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Important Safety Information 
LEVULAN® KERASTICK® (aminolevulinic acid HCl) for topical  
solution, 20%, plus blue light illumination using the BLU-U® Blue  
Light Photodynamic Therapy Illuminator is indicated for the 
treatment of minimally to moderately thick actinic keratoses of  
the face or scalp, or actinic keratosis of the upper extremities.
Contraindicated in patients with cutaneous photosensitivity 
at wavelengths of 400–450 nm, porphyria, known allergies to 
porphyrins, and/or known sensitivity to any of the components  
of the LEVULAN KERASTICK. LEVULAN KERASTICK topical 
solution has not been tested on patients with inherited or  
acquired coagulation defects.
Transient amnestic episodes have been reported during 
postmarketing use of LEVULAN KERASTICK in combination 
with BLU-U Blue Light Photodynamic Therapy Illuminator. 
Inform patients and their caregivers that LEVULAN KERASTICK 
in combination with PDT may cause transient amnestic 
episodes. Advise patients to contact a healthcare provider if 
amnesia develops after treatment. Do not apply to the eyes 
or to mucous membranes as irritation may be experienced. 
Excessive irritation may occur if LEVULAN KERASTICK is 
applied under occlusion for longer than 3 hours. Occlusion is 
used only in the treatment of lesions of the upper extremities. 
LEVULAN KERASTICK topical solution should be applied 
by a qualified health professional to no more than 5 mm of 
perilesional skin surrounding each target lesion. During light 
treatment, both patients and medical personnel should be 
provided with blue blocking protective eyewear.

Patients should avoid exposure of the photosensitive treatment 
sites to sunlight or bright indoor light for 40 hours after LEVULAN 
KERASTICK topical solution application. Advise patients to  
protect treated areas with light-opaque clothing, such as long 
sleeves or a hat. Sunscreens will not protect the patient against 
photosensitivity reactions caused by visible light. 
Concomitant use of other known photosensitizing agents such 
as St. John’s wort, griseofulvin, thiazide diuretics, sulfonylureas, 
phenothiazines, sulfonamides, and tetracyclines might increase  
the photosensitivity reaction.
The most common local adverse reactions (incidence ≥ 10%) 
were erythema, edema, stinging/burning, scaling/crusting, 
itching, erosion, hypo/hyperpigmentation, oozing/vesiculation/
crusting, scaling, and dryness. In clinical trials, severe stinging 
and/or burning was reported by at least 50% of face and scalp 
patients and 9% of upper extremity patients at some time  
during treatment. 

Please see a Brief Summary of the full Prescribing 
Information on the following page. 

References: 1. Symphony Health. Actinic Keratosis Total Patient Share. June 2018. 2. Data on 
file, Sun Pharma. 3. LEVULAN KERASTICK (Prescribing Information). Sun Pharma; April 2018.

LEVULAN® KERASTICK® + BLU-U® HAS BEEN TRUSTED IN THE TREATMENT OF MINIMALLY  

TO MODERATELY THICK ACTINIC KERATOSIS* FOR MORE THAN 17 YEARS.

*Of the face or scalp

TRUSTED IN MORE THAN 3 MILLION PATIENT TREATMENTS NATIONWIDE2 
The proven in-office therapy 3, LEVULAN KERASTICK + BLU-U provides:

DEMONSTRATED EFFICACY DISTINCTIVE DELIVERY DEDICATED SUPPORT TEAM

SUN Dermatology is a division of Sun Pharmaceutical Industries, Inc. 
© 2018 Sun Pharmaceutical Industries, Inc. All rights reserved. 
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LEVULAN® KERASTICK® (aminolevulinic acid HCl) for Topical Solution, 20% 
Initial U.S. approval: 1999 

BRIEF SUMMARY OF PRESCRIBING INFORMATION
This Brief Summary does not include all the information needed to use 
LEVULAN KERASTICK safely and effectively.  See full prescribing information 
for LEVULAN KERASTICK. 

INDICATIONS AND USAGE 
LEVULAN KERASTICK for topical solution, a porphyrin precursor, plus blue 
light illumination using the BLU-U® Blue Light Photodynamic Therapy 
Illuminator is indicated for the photodynamic therapy (treatment) of 
minimally to moderately thick actinic keratoses of the face or scalp, or 
actinic keratoses of the upper extremities.

DOSAGE AND ADMINISTRATION:
The LEVULAN KERASTICK topical solution 20% is intended for direct 
application to individual lesions diagnosed as actinic keratoses and not to 
perilesional skin. This product is not intended for application by patients 
or unqualified medical personnel. Application should involve lesions on 
the scalp, face or upper extremities; multiple lesions can be treated within 
a treatment region, but multiple treatment regions should not be treated 
simultaneously. 

The recommended treatment frequency is one application of the LEVULAN 
KERASTICK topical solution and one dose of illumination per treatment 
region per 8-week treatment session. Each individual LEVULAN KERASTICK 
applicator should be used for only one patient. 

LEVULAN KERASTICK photodynamic therapy for actinic keratoses is a two-
stage process involving  application of the LEVULAN KERASTICK topical 
solution to the target lesions and then illumination with blue light using the 
BLU-U Blue Light Photodynamic Therapy Illuminator after 3 hours for upper 
extremity lesions or after 14-18 hours for face or scalp lesions.

CONTRAINDICATIONS
The LEVULAN KERASTICK for topical solution plus blue light illumination 
using the BLU-U Blue Light Photodynamic Therapy Illuminator is 
contraindicated in patients with cutaneous photosensitivity at wavelengths 
of 400-450 nm, porphyria or known allergies to porphyrins, and in patients 
with known sensitivity to any of the components of the LEVULAN KERASTICK.

WARNINGS AND PRECAUTIONS

Transient Amnestic Episodes
Transient amnestic episodes have been reported during postmarketing use 
of LEVULAN KERASTICK in combination with BLU-U Blue Light Photodynamic 
Therapy Illuminator. Inform patients and their caregivers that LEVULAN 
KERASTICK in combination with PDT may cause transient amnestic 
episodes. Advise them to contact a healthcare provider if the patient 
develops amnesia after treatment.

Photosensitivity
After LEVULAN KERASTICK topical solution has been applied, the treatment 
site will become photosensitive and patients should avoid exposure of 
the photosensitive treatment sites to sunlight or bright indoor light (e.g., 
examination lamps, operating room lamps, tanning beds, or lights at close 
proximity) for 40 hours. Exposure may result in a stinging and/or burning 
sensation and may cause erythema and/or edema of the lesions. Therefore, 
before exposure to sunlight, patients should protect treated lesions from 
the sun by wearing a wide-brimmed hat or similar head covering of light-
opaque material, and/or a long-sleeved shirt and/or gloves. Sunscreens will 
not protect against photosensitivity reactions caused by visible light. It has 
not been determined if perspiration can spread the LEVULAN KERASTICK 
topical solution outside the treatment site to the eye or surrounding skin.

Application of LEVULAN KERASTICK topical solution to perilesional areas of 
photodamaged skin of the face, scalp or upper extremities may result in 
photosensitization. Upon exposure to activating light from the BLU-U, such 
photosensitized skin may produce a stinging and/or burning sensation and 
may become erythematous and/or edematous in a manner similar to that of 
actinic keratoses treated with LEVULAN KERASTICK Photodynamic Therapy. 
Because of the potential for skin to become photosensitized, the LEVULAN 
KERASTICK topical solution should be used by a qualified health professional 
to apply drug to no more than 5mm of perilesional skin surrounding the 
target actinic keratosis lesions. If for any reason the patient cannot return 
for blue light treatment during the prescribed period after applying LEVULAN 
KERASTICK topical solution, the patient should call the doctor. The patient 
should also continue to avoid exposure of the photosensitized lesions to 
sunlight or prolonged or intense light for at least 40 hours. If stinging and/or 
burning is noted, exposure to light should be reduced.

Irritation
The LEVULAN KERASTICK topical solution contains alcohol and is intended 
for topical use only. Irritation may be experienced if this product is applied 
to eyes or mucous membranes. Do not apply to the eyes or to mucous 
membranes. Excessive irritation may be experienced if this product is 
applied under occlusion longer than 3 hours.

Coagulation Defects
The LEVULAN KERASTICK for topical solution has not been tested on patients 
with inherited or acquired coagulation defects.

ADVERSE REACTIONS
Because clinical trials are conducted under widely varying conditions, 
adverse reaction rate 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.

In clinical trials, no non-cutaneous adverse events were found to be 
consistently associated with LEVULAN KERASTICK photodynamic therapy.

Photodynamic Therapy Response: The constellation of transient local 
symptoms of stinging and/or burning, itching, erythema and edema as a 
result of LEVULAN KERASTICK photodynamic therapy (PDT) was observed in 
all clinical trials for actinic keratoses treatment. 

Local skin reactions at the application site were observed in 99% of 
subjects treated with LEVULAN KERASTICK topical solution and BLU-U Blue 
Light Photodynamic Therapy Illuminator. The most common local adverse 
reactions (incidence ≥ 10%) were application site stinging/burning, 
erythema, edema, scaling/crusting, hypo/hyperpigmentation, itching, 
erosion, oozing/vesiculation/crusting, dryness.

In the trials for face and scalp lesions, severe stinging and/or burning at 
one or more lesions during light treatment was reported by at least 50% 
of subjects. Severe stinging and/or burning also occurred during light 
treatment in 9% of subjects receiving treatment for upper extremity lesions. 

In trials for the face or scalp lesions, 99% of the active treatment group 
and 79% of the vehicle group experienced erythema shortly after treatment. 
In the trial for the upper extremity lesions, 99% of LEVULAN KERASTICK 
topical solution treatment group and 52% of the vehicle group experienced 
erythema on visit Days 2-3. Approximately 35% of LEVULAN KERASTICK 
topical solution group had edema, while edema occurred in <1% of the 
vehicle group. Both erythema and edema resolved to baseline or improved 
by 4 weeks after therapy for face or scalp. Edema resolved by 4 weeks 
and erythema resolved to baseline by 8 weeks for upper extremities. The 
application of LEVULAN KERASTICK topical solution to perilesional skin 
resulted in stinging, burning, erythema and edema similar to treated actinic 
keratosis

Other Localized Cutaneous Adverse Experiences: Table 1 depicts the 
incidence and severity of cutaneous adverse events in trials for the face and 
scalp. Table 2 depicts the percentage of subjects with cutaneous adverse 
reactions by the most severe grade reported in course of the trial for the 
upper extremity lesions.

In the trial for upper extremity lesions, itching and scabbing occurred in 
8% and 4%, respectively, of the subjects in the LEVULAN KERASTICK 
photodynamic therapy group. No subjects in the vehicle group reported 
itching or scabbing.

Common (>2%, <10%) local cutaneous adverse reactions for face, scalp 
and upper extremities in the LEVULAN KERASTICK topical solution group 
included wheal, scabbing, pustules, ulceration, bleeding, tenderness and 
dysesthesia.

Uncommon (<2%) local cutaneous adverse reactions for face, scalp and 
upper extremities in the LEVULAN KERASTICK topical solution group were 
flaking, pain, peeling, perilesional pruritic rash, excoriation and blistering.

Common (>2%, <10%) adverse reactions not limited to the application 
site for upper extremities and occurring more frequently in the LEVULAN 
KERASTICK topical solution group than in the vehicle group were sinusitis, 
squamous cell carcinoma, and squamous cell carcinoma of skin.

Postmarketing experience:
The following adverse reactions have been reported during post-approval 
use of LEVULAN KERASTICK. Because these reactions are reported voluntarily 
from a population of uncertain size, it is not always possible to reliably 
estimate their frequency or establish a causal relationship to drug exposure.

