous
bruising caused by everyday trauma. Despite these limitations,
this study successfully deployed electric cupping as a
standardized bruising method that could offer an alternative
option for bruise models in future clinical settings.

CONCLUSION

Using a novel model of controlled bruise induction, this
study provides important data to support evidence-based
decision-making for subjects with dermatoporosis at risk of
bruising. Reduced bruise severity and decreased time to bruise
resolution are clinically relevant improvements in skin health. In
combination with prior findings where GC cream was shown to
improve hydration, overall appearance, and elasticity of mature,
crepey skin,3*4° the current data further support this topical
cream as an innovative agent that can address multiple aspects
of dermatoporosis, including bruising.
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ABSTRACT

Background: Tranexamic acid (TXA), an anti-fibrinolytic agent traditionally used to manage blood loss, has shown promising results in
the treatment of melasma. Studies on the efficacy of intradermal TXA, with or without adjuvants, in treating melasma remain limited.
There is also a lack of consensus on optimal dosing. This study aims to assess the efficacy of intradermal TXA for the treatment of
melasma.

Methods: A total of 30 patients aged 20 to 60 years, diagnosed with melasma, were identified at the Department of Dermatology,
Benazir Bhutto Hospital, Rawalpindi, Pakistan, from October 2021 to April 2022. 0.05ml tranexamic acid (4mg/ml) was injected
intradermally into the melasma lesions at 1cm intervals with a 0.5 mL insulin syringe and a 30-gauge needle. Intradermal TXA injections
were repeated weekly for 12 weeks. Baseline and 4-, 8-, and 12-week modified Melasma Areas Severity Index (mMASI) were recorded.
Clinical photographs were taken at 4, 8, and 12 weeks.

Results: Ages ranged from 20 to 60 years, with a mean age of 32.17 + 6.70 years. 90.0% of patients were between 20 and 40
years of age (n=27). The mean baseline mMMASI score was 8.58 + 3.66. Mean mMASI scores at 4, 8, and 12 weeks were noted as
4.88 +2.22,2.83 = 1.37 and 1.38 + 0.63, respectively. Over a 12-week treatment course of intradermal TXA, a significant reduction in
mMASI score by 720+ 3.71 was noted (P<0.0001).

Conclusions: \Weekly TXA injections (0.05 mL, 4 mg/ml) for 12 weeks resulted in a significant reduction in mMASI score (P<0.0001).

J Drugs Dermatol. 2026;25(11):1066-1070. doi:10.36849/JDD.9629

INTRODUCTION

elasma is a pigmentary disorder affecting over
M5 million people in the United States." The term

“melasma” is derived from the Greek root
word “melas,” which means black, referring to the dark,
hyperpigmented macules and patches that are clinically
characteristic of this condition.2 Sun-exposed areas, such as
the face, are most commonly involved, particularly the bilateral
cheeks, chin, and nose.2 Melasma is more prevalent in women
of childbearing age, especially among those with Fitzpatrick skin
types IV-VI and of Hispanic, Asian, African, or Middle Eastern
descent. Prevalence ranges from 8.8% among females of Latino
descent living in the southern United States, 13.4 to 15.5% in a
population of Arab Americans living in southeast Michigan, and
up to 40% in some females of Southeast Asian populations.®®
In addition to the physical presentation, melasma can impact
patients’ quality of life, with many reporting frustration,
embarrassment, and loss of confidence.®

The exact pathogenesis of melasma is complex and
multifactorial, and evolving research suggests an interplay

of keratinocytes, mast cells, gene regulation abnormalities,
neovascularization, and basement membrane disruption.”
Common triggers include sun exposure, pregnancy, oral
contraceptives, hormone replacement therapy, cosmetics,
medications, and racial or genetic effects.® Ultraviolet exposure
results in an increase in melanogenic activity, leading to long-
lasting epidermal pigmentation, specifically in darker skin.®"
Hormonal influences also play a role in some individuals, given
the increased prevalence of melasma during pregnancy, oral
contraceptive use, and hormone therapy. Melasma occurs
in 14.5% to 56% of pregnant individuals, and 11% to 46% are
associated with individuals on oral contraceptives.? During
pregnancy, the increased production of pituitary hormones
leads to the transcription of tyrosinase and dopachrome
tautomerase, increasing pigmentation.’” In addition, estrogen
and progesterone have been associated with the disease due to
increased expression of estrogen and progesterone receptors
on melasma-affected skin." Some cosmetic products have been
noted to cause a phototoxic reaction, activating melasma.™
Family history is another important risk factor, with more than
30% of patients reporting a family history of melasma.?
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The treatment of melasma remains challenging, and efficacy
varies widely between patients. Current treatments include
photoprotection, avoidance of triggers, topical combination
depigmenting agents, such as hydroquinone, tretinoin, and
fluocinolone, laser therapy, intense pulsed light therapy,
microneedling, and chemical peels.5'%%' Triple combination
therapies were found to be more effective than monotherapy
treatment of chemical peels, light, and laser therapy; however,
40% of patients developed erythema and peeling.™

Oral, topical, and intradermal tranexamic acid (TXA) has been
usedinthetreatmentofmelasmaasitinhibits neovascularization
and melanogenesis.?’ Twelve weeks of oral TXA (250 mg BID
for 3 months) showed a significant reduction in the modified
Melasma Area Severity Index (mMASI) (P<0.05)."? Oral TXA as
an adjuvant to fluocinolone-based triple combination cream
also showed a significant reduction in MASI scores at 4 weeks,
with maintenance throughout 8 weeks.?' However, oral TXA
poses the risk of various systemic side effects, including
thromboembolism, pulmonary embolism, and myocardial
infarction.?? Intradermal tranexamic acid is a relatively new,
minimally invasive, and inexpensive treatment modality for
melasma. In a prospective, randomized, open-label study of 30
patients receiving intradermal TXA microinjections monthly for
3 months, a 35.72% improvement in MASI score was noted.® In
a nonrandomized split-face control trial comparing intradermal
TXA and normal saline every 2 weeks for 12 weeks, intradermal
TXA showed a reduced Hemi-modified MASI score and
continued results at a 24-week follow-up.?* When comparing
intralesional TXA to topical hydroquinone, intralesional TXA
showed significant improvement in MASI scores, a higher
level of patient satisfaction, and fewer side effects.??®> An
interventional study of 40 patients with melasma demonstrated
equal efficacy of oral TXA with transepidermal TXA (with a
dermaroller).?¢ Batra et al report that although transepidermal
TXA was more invasive and painful, this administration
avoided the systemic side effects that often deter patients from
oral TXA.%

H. Arooj, S. Khan, S. Sharif, et al

Given the high prevalence of melasma in South Asian countries
and the varying success of currently available treatments, we
present an interventional study in Pakistan that evaluates the
efficacy of intradermal TXA injections for patients with melasma
in Pakistan.

MATERIALS AND METHODS

From October2021toApril2022, adultpatientsaged 20to 60years,
diagnosed with melasma, were identified at the Department of
Dermatology, Benazir Bhutto Hospital, Rawalpindi, Pakistan.
The sampling technique was non-probability consecutive
sampling. Exclusion criteria included pregnancy, lactation, oral
contraceptive use, active infection, history of herpes simplex
lesions on the face, and history of facial warts. 30 patients
fulfilling the inclusion criteria were selected. Informed consent
was obtained. Patient demographic data, including age, gender,
disease duration, and past treatments for melasma, were
recorded. All selected patients were clinically evaluated, and the
baseline mMASI score was estimated. Modified Melasma Area
Severity Index was calculated at baseline as well as at 4-, 8-, and
12-week follow-ups (Figure 1).

The area (A) of melasma involvement was graded from 0 to 5:
* 0 =No involvement
e 1 =less than 10% involvement
e 2 =10% to 29% involvement
e 3 =30% to 49% involvement
e 4 =50% to 69% involvement
e 5=70% to 89% involvement

The darkness of pigmentation (D) and homogeneity (H) were
graded from 0 to 4:

* 0 =absent

* 1 =slight

e 2 =mild

e 3 =marked

® 4 = maximum

FIGURE 1. Modified Melasma Area Severity Score (mMASI) grading.
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After applying topical local anesthesia, 0.05 mL tranexamic acid
(4 mg/ml) was injected intradermally into the melasma lesion
at 1cm intervals with a 0.5 mL insulin syringe and a 30-gauge
needle. This procedure was repeated weekly, and clinical
photographs were taken at 4, 8, and 12 weeks.The collected data
and mMASI scores at baseline, week 4, week 8, and week 12
were analyzed using SPSS 25.0. Means and standard deviations
of age, melasma history duration, and mMASI score (pre- and
post-treatment) were calculated. A paired sample t-test was
performed to compare pre-and post-treatment mMASI scores,
with a P-value of < 0.05 indicating statistical significance.