Nervous system disorders: transient amnestic episodes

DRUG INTERACTIONS
There have been no formal studies of the interaction of LEVULAN KERASTICK 
topical solution with any other drugs, and no drug-specific interactions were 
noted during any of the controlled clinical trials. It is, however, possible 
that concomitant use of other known photosensitizing agents such as St. 
John’s wort, griseofulvin, thiazide diuretics, sulfonylureas, phenothiazines, 
sulfonamides and tetracyclines might increase the photosensitivity reaction 
of actinic keratoses treated with LEVULAN KERASTICK topical solution.

USE IN SPECIFIC POPULATIONS:

Pregnancy
Limited available data with LEVULAN KERASTICK topical solution use in 
pregnant women are insufficient to inform a drug associated risk of adverse 
developmental outcomes. Animal developmental toxicology studies were 
not conducted with aminolevulinic acid. LEVULAN KERASTICK solution has 
low systemic absorption following topical administration, and the risk of 
maternal use resulting in fetal exposure to the drug is unknown.

Lactation
There are no data on the presence of LEVULAN KERASTICK topical solution in 
either human or animal milk, the effects on the breastfed infant or on milk 
production. The developmental and health benefits of breastfeeding should 
be considered along with the mother’s clinical need for LEVULAN KERASTICK 
topical solution and any potential adverse effects on the breastfeeding child 
from LEVULAN KERASTICK topical solution or from the underlying maternal 
condition.

Pediatric Use
The safety and effectiveness in pediatric patients below the age of 18 have 
not been established. Actinic keratosis is not a disease generally seen in the 
pediatric population.

Geriatric Use
Of the 512 subjects in Phase 3 clinical trials of LEVULAN KERASTICK topical 
solution, 63% (321/512) were 65 years old and over, while 24% (123/512) 
were 75 years old and over. No overall differences in safety or substantial 
differences in effectiveness were observed between these subjects and 
younger subjects, but greater sensitivity of some older individuals cannot 
be ruled out.

OVERDOSAGE
In the event that the drug is ingested, monitoring and supportive care 
are recommended. The patient should be advised to avoid incidental 
exposure to intense light sources for at least 40 hours after ingestion. The 
consequences of exceeding the recommended topical dosage are unknown. 
There is no information on overdose of blue light from the BLU-U Blue Light 
Photodynamic Therapy Illuminator following LEVULAN KERASTICK topical 
solution application.

PATIENT COUNSELING
Advise the patient to read the FDA-approved patient labeling (Patient 
Information).

Transient Amnestic Episodes
Transient episodes of amnesia have been reported with LEVULAN KERASTICK 
in combination with BLU-U Blue Light Photodynamic Therapy Illuminator. 
Advise patients and their families or caregivers to contact their healthcare 
provider if memory impairment, confusion, or disorientation is observed.

Photosensitivity
Advise patients that after LEVULAN KERASTICK topical solution has been 
applied, the treatment site will become photosensitive and that they should 
avoid exposure of the photosensitive treatment sites to sunlight or bright 
indoor light (e.g., examination lamps, operating room lamps, tanning 
beds, or lights at close proximity) for 40 hours. Advise patients to protect 
treated lesions from the sun by wearing a wide-brimmed hat or similar 
head covering of light-opaque material, and/or a long-sleeved shirt and/or 
gloves. Advise patients sunscreens will not protect against photosensitivity 
reactions caused by visible light. It has not been determined if perspiration 
can spread the LEVULAN KERASTICK topical solution outside the treatment 
site to the eye or surrounding skin. 

If for any reason the patient cannot return for blue light treatment during 
the prescribed period after applying LEVULAN KERASTICK topical solution, 
advise patients to call the doctor. Advise patient to continue to avoid 
exposure of the photosensitized lesions to sunlight or prolonged or intense 
light for at least 40 hours. Advise patients to avoid certain medications that 
may enhance the phototoxic reaction to PDT.

Common Adverse Reactions
Inform patients that treatment with LEVULAN KERASTICK topical solution 
plus BLU-U Blue Light Photodynamic Therapy Illuminator may result in 
sensitivity to light, skin irritation and local skin reactions including erythema, 
edema, stinging/burning, scaling, crusting, oozing, vesiculation, wheal, 
scabbing, pustules, ulceration, itching, erosion, hypo/hyperpigmentation, 
bleeding, tenderness, dysesthesia, and dryness.

You are encouraged to report negative side effects of prescription drugs to 
the FDA. Visit www.FDA.gov/medwatch or call 1-800-FDA-1088.

LEVULAN, KERASTICK, BLU-U and DUSA are registered trademarks of DUSA 
Pharmaceuticals, Inc., a Sun Pharma company. 

©2018 DUSA Pharmaceuticals, Inc. All rights reserved.

Manufactured for: DUSA Pharmaceuticals, Inc.® 25 Upton Drive, 
Wilmington, MA 01887

For more information please 
contact: 1-877-533-3872 

www.levulan.com
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TABLE 1 Post-PDT Cutaneous Adverse Events – ALA-018/ALA-019 For the Face and Scalp 
 FACE SCALP 

 

LEVULAN 
KERASTICK 

Topical Solution + 
PDT (n=139) 

Vehicle + PDT 
 (n=41) 

LEVULAN 
KERASTICK 

Topical Solution + 
PDT (n=42) 

Vehicle + PDT 
(n=21) 

Degree of Severity Mild/ 
Moderate Severe Mild/ 

Moderate Severe Mild/ 
Moderate Severe Mild/ 

Moderate Severe 

Scaling/Crusting 71% 1% 12% 0% 64% 2% 19% 0% 
Pain 1% 0% 0% 0% 0% 0% 0% 0% 
Tenderness 1% 0% 0% 0% 2% 0% 0% 0% 
Itching 25% 1% 7% 0% 14% 7% 19% 0% 
Edema 1% 0% 0% 0% 0% 0% 0% 0% 
Ulceration 4% 0% 0% 0% 2% 0% 0% 0% 
Bleeding/Hemorrhage 4% 0% 0% 0% 2% 0% 0% 0% 
Hypo/hyper-pigmentation 22% 20% 36% 33% 
Vesiculation 4% 0% 0% 0% 5% 0% 0% 0% 
Pustules 4% 0% 0% 0% 0% 0% 0% 0% 
Oozing 1% 0% 0% 0% 0% 0% 0% 0% 
Dysesthesia 2% 0% 0% 0% 0% 0% 0% 0% 
Scabbing 2% 1% 0% 0% 0% 0% 0% 0% 
Erosion 14% 1% 0% 0% 2% 0% 0% 0% 
Excoriation 1% 0% 0% 0% 0% 0% 0% 0% 
Wheal/Flare 7% 1% 0% 0% 2% 0% 0% 0% 
Skin disorder NOS 5% 0% 0% 0% 12% 0% 5% 0% 

TABLE 2 Percentage of Subjects with Cutaneous Adverse Reactions by the Most Severe 
Grade Reported Post-Baseline – CP0108 For Upper Extremities 

 LEVULAN KERASTICK  
Topical Solution + PDT   

(N=135) 

Vehicle + PDT 
 

(N=134) 
Degree of Severity Minimal/ 

Mild 
Moderate/ 

Severe 
Total Minimal/ 

Mild 
Moderate/ 

Severe 
Total 

Edema 51% 4% 56% 7% 1% 8% 
Erythema 35% 65% 100% 63% 12% 75% 
Hyper-pigmentation 64% 9% 73% 57% 10% 66% 
Hypo-pigmentation 46% 4% 50% 50% 5% 55% 
Oozing/Vesiculation/ 
Crusting 36% 5% 41% 8% 2% 10% 
Scaling and Dryness 65% 22% 87% 58% 7% 64% 
Stinging/Burning 23% 73% 96% 23% 0% 23% 
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A unique combination of ceramides•
• Niacinamide

• Glycolic acid

• Retinol

• Hyaluronic acid

The unique combination of ingredients in DerMend Fragile Skin 
Moisturizing Formula can help rejuvenate thin, fragile skin, giving 
it a more youthful appearance.

Rejuvenate Thin, Fragile Skin

Steroid-free•

Helps improve skin texture with
moisturizers and skin conditioning agents

•
Relieves itch quickly with pramoxine HCl•

DerMend Moisturizing Anti-Itch Lotion offers targeted, 
gentle care to relieve dry, itchy and irritated skin
without steroids. The exclusive formula restores 
much-needed moisture to mature skin and the
pramoxine HCl safely stops itch quickly and effectively.

Fast, Effective Itch Relief

• Niacinamide

• Vitamin K

• Arnica oil

• Ceramides

• Glycolic acid

• Retinol

DerMend Moisturizing Bruise Formula offers targeted care to 
improve the appearance of bruised skin while rejuvenating and 
helping restore the skin’s natural barrier with:

Improve the Appearance of Bruised Skin

DerMend® Mature Skin Solutions offers products designed with dermatologists specifically for 
the unique skin conditions mature patients experience.

The DerMend line of products contains unique formulas to help restore, rejuvenate and maintain 
skin health and a more youthful appearance for mature patients.
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The only FDA-approved treatment with a potent-to-superpotent steroid that can be used until control is achieved 

The effi  cacy and safety of DUOBRII Lotion was investigated in two 8-week clinical trials and an additional 1 year safety study.1,3 

Discontinue treatment with DUOBRII Lotion when control is achieved or if atrophy, striae, telangiectasias, or folliculitis occurs.1

Halobetasol (0.01%) 
Provides powerful 

antiinfl ammatory effects and 
reduces skin irritation, which is 

often associated with retinoids1,4,5

The fi rst and only steroid/retinoid therapy, allowing halobetasol
and tazarotene to work together in an advanced, once-daily 
lotion that can be dosed to clearance1-3

American Academy of Dermatology (AAD) Guidelines give the combination of a corticosteroid 
and a retinoid an A rating with Evidence Level I for the treatment of psoriasis4

®/TM are trademarks of Ortho Dermatologics’ affi liated entities. ©2019 Ortho Dermatologics’ affi liated entities. DUO.0052.USA.18

Please see Brief Summary of full Prescribing Information 
on the following page.
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Learn more at DUOBRII.com 

Indication
DUOBRII™ (halobetasol propionate and tazarotene) Lotion, 
0.01%/0.045%, is indicated for the topical treatment of plaque 
psoriasis in adults.

Important Safety Information
Contraindication 
DUOBRII Lotion is contraindicated in pregnancy. 

Warnings and Precautions
• Women of child-bearing potential should be warned of the 

potential risk of fetal harm from DUOBRII and use adequate birth-
control. A negative result for pregnancy should be obtained within 
2 weeks prior to treatment. If the patient becomes pregnant during 
treatment, discontinue DUOBRII Lotion and advise patient of the 
potential hazard to the fetus.

• DUOBRII Lotion has been shown to suppress the hypothalamic-
pituitary-adrenal (HPA) axis during or after treatment and may 
require that patients be evaluated periodically during treatment. 

• Predisposing factors for HPA axis suppression include: use of more 
potent corticosteroids, use on large areas, use under occlusive 
dressings, use on altered skin barrier, concomitant use of other 
steroids, liver failure and young age.

• Systemic e� ects of topical corticosteroids may also include 
Cushing’s syndrome, hyperglycemia, and glucosuria.

• Local adverse reactions may include atrophy, striae, 
telangiectasias, folliculitis and contact dermatitis. If these e� ects 
occur, discontinue until the integrity of the skin has been restored. 
Do not resume treatment if contact dermatitis is identifi ed. 
DUOBRII Lotion should not be used on eczematous skin, as it 
may cause severe irritation. 

• Avoid exposure to sunlight, sunlamps and weather extremes. 
Patients with sunburn should be advised not to use 
DUOBRII Lotion until fully recovered. DUOBRII Lotion should 
be administered with caution if the patient is also taking drugs 
known to be photosensitizers because of the increased potential 
for photosensitivity.

• Topical corticosteroids may increase the risk of cataracts and 
glaucoma; advise patients to report any visual symptoms and 
refer to an ophthalmologist if needed.

Adverse Events 
• The most common adverse events in clinical trials were contact 

dermatitis (7%), application site pain (3%), folliculitis (2%), skin 
atrophy (2%), and excoriation (2%). 