Demographics

Demographics of study participants are displayed in Table 1.
Eight (26.67%) of the study participants were male, and 22
(73.33%) were female. Ages ranged from 20 to 60 years, with a
mean age of 32.17 £ 6.70 years. 90% of study participants (n=27)
were aged between 20 and 40 years. The mean duration of
melasma history was 6.28 + 2.50 years. 47% of study participants
had tried past treatments for melasma.

mMASI Scores

The efficacy of intradermal TXA was measured in terms of the
mean change in mMASI score. The mean change in mMASI
score was calculated by the difference in mMASI score achieved
at 4 weeks, 8 weeks, and 12 weeks of treatment from the
baseline mMMASI score. The mean mMASI score after treatment
decreased from 8.58 + 3.66 at baseline to 4.88 + 2.22, 2.83 + 1.37,
and 1.38 + 0.63 at 4, 8, and 12 weeks, respectively, as shown in
Table 2. Clinical photographs were also taken pre-treatment and
at 4, 8, and 12 weeks (Figure 2).

Stratification of mean change in mMASI after 4, 8, and 12 weeks
with respect to gender, age, past treatments, and duration of

H. Arooj, S. Khan, S. Sharif, et al

melasma is shown in Table 3. Improvement of mMASI score
was statistically significant when stratified for gender, age, past
treatments, and duration of melasma (P<0.0001). There was,
again, a statistically significant improvement in mMASI score
(P<0.0001). The same stratification was performed with mMASI
scores from 12 weeks, which also demonstrated a statistically
significant reduction in all MMASI scores.

TABLE 1.

Demographics of Study Participants (n=30)

Male 8
Sex (male/female)
Female 22
20-40 27
Age (years)
41-60 3
<5 8
Duration of Melasma (years)
>5 22
Previous treatments Yes 14
attempted for melasma No 16
TABLE 2.
mMASI Score at Baseline and Weeks 4, 8, and 12 After Intradermal
TXA Injections (n=30)
Baseline 8.58 3.66
4 weeks 4.88 2.22
0.0001
8 weeks 2.83 1.37
12 weeks 1.38 0.63

FIGURE 2. Clinical photographs of patients at baseline (A, E), 4 weeks of treatment (B, F), 8 weeks of treatment (C, G), and 12 weeks of treatment

(D, H).
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TABLE 3.

H. Arooj, S. Khan, S. Sharif, et al

Stratification of Mean Change After 4, 8, and 12 Weeks With Respect to Sex, Age, Duration of Melasma, and Previous Treatments for Melasma

Sex M 9.58 + 3.07 6.21 + 2.89
(male/female) F 8.22 + 3.85 4.40 £ 1.82
f 20-40 8.59 + 3.73 4.93 +2.28
(years) 41-60 8.47 + 3.64 4.50 + 1.87
Duration of Melasma <5 8.08 x 3.38 5.29£2.52
(years) >5 9.02 +3.95 453 +1.94
Previous treatments Yes 8.09 + 3.97 4.27 + 2.66
attempted for

melasma No 9.01+3.44 5.42 + 1.65

DISCUSSION

Weekly intradermal TXA injections (0.05 mL, 4 mg/mL at 1 cm
intervals) over a period of 12 weeks significantly reduce the
mMASI score. A statistically significant reduction in mMASI
score is expected when gender, age, past treatments, and
duration of melasma are stratified. The results of this study align
with the limited literature available on the efficacy of intradermal
TXA for melasma treatment. Khalili et al present a systemic
review of 33 articles evaluating mesotherapy treatments for
melasma.?” The 2021 review found 28 articles about TXA, 4
articles about vitamin C, 2 articles about glutathione, and 2
articles about triamcinolone. Clinical trials of TXA mesotherapy
showed similar efficacy to oral TXA; however, with a slower
response rate. Clinical trials included in this review show that
administration was often performed with an insulin syringe to
allow for more control of placement and a 28 to 30 gauge needle
for minimal pain. Interval distance was most commonly 1 cm
(18 studies). TXA concentrations were most commonly 4 mg/cc
(21 studies). Other concentrations included 10 mg/cc (1 study),
20 mg/cc (1 study), 50 mg/cc (1 study), and 100 mg/cc (3 studies).
Sessions varied from weekly to biweekly to monthly to every 4
to 6 weeks.

TXA mesotherapy involves little downtime and minimal side
effects, consisting primarily of transient bruising, pain, and
erythema that is improved with ice pack application.?%27 Khalili
et al report that TXA mesotherapy presents as an efficacious
adjunctive or alternative therapy for refractory melasma,
patients with low compliance with topical treatments, and
for those who may have contraindications to oral TXA.?” The
data on intradermal vitamin C, glutathione, and triamcinolone
for melasma remain limited. The review emphasizes the
importance of further studies to determine ideal concentrations
and intervals forTXA mesotherapy. Our study contributes to the
current literature by presenting that weekly intradermal TXA
injections (0.05 mL, 4 mg/mL at 1 cm intervals) for 3 months in
skin types IlI-Vl showed significant reduction in mMASI score
and clinical improvement.

0.0001 4.16 + 1.85 0.0001 1.88 + 0.95 0.0001
0.0001 4.85+0.73 0.0001 1.19 + 0.35 0.0001
0.0001 2.89+ 143 0.0001 1.41 £ 0.65 0.0001
0.0001 2.35+0.73 0.0001 1.10 £ 0.17 0.0001
0.0001 3.1 + 1.66 0.0001 171+ 0.73 0.0001
0.0001 2.59 + 1.06 0.0001 1.08 £ 0.33 0.0001
0.0001 2.90 + 1.91 0.0001 1.36 £ 0.90 0.0001
0.0001 2.77 £ 0.67 0.0001 1.39 £ 0.26 0.0001

CONCLUSION

WeeklyTXA injections (0.05 mL, 4 mg/ml) injections over a period
of 12 weeks resulted in a significant reduction in mMASI score
(P<0.0001).This study aims to contribute to the current literature
to elucidate the efficacy as well as optimal route and dosing of
intradermal TXA injections in the treatment of melasma.
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Central Centrifugal Cicatricial Alopecia and the Use of
Xtressé Nutrient Supplement: A Case Series
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ABSTRACT

Central Centrifugal Cicatricial Alopecia (CCCA) is a form of scarring alopecia characterized by patches of permanent hair loss that
manifests on the crown of the scalp, progressively spreading outward in a centrifugal pattern.” This condition is predominantly
observed in African American women. Treatment options for CCCA remain limited, with current treatments including topical and
systemic corticosteroids and oral tetracyclines, with modest responses.” We present 2 cases of CCCA treated with Xtressé with
notable improvement.

J Drugs Dermatol. 2026;25(11):1072-1073. doi:10.36849/JDD.9319

INTRODUCTION

entral Centrifugal Cicatricial Alopecia (CCCA) is FIGURE 1. Initial presentation.
‘ characterized by progressive scarring and hairlossin the
vertex or crown of the scalp and spreads centrifugally.

CCCA is associated with inflammation and commonly affects
women of African descent. Treatment goals include halting and
preventing the progression of the disease and encouraging
hair growth, but hair will not grow from permanently damaged
hair follicles. No clear guidelines exist for the management
of CCCA, and effective therapies remain limited. Xtressé is a
commercially available nutrient supplement aimed to support FIGURE 2. Two month follow-up.
hair growth. We present two cases of CCCA treated with Xtressé
with notable improvement.

Case Presentations

A b55-year-old African American female with a clinical and
histopathologic diagnosis of CCCA presented with progressive
hair loss (Figure 1). A biopsy performed at the right mid-crown
revealed lymphocytic scarring alopecia, with a differential
diagnosis including CCCA, lichen planopilaris, and contact
dermatitis alopecia. Clinical correlation favored CCCA. She
is currently treated topically with minoxidil, metformin, and
clobetasol and advised to use bland, hypoallergenic, fragrance-
free products; she received one treatment with intralesional
triamcinolone. Two weeks after the biopsy, Xtressé nutrient
supplements were added to the treatment regimen. Follow-
up evaluations were conducted at 2 months (Figure 2) and 4
months (Figure 3) after initiating this plan.