To report SUSPECTED ADVERSE REACTIONS, contact 
Ortho Dermatologics at 1-800-321-4576 or FDA at 1-800-FDA-1088 
or visit www.fda.gov/medwatch.

bettertogether
For adults with plaque psoriasis

Tazarotene (0.045%) 
Regulates cell growth and 
specialization to reduce 
hyperproliferation, increases 
collagen, and extends remission 
post treatment4,6,7

The only FDA-approved treatment with a potent-to-superpotent steroid that can be used until control is achieved 

Tazarotene (0.045%) 
Regulates cell growth and 
specialization to reduce 
hyperproliferation, increases 
collagen, and extends remission 
post treatment
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BRIEF SUMMARY OF PRESCRIBING INFORMATION
This Brief Summary does not include all the information needed to prescribe 
DUOBRII safely and effectively.  See full Prescribing Information for DUOBRII.

DUOBRII™ (halobetasol propionate and tazarotene) Lotion, 
0.01%/0.045% for topical use
INDICATIONS AND USAGE  
DUOBRII (halobetasol propionate and tazarotene) Lotion, 0.01%/0.045% is indicated for 
the topical treatment of plaque psoriasis in adults.
CONTRAINDICATIONS
Pregnancy 
DUOBRII Lotion is contraindicated in pregnancy [see Warnings and Precautions and Use 
in Specific Populations].
WARNINGS AND PRECAUTIONS
Embryofetal Risk
Based on data from animal reproduction studies, retinoid pharmacology, and the 
potential for systemic absorption, DUOBRII Lotion may cause fetal harm when 
administered to a pregnant female and is contraindicated during pregnancy. Tazarotene 
is teratogenic, and it is not known what level of exposure is required for teratogenicity 
in humans [see Contraindications and Clinical Pharmacology]. Tazarotene elicits 
teratogenic and developmental effects associated with retinoids after topical or 
systemic administration in rats and rabbits [see Use in Specific Populations]. 
Advise pregnant females of the potential risk to a fetus. Obtain a pregnancy test within 
2 weeks prior to DUOBRII Lotion therapy. Initiate DUOBRII Lotion therapy during a 
menstrual period. Advise females of reproductive potential to use effective 
contraception during treatment with DUOBRII Lotion therapy [see Use in 
Specific Populations]. 
Hypothalamic-Pituitary-Adrenal (HPA) Axis Suppression and Other Unwanted 
Systemic Glucocorticoid Effects
DUOBRII Lotion contains halobetasol propionate, a corticosteroid, and has been shown 
to suppress the hypothalamic-pituitary-adrenal (HPA) axis. 
Systemic effects of topical corticosteroids may include reversible HPA axis suppression 
with the potential for glucocorticosteroid insufficiency. This may occur during treatment 
or upon withdrawal of treatment of the topical corticosteroid. 
The potential for hypothalamic-pituitary-adrenal (HPA) axis suppression with DUOBRII 
Lotion was evaluated in a study of 20 adult subjects with moderate to severe plaque 
psoriasis involving ≥20% of their body surface area. The subjects were treated once 
daily for 8 weeks and assessed for HPA axis suppression at Weeks 4 and 8. HPA axis 
suppression occurred in 3 out of 20 (15%) subjects at Week 4 and none (0%) of these 20 
subjects had HPA axis suppression at Week 8 [see Clinical Pharmacology in full 
Prescribing Information]. 
Because of the potential for systemic absorption, use of topical corticosteroids, including 
DUOBRII Lotion, may require that patients be evaluated periodically for evidence of HPA 
axis suppression. Factors that predispose a patient using a topical corticosteroid to HPA 
axis suppression include the use of more potent corticosteroids, use over large surface 
areas, occlusive use, use on an altered skin barrier, concomitant use of multiple 
corticosteroid-containing products, liver failure, and young age. An adrenocorticotropic 
hormone (ACTH) stimulation test may be helpful in evaluating patients for HPA 
axis suppression. 
If HPA axis suppression is documented, attempt to gradually withdraw the drug or 
reduce the frequency of application. Manifestations of adrenal insufficiency may require 
supplemental systemic corticosteroids. Recovery of HPA axis function is generally 
prompt and complete upon discontinuation of topical corticosteroids. 
Systemic effects of topical corticosteroids may also include Cushing’s syndrome, 
hyperglycemia, and glucosuria. Use of more than one corticosteroid-containing product 
at the same time may increase the total systemic exposure to topical corticosteroids. 
Pediatric patients may be more susceptible than adults to systemic toxicity from the use 
of topical corticosteroids because of their larger surface-to-body mass ratio [see Use in 
Specific Populations]. 
Local Adverse Reactions
Local adverse reactions may include atrophy, striae, telangiectasias, folliculitis and 
contact dermatitis. Some local adverse reactions may be irreversible. If these adverse 
reactions occur, discontinue the medication at least until the integrity of the skin is 
restored; do not resume treatment if allergic contact dermatitis is identified. 
Avoid use of DUOBRII Lotion on eczematous skin, as it may cause severe irritation. 
Photosensitivity and Risk for Sunburn
Because of heightened burning susceptibility, exposure to sunlight (including sunlamps) 
should be avoided unless deemed medically necessary, and in such cases, exposure 
should be minimized during the use of DUOBRII Lotion. Patients must be instructed to 
use sunscreens and protective clothing when using DUOBRII Lotion. Patients with 
sunburn should be advised not to use DUOBRII Lotion until fully recovered. Patients who 
may have considerable sun exposure due to their occupation and those patients with 
inherent sensitivity to sunlight should exercise particular caution when using 
DUOBRII Lotion. 
DUOBRII Lotion should be administered with caution if the patient is also taking drugs 
known to be photosensitizers (e.g., thiazides, tetracyclines, fluoroquinolones, 
phenothiazines, sulfonamides) because of the increased possibility of augmented 
photosensitivity. 
Ophthalmic Adverse Reactions 
Use of topical corticosteroids may increase the risk of posterior subcapsular cataracts 
and glaucoma. Cataracts and glaucoma have been reported postmarketing with the use 
of topical corticosteroid products. Advise patients to report any visual symptoms and 
consider referral to an ophthalmologist for evaluation. 
Concomitant Skin Infections 
Use an appropriate antimicrobial agent if a skin infection is present or develops. If a 
favorable response does not occur promptly, discontinue use of DUOBRII Lotion until the 
infection has been adequately treated.

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 clinical practice. 
In randomized, double-blind, multicenter, vehicle-controlled clinical trials, 410 adults 
with plaque psoriasis were treated with DUOBRII Lotion or vehicle lotion and had 
post-baseline safety data. Subjects applied DUOBRII Lotion or vehicle lotion once daily 
for up to eight weeks. The adverse reactions occurring in ≥1% of the subjects treated 
with DUOBRII through Week 8 were contact dermatitis (7%), application site pain (3%), 
folliculitis (2%), skin atrophy (2%), and excoriation (2%). 
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on data from animal reproduction studies, retinoid pharmacology, and the 
potential for systemic absorption, DUOBRII Lotion may cause fetal harm when 
administered to a pregnant female and is contraindicated during pregnancy. Safety in 
pregnant females has not been established. The potential risk to the fetus outweighs 
the potential benefit to the mother from DUOBRII Lotion during pregnancy; therefore, 
DUOBRII Lotion should be discontinued as soon as pregnancy is recognized [see 
Contraindications, Warnings and Precautions, Clinical Pharmacology].
Observational studies suggest an increased risk of low birthweight in infants with the 
maternal use of potent or very potent topical corticosteroids (see Data).
In animal reproduction studies with pregnant rats, reduced fetal body weights and 
reduced skeletal ossification were observed after topical administration of a tazarotene 
gel formulation during the period of organogenesis at a dose 11 times the maximum 
recommended human dose (MRHD) (based on AUC comparison). In animal reproduction 
studies with pregnant rabbits, single incidences of known retinoid malformations, 
including spina bifida, hydrocephaly, and heart anomalies were observed after topical 
administration of a tazarotene gel formulation at 116 times the MRHD (based on AUC 
comparison) (see Data).
In animal reproduction studies with pregnant rats and rabbits, malformations, fetal 
toxicity, developmental delays, and/or behavioral delays were observed after oral 
administration of tazarotene during the period of organogenesis at doses 9 and 228 
times, respectively, the MRHD (based on AUC comparison). In pregnant rats, decreased 
litter size, decreased numbers of live fetuses, decreased fetal body weights, and 
increased malformations were observed after oral administration of tazarotene prior to 
mating through early gestation at doses 9 times the MRHD (based on AUC 
comparison) (see Data).
In animal reproduction studies, increased malformations, including cleft palate and 
omphalocele, were observed after oral administration of halobetasol propionate during 
the period of organogenesis to pregnant rats and rabbits (see Data). The available data 
do not support relevant comparisons of systemic halobetasol propionate exposures 
achieved in the animal studies to exposures observed in humans after topical use of 
DUOBRII Lotion.
The background risk of major birth defects and miscarriage for the indicated population 
is unknown. All pregnancies have a background risk of birth defect, loss, or other 
adverse outcomes. The background risk in the U.S. general population of major birth 
defects is 2 to 4%, and of miscarriage is 15 to 20%, of clinically recognized pregnancies.
Data
Human Data
Available observational studies in pregnant women did not identify a drug-associated 
risk of major birth defects, preterm delivery, or fetal mortality with the use of topical 
corticosteroids of any potency. However, when the dispensed amount of potent or very 
potent topical corticosteroids exceeded 300 g during the entire pregnancy, maternal use 
was associated with an increased risk of low birth weight in infants.
Animal Data
Halobetasol propionate has been shown to cause malformations in rats and rabbits 
when given orally during organogenesis at doses of 0.04 to 0.1 mg/kg/day in rats and 
0.01 mg/kg/day in rabbits. Halobetasol propionate was embryotoxic in rabbits but not in 
rats. Cleft palate was observed in both rats and rabbits. Omphalocele was seen in rats 
but not in rabbits.
In an embryofetal development study in rats, a tazarotene gel formulation, 0.5% (0.25 
mg/kg/day tazarotene) was topically administered to pregnant rats during gestation 
days 6 through 17. Reduced fetal body weights and reduced skeletal ossification 
occurred at this dose (11 times the MRHD based on AUC comparison). In an embryofetal 
development study in rabbits, a tazarotene gel formulation, 0.5%, 0.25 mg/kg/day 
tazarotene) was topically administered to pregnant rabbits during gestation days 6 
through 18. Single incidences of known retinoid malformations, including spina bifida, 
hydrocephaly, and heart anomalies were noted at this dose (116 times the MRHD based 
on AUC comparison).
When tazarotene was given orally to animals, developmental delays were seen in rats; 
malformations and post-implantation loss were observed in rats and rabbits at doses 
producing 9 and 228 times, respectively, the MRHD (based on AUC comparisons).
In female rats orally administered 2 mg/kg/day of tazarotene from 15 days before 
mating through gestation day 7, classic developmental effects of retinoids including 
decreased number of implantation sites, decreased litter size, decreased numbers of 
live fetuses, and decreased fetal body weights were observed at this dose (16 times the 
MRHD based on AUC comparison). A low incidence of retinoid-related malformations 
was observed at that dose.
In a pre- and postnatal development toxicity study, topical administration of a 
tazarotene gel formulation (0.125 mg/kg/day) to pregnant female rats from gestation 
day 16 through lactation day 20 reduced pup survival but did not affect the reproductive 
capacity of the offspring. Based on data from another study, the systemic drug 
exposure in the rat at this dose would be equivalent to 5 times the MRHD (based on 
AUC comparison).
Lactation
Risk Summary
There are no data on the presence of tazarotene, halobetasol propionate or its 
metabolites in human milk, the effects on the breastfed infant, or the effects on milk 
production after treatment with DUOBRII Lotion.
After single topical doses of a 14C-tazarotene gel formulation to the skin of lactating rats, 
radioactivity was detected in rat milk.

It is not known whether topical administration of corticosteroids could result in 
sufficient systemic absorption to produce detectable quantities in human milk.
The developmental and health benefits of breastfeeding should be considered along 
with the mother’s clinical need for DUOBRII Lotion and any potential adverse effects on 
the breastfed child from DUOBRII Lotion.
Clinical Considerations
Advise breastfeeding women not to apply DUOBRII Lotion directly to the nipple and 
areola to avoid direct infant exposure.
Females and Males of Reproductive Potential
Pregnancy Testing
DUOBRII Lotion is contraindicated in women who are pregnant. Females of reproductive 
potential should be warned of the potential risk and use adequate birth-control 
measures during treatment with DUOBRII Lotion. The possibility that a female of 
reproductive potential is pregnant at the time of institution of therapy should be 
considered. A negative result for pregnancy should be obtained within 2 weeks prior to 
DUOBRII Lotion therapy, which should begin during menstruation.
Contraception
Based on animal studies, DUOBRII Lotion may cause fetal harm when administered to a 
pregnant female [see Use in Specific Populations]. Advise females of reproductive 
potential to use effective contraception during treatment with DUOBRII Lotion. 
Pediatric Use
Safety and effectiveness of DUOBRII Lotion in pediatric patients under the age of 18 
years have not been evaluated.
Because of higher skin surface area to body mass ratios, pediatric patients are at a 
greater risk than adults of HPA axis suppression and Cushing’s syndrome when they are 
treated with topical corticosteroids. They are therefore also at greater risk of adrenal 
insufficiency during or after withdrawal of treatment. Adverse reactions including striae 
have been reported with use of topical corticosteroids in infants and children [see 
Warnings and Precautions].
HPA axis suppression, Cushing’s syndrome, linear growth retardation, delayed weight 
gain, and intracranial hypertension have been reported in children receiving topical 
corticosteroids. Manifestations of adrenal suppression in children include low plasma 
cortisol levels and an absence of response to ACTH stimulation. Manifestations of 
intracranial hypertension include bulging fontanelles, headaches, and bilateral 
papilledema [see Warnings and Precautions].
Geriatric Use
Of the 270 subjects exposed to DUOBRII Lotion in clinical trials, 39 subjects were 65 years 
or older. Clinical trials of DUOBRII Lotion did not include sufficient numbers of subjects 
age 65 years and older to determine whether they respond differently from 
younger subjects. 
NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, Impairment of Fertility
Long-term animal studies have not been performed to evaluate the carcinogenic 
potential of halobetasol propionate.
A long-term study of tazarotene following oral administration of 0.025, 0.050, and 0.125 
mg/kg/day to rats showed no indications of increased carcinogenic risks. Based on 
pharmacokinetic data from a shorter term study in rats, the highest dose of 
0.125 mg/kg/day was anticipated to give systemic exposure in the rat equivalent to 1.4 
times the MRHD (based on AUC comparison).
A long-term study with topical application of up to 0.1% of tazarotene in a gel 
formulation in mice terminated at 88 weeks showed that dose levels of 0.05, 0.125, 0.25, 
and 1 mg/kg/day (reduced to 0.5 mg/kg/day for males after 41 weeks due to severe 
dermal irritation) revealed no apparent carcinogenic effects when compared to vehicle 
control animals. Tazarotenic acid systemic exposure at the highest dose was 35 times 
the MRHD (based on AUC comparison).
Halobetasol propionate was not genotoxic in the Ames assay, in the sister chromatid 
exchange test in Chinese hamster somatic cells, in chromosome aberration studies of 
germinal and somatic cells of rodents, and in a mammalian spot test. Positive 
mutagenicity effects were observed in a mouse lymphoma gene mutation assay in 
vitro and in a Chinese hamster micronucleus test.
Tazarotene was non-mutagenic in the Ames assay and did not produce structural 
chromosomal aberrations in human lymphocytes. Tazarotene was non-mutagenic in 
the CHO/HGPRT mammalian cell forward gene mutation assay and was non-clastogenic 
in an in vivo mouse micronucleus test.
Studies in rats following oral administration of halobetasol propionate at dose levels up 
to 0.05 mg/kg/day, approximately 0.53 times the MRHD based on BSA comparisons, 
indicated no impairment of fertility or general reproductive performance.
No impairment of fertility occurred in rats when male animals were treated for 70 days 
prior to mating and female animals were treated for 14 days prior to mating and 
continuing through gestation and lactation with topical doses of a tazarotene gel 
formulation up to 0.125 mg/kg/day. Based on data from another study, the systemic 
drug exposure in the rat at the highest dose was 5 times the MRHD (based on 
AUC comparison).
No impairment of mating performance or fertility was observed in male rats treated for 
70 days prior to mating with oral doses of up to 1 mg/kg/day tazarotene, which 
produced a systemic exposure 17 times the MRHD (based on AUC comparison).
No impairment of mating performance or fertility was observed in female rats treated 
for 15 days prior to mating and continuing through gestation day 7 with oral doses of 
tazarotene up to 2 mg/kg/day. However, there was a significant decrease in the number 
of estrous stages and an increase in developmental effects at that dose, which produced 
a systemic exposure 30 times the MRHD (based on AUC comparison).
Manufactured for:
Bausch Health Americas, Inc. 
Bridgewater, NJ 08807 USA
By:
Bausch Health Companies Inc.  
Laval, Quebec H7L 4A8, Canada 
U.S. Patent Numbers: 6,517,847; 8,809,307 and 10,251,895 
DUOBRII is a trademark of Ortho Dermatologics’ affiliated entities.
©2019 Bausch Health Companies Inc. or its affiliates. 
DUO.0039.USA.18     Based on 9645601
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FACTS ABOUT
MOLLUSCUM CONTAGIOSUM
Not representative of all patients.

How prevalent is molluscum?
• Approximately six million people in the 

United States are affected by molluscum.6-7

• Nearly 90 percent of people diagnosed with 
molluscum are children under 18 years of age.8

• Of those diagnosed, more than 50 percent  
 are children six years old or younger.8

How does molluscum impact quality 
of life?
• Children with molluscum may experience social 

challenges or embarrassment by the appearance 
and persistence of the skin lesions, causing a 
negative impact on their quality of life.3-4

• Children with molluscum may be restricted 
from some of their activities such as swimming, 
gymnastics, or contact sports until the lesions 
have completely cleared.9

• Complications from molluscum can also arise 
such as skin irritation, infl ammation, eczema 
onset or fl are and bacterial infection.1,6

References: 1. Silverberg NB. Pediatric molluscum contagiosum: optimal treatment strategies. Paediatr Drugs. 2003;5(8):505-12. 2. Highet AS. Molluscum contagiosum. Arch 
Dis Child. 1992;67(10):1248-9. 3. Sladden MJ, Johnston GA. Common skin infections in children. BMJ. 2004;329(7457):95-9. 4. Olsen JR, Gallacher J, Finlay AY, et al. Time to 
resolution and effect on quality of life of molluscum contagiosum in children in the UK: a prospective community cohort study. Lancet Infect Dis. 2015;15(2):190-5. 5. Hughes 
CM, Damon IK, Reynolds MG. Understanding U.S. Healthcare Provider Practices and Experiences with Molluscum Contagiosum. 
PLoS One. 2013;8(10):e76948. 6. Olsen JR, Gallacher J, Piguet V, Francis NA. Epidemiology of molluscum contagiosum in children: a 
systematic review. Fam Pract. 2014;31(2):130-6. 7. United States National Center for Health Statistics. Annual estimates of the resident 
population by single year of age and sex for the United States: April 1, 2010 to July 1, 2016 (NC-EST2016-AGESEX-RES). 8. IQVIA 
Market sizing data projected from 12 months data ending September 2017. 9. Davies HD, Jackson MA, Rice SG, et al. Infectious 
Diseases Associated With Organized Sports and Outbreak Control. Pediatrics. 2017;140(4). 

WHAT IS MOLLUSCUM CONTAGIOSUM (MOLLUSCUM)?
Molluscum is a highly contagious viral skin infection caused by a pox virus that mainly affects children.1

The infection is spread through skin-to-skin contact or by sharing contaminated objects, such as clothing, 
towels, sports equipment, or toys.1 On average, molluscum presents as 10 to 30 small, raised, fl esh-colored 
bumps or lesions, which usually appear 2 weeks to 6 months after exposure to the virus.1-3

The lesions are often found on the trunk, armpits, arms, and legs.4 The molluscum infection can spread by 
scratching or opening the lesions, or touching objects that contain the virus, which transmits it to new areas 
on the body or to other people. It is recommended that lesions be covered to limit the spread of the virus.5

The average duration of the lesions is 13 months, but they may persist for several years in some children.4  
In households, almost half of children with molluscum spread the infection to their siblings.4
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SPECIAL TOPIC

Nail Surgery Myths and Truths
Jose W. Ricardo MD, Shari R. Lipner MD PhD

Department of Dermatology, Weill Cornell Medicine, New York, NY

Introduction: There is a paucity of randomized trials on nail surgery. Since there are no established guidelines, dermatologists may 
have false beliefs about best practices in performing nail surgery and post-procedural care. 
Methods: We identified five common myths concerning nail surgery. A PubMed search was performed to refute or support these 
beliefs. 
Results: We found compelling evidence that refutes these nail surgery myths. We found that epinephrine can be safely used for nail 
surgery, hydrogen peroxide and tap water is recommended for wound cleansing, prophylactic topical antibiotics should be avoided, 
calcium alginate, or amniotic membrane dressings are valuable dressing alternatives, and digital dressings have a low risk profile with 
precise technique.
Discussion: Randomized controlled trials for nail surgery are lacking. Data from similar fields may guide dermatologists in performing 
nail surgery. 

J Drugs Dermatol. 2020;19(3):230-234. doi:10.36849/JDD.2020.4861

 ABSTRACT

 INTRODUCTION

Nail surgery training is frequently neglected during 
dermatology training programs. In a survey-based 
study of 240 third-year dermatology residents, 58% 

had performed 10 or fewer nail procedures, 25% observed only, 
4% were lectured only, and 1% had no exposure.1 Moreover, 
30% stated that they felt incompetent performing nail surgery.1 
Furthermore, in another survey-based study of 164 Mohs sur-
geons, those performing ten or more nail surgeries vs. fewer 
than 10 during fellowship reported performing on average twice 
as many nail procedures as attendings.2 These results highlight 
dermatologists’ lack of comfort in performing nail surgical pro-
cedures. 

Therefore, it is not surprising that there is a paucity of data and 
consensus regarding nail surgery and aftercare. Perhaps due to 
lack of training and up to date literature, many dermatologists 
often hesitate to perform necessary nail interventions.3,4 A delay 
in performing nail surgery may have devastating consequences 
particularly in cases of delayed diagnosis of malignancies.5 

The purpose of this review is to analyze the current literature 
on nail surgery and dispel prevalent myths. We aim to solve 
common barriers that dermatologists may experience when 
performing nail surgery. 

Myth: Epinephrine is contraindicated for nail surgery.
 
Truth: Epinephrine is not necessary for many nail surgical proce-
dures, especially when using a tourniquet, but it is safe to use. 