FIGURE 3. Four month follow-up.
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A 42-year-old African American female with a past medical
history of alopecia and anemia presented with a 10-year history
of progressive hair loss, primarily affecting the frontal scalp and
medial parietal region (Figure 4). At the time of presentation,
she was using minoxidil and topical ketoconazole.

While she remained on oral minoxidil 2.5 mg, the new treatment
regimen added a popular nutraceutical hair supplement, a
nutraceutical shampoo, and metformin 10% compounded
with triamcinolone. A follow-up scalp biopsy one month later
revealed traction alopecia in the right frontal scalp and early/
mild CCCA in the right midparietal scalp.

Two months later, doxycycline 40 mg (daily) and betamethasone
(as needed) were added to her regimen. Over the next 6
months, she underwent 6 monthly intralesional triamcinolone
injections and 3 sessions of hydrodermabrasion with growth
factors (Figure 5). In the interim, she also presented with mild
psoriasis vulgaris on the right temporal scalp and started on
tapinarof cream. The psoriasis responded well. Despite the
treatment plan, the CCCA continued to worsen. Xtressé hair
supplements were added, and improvement was noted after 3
months (Figure 6).

FIGURE 4. Initial presentation.

FIGURE 5. After six months of medical treatment.

FIGURE 6. Results three months after Xtressé hair supplements were
added to regimen.

B. Desta, M. Gainers, C. Kindred

DISCUSSION

These cases illustrate the treatment response in 2 patients
with CCCA after starting Xtressé supplements. While
standard therapies such as topical minoxidil and intralesional
corticosteroids are commonly used, the role of dietary
supplements is not well-established. Xtressé contains several
bioactive ingredients with potential roles in supporting
hair follicle health. NAD+, a molecule involved in cellular
metabolism and aging, has precursors have demonstrated the
ability to promote hair growth in preclinical studies.? Pumpkin
seed extract provides antioxidants that help reduce oxidative
stress and inflammation.® Taurine, a beta-amino acid, supports
mitochondrial function and provides antioxidant protection that
can aid in the protection of follicular cells.* Saw palmetto reduces
dihydrotestosterone (DHT) levels, a hormone associated with
hair follicle miniaturization and thinning.® Improved hair growth
was noted with the addition of Xtressé hair gummies. However,
further studies are needed to determine the role Xtressé plays in
the management of CCCA.

CONCLUSION

These cases highlight Xtressé nutrient supplement’s potential
role as an adjunct to standard CCCA treatment. While positive
effects were observed, further studies are needed to validate
these findings. Nutritional supplementation may be able to help
address CCCA-associated hair loss.
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ABSTRACT

Lichen planus pigmentosus (LPP) is a challenging pigmentary disorder that often affects extrafacial sites, yet most published data on
laser treatment focus on facial involvement. We report 3 cases of biopsy-proven LPP treated with Q-switched neodymium: yttrium
aluminum garnet (QS Nd:YAG) laser involving both facial and extrafacial areas. All patients experienced improvement in facial LPR while
outcomes on the neck, shoulders, and trunk were more variable. One patient developed koebnerized vitiligo after laser treatment to
the neck, underscoring the need for caution in patients with underlying or suspected vitiligo. These cases highlight both the therapeutic
potential and limitations of QS Nd:YAG lasers for extrafacial LPP and suggest that lower fluence approaches may offer safer alternatives

in sensitive areas.

J Drugs Dermatol. 2026;25(11):1074-1075. doi:10.36849/JDD.9397

ichen planus pigmentosus (LPP) is an acquired dermal

I melanosis that typically affects photo-exposed and
flexural surfaces. Q-switched neodymium: yttrium
aluminum garnet (QS Nd:YAG) lasers target dermal melanosis
and have shown promise in the treatment of LPP. The majority
of reported cases using QS Nd:YAG are confined to the face,’
despite at least 64% of cases of LPP presenting on extrafacial
skin.2Here, we describe 3 cases of LPP with facial and extrafacial

involvement treated with QS Nd:YAG laser, highlighting both
therapeutic response and treatment-related complications.

CASE SERIES

Three cases of biopsy-proven extrafacial LPP treated with
QS Nd:YAG were included. In all cases, histopathology
demonstrated lichenoid interface dermatitis with pigment
incontinence, consistent with LPP.

Case 1: A 69-yearold male with Fitzpatrick type IV skin
presented with LPP on the face, bilateral shoulders, chest, and

FIGURE 1. (A-C) LPP of the lower back and bilateral shoulders
before QS Nd:YAG. (D-F) Mild-moderate improvement of LPP after 16
treatments of QS Nd:YAG

lower back, refractory to topical corticosteroids. He underwent
16 treatments of QS Nd:YAG (spot size: 6 mm, fluence: 2.1-3.7
J, and frequency: 10 Hz; 1-2 passes for the face, 2-3 passes
for the shoulders and chest, and 3-5 passes for the back) 1-4
weeks apart with moderate improvement of all sites (Figure 1).
Additional maintenance treatments are currently being pursued.

FIGURE 2. (A-B) LPP of the neck and forehead before QS Nd:YAG. (C-D)
Marked improvement of LPP after 10 treatments of QS Nd:YAG.

Case 2: A 44-yearold female with Fitzpatrick type IV skin
presented with LPP on the face and neck. Her LPP was refractory
to topical corticosteroids, hydroquinone cream, prednisone
(tapered from 60 mg daily to 5 mg daily over 4 months) and low-
dose isotretinoin (20 mg daily for 9 months). She underwent
10 treatments of QS Nd:YAG (spot size: 4-6 mm, fluence:
2.0-2.7 J, frequency: 10 Hz; 1-3 passes) 4 weeks apart. Within
3 treatments, improvement was noted. To enhance the results,
the patient was started oral tranexamic acid 325 mg BID.
Marked improvement was seen on the face and neck (Figure 2).
Improvements were sustained after discontinuing tranexamic
acid.
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Case 3: A 42-yearold female with Fitzpatrick type IV skin
presented with LPP on the face and neck. She was intermittently
using topical corticosteroids, hydroquinone-based lightening
creams, and retinoid creams without improvement. The patient
underwent 6 treatments of QS Nd:YAG to the face (spot size:
6 mm, fluence: 2.5 J, frequency: 5 Hz; 1-2 passes) with significant
improvement. Following improvement of the face, the patient
elected to extent treatment to the neck. Because there was little
improvement after 4 treatments (spot size: 6 mm, fluence: 2.5 J,
frequency: 5 Hz; 1-2 passes), fluence was increased marginally
for the fifth treatment (spot size: 6 mm, fluence: 2.8 J, frequency:
10 Hz; 1 pass). Two weeks later, she developed depigmented
patches consistent with vitiligo (Figure 3). On Wood’'s lamp
examination, a patch of vitiligo was noted on the lower back.
Given no improvement after 7 weeks of observation followed
by a 2-week course of high-potency corticosteroids, the patient
was started on ruxolitinib 1.5% cream BID and achieved near
complete repigmentation within 2 months.?

FIGURE 3. (A-B) LPP of the face and neck before QS Nd:YAG (C)
Improvement in LPP of the face after QS Nd:YAG. (D) Laser-induced
koebnerized vitiligo of the neck after a marginal increase in fluence.
(E) Woods lamp highlighting depigmented patches. No improvement
seen after 7 weeks of surveillance. (F) Complete resolution after a
treatment course of ruxolitinib cream.

DISCUSSION

In this report, we present 3 cases of LPP involving both facial
and extrafacial areas with varied outcomes. All 3 patients
experienced improvement in facial LPP with QS Nd:YAG,
consistent with existing literature demonstrating favorable
outcomes in facial LPP" By contrast, treatments off the face

D. Linggonegoro, T. Bandali, N. Kibbi

required more sessions, with less consistent improvement. In
case 3, laser treatment of the neck induced koebnerized vitiligo
in a patient with previously unrecognized vitiligo vulgaris,
emphasizing the need for caution. The variable results of QS
Nd:YAG off the face may be due to several factors, including
thinner epidermis and dermis of the neck and lower density
of keratinocyte stem cells. The neck has fewer hair follicles,
and since the hair follicle bulge is a major stem cell reservoir,
this may limit regenerative capacity in extrafacial skin.* Both
vitiligo and LPP are T-cell mediated disorders, suggesting a
possible immunologic link. Although colocalization of LPP and
vitiligo vulgaris has not been reported to our knowledge, cases
of coexisting lichen planus and vitiligo have been described.®
This case reinforces the importance of exercising caution
when using energy-based treatments in patients with vitiligo
vulgaris. All 3 patients in this series had Fitzpatrick type IV skin,
a population particularly susceptible to both hyperpigmentation
and hypopigmentation following laser procedures. This further
highlights the importance of careful parameter selection and
monitoring in skin of color.

QS Nd:YAG lasers can be effective in the treatment of LPP,
particularly on the face; however, caution must be exercised
when treating extrafacial areas. Results may be less predictable,
dyspigmentation may be more permanent, and multiple
treatments may be needed before improvement is noted.
Low-fluence laser toning, as used in melasma, may offer a
safer approach for treating extrafacial LPP due to its lower
risk of triggering pigmentary alteration. Repeated treatments
may increase the risk of pigmentary complications, including
leukoderma.® Further studies are needed to establish optimal
QS Nd:YAG protocols for treating LPP, particularly in extrafacial
regions where safety and efficacy remain less predictable.
Limitations include the small sample size, retrospective design,
and absence of standardized outcome measures.
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onmelanoma skin cancer (NMSC) is the most
Ncommon malignancy in the United States, and a

growing public health concern.” While a variety of
prevention strategies exist for high-risk groups such as organ
transplant recipients, few systemic agents have been evaluated
for NMSC prevention in the general population.! Celecoxib, a
selective cyclooxygenase-2 (COX-2) inhibitor, has demonstrated
antitumor effects through antiangiogenic and proapoptotic
mechanisms, and studies in high-risk patients found that
celecoxib significantly reduced the incidence of NMSC.2 In
addition, the mammalian target of rapamycin (mTOR) inhibitor,
sirolimus, inhibits keratinocyte proliferation, angiogenesis,
and oncogenic signaling, with randomized controlled trials
in organ transplant populations demonstrating sirolimus’s
association with significant reduction in NMSC incidence.?
Similarly, retinoids have also been studied as chemopreventive
agents, with trials demonstrating acitretin decreases risk for
squamous cell carcinoma (SCC) in high-risk populations.* This
large-scale retrospective cohort study evaluated the real-world
impact of celecoxib, sirolimus, and acitretin use on the risk of
NMSC development and related procedural interventions in the
general population.

MATERIALS AND METHODS

Within the TriNetX Research Network, we queried codes from
the 10th revision of the International Classification of Diseases
(ICD-10), Current Procedural Terminology (CPT), and RxNorm
from August 1, 2015 to August 1, 2025. Three individual
studies were conducted of adults (>18) with >2 documented
encounters for celecoxib (RxNorm: 140587), sirolimus (RxNorm:
35202), or acitretin (RxNorm: 16818) use were included and
compared with a cohort without study medication exposure
after propensity score matching (PSM). PSM was performed
1:1 on patient characteristics documented prior to study

medication initiation, including demographics, comorbidities,
and immunosuppressive medications/conditions (Table 1).
Patients with inherited or acquired risk factors for NMSC, organ
transplantation, previous or current systemic malignancy,
exposure to multiple study medications or documentation
of the target outcomes prior to study medication initiation
were excluded. Primary outcomes included risk of NMSC
development. Secondary outcomes included risk of Mohs
micrographic surgery (MMS) (CPT: 17311-17315) and excision of
malignant skin lesions (CPT: 1003243). Outcomes were evaluated
using risk ratios (RR) and 95% confidence intervals (Cl) at 5- and
10-year follow-up, with significance defined as P-value <0.05.

After PSM, the celecoxib, sirolimus, and acitretin cohortsincluded
15,415, 2,288, and 5,915 patients per group, respectively (Table 2).
Celecoxib use was associated with a significantly lower risk
of developing NMSC at both 5 years (RR 0.83; P<0.001) and
10 years (RR 0.77; P<0.001), as well as reduced risk of MMS at
5 years (RR 0.81; P=0.0002) and 10 years (RR 0.77; P<0.001),
and lower risk of excision for malignant skin lesions at 5 years
(RR 0.73; P<0.001) and 10 years (RR 0.75; P<0.001). Similarly,
sirolimus exposure was associated with a reduced risk of
NMSC at 5 years (RR 0.49; P=0.018), with this protective effect
persisting at 10 years (RR 0.49; P=0.01); however, <10 MMS and
excision events were reported at both time points, and exact
counts were suppressed by TriNetX privacy policies, precluding
statistical analysis of these outcomes. Acitretin use was also
associated with a significantly lower risk of NMSC at 5 years
(RR 0.58; P<0.0001) and 10 years (RR 0.66; P<0.0001), along with
markedly reduced risk of MMS at 5 years (RR 0.27; P<0.0001)
and 10 years (RR 0.31; P<0.0001), and lower risk of excision
for malignant skin lesions at 5 years (RR 0.35; P<0.0001) and
10 years (RR 0.41; P<0.0001).
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TABLE 1.

Baseline Demographic Characteristics of the Celecoxib, Sirolimus, and Acitretin Cohorts After Propensity Score Matching (PSM)

Age at Index, Mean + SD? 615+ 13.5 61.6 + 13.5 0.66 474 + 18.6 475 + 18.5 0.83 58.4 + 16 58 + 17 0.14
Male 5334 (34.60) 5351 (34.71) 0.84 1,033 (45.15) 1,035 (45.24) 0.95 3,045 (51.48) 3,138 (53.05) 0.09
Female 9037 (58.63) 9027 (58.56) 0.91 1,247 (54.50) 1,246 (54.46) 0.98 2,810 (47.51) 2,767 (46.78) 0.43
White 13396 (86.90) 13395 (86.90) 0.99 1,583 (69.19) 1,586 (69.32) 0.92 4,201 (71.02) 4,209 (71.16) 0.87
Black or African American 172 (1.12) 173 (1.12) 0.96 193 (8.44) 195 (8.52) 0.92 768 (12.98) 790 (13.36) 0.55
Asian 121 (0.79) 120 (0.78) 0.95 79 (3.45) 62 (2.71) 0.15 266 (4.50) 243 (4.11) 0.29
Hispanic or Latino 308 (2.00) 307 (1.99) 0.97 164 (7.17) 176 (7.69) 0.15 269 (4.55) 275 (4.65) 0.79
Not Hispanic or Latino 12482 (80.97) 12514 (81.18) 0.64 1,661(72.60) 1,624 (70.98) 0.22 4,361 (73.73) 4,412 (74.59) 0.28
Overweight and Obesity 4793 (31.09) 4798 (31.13) 0.95 158 (6.91) 158 (6.91) 1.00 918 (15.52) 851 (14.39) 0.08
Smoking 1315 (8.53) 1329 (8.62) 0.78 70 (3.06) 67 (2.93) 0.79 667 (11.28) 653 (11.04) 0.68
TNF-alpha Inhibitor Use® 212 (1.38) 190 (1.23) 0.27 12 (0.52) 10 (0.44) 0.70 13(0.22) 11 (0.19) 0.68
JAK Inhibitor Use* 29 (0.19) 23(0.25) 0.41 10 (0.44) 10 (0.44) 1.00 10 (0.17) 10 (0.17) 1.00
Systemic Corticosteroid Use 381 (2.47) 376 (2.44) 0.85 32 (1.40) 28 (1.22) 0.60 48 (0.81) 58 (0.98) 0.33

Percentages will not add up to 100% as certain patients did not have all demographics denoted comprehensively in their medical records.
2SD: Standard Deviation