Nail surgery is typically performed in an outpatient setting 
with local anesthesia. The nail unit is highly vascularized, and 
a bloodless field is necessary for procedures. Epinephrine has 
several benefits when used in conjunction with local anesthet-
ics, including hemostasis, prolonged anesthesia, reduction in 
anesthetic quantity, decreased systemic anesthetic absorption, 
and reduced need for a tourniquet for hemostasis.6–8

However, there has been controversy surrounding the use of 
epinephrine for the digits, given the theoretical risk of ischemia 
and necrosis. Historically, it has been contraindicated based on 
speculations and isolated cases.9,10 In a review of digital injec-
tion cases 1880-2000, there were 48 cases of digital gangrene 
and necrosis with local anesthesia, with only 21 involving 
use of epinephrine and no cases involving the combination 
of lidocaine and epinephrine.10 In addition, since epinephrine 
concentrations, hot soaks, tourniquets, tight dressings, and co-
morbidities varied, necrosis was most likely multifactorial, and 
not solely attributed to epinephrine.10 

Furthermore, there is sufficient evidence supporting use of 
epinephrine with local anesthesia for digital surgery. In a pro-
spective study of finger/hand cases injected with lidocaine (n 
= 2,719) or bupivacaine (n = 391) and epinephrine (1:100,000 or 
less), there was no infarction, skin necrosis, or tissue loss.11 Sim-
ilarly, in a retrospective chart review of 1,111 digit/hand surgery 
cases with lidocaine with epinephrine (1:100,000), there were no 
cases of gangrene.12 

doi:10.36849/JDD.2020.4861
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when applied exogenously, it may disrupt re-epithelization,27 im-
pair fibroblast function and microcirculation of wounds, causing 
an overall delay in wound healing.28,29

Does hydrogen peroxide cause more harm than good for 
surgical wounds when using standard concentrations? The an-
timicrobial efficacy on appendectomy wounds was studied in a 
clinical trial of 217 patients randomized to clean prophylactically 
before wound closure with 3% hydrogen peroxide or a control 
(1:1).30 Twenty nine of the treated vs 26 of the control patients 
developed a wound infection, but this difference was not sta-
tistically significant (chi-square = 0.74, P>0.05).30 In addition, 
graft healing was evaluated in a clinical trial of 49 patients with 
chronic-colonized burn wounds in bilateral limbs that were de-
brided, washed with normal saline and then grafted. Right sided 
wounds were washed with 2% hydrogen peroxide soaked gauze 
prior to normal saline irrigation.31 After 21 days, the hydrogen 
peroxide vs. the control limbs showed 83% and 66% grafting 
success rates, respectively, which was statistically significant 
(P<0.05).31 Furthermore, in a retrospective study of 130 patients 
evaluating the use of 3% hydrogen peroxide by a pulsed lavage 
system on infected subacute or chronic wounds prior to graft-
ing, patients who received hydrodebridement with hydrogen 
peroxide had statistically significantly shorter hospital stays and 
increased graft viability compared to patients that received con-
ventional hydrodebridement with saline.32

In sum, hydrogen peroxide has been shown to promote wound 
healing in several clinical trials and is safe for wound cleans-
ing. Despite lack of data for use of hydrogen peroxide on nail 
wounds, results may be extrapolated from other fields pending 
randomized trials in nail patients. 

Myth: Sterile saline is preferred over tap water for postoperative 
wounds to reduce infection risk.

Truth: There is no difference in the infection rate of wounds 
cleansed using tap water compared to sterile saline. 

Epinephrine may also be used in nail surgery patients with co-
morbidities. In a retrospective study of 63 Mohs micrographic 
surgery (MMS) digit cases using lidocaine with epinephrine, 
64% had hypertension, 51% were taking anticoagulants, 33% 
had a known circulatory disorder, and 29% had diabetes mellitus 
type 2, and there were no adverse events reported.13 However, 
there are several case reports of digital necrosis with epineph-
rine, so it is prudent to avoid epinephrine in patients with a 
history of digital gangrene, Raynaud’s phenomenon or known 
atherosclerosis.14–17 Additionally, when epinephrine is utilized, 
phentolamine should be on hand to reverse vasoconstriction in 
cases of persistent ischemia.15 

Epinephrine may also be used in nail surgery in conjunction 
with a tourniquet. A controlled, prospective, randomized study 
was conducted to evaluate the use of 2% mepivacaine with 
epinephrine (1:100,000) compared to mepivacaine with a digi-
tal tourniquet on patients undergoing segmental phenolization 
matricectomy for ingrown toenails (n=70 toenails).18 Post-oper-
ative bleeding was significantly higher in the group treated with 
a digital block without epinephrine and tourniquet compared to 
the group with a digital block with epinephrine and no tourni-
quet, and the anesthetic effect lasted longer in the latter group.18 
No postoperative complications occurred.18

In summary, epinephrine may be safely used with local anes-
thesia for digital surgery even in patients with co-morbidities. 
However, its use may not be necessary, given that tourniquets 
provide excellent hemostasis with a relatively low risk profile.19 
Since failure to remove a tourniquet following surgery can have 
disastrous consequences, the least conspicuous digital tour-
niquets such as the rolled glove finger and commercial band 
tourniquets should be avoided.20,21 The T-ring tourniquet pro-
vides the lowest and the least variable pressure effective for 
hemostasis.19 

Myth: Hydrogen peroxide impairs wound healing. 

Truth: Hydrogen peroxide has a positive effect on wound heal-
ing. 

Hydrogen peroxide has antimicrobial properties and its mech-
anism of action is through oxidation burst and local oxygen 
production.22 When it comes in contact with organic tissue or 
blood, it rapidly decomposes into water and oxygen, causing 
effervescence that mechanically cleans wounds and removes 
tissue debris (Figure 1).23 In addition to its antimicrobial effect, 
hydrogen peroxide is produced endogenously in the presence 
of injury and plays a role in the regulation of gene expression 
and secretion of cytokines, aiding in tissue regeneration.24,25 At 
higher concentrations, it promotes oxidation and inflammation. 
At lower concentrations, it promotes tissue regeneration by re-
leasing cytokines.25,26 Nonetheless, it has been hypothesized that 

FIGURE 1. Irrigation of a postoperative wound with hydrogen peroxide 
following excision of a glomus tumor. The effervescence effect is 
produced secondarily to contact with organic tissue and blood, and it 
mechanically cleans the wound.  
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ence in prevention of postsurgical wound infections between 
topical antibiotics and petrolatum/paraffin.41 

The incidence of allergic contact dermatitis and antibiotic resis-
tance with prophylactic topical antibiotics has been well studied. 
In a nonrandomized prospective study, 215 patients used topical 
antibiotics following dermatological surgery and the frequen-
cy of allergic contact dermatitis was evaluated. Nine (4.2%) 
patients presented with skin rashes clinically consistent with al-
lergic contact dermatitis, 7/9 underwent patch testing, and 5/7 
and 4/7 had positive patch tests to neomycin sulfate and baci-
tracin, respectively.42 In addition, neomycin (7%) and bacitracin 
(6.9%) were amongst the top 10 most frequently positive aller-
gens in a study by the North American Contact Dermatitis Group 
(NACDG) of 5597 patients during 2015 - 2016.43 In addition to its 
limited efficacy and adverse effect profile, growing resistance 
rates are another limiting factor to prescribing prophylactic topi-
cal antibiotics.44 Resistance rates increased from 1.6% to 7.0% 
from 2000 to 2004 in mupirocin-resistant methicillin-resistant 
Staphylococcus aureus (MRSA) strains in 4980 isolates.45

Therefore, topical antibiotics do not reduce infection risk in 
postsurgical clean wounds. Furthermore, their use may have a 
negative effect on wound healing secondary to the development 
of ACD, may promote bacterial resistance, and increase costs. 
They are not recommended for nail surgery.

Myth: Nail surgery dressings are painful to remove and may pro-
voke digital ischemia or necrosis.

Truth: New nonadherent dressing alternatives reduce pain upon 
removal, and precise technique substantially decreases necrosis 
risk. 

The ideal nail surgical dressing should promote wound healing 
by providing a moist environment, removing excess exudate, 
and accelerating reepithelization, while being comfortable for 
patients, resistant to infection, easily applied and cost-effec-
tive.46–48 Nail dressings have traditionally been composed of an 
inner layer, a middle absorbent, and an outer layer.49 

Paraffin tulle gauze has traditionally been used as the inner 
layer for nail surgical procedures.50 However, it is often painful 
to remove, and thus its use has decreased in recent years.51,52 

Alternatives should be considered as therapeutic options fol-
lowing nail surgery. Calcium alginate and acellular amniotic 
membranes were compared to petrolatum gauze following nail 
surgery, in two separate randomized trials involving 40, and 
38 patients, respectively.53,54 Both substances accelerated the 
healing process and correlated with less pain during the post-
operative period (as late as 72 hours after surgery) compared 
to petrolatum gauze.53,54 Calcium alginate and human acellular 
amniotic membranes decreased the healing time by 1.95 and 

Wound cleaning has a positive impact on surgical wound heal-
ing. Irrigation removes debris, exudate, and metabolic products 
originating from the postsurgical physiologic response.33 Sterile 
saline has been widely used for wound cleaning following sur-
gical procedures. However, there is controversy about whether 
it should be replaced by tap water, which would decrease costs 
and improve accessibility. 

There is substantial data assessing the use of tap water vs. 
sterile saline as a therapeutic alternative for acute and chronic 
wounds. In a systematic review of randomized trials assessing 
tap water vs. other solutions on wound healing, the authors 
concluded that tap water is unlikely to increase infection rates 
and there was no statistically significant difference in healing 
comparing tap water vs. normal saline.34 It should be noted that 
there was also no significant difference in infection and heal-
ing rates in postoperative wounds cleansed with tap water vs. 
uncleansed wounds.34 A more recent systematic review includ-
ing nine randomized control trials, comparing wound infection 
rates between tap water and normal saline cleansing, showed 
no difference between the two regimens (OR = 0.75; 95% CI, 
0.53-1.07, P = 0.11).35 

Based on the available literature, tap water may be utilized as a 
safe and effective alternative to normal saline for wound cleans-
ing following nail surgery. 
 
Myth: Prophylactic topical antibiotics prevent postoperative 
wound infections. 

Truth: Prophylactic topical antibiotics for clean postsurgical 
wounds do not decrease infection rates. Furthermore, topicals 
may cause allergic contact dermatitis, impair wound healing 
and increase antibiotic resistance rates.

Topical antibiotics are often recommended during the postop-
erative period.36 In addition to their antimicrobial effect, it has 
also been suggested that they provide the appropriate amount 
of moisture, further promoting the physiologic healing pro-
cess.37–39 

Prophylactic topical antibiotic use on clean postoperative 
wounds may cause more harm than benefit. A randomized 
control trial in 884 patients undergoing dermatologic surgery 
compared the use of white petrolatum with bacitracin ointment 
(1:1) for post-procedural wound care.40 There was no significant 
difference in infection rate or healing between the two groups.40 

However, 0.9% of patients using bacitracin developed allergic 
contact dermatitis and there were no cases in the petrolatum 
group.40 Similarly, a systematic review and meta-analysis of 
four randomized trials examining the efficacy of topical antibiot-
ics in postsurgical wound infection prophylaxis in the outpatient 
dermatologic setting, showed no statistically significant differ-
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5.31 days, respectively, compared to petrolatum gauze.53,54 Ad-
ditionally, use of calcium alginate resulted in less bleeding and 
lower infection rate compared to petrolatum gauze.53 

The intermediate and outer layers of a dressing are usually 
composed of dry absorbent gauze and tape, respectively. Dress-
ings for nail surgery should provide the appropriate amount 
of pressure for hemostasis and prevent excessive exudate 
leakage from the wound.55 Pressure collapses the underlying 
vessels, which allows platelet aggregation and the formation of 
a fibrin clot.56 However, caution must be taken when applying 
self-adherent tape, given that it may create a tourniquet effect 
and severe ischemic injuries to the digit may ensue.57–59 In or-
der to prevent devastating consequences, the tape should be 
unwound prior to application, and the wrap should proximally 
involve the hand and wrist or foot and ankle (Figure 2).55,59,60

The election of optimal dressing products for nail surgery 
should be done on the basis of validated, superior alternatives. 
Calcium alginate or acellular amniotic membrane dressings 
should be considered for nail surgery. Additionally, special pre-
cautions must be taken when applying self-adherent tape to a 
digital dressing in order to avoid causing a tourniquet effect. 