*TNF-alpha: Tumor necrosis factor inhibitor

4JAK: Janus kinase

TABLE 2.
Risk of Non-Melanoma Skin Cancer (NMSC), Mohs Micrographic Surgery (MMS), and Excision for Malignant Skin Lesion Following Celecoxib, Sirolimus,

or Acitretin Use in the General Population

0.83 0.77
NMSC 12070 (771) 12848 (988) (0,76, 0.91) <0.001 12070 (834) 12848 (1120) (0.73, 0.86) <0.001
MMS 14124 (521) 14608 (668) ot 0.0002 14124 (568) 14608 (766) O <0.001
(0.72, 0.90) ’ (0.69, 0.85) ’
Excision for malignant skin lesion 14258 (381) 14850 (541) 073 <0.001 14258 (421) 14850 (587) 0.75 <0.001
9 (0.65, 0.84) : (0.66, 0.85) :
0.49 0.49
NMSC 2,247 (15) 2,256 (31) (0.26-0.90) 0.018 2,247 (18) 2,256 (37) (0.28-0.86) 0.01
. . Not Not
MMS 2,276 (<10) 2,281 (15) Not available Not available 2,276 (<10) 2,281 (15) . .
available available
. . . . . . Not Not
Excision for malignant skin lesion 2,279 (<10) 2,284 (<10) Not available Not available 2,279 (<10) 2,284 (12) X X
available available
NMSC 5,771 (116) 5,208 (181) 0.58 <0.0001 5,771 (156) 5,208 (213) 0.66 <0.0001
! ! (0.46-0.73) : ! ’ (0.54-0.81) ’
MMS 5,875 (36) 5,598 (125) 02 <0.0001 5,875 (50) 5,598 (154) O <0.0001
! ! (0.19-0.40) : ! ! (0.23-0.42) ’
Excision for malignant skin lesion 5.885 (32) 5,676 (88) 0.35 <0.0001 5,885 (43) 5,676 (102) 0.41 <0.0001
9 : ' (0.23-0.52) : . ' (0.29-0.58) :

The number of eligible individuals from which the number of individuals with the target outcome is obtained (ie: “n”) for each outcome differs slightly because each analysis was
conducted independently. For each specific outcome (eg, NMSC, MMS, excision), only patients with that outcome documented prior to the sirolimus exposure were excluded.

2The number of eligible individuals differs from the overall matched cohort size because patients with documentation of the target outcome prior to the index date or with data
outside the 20-yearTriNetX lookback window were excluded from individual analyses.
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DISCUSSION

Our findings concur with prior studies and may reflect
several mechanistic hypotheses. Celecoxib may reduce
NMSC risk by suppressing UV-induced prostaglandin E, and
immunomodulatory cytokines that promote keratinocyte
proliferation, while directly inhibiting COX-2 activity in dysplastic
epidermal cells, resulting in reduced epidermal hyperplasia,
tumor burden, and markers of DNA damage.? Despite these
potential chemopreventive effects, celecoxib use is limited
by well-established risks, including cardiovascular events,
gastrointestinal bleeding, renal toxicity, and hypersensitivity
reactions, necessitating careful patient selection.?2 As for
sirolimus, it appears to reduce skin cancer risk primarily by
inhibiting mTORC1-dependent keratinocyte proliferation and
disrupting NRF2-mediated antioxidant defenses, thereby
enhancing oxidative stress-induced tumor cell death, an effect
that is predominantly protective against SCC.® However, the
drug’s established immunosuppressive properties warrant
careful patient selection.® Additionally, acitretin is thought to
reduce NMSC risk by activating nuclear retinoic acid receptors
to regulate gene transcription involved in keratinocyte
differentiation, proliferation, and immune surveillance, though
its use is limited by mucocutaneous toxicity, hyperlipidemia,
hepatotoxicity, and strict teratogenic risk.>® Our findings
highlight the potential role of celecoxib, sirolimus, and acitretin
as chemopreventive adjuncts to reduce NMSC risk in select
patients who are not immunosuppressed. Limitations include
reliance on ICD-10, CPT, and RxNorm coding, retrospective
design, and lack of generalizability to patients with inherited or
acquired skin cancer risk factors. Future studies incorporating
prospective data and evaluation by NMSC subtype are needed.
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INTRODUCTION

is-ethylhexyloxyphenol methoxyphenyl triazine (BEMT)
is a UVA/UVB sun filter that has been approved for use

in the European Union since 2000. In June 2026, the
FDA approved BEMT as a new, safe, and effective UV filter for
over-the-counter sunscreens in the US. BEMT was approved
in the US at concentrations up to 6% in sunscreen products at
maximum use and is used at concentrations of up to 10% in
the Southern Common Market (Mercosur), China, and Europe,
whereas in Japan BEMT is limited to 3%. We conducted a
retrospective analysis of approximately 14,622 subjects who
participated in clinical safety studies examining sunscreens
formulated with BEMT for countries outside of the US.

MATERIALS AND METHODS

The test subjects included adult volunteers from 18 to 70 years
old. These subjects did not have a known history of allergies,
skin diseases, or lesions. Exclusion criteria included: pregnancy,
currently breastfeeding or planning to become pregnant during
the study, having a history of skin cancer within the past 5 years,
recent use of corticosteroids or other medications, compromised
skin, or existing skin irritations on the test area. Tests were
supervised by dermatologists and conducted at an independent
laboratory. All clinical safety studies were approved by an
Institutional Review Board, and all test subjects signed written
informed consent forms.

TABLE 1.

A total of 108 formulas were assessed, which ranged from 0.1%
to 6% BEMT concentration. BEMT formulations in the dataset
are also combined with other UV filters, which are not described.
Sunscreens in the tested dataset included commercialized and
noncommercialized formulations. The categories were further
divided into product types (Cream/Lotion, Pump/Spray, Serum,
or Stick).

The Human Repeat Insult Patch Test (HRIPT) determines the
potential of a product to cause irritation and/or allergic contact
dermatitis. The Cumulative Irritation Test (CIT) test assesses
the potential of a product to cause cumulative skin irritation.
The Photo Toxicity Test (PT) study evaluates an induced photo
irritation response to a product. The Photo Allergy Test (PA)
study evaluates an induced photosensitization response. One
hundred and eight studies were performed in 3 study centers in
Latin America, Europe, and Asia. Specific protocols followed for
each safety test can be found in Wilson et al 2025.

A total of 14,622 subjects were evaluated in HRIPT, CIT, PT, or
PA safety studies as summarized in Table 1. For HRIPT, 12,379
subjects evaluated 177 BEMT containing Cream/Lotion, Pump/
Spray, Serum, or Stick formulations. These represent a range
of commercial formulations that could contain BEMT. Of the
12,379 subjects in the HRIPT studies, there were no cases of

Summary of BEMT Safety Studies Assessed

Cream/ Lotion 66 7324 17
Spray 42 4444 7
Serum 9 387 0
Stick 2 224 2
Total 17 12379 24
Pass - 12379 (100%) -

Fail - 0 (0%) -

456 31 532 19 560
173 10 158 L 285
0 1 27 0 0
52 0 0 0 0
681 42 717 30 845
681 (100%) - 717 (100%) - 845 (100%)
0(0%) - 0 (0%) 0 (0%)
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sensitization observed from any formulation containing BEMT.
For assessments of potential photoallergy, phototoxicity, or
cumulative irritation, a total of 2243 subjects tested Cream/
Lotion, Pump/Spray, Serum, or Stick formulations containing
BEMT.

The results of the retrospective assessment demonstrated
that there were no cases of photoallergy, phototoxicity or
cumulative irritation, observed from any formulation containing
BEMT. These clinical safety study results demonstrate that
formulations containing BEMT have a robust safety profile.

DISCUSSION

Sun protection, including sunscreens, is essential for preventing
skin cancer and the effects of photoaging such as mottled
hyperpigmentation and wrinkles. We recently completed a retro-
spectiveassessmentofthedermalsafety ofsunscreenscontaining
existing organic UV filters (Wilson et al, 2025); this current
retrospective assessment extends that work to include BEMT.
Bis-ethylhexyloxyphenol ~methoxyphenyl triazine (BEMT),
also known as bemotrizinol, is an oil-soluble organic compound
used in sunscreens to absorb UV rays, protecting against both
UVA and UVB rays. With a molecular weight of 627.80 g/mol and
a solubility index, XLogP3 of 10.4, BEMT has unique physical/
chemical properties that distinguish it from other sunscreen
actives currently in use in the US market.2 BEMT is a highly
oil-soluble sun filter with a large relative molecular size which
contributes to minimal, non-accumulative transdermal exposure
and an ecological profile characterized by low environmental
persistence, minimal bioaccumulation potential, and favorable
ecotoxicity.>* BEMT is an efficient broad-spectrum UV filter
with multiple absorbance maxima reported: 310 nm in the UVB
region and 343 nm in the UVA region of the solar radiation
spectra®, which results in broad-spectrum UV light protection.

The approval of BEMT by the FDA brings the first new organic
UV filter to the US in over 20 years. BEMT is an efficient
broad-spectrum UV filter, with protection from both UVA and
UVB wavelengths. Furthermore, topical applications of BEMT
containing sunscreen formulation containing 6% BEMT did
not result in significant systemic exposure (D'Ruiz et al, 2023)
likely a result of the large molecular weight of BEMT. The lack
of systemic exposure further supports the safety profile of the
new sun filter and also reinforces the importance of a robust
assessment of dermal safety for BEMT.

The core hydroxyphenyl triazine structure of the BEMT
chromophore exhibits extreme inherent photostability as well
as an ability to photo-stabilize other more labile UV filters such
as Avobenzone (Butyl Methoxydibenzoylmethane, BMDBM)
when used in combination.® In addition, BEMT can combine with
mineral sun filters such as Zinc Oxide andTitanium Dioxide, and

C.M. Rojas, M.D. Southall, S.Q. Wang, et al

will be generally regarded as safe and effective (GRASE) in the
US, which can expand the range of sunscreen available.

The study shows no observed dermal irritation, sensitization,
photoallergy, and photo irritation across a range of formulation
types (ie, Cream/Lotion, Pump/Spray, Serum, or Stick), thereby
reinforcing the overall safety profile of BEMT. One limitation
of the current retrospective study supporting the safety of
sunscreen formulations containing BEMT is extrapolating the
results to other formulations. Although the study assessed
safety in multiple forms of sunscreen formulations (creams,
lotions, sprays, serums, and sticks), this extrapolation may not
be applicable for every formulation form.

By analyzing data from over 14,000 subjects, this retrospective
review provides strong evidence supporting the dermal safety
of sunscreens containing BEMT. With these results, we aim
to provide information to dermatologists and other medical
professionals who may consult their patients on the safety and
usage of BEMT products.
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itiligo can significantly impact the quality of life

s 2 of affected individuals and their family members.
Support groups provide numerous benefits, including
allowing individuals to give and receive emotional and practical
support."?This prospective, international, cross-sectional study

aimed to characterize the current landscape and needs of
support groups.

The authors designed an online survey with input from
international support group leaders from the Global Vitiligo
Foundation (GVF) and the Vitiligo International Patient
Organizations Committee, which are largely recognized as
major umbrella organizations for organized support groups
globally. The English-language survey was distributed to 66
support group leaders from their respective networks. Sixteen
group leaders responded from 6 countries: the United States,
Canada, Uganda, Nigeria, Germany, and the Netherlands
(Figure 1).

FIGURE 1. Map of survey respondents.

[ —— B

Among groups surveyed, founding years ranged from 1990
to 2024. Most groups met quarterly (37.5%) or monthly (25%)
through virtual and in-person meetings (68.8%). Meeting places
included community centers, restaurants, offices, business
conference rooms, and cultural centers. Half the groups
had official officers (50%), including the roles of president,
secretary, treasurer, or executive board. The majority did not
have dues or other membership requirements (68.8%). Nearly
all the groups had a social media presence (93.8%), and 87.5%
of group leaders reported social media as the most common
route of member referral.

The most common age group was 35 to 54 years (mean 39%).
Among US-based groups, the average racial/ethnic makeup
was 51.9% Black, 34.2% White, 10% Mixed race, 8.3% Hispanic
or Latino, 6.7% Other, and 5% Asian. Race/ethnicity data were
restricted to US-based groups due to legal restrictions on
demographic data collection in Europe.Women comprised over
half of most groups, averaging 63.5%. Individuals with darker
skin may experience increased disease visibility, contributing
to greater psychosocial burden and reduced quality of life.3*
Additionally, women with vitiligo have been shown to
experience greater impact on quality of life.®

The most popular topics covered were vitiligo treatments,
living with vitiligo, mental health, and sun protection. Nearly
half of groups hosted events targeted at individuals outside
the vitiligo community (43.8%), and half had events for parents
of affected children (50%). The most common group goals
included providing emotional support, spreading awareness,
and sharing practical information.

While less than half of the groups were affiliated with an
academic center or hospital (43.8%), most had medical
professionals attend meetings (62.5%), of whom 70% were
dermatologists, and of that group, 70% served in an official
role.
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TABLE 1.

Umbrella Organizations for Vitiligo Support Groups

Vitiligo International Patient Organizations Committee 3
VitFriends 3

Global Vitiligo Foundation 2

Global Skin Foundation 1

German Vitiligo Association 1

Vstrong 1

Litty Ligo 1

The overwhelming majority of support group leaders reported
members developed a deeper understanding of their condition
through participation (93.8%). While most reported feeling
confident facilitating events, and three-quarters held other
leadership positions, nearly all (93.8%) were interested in
additional training to help run their support group. Many groups
were chapters of larger vitiligo organizations (Table 1), and
most were part of the Global Vitiligo Foundation Community
(68.8%).The majority (75%) had members who attended the US
World Vitiligo Day conference.

While over half of groups had funding (56.3%) from donations,
member contributions, grants, health insurance, and
government support, half still cited funding as their largest
challenge. Half reported burnout and difficulty recruiting
volunteers as their second greatest challenge. Other challenges
faced include organizing meetings, lacking a medical advisor,
and a lack of public awareness and supportive policies.

Overall, there was significant global heterogeneity in group
membership and size, leadership structure, and meeting
frequency. Commonalities included shared primary goals and
the key role of social media in group functioning. Many groups
had a predominance of Black and female members. This study
was limited by survey nonresponse bias, reliance on group
leader-reported data, and the potential omission of additional
vitiligo support groups not identified. Factors contributing to
the response rate include that the survey was only distributed
in English, which may have limited participation from non-
English-speaking regions, and some support groups may have
been inactive at the time of survey distribution. Finally, as many
support group leaders serve in a voluntary capacity, survey
completion may have been limited by competing priorities.
Findings from this study highlight several important findings,
including the current benefits and needs of support groups,
the need for increased funding to expand programming
and leadership training for group facilitators, and lastly that
dermatologists may assist vitiligo support groups by serving
as medical advisors.

K.Turner, A. Hamid, Z. Berry, et al
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To the Editor,

Hidradenitis suppurativa (HS) is a systemic inflammatory
disorder with a multifactorial pathophysiology that remains
incompletely understood. Previous research has demonstrated
that specific inflammatory markers, including leukocytes,
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
and interleukin-6 (IL-6) are significantly associated with severe
disease as defined by HS-Physician Global Assessment (HS-
PGA) score.' Importantly, however, no studies have validated
the sensitivity of these markers with fluctuations in disease
activity over time. Herein, we investigate the utility of various
biomarkers in continuous outcome monitoring for patients with
HS and assess their sensitivity in a real-world setting.

A retrospective chart review was conducted to identify patients
seen at Montefiore Medical Center between September 1, 2017,
and May 1, 2025. Patients were included if they had clinical and
laboratory markers of disease severity at baseline and at >4
follow-up visits. Collected data included patient demographics,
comorbid medical conditions, HS-PGA score, numerical rating
scale for pain (NRS-pain) score, hemoglobin (Hgb), hematocrit
(Hct), mean corpuscular volume (MCV), leukocyte count, ESR,
CRP, and IL-6 across repeat patient visits.

Linear mixed-effects models with patient identifier (MRN) as
a random intercept were employed to examine associations
between disease severity and laboratory markers over time.
Disease severity was modeled continuously using the HS-PGA
score. Analyses were conducted using R (version 4.2.1).

The cohort was predominantly female (66%) and Black (49%).
The average age at intake was 35.5 years (SD 13.52); consistent
with the epidemiological profile of HS in the US population
at large.?2 Patients had a median of eight visits (IQR 6) where
primary outcome measures were recorded, with a median
interval between visits and a median follow-up duration of 70
days (IQR 84) and 878 days (IQR 695), respectively. A detailed
summary of visit characteristics, demographic information, and
comorbid medical conditions can be found inTable 1.