 CONCLUSIONS
There is a lack of consensus regarding many aspects of nail sur-
gery care, with many dermatologists performing nail surgery 
based on broad generalizations that are not evidence based. 
Contrary to what is often believed, epinephrine is safe to use 
on digits, use of hydrogen peroxide and tap water for postop-
erative wounds cleansing is recommended, prophylactic topical 
antibiotics should be avoided, calcium alginate or amniotic 
membrane dressings are valuable dressing alternatives, and 
digital dressings have a low risk profile with precise technique. 
Nonetheless, sufficient randomized controlled trials have not 
been conducted in nail surgery, hence recommendations have 

been extrapolated from similar fields in some cases. Further-
more, we provide general recommendations, but each patient 
present with unique characteristics, and therapy must be in-
dividualized. Randomized controlled trials in nail patients will 
provide for a more definitive consensus about many aspects of 
nail surgery. 
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Long-Term Benefits of Daily Photo-Protection  
With a Broad-Spectrum Sunscreen in United States  

Hispanic Female Population 
Pearl Grimes MD,a Rebat Halder MD,B Michele Verschoore MD,c Janet Wangari-Talbot PhD,d   

Kumar Pillai PhD,d  Peter Foltis MS,d Charbel Bouez PhD,d Angelike Galdi PhD,d Deena Abdelhalim BA,d   
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The skin of color population has been growing significantly in the United states and globally. This requires specific dermatological atten-
tion and patient care strategies due to unique physiological conditions and clinical manifestations regarding skin of color. Concerning 
photoaging, although people with higher Fitzpatrick phototypes (III and above) in general have fewer visible signs of aging such as lines 
and wrinkles, they are more susceptible to certain pigmentary-related conditions including uneven skin tone, ashy skin and blotchiness, 
post-inflammatory hyper- and hypo-pigmentation, Melasma, and seborrheic keratosis. 

Effective photoprotection against harmful UVA and UVB radiation has been successful in skin cancer prevention as well as protection 
against solar damage. However, in skin of color communities, there are high levels of sun seeking behaviors and a lack of photoprotec-
tion with sunscreen, as a result, photoaging with dyschromia is common and certain cancer risks are growing. Historically, majority of 
clinical evidence for photoprotection was collected based on studies with lower skin phototypes. There is in general a lack of knowl-
edge on the long-term impact of daily photoprotection on skin of color. In this current study, we investigated the skin benefits of daily 
sunscreen use with SPF 30/PPD 20 (Persistent Pigmentation Darkening rating = UVA protection) for 12 months, in phototype IV and V 
Hispanic females in the US, versus a real life population of the same age and phototypes without daily sunscreen in their routine. This 
study is to our knowledge the first one to demonstrate the benefits of long-term daily use of sunscreen on signs of aging and pigmen-
tary concerns in patients with higher phototypes.

J Drugs Dermatol. 2020;19(3):236-242. doi:10.36849/JDD.2020.4836

 ABSTRACT

 INTRODUCTION

The demographics of the United states are evolving with 
a large increase in racial and ethnic diversity driven by 
international migration of Hispanic, African, and Asian 

populations leading to a minority-majority shift in ~2050 to-
wards persons of color (Fitzpatrick III, IV, V, and VI).1 Specifically, 
the Hispanic population is projected to be among the fastest 
growing population in the US, projected to increase from 55 mil-
lion in 2014 to 119 million in 2060, a change of +115%.1 

Subjects with skin of color are heterogeneous with mul-
tiple shades and tones and different reactions to intrinsic and 
extrinsic aging factors due to structural and physiologic dif-
ferences.2,3  Skin of color individuals have fewer visible signs 
of aging (deep wrinkles, fine lines, rough surface texture, and 
sun spots). However, darker skin tones are more susceptible 
to certain skin conditions including post-inflammatory hyper-
pigmentation (may occur after acne, eczema, injury, laceration, 

melasma, post-inflammatory hypopigmentation, pityriasis alba 
(round, light patches covered with fine scales), dry or “ashy” 
skin, dermatosis papulosa nigra, and/or greater risk of keloid de-
velopment.2,3  The incidence of skin cancer among US Hispanics 
has also increased 1.3% annually from 1992 to 2008.4

Photodamage is characterized histologically by degeneration 
of the connective tissue and abnormalities in keratinocytes and 
melanocytes. Clinically, it manifests primarily with wrinkles, 
dyschromia, texture changes, and, in more severe cases skin 
cancer.5 Formulations containing broad spectrum sunscreens 
against both UVA and UVB play an essential role in the preven-
tion of photodamage and UV-induced skin cancers.6,7,8  However, 
the majority of clinical research on photoprotection has been 
conducted on subjects with Fitzpatrick types I to III skin and have 
reported improvements in signs associated with skin aging and 
texture.9,10 Verschoore et al was the first to conduct a short-term 

doi:10.36849/JDD.2020.4836
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rough texture, uneven skin tone, hyperpigmented spots, and 
sun-induced dyschromia) were recruited. Subjects were recruit-
ed on a rolling admission basis and received a SPF 30/PPD 20 
formula to add to their daily skin care routine. The Washington, 
DC study was conducted from May 2016 to August 2017, while 
the Los Angeles (LA) study was conducted from March 2016 to 
May 2018. 30 subjects were enrolled in Washington, DC while 22 
were enrolled in Los Angeles. The subjects were evaluated at 3, 
6, 9, and 12 months at each center for signs of aging and dys-
chromia with clinical grading and instrumental measurements.  
In addition, a real-life observation was conducted at the same 
centers during the same time, with age- and photo-type matched 
subjects of similar skin conditions (n=30 in Washington DC and 
n=22 in LA enrolled) who were not regular sunscreen users and 
maintained their normal routine.  

At the end of 12 months, 24 subjects in the sunscreen study 
and 16 subjects in the real-life observation study completed all 
evaluations.  

Investigational product
A broad spectrum, photo-stable sunscreen with SPF 30/PPD 20 
was applied daily in the morning to the entire face, both hands, 
and forearms for 12 months. Re-application every 2-3 hours was 
recommended during sun exposure. The composition of active 
ingredients in the sunscreen formulation was Avobenzone (3%), 
Homosalate (12%), Octisalate (5%), Octocrylene (1.7%), and Oxy-
benzone (3%). The use of the study formulation was monitored, 
by weighing the product to insure adherence to the daily use 
of the formulation across the one-year study. All subjects were 
allowed to use a simple moisturizer, without known antiaging 
actives, as and when required.  Subjects were advised to avoid 
excessive sun exposure during the study and were recommend-
ed to apply the sunscreen every 2-3 hours and take shelter/wear 
protective clothing when sun exposure was unavoidable.

Clinical evaluations
Clinical evaluations by the dermatologist were carried out at 
baseline, 3, 6, 9, and 12-month time points.  The assessment 
was performed in situ for efficacy parameters using modified 
Griffith’s scale. Dermatologist grading was conducted by a sin-
gle physician using a scale of 0 (none) to 9 (most severe) and 
evaluated the following signs of skin quality and photodamage: 
texture, skin tone evenness, overall hyperpigmentation, dark 
spots (intensity and number), overall skin quality (smoothness, 
radiance, overall imperfections), loss of elasticity, fine lines, 
coarse wrinkles, and skin blotchiness. These parameters were 
evaluated on the face on the following locations: forehead, tem-
ple, crow’s feet area, under eye, nose, cheeks, and chin; as well 
as on the neck and both hands.

Instrumental measurements
Instrumental measurements were performed with the Minolta 
CR-400/410, a reflectance spectrophotometer (chromameter) for 

clinical study in India with Phototype IV and VI subjects, and pro-
vided first evidence on the effectiveness of daily sunscreen use 
on skin tone and radiance.11 Similar benefits were observed in 
an 8-week study in US.12 

Although sun protection is highly recommended by derma-
tologists for skin cancer risk-reduction and the prevention of 
premature aging or pigmentary disorders, adherence to the 
recommendations is not commonly observed among US His-
panics.13 Moreover, a large number of US Hispanics reside in 
areas with high UV index with a high degree of sun seeking 
behavior.  Among Hispanic adults who report engaging in sun 
protection, they do so mostly by staying in the shade (53.7%) 
rather than use of sunscreen (32.3%) or wearing sun protective 
clothes (18.1%); while 36.7% of the subjects surveyed indicated 
that they never use sunscreen.14,15 There are sociodemographic 
factors that contribute to the adherence to safe sun behaviour 
such as education, age, and gender, etc, therefore there is a 
need to raise awareness of skin cancer risks, advocate for pre-
ventive measures and educate on benefits of sunscreen and sun 
protection among US Hispanics.16  

The benefits of topical agents for reversal of sun damage has 
been well established.  Use of retinoic acid and its derivatives 
or other drugs to reverse and improve sun damaged skin has 
been demonstrated in many studies.17,18 Long-term sunscreen-
use along with other topical agents have also been shown to 
prevent photodamage and hyperpigmentation in fair-skinned 
subjects.19 For effective photoprotection, sunscreen products 
containing both SPF and PPD are essential to battle the harm-
ful UVB (skin cancer risks) and UVA (photo-aging risks).20 Daily 
use of a broad-spectrum sunscreen (SPF 30) over a one-year 
period has also been demonstrated to improve clinical param-
eters of photodamage in phototype I-III subjects.10  However, a 
comprehensive long-term sunscreen use study in skin of col-
or is lacking. Therefore, this study was designed to assess the 
benefits of sunscreen of SPF30/PPD 20 in Hispanic women of 
Fitzpatrick skin types IV and V over 12 months in comparison 
to a real-life observational group with subjects who did not use 
sunscreen regularly.

 MATERIALS AND METHODS
Clinical Study Design
The investigation was approved by an independent institution-
al review board, and it was conducted in accordance with the 
principles of the 1975 Declaration of Helsinki; written informed 
consent was obtained from all study subjects before enrollment. 
The study was performed in 2 study centers, one in Los Ange-
les, CA, the other in Washington DC, to observe geographic and 
climate variation. 

Healthy female Hispanic subjects between the ages of 45-65 
with Fitzpatrick phototype IV and V, with mild to moderate signs 
of photoaging and pigmentary concerns (fine lines, wrinkles, 
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Data analysis
All statistical analyses were carried out using paired t-test to 
determine whether there was a change from baseline to 12 
months. Wilcoxon signed-rank test was used for Investigator’s 
expert assessments, clinical grading of the efficacy parameters 
and tolerance parameters, as well as the parameters from im-
age analysis results. The average change from baseline was 
calculated at each post-baseline evaluation visit. All differences 
were considered to be statistically significant at P<0.05 level.

L* values, ITA values (Chromameter) and melanin values (Mex-
ameter) were calculated for each parameter for sunscreen group 
and real life group as mean +/-SD for 3, 6, 9, and 12 months. 
Change from baseline and comparison between the two groups 
were calculated and expressed as mean difference and the p 
values were calculated. 

 RESULTS
Improvement on Photoaging and Dyschromia Conditions With 
12-Month Daily Application Of SPF20/PPD20
Skin conditions especially skin tone and texture tend to vary 
based on seasonality and outdoor activities. We observed that 
in the real life group, a shift of color and hyperpigmented lesions 
towards worsening occurs in the summer with partial recovery 

L*, a* b* measurement for skin brightness and erythema, and a 
Mexameter® MX 16 for melanin content and hemoglobin (ery-
thema). The instrumental measurements were performed on 
mid-forehead, both cheeks, neck, and on both dorsal forearms.
Digital photographs were captured at baseline, 3, 6, 9, and 12 
months with Canfield Scientific’s VISIA CR 2.2 booth system 
(Washington, DC) or VISIA CR (Los Angeles, CA) with eyes 
closed using standard, cross-polarized and UV fluorescence 
lightening modes.  