Longitudinal analysis of laboratory markers revealed positive
associations between HS-PGA and leukocyte count (B=0.03,
P<0.001), CRP (B =0.14, P<0.001),ESR (3=0.012, P<0.001), and IL-6
(B =0.005, P<0.001) indicating that higher inflammatory marker
levels correlated with greater disease severity. Conversely,
significant negative associations were observed between HS-
PGA and hemoglobin (B=-0.16, P<0.001), hematocrit (3=-0.05,
P<0.001), and mean corpuscular volume (B=-0.02, P<0.001).
A detailed summary of associations between clinical disease
severity and the various inflammatory markers studied can be
found inTable 2.

Extending beyond previous work, we demonstrate statistically
significant longitudinal associations between clinical disease
severity and serum biomarkers known to be associated with
HS."® Establishing the sensitivity of specific biomarkers to
changes in disease state over time supports their use as
validated primary endpoints for HS clinical trials and prospective
studies, which largely rely on subjective outcome measures to
evaluate drug efficacy at present.*® Moreover, the effect size
estimates derived from longitudinal analyses that quantifiably
assess relationships between specific biomarkers and clinical
measures of disease severity may ultimately help inform power
calculations and dose-response modeling during early-phase
trial design. Taken together, these findings suggest a role for
specific serum biomarkers across multiple stages of the clinical
research process.

This study is limited by its retrospective nature and small sample-
size; larger prospective studies must validate our findings
before they can be applied in clinical research settings more
broadly. Nevertheless, this study provides a strong foundation
for integrating objective biomarkers into the broader framework
of HS research and, pending further validation, may ultimately
support more rigorous and reproducible approaches to disease
monitoring and treatment evaluation moving forward.
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TABLE 1.
Baseline Demographic and Clinical Characteristics of Patients

With Hidradenitis Suppurativa (HS)
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TABLE 2.

Longitudinal Associations Between Inflammatory Markers and
Clinical Disease Severity in a Cohort of patients With Hidrad-

Age at Diagnosis (N = 128) 35.46 (13.52)

BMI (N = 123) 33.76 (7.86)
Sex (N = 128)

Male 42 (33.81)
Female 85 (66.41)
Other 1(0.78)
Race (N = 128)

White 15 (11.72)
Black 63 (49.22)
Asian 2 (1.56)
Other/Unknown 48 (37.5)
Ethnicity (N = 128)

Not Hispanic/Latino 67 (52.34)
Hispanic/Latino 46 (36.72)
Unknown 14 (10.94)
FST (N =73)

Il 5 (6.85)
1 11 (15.07)
v 17 (23.29)
\Y 31 (42.47)
Vi 9(12.33)
Insurance (N = 128)

Medicare/Medicaid 60 (46.88)
Commericial 65 (50.78)
Uninsured 3(2.34)
Language (N = 128)

English 122 (95.31)
Spanish 6 (4.69)
Smoking History (N = 128)

Never 81 (63.28)
Active 17 (13.28)
Former 30 (23.44)
Comorbidities

T2DM (N = 128) 27 (21.09)
Metabolic Syndrome (N = 128) 13 (10.16)
PCOS (N = 128) 13 (10.16)
IBD (N = 128) 2 (1.56)
Iron Supplementation (N = 128) 10 (7.87)
Disease Severity

HS-PGA (1-6) (N = 128) 3.27 (1.33)
NRS-Pain (0-10) (N = 127) 3.90 (3.45)
Laboratory Markers

Leukocytes (k/uL) (N = 128) 10.0 (3.65)
HGB (g/dL) (N = 128) 12.16 (1.93)
HCT (N = 128) 38.79 (5.23)
MCV (fL) (N = 128) 85.41 (7.66)
CRP (mg/dL) (N = 128) 3.03 (3.50)

ESR (mm/h) (N =127)
IL-6 (pg/mL) (N = 68)

60.32 (37.04)
33.30 (115.73)

Visit Characteristics (N = 1259) Median (IQR)
Visits Per Patient 8 (6)
Time Between Visits (days) 70 (84)
Follow-Up Duration (days) 878 (695)

Continuous variables are presented as mean (standard deviation), and categorical variables as counts
(percentages), unless otherwise specified. Reported averages for clinical and laboratory markers include
data from intake visit only to represent baseline disease severity of the cohort. Reported averages for
longitudinal measures (visits per patient, time between visits, follow-up duration) include data from all
visits. BMI, body mass index; FST, Fitzpatrick skin type; T2DM, type Il diabetes mellitus; PCOS, polycystic
ovarian syndrome; HS-PGA, Hidradenitis Suppurativa-Physician Global Assessment; NRS-pain,
Numerical Rating Scale for pain; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume;
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IL-6, interleukin-6; STD, standard deviation.

enitis Suppurativa.

Leukocytes 0.029 0.006 4.556 <0.001
HGB -0.161 0.017 -9.659 <0.001
HCT -0.053 0.007 -7775 <0.001
MCV -0.018 0.004 -4.684 <0.001
CRP 0.144 0.012 12.425 <0.001
ESR 0.012 0.001 12.228 <0.001
IL-6 0.005 0.001 5.933 <0.001

Results of a linear mixed-effects model evaluating the association between clinical and laboratory
predictors and HS-PGA score (n=128 patients). Subject was included as a random intercept to account
for multiple visits per patient. Reported are standardized regression coefficients (B), standard errors,
t-values, and P-values. HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; CRP,
C-reactive protein; ESR, erythrocyte sedimentation rate; IL-6, interleukin-6.
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To the Editor,

Hidradenitis suppurativa (HS) is a chronic inflammatory skin
condition characterized by painful nodules, abscesses, and
sinus tracts.” Though HS primarily affects intertriginous areas,
it may involve the mandible, post-auricular area, scalp, temples,
and nuchal skin." Previous studies in orthopedic literature have
demonstrated that patients with HS are at increased risk for
adverse postoperative events, including wound dehiscence
and surgical site infection.2 Mohs micrographic surgery (MMS)
is frequently performed to treat nonmelanoma skin cancer
(NMSC) and melanoma (MM), particularly of the head and neck.?
However, large-scale, real-world data assessing postoperative
complications of MMS in patients with HS remains limited.

In this retrospective cohort study using the TriNetX Research
Network, we evaluated whether HS is associated with increased
postoperative complication rates in patients undergoing MMS
for NMSC or MM. Patients with HS were identified using the
ICD-10-CM for HS (L73.2). Patients with conditions impairing
wound healing (epidermolysis bullosa, systemic sclerosis,
Ehlers-Danlos, or Marfan syndrome), a history of postoperative
complications prior to the study period, or systemic infection on
the day of MMS were excluded. Patients with HS were propensity
score matched on age, demographics, immunosuppressive
medications, and comorbidities to a comparator cohort without
HS. Postoperative complications were evaluated at 30 and 90
days following MMS with risk ratios (RR) and 95% confidence
intervals (Cl). Statistical significance was set at a two-tailed
P-value <0.05.

One thousand forty-six (1,046) patients with HS were compared
to 1,046 matched controls without HS (Table 1). At 30 days
postoperatively, patients with HS were at a significantly
increased risk of postoperative infection (RR 2.56, P=0.0026),
delayed wound healing (RR 2.24, P=0.012), and dehiscence
(RR 2.51, P=0.0047). At 90 days postoperatively, patients with
HS remained at a significantly increased risk of postoperative
infection (RR 2.17, P=0.003), delayed wound healing (RR 2.13,

P=0.0098), and dehiscence (RR 2.13, P=0.0077). Our results
suggest that HS is associated with postoperative infection,
delayed wound healing, and dehiscence following MMS.

The  pathophysiologic = mechanism  underlying these
adverse outcomes likely involves the chronic inflammatory
microenvironment in HS, which is characterized by bacterial
dysbiosis and persistent colonization of open wounds and sinus
tracts, serving as a reservoir for infection and delayed healing.*
Beyond local manifestations, HS involves systemic immune
dysregulation that may predispose patients to postoperative
complications. Dysregulation of SOX9, a transcription factor
essential for epithelial stem cell differentiation in wound repair,
alongside elevated TNF-a and IL-17 activity and CXCL12/13-
expressing fibroblasts, likely promote chronic inflammation and
impaired healing.’

Limitations of our study include reliance on ICD-10-CM coding,
retrospective design, and lack of clinical information on HS
location, Hurley stage, perioperative antibiotic use, defect size,
or repair type. Future prospective studies should clarify causality
and inform targeted risk mitigation strategies.

DISCLOSURES
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TABLE 1.

Baseline Demographic Characteristics of the Celecoxib, Sirolimus, and Acitretin Cohorts After Propensity Score Matching (PSM)

Postoperative infection 1000 (33) 1007 (13) 2.56 (1.35-4.83) 0.0026 1000 (43) 1007 (20) 2.17 (1.28-3.65) 0.003
Postoperative bleeding 1020 (<10) 1029 (<10) N/A N/A 1020 (<10) 1029 (<10) N/A N/A
Hematoma 1020 (<10) 1029 (<10) N/A N/A 1020 (12) 1029 (<10) N/A N/A
Delayed wound healing 1021 (29) 1023 (13) 2.24 (1.17-4.27) 0.012 1021 (34) 1023 (16) 2.13(1.18-3.83) 0.0098
Dehiscence 1022 (30) 1028 (12) 2.51(1.29-4.88) 0.0047 1022 (36) 1028 (17) 2.13 (1.20-3.77) 0.0077

Ethics Statement: Written informed consent from patients was
not required as information from TriNetX is deidentified.

Data Availability Statement: The data that support the findings
of this study are available from the corresponding author upon
reasonable request.
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INTRODUCTION

Neurodegenerative disorders are a prevalent cause of morbidity,
often carrying substantial physical and psychosocial burden.
Alzheimer’s disease (AD) and Parkinson’s disease (PD) are the most
common neurodegenerative disorders, and both have manifestations
that extend beyond the nervous system." Emerging evidence has
identified possible inflammatory, genetic, and biologic mechanisms
linking PD and AD to a range of dermatologic diseases. Awareness
of associations between cutaneous and neurologic disorders
may help physicians recognize comorbid skin disease and inform
dermatologic care for patients with mobility or cognitive challenges.
This review explores the relationship between neurodegenerative
disorders and the skin, highlighting possible mechanisms and
practical considerations for dermatologists caring for patients with
neurologic disease.

Parkinson’s Disease

PD occurs due to the progressive loss of dopaminergic neurons in
the substantia nigra, resulting in motor symptoms such as resting
tremor, bradykinesia, and shuffling-like gait.” A hallmark of PD is the
abnormal accumulation of phosphorylated alpha-synuclein proteins.
Phosphorylated alpha-synuclein can deposit in the brainstem,
contributing to the motor symptoms observed in PD. This protein
is also believed to deposit in peripheral cutaneous nerve fibers.2
A growing body of literature is emerging in favor of using skin
biopsies to support the diagnostic evaluation of PD, as opposed to
solely relying on clinical observation and symptoms.? Punch biopsies
of the skin have demonstrated high sensitivity and specificity
for detecting the presence of phosphorylated alpha-synuclein.?
A recent multi-center study demonstrated that 92.7% of participants
with PD tested positive for phosphorylated alpha-synuclein on
skin biopsy vs only 3.3% of control participants.* Dermatologists
may therefore play a collaborative role in supporting neurology
colleagues when diagnosing PD.

Additionally, a potential bidirectional relationship has been proposed
between PD and cutaneous melanoma. A recent retrospective cohort
study demonstrated that veterans with melanoma had a 47% higher
risk of PD compared to veterans without melanoma (adjusted HR 1.47;
Cl 1.37-1.57).5 Conversely, a cohort study with 333,990 participants
found that males over age 65 with PD had a 2.8 times higher risk
than those without PD to develop melanoma (HR 2.825; Cl 1.395-
5.721).% Several mechanisms have been theorized to support this
relationship, though current understanding remains inconclusive.”
One proposed theory suggests that alpha-synuclein can interfere

with activation of tyrosinase, a key enzyme in melanogenesis.
Suppression of tyrosinase activity can potentially increase the skin’s
susceptibility to ultraviolet-induced DNA damage.” Other theories
have implicated levodopa, a medication used in the management
of PD that also serves as a precursor in melanogenesis. Although
the shared role of levodopa in melanin synthesis and the treatment
of PD has prompted hypotheses, current evidence does not identify
levodopa as a driving factor of melanoma.” However, given the
relationship between PD and melanoma, the American Parkinson
Disease Association recommends annual skin checks for patients
with PD.2

Seborrheic dermatitis is also commonly associated with PD,
affecting an estimated 18% to 59% of patients with PD as compared
to roughly 4% of the general population.® Interestingly, seborrheic
dermatitis may precede the diagnosis of PD. A retrospective case-
control study identified an increased association between seborrheic
dermatitis and PD up to 15 years before PD diagnosis (OR 1.47; Cl
1.43-1.51). Alpha-synuclein has been proposed as a potential link
for these conditions. Alpha-synuclein can accumulate in peripheral
autonomic nerve fibers, which also innervate the sebaceous glands.
Dysfunction of these fibers due to alpha-synuclein accumulation
may alter sebum production, creating a favorable environment for
the development of seborrheic dermatitis.®

Alzheimer’s Disease

AD is characterized by progressive memory loss and executive
dysfunction due to an aberrant accumulation of amyloid plagques and
neurofibrillary tangles within the brain." AD has been associated with
psoriasis, with a cohort study revealing that subjects with psoriasis
had a 13% higher incidence of AD than subjects without psoriasis
(HR 1.13; CI 1.10-1.16)." However, a clear relationship between the
conditions has not been established. Inflammatory signaling has
been proposed as a shared mechanism, with a study conducted
in mice with transgenic AD demonstrating decreased cerebral
amyloid following inhibition of IL-12 and =23 signaling. Inhibition
of I-12 and IL-23 signaling is also a key tenet of psoriasis treatment,
suggesting potential for a shared inflammatory pathway between the
conditions.” Genetic overlap may also contribute to this connection,
with a genome-wide association study revealing a shared single
nucleotide polymorphism near the HLA-DRB5 gene.? Further
evidence is necessary to elucidate a pathophysiologic relationship
between psoriasis and AD.
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AD has also been associated with bullous pemphigoid (BP), with
a meta-analysis demonstrating an increased risk of all forms of
dementia in patients with BP (HR 1.41; Cl 1.20-1.66)." In patients
over the age of 80, those with BP had 40% higher odds of AD
compared to those without BP (adjusted OR 1.40; CI 1.10-1.78)."
While no mechanistic link has been identified between AD and BP,
researchers have proposed a cross-reactive autoimmune response
to the epidermal adhesion molecules BP180 and BP230. BP180 and
BP230 are the targets of autoimmune activity in BP, and homologues
of these proteins have been identified as present within the
nervous system. However, the evidence supporting this postulated
mechanism remains conflicting, warranting further investigation.™

Practical Considerations

The overlap between dermatologic and neurologic conditions
has important implications for interdisciplinary care. From a
neurology standpoint, awareness of the cutaneous associations
of neurodegenerative diseases can allow for prompt recognition
and referral to dermatology for appropriate management. From a
dermatology standpoint, it is crucial to be mindful of mobility and
cognitive status when working with patients who have PD and AD,
respectively.

When working with patients with neurodegenerative disorders,
it can be helpful to assess their ability to complete self-skin
examinations at home. If conducting self-examinations is of
concern, increasing the frequency of dermatology visits may be
considered based on shared decision-making between the patient
and provider.” Additionally, if topical medications are prescribed
for patients with movement disorders, it is important to assess the
ability of the patient to reach affected areas. If application of topical
treatments presents a challenge, oral medications should be more
strongly considered if appropriate.’ Dermatologists should also be
cognizant of the complexity of medication regimens when working
with patients experiencing dementia. Close collaboration between
dermatologists, patients, and their caregivers is crucial to establish
an effective and manageable care plan.®

Future Directions

PD and AD have meaningful cutaneous manifestations that warrant
awareness from both neurologists and dermatologists. While the
relationship between neurodegenerative disorders and associated
skin conditions has been well characterized by epidemiologic data,
emerging research continues to identify potential pathophysiologic
connections. Thus, additional studies should investigate possible
underlying mechanisms and employ longitudinal, prospective
designs to clarify directionality and causality of these associations.
Establishing a deeper understanding of the overlap between
neurodegenerative and dermatologic conditions can help inform
screening guidelines, identify therapeutic targets, and facilitate
streamlined interdisciplinary management for patients.
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