Immunohistochemistry and image analysis
2 mm diameter skin biopsies were collected from a small subset 
of study subjects from the cheek at baseline and 12 months. At 
the end of 12 months, n=3 from real life study and n=6 from sun-
screen study were obtained. Biopsy samples were fixed in 10% 
formalin, prepared into tissue sections and stained for Hema-
toxylin and eosin (H&E), Masson’s Trichrome, Fontana Masson, 
and Toluidine Blue. Presence of macrophages were immunos-
tained using CD68 antibody (pre-diluted concentration, PM033A 
RTU, Biocare Medical, Pacheco, CA) followed by DAB staining 
(DAB peroxidase substrate kit, Abcam, Cambridge, MA). Digi-
tal images were captured (DMi8 Fluorescent Microscope, Leica, 
Buffalo Grove, IL) and image analysis was performed blindly by 
two individual assessors using Image J Analysis software.

FIGURE 1. Improvement on pigmentary-related clinical parameters with daily application of SPF30/PPD20 over time.
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Figure 1. Improvement on pigmentary-related clinical parameters with daily application of SPF30/PPD20 over time. 

 

(a) Clinical grading on improvement of facial skin tone evenness at 3, 6, 9, and 12 months compared to baseline; (b) Clinical grading on improvement of overall skin hyperpigmentation on dif-
ferent facial areas at 3, 6, 9, and 12 months compared to baseline; (c) Clinical improvement of dark spots on different facial areas at 3, 6, 9, and 12 months compared to baseline; (d) Clinical 
improvement of skin blotchiness on different facial areas at 3, 6, 9, and 12 months compared to baseline.
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during the winter, in agreement with previous findings.20 With 
daily application of sunscreen (SPF 30/PPD 20), significant clini-
cal improvements on skin dyschromia-related parameters (skin 
tone, hyperpigmentation, dark spots) were observed over time 
at 3, 6, 9, and 12 months compared to baseline (Figure 1), on 
multiple areas on the face (forehead, temple, crow’s feet, under 
eye, cheeks). Similar improvements were seen on both hands 
and neck area (data not shown). Although there is still minor 
seasonal variation, especially during the first few month of 
product usage, the overall benefits of sunscreen overcome sea-
sonal effect with a strong and progressive global improvement.  

In addition to the improvements on skin tone and hyperpig-
mented areas, significant benefits on skin aging parameters 
were demonstrated in the sunscreen group, including fine lines, 
texture smoothness, and overall skin quality (Figure 2) for face, 
neck, and hands. The improvements were incremental and per-
ceivable. There was minimal improvement on coarse wrinkling 
an aging sign that requires deeper acting interventions such as 
retinoids to address. The demonstrated improvement by daily 
SPF 30/PPD 20 is summarized in Table 1. 

FIGURE 2. Improvement on skin aging parameters with daily application of SPF 30/PPD 20 over time. 
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Figure 2. Improvement on skin aging parameters with daily application of SPF 30/PPD 20 over time. (a) Clinical grading 
on improvement of facial skin tone evenness at 3, 6, 9, and 12 months compared to baseline; (b) Clinical grading on improvement 
of overall skin hyperpigmentation on different facial areas at 3, 6, 9, and 12 months compared to baseline; (c) Clinical 
improvement of dark spots on different facial areas at 3, 6, 9, and 12 months compared to baseline; (d) Clinical improvement of 
skin blotchiness on different facial areas at 3, 6, 9, and 12 months compared to baseline. 

 

 

Overall skin quality, skin texture (tactile smoothness), fine lines were improved significantly over time after daily sun screen use 
(3, 6, 9, and 12 months) compared to baseline. Strong improvements were also observed on the neck and hands. 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Representative VISIA images demonstrating the benefits of daily sunscreen application over 12 months. 

TABLE 1.

Significant Improvement on Clinical Daily Application of SPF 30/PPD 20 

Attributes
Evaluation Time Points

3 Month 6 Month 9 Month 12 Month

Overall  Skin Quality -- Face Face & Eye Area Face

Skin Tone Evenness and Hyper-pigmentation Eye area Face & Neck
Face & Eye area;

Neck, Hand
Face & Eye area;

Neck, Hand

Blotchiness -- Face Face & Hand Hand

Tactile Smoothness Face -- Face & Hand Face & Hand

Fine lines -- Face Face Face

All listed facial/body areas demonstrated significant improvement vs real life group (P<0.05) after daily SPF 30/PPD 20 application for indicated duration (3, 6, 9, and 12 
month).

Overall skin quality, skin texture (tactile smoothness), fine lines were improved significantly over time after daily sun screen use (3, 6, 9, and 12 months) compared to baseline. Strong improvements 
were also observed on the neck and hands.
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Biopsy Analysis
The biopsy samples were evaluated for potential histologi-
cal changes between the sunscreen and real-life groups at the 
initiation and the conclusion of the 12-month study. Fontana-
Masson staining was used to visualize melanin content of skin 
(Figure 4), and CD68 was used as a biomarker for Macrophage 
infiltration (Figure 5).  The real-life samples at the 12-month 
time-point showed a tendency for higher levels of pigmenta-
tion incontinence compared to the sunscreen group with visibly 
increase dermal melanin (Figure 4a-d, P=0.086). Indeed, when 

Instrumental Evaluation of Skin Color and Melanin Index over 
12 Months
Objective measurement of color and melanin levels in long-term 
clinical studies is challenging, due to many factors including 
skin color and undertone variability, seasonality impact on skin, 
and external light conditions. Skin of color patients tend to have 
higher heterogeneity on facial skin thus increase the complexity 
of accurately measurement. Del Bino and Bernard reported on 
the effectiveness of using Individual Typology Angle measure-
ments based on Chromameter L*a*b values and the melanin 
index recorded with a Mexameter, and good correlation be-
tween these two instruments.21

In the current study, both Chromameter ITA/L* and Mexameter 
melanin index were investigated at baseline, 3, 6, 9, and 12 
months. Both instruments gave similar measurement trends as 
observed in previous studies. Seasonal impact on skin color and 
high variability among individuals were observed, as expected. 
An increase of skin brightness and reduction of melanin con-
tent in skin were observed over time with daily sunscreen when 
compared to the real life group. The effect was most apparent at 
12 months (Table 2). These findings support the clinical grading 
results of positive impact by daily application of sunscreen.

TABLE 2.

Changes in ITA and Melanin Index for Sunscreen Group 

Area of 
Evaluation

Parameter 3 Month 6 Month 9 Month
12 

Month

Face
ITA/L* * *

Mel Index * * *

Neck
ITA/L* * *

Mel Index * *

Hand
ITA/L* * * *

Mel Index *

*Indicates Sunscreen group showed improvement compared to Real Life group 
(P<0.1)

FIGURE 3. Representative VISIA images demonstrating the benefits of daily sunscreen application over 12 months.
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Example of overall skin quality improvement after 12-month daily use of sun screen in phototype-IV (a) and phototype-V (c) 
patients: significant skin tone evenness, brightening, texture roughness reduction, reduction of mottled pigmentation, increase of 
clarity, and reduction of fine lines were observed. In phototype-matched real-life group, a slight worsening of skin tone, perioral 
fine lines, and forehead wrinkles were observed (b and d). 

 

 

 

 

 

Figure 4:  Fontana – Masson Staining and Pigmentation incontinence. 

Example of overall skin quality improvement after 12-month daily use of sun screen in phototype-IV (a) and phototype-V (c) patients: significant skin tone evenness, brightening, texture roughness 
reduction, reduction of mottled pigmentation, increase of clarity, and reduction of fine lines were observed. In phototype-matched real-life group, a slight worsening of skin tone, perioral fine lines, 
and forehead wrinkles were observed (b and d).
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we examined the corresponding chromameter measurements 
of the representative subjects, we noted an improvement in the 
L*values of the sunscreen panelist and a decrease in the L* Value 
of the real-life control subject on the cheeks indicating a light-
ning and darkening respectively.  In the dermis, 2 out of 3 of the 
real-life samples showed an increase in CD68 positive macro-
phage cells (Figure 5b) when compared to baseline (Figure 5a), 
while such changes were not observed in the biopsies from the 
sunscreen group (Figure 5c, 5d). Between the real life and the 
sunscreen groups, there were no observable differences in the 
number of sunburn cells, epidermal hyperplasia and changes to 
the dermal matrix (data not shown).

FIGURE 4. Fontana – Masson Staining and Pigmentation incontinence.
9 

 

 

Fontana Masson staining (A-D) of the biopsy samples taken in this study. This panel compares the changes between real life group 
at baseline (A) and 12 month(B) to the changes observed in the sunscreen group at baseline (C) and 12 month (D). Scale bar: 100 
µm. 

 

 

 

 

 

 

Figure 5: CD68 immunostaining for macrophage infiltration. 

Fontana Masson staining (A-D) of the biopsy samples taken in this study. This panel compares 
the changes between real life group at baseline (A) and 12 month(B) to the changes observed in 
the sunscreen group at baseline (C) and 12 month (D). Scale bar: 100 µm.

FIGURE 5. CD68 immunostaining for macrophage infiltration.
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CD68 (A-D) immunostaining of the biopsy samples taken in this study. This panel compares the changes between real life group 
at baseline (A) and 12 month(B) to the changes observed in the sunscreen group at baseline (C) and 12 month (D). Scale bar: 100 
µm. 

 

 

 

 

 

 

 

 
Table 1:  Significant Improvement on Clinical Daily Application of SPF 30/PPD 20  

 
Attributes 

Evaluation Time Points 
3 month 
 

6 month 
 

9 month 
 

12 month 
 

Overall  Skin Quality  Face Face & Eye Area  Face 
 

Skin Tone Evenness and 
Hyper-pigmentation 

Eye area Face & Neck Face & Eye area; 
Neck, Hand 
 

Face & Eye area; 
Neck, Hand 
 

Blotchiness  Face Face & Hand Hand 
 

CD68 (A-D) immunostaining of the biopsy samples taken in this study. This panel compares the 
changes between real life group at baseline (A) and 12 month(B) to the changes observed in the 
sunscreen group at baseline (C) and 12 month (D). Scale bar: 100 µm.

 DISCUSSIONS AND CONCLUSIONS
 

Effective photoprotection is critical for healthy skin, in pre-
venting skin cancers, reducing photodamage, and improving 
aesthetic appearance. A broad spectrum sunscreen protecting 
against both UVA and UVB irradiation is essential. Protecting 
against the UVA spectrum needs special attention, especially 
under daily diffused exposure, as UVA is more penetrating and 
less affected by seasonality and impacts photoaging and skin 
oxidative stress.22 It has been reported that in order to receive 
effective photoprotection on skin, a PPD value of 18 is desired.20 

In this study, the investigational product with SPF 30/PPD 20 is 
considered sufficient for daily activity without prolonged direct 
sun exposure when applied properly. Concerning skin of color 
population, the use of sunscreen is lower than in Caucasians de-
spite high prevalence of sun-related pigmentary disorders and 
rising rates of cutaneous cancers.4 This study provides strong 
evidence to educate and advocate for daily use of a proper sun-
screen product for populations with high phototype skin. 

The clinical evaluation demonstrated significant visible im-
provement in sunscreen group starting from 3 months and 
progressive increased over time. Benefits on multiple facial 
areas and body sites were visible (upper, mid- and lower face, 
neck, and hands), not only on pigmentary-related concerns 
(skin tone evenness, overall hyperpigmentation, dark spots, and 
blotchiness), but also on aging parameters such as fine lines, 
skin texture, and overall skin quality. This suggests that beyond 
the preventative benefits, long-term persistent use of a proper 
sunscreen may also allow the photodamaged skin to self-heal 
and repair over time.    

Histological observations further supported the clinical findings. 
The observation that the real-life group had higher tendency 
for pigmentation incontinence is of strong research interest.  It 
has been reported that UV irradiation can destabilize and dam-
age the dermal-epidermal junction (DEJ), which facilitates the 
entrapment of melanin in the dermis.23 The dermal melanin 
is extremely difficult to remove, often resulting in stubborn 
hyperpigmentation.24 This is especially important for skin of 
color population in whom dermal hyperpigmentation lesions 
are common and can be worsened with excessive sun expo-
sure. This study provides the first evidence that effective daily 
photoprotection can be a strategy to prevent dermal melanin 
formation by protecting the DEJ. A larger sample size study with 
DEJ biomarkers will help to further elucidate this hypothesis.
Infiltration of CD68-positive Macrophages is a hallmark of the 
inflammatory response after UV irradiation. In the dermis, 2 out 
of 3 of the real-life biopsy samples showed significant increase 
in CD68 positive macrophage cells at 12 months compared to 
baseline, while such change was not observed in the sunscreen 
group. This suggests the potential preventative benefits of 
sunscreen in subclinical skin inflammation induced by chron-
ic exposure to UV.  In all of the histological evaluations, the 
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geographical location in which the study was conducted (Los 
Angeles versus Washington, DC) was not a strong contributing 
factor to any of the observed differences.  However, the histo-
logical findings in this study are limited by the small number of 
biopsies obtained.  

In summary, this 12-month study on long-term persistent use 
of an SPF30/PPD20 sunscreen on phototype IV and V subjects 
demonstrated significant improvement in skin quality and im-
provement in skin color and photoaging parameters.  To our 
knowledge, this is the first study of this kind in skin of color 
and Hispanic population.  This study confirms that effective sun-
screen use is not only protective and beneficial for light skin 
population but is also critical in improving skin condition for skin 
of color patients.  Overall, the study demonstrates that daily use 
of sunscreen can protect skin from photo related damage and 
even reverse some of the photo-damage that has already oc-
curred in skin. In addition to previous studies that demonstrated 
the photo-protective properties of sunscreen use in normal and 
diseased skin states7,8,9,10 and in view of the fact that good pho-
toprotection behaviors are not common among Hispanics,14,15,16 
studies of this type can help educate and stress the importance 
of daily use of sunscreen and other sun protection behaviors in 
Hispanic and other skin of color populations.
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Atopic Dermatitis: A Review of Current Diagnostic  
Criteria and a Proposed Update to Management
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The diagnosis of atopic dermatitis (AD) remains primarily a clinical diagnosis, in which several clinical signs and symptoms including 
pruritus, the presence and location of skin lesions, and a personal or family history of atopic conditions are used to facilitate a diagnosis. 
In recent decades, several well-established sets of criteria have been developed to aid diagnosis. With increased awareness of AD and 
the recent development of systemic immunomodulators to treat the condition, there exists a need to further define and consolidate the 
current diagnostic criteria while refining our current understanding of the clinical features of AD. We propose a novel, simplified set of 
criteria that comprises the clinical features generally considered to be essential for a confirmed diagnosis of AD, together with features 
previously regarded as having less clinical significance. It is essential, however, that any refinements to the diagnostic criteria for AD 
are made alongside regular updates of treatment guidelines so that these also reflect current developments. In this regard, the current 
guidelines in the United States are lacking and should be updated.

J Drugs Dermatol. 2020;19(3):244-248. doi:10.36849/JDD.2020.4737

 ABSTRACT

 INTRODUCTION

Atopic dermatitis (AD) is a common and chronic inflam-
matory skin disease characterized by intense pruritis, 
recurrent eczematous lesions, xerosis, and lichenifica-

tion.1,2 Although primarily recognized as a childhood disorder, 
starting in infancy and affecting up to 20% of children, AD is 
also prevalent in adults. Some adults may develop new-onset 
AD, while others may have recurrence of childhood AD symp-
toms that had shown remission. Using the strictest diagnostic 
criteria (age of onset <2 years old), a recent study indicated that 
the prevalence of AD among adults in the United States (US) is 
7.3%.3 In another study it was found that approximately 25% of 
adults with AD in the US have severe disease.4

Several sets of diagnostic criteria for AD have been described 
in recent decades; none are used universally, and each varies in 
the diagnostic features given prominence, thus precluding com-
parability between epidemiological studies.

The objective of this review is to describe the current thinking 
on the clinical features of AD alongside current treatment guide-
lines, in order to consolidate and distill past and current criteria 
used in AD diagnosis, and thereby propose a more simplified 
set of diagnostic criteria.

Clinical Features and the Diagnosis of AD
In the absence of a definitive laboratory test, a diagnosis of AD is 
made based on the presence and distribution pattern of lesions 

with specific morphologic features, associated clinical findings, 
and a personal or family history of atopy. Clinical features typi-
cally present are listed in Table 1.5

Many of the more recently described clinical features of AD such 
as baseline ocular features, periorbital dermatitis, and prurigo/
prurigo nodularis2,6,7 are now considered to hold greater clinical 
significance than previously assumed yet are lacking in older 
criteria that are still in routine use.

Further complicating a confirmed diagnosis of AD with a given 
set of criteria is the fact that several of the clinical features used 
in diagnosis are heterogeneous in nature, varying by global 
region and age.2 Furthermore, phenotypic differences exist be-
tween adult- and childhood-onset AD; for example, a US study 
suggests that those with adult-onset AD are more likely to have 
been born outside of the US, have less atopy, and a predilection 
for hand, head, and neck rash than children with AD.7 Such phe-
notypic differences should be considered in both diagnosis and 
when assessing disease severity.2

Current and Past Diagnostic Criteria
Hanifin–Rajka Criteria
The most widely used and recognized criteria for the diagno-
sis of AD are the Hanifin–Rajka criteria, introduced in 1980,8 

which remain one of the primary criteria used in the hospital 
setting today. This model mandates that at least 3 of 4 major 

doi:10.36849/JDD.2020.4737
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suggested that additional features should be included and that 
>3 minor features are normally present in a confirmed diagno-
sis.11

United Kingdom (UK) Working Party Criteria
Outside of the hospital environment, the Hanifin–Rajka cri-
teria are difficult to interpret by the average dermatologist or 
primary care practitioner, which can result in inaccuracies in 
diagnosis and/or further treatment delays. Recognition of this 
led to the establishment of the UK Working Party criteria in 

criteria be met along with at least 3 of 23 minor criteria. The ma-
jor criteria are pruritus, typical morphology and distribution of 
the condition (ie, facial and extensor involvement in children; 
lichenification of flexural areas in adults), a chronic relapsing 
course, and a personal or family history of atopy. Validation 
studies of the Hanifin–Rajka criteria report sensitivity and speci-
ficity ranges of 87.9% to 96% and 77.6% to 93.8%, respectively.9

Refinements of the Hanifin–Rajka criteria have been made 
over the years. Some reports have disputed the diagnostic sig-
nificance of some of the 23 minor criteria,10 while others have 

TABLE 1.

AAD Criteria vs Simplified 2-Plus-1 Criteria: Clinical Features to Consider in the Diagnosis of AD

AAD Criteria5 2-Plus-1 Criteria

Essential features

Must be present
• Pruritus
• Eczema (acute, subacute, chronic)

-  Typical morphology and age-specific patternsb

- Chronic or relapsing history

2 Must be present
• Pruritus
• Eczema (acute, subacute, chronic)a

-  Typical morphology and age-specific patternsb

- Chronic or relapsing history

Important features
Seen in most cases; 
adds support to the 
diagnosis

• Early age of onset
• Atopy

- Personal and/or family history
- IgE reactivity

• Xerosis

1 Must be present
• Can be present at any age
• Atopy

- Personal and/or family history
- IgE reactivity

• Xerosis
• Prurigo nodules
• Periorbital eczema/eyelid dermatitis
• Conjunctivitis not characterized as bacterial or viral
• Other regional changes (eg, preauricular or periorbital 

changes)

Associated features
Any of these can be 
present to aid in diag-
nosis; however, they 
are not distinguishable 
on their own for a defi-
nite diagnosis of AD

• Atypical vascular responses (eg, facial pallor, white 
dermographism, delayed blanch response)

• Keratosis pilaris/pityriasis alba/hyperlinear palms/
ichthyosis

• Ocular/periorbital changes
• Other regional findings (eg, perioral changes/ 

periauricular lesions)
• Perifollicular accentuation/lichenification/prurigo 

lesions

• Atypical vascular responses (eg, facial pallor, white  
dermographism, delayed blanch response)

• Keratosis pilaris/pityriasis alba/hyperlinear palms/ichthyosis
• Ocular/periorbital changes
• Other regional findings (eg, perioral changes/periauricular 

lesions)
• Perifollicular accentuation/lichenification/prurigo lesions

Exclusionary features
A confirmed diagnosis 
of AD depends on the 
exclusion of these 
conditions

• Scabies
• Seborrheic dermatitis
• Contact dermatitis (allergic or irritant)
• Ichthyosis
• Cutaneous T-cell lymphoma
• Psoriasis
• Photosensitive dermatoses
• Erythroderma of other causes
• Immune deficiency diseases

• Scabies
• Seborrheic dermatitis
• Contact dermatitis (allergic or irritant)
• Ichthyosis
• Cutaneous T-cell lymphoma
• Psoriasis
• Photosensitive dermatoses
• Erythroderma of other causes
• Immune-deficiency diseases (eg, HIV, severe combined 

immune deficiency, agammaglobulinemia, Wiskott-Aldrich 
syndrome, hyper-IgE syndrome)

• Cutaneous tinea
• Other spongiotic dermatoses (eg, atopiform dermatitis,  

dermatophytosis, Gianotti-Crosti syndrome (GCS)
• Psoriasiform drug eruptions (eg, lichen planus)

Abbreviations: AD = atopic dermatitis; AAD = American Academy of Dermatology
aThe timeframe for acute, subacute, and chronic essential features (The Rule of 6) should be as follows: acute: ≤6 weeks in duration; subacute: ≥6 weeks but not longer 
than 6 months in duration; chronic: ≥6 months in duration
bPatterns include: facial, neck, and extensor involvement in infants and children; current or previous flexural lesions in any age group; sparing of the groin and axillary 
regions.
Red text denotes newly proposed criteria
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atopy and/or IgE reactivity, and xerosis. Associated features are 
those suggestive of disease but are considered too non-specific. 
The AAD consensus criteria also recommend that physicians ex-
clude conditions that mimic AD when making a diagnosis; these 
exclusionary features include scabies, irritant or allergic contact 
dermatitis, seborrheic dermatitis, cutaneous T-cell lymphoma, 
ichthyoses, psoriasis, photosensitive dermatoses, erythroder-
mas, and immunodeficiency disorders (Table 1). 

Current Treatment Guidelines for AD
The current US recommendations for the treatment of AD, de-
veloped by the AAD were last updated in 2014.17,18 Topical agents 
form the basis of AD treatment. Non-pharmacologic approaches 
such as moisturizers, bathing practices, and wet wraps focus 
on moisturization and restoration of epidermal barrier function, 
with the aim of avoiding disease flares and the need for pharma-
cologic intervention.17 Pharmacologic topical therapies include 
corticosteroids, calcineurin inhibitors, phosphodiesterase inhib-
itors, antimicrobials, and antihistamines. Topical corticosteroids 
(TCS) are typically introduced after failure to respond to preven-
tive measures and are often used alongside topical calcineurin/
phosphodiesterase inhibitors to maintain remission. Although 
the incidence is low, both topical and systemic side effects can 
occur with TCS and this should be considered, particularly when 
treating children. Topical calcineurin inhibitors are particularly 
useful at sensitive sites, such as the face and skin folds, where 
there is a greater adverse risk profile with TCS.17

Patients whose AD is refractory to topical agents require sys-
temic treatments. According to the AAD, these are indicated “for 
the subset of adult and pediatric patients in whom optimized 
topical regimens and/or phototherapy do not adequately control 
the disease, or when quality of life is substantially impacted”.18 

While phototherapy is still used in certain cases, the more 
prevalent treatment options are systemic immunomodulatory 
agents. The AAD guidelines suggest that cyclosporine (level of 
evidence: BI-II), methotrexate (BII), mycophenolate mofetil (CIII), 
and azathioprine (BII) are more widely used and more effica-
cious than IFN-γ (BII) and oral calcineurin inhibitors.18 The AAD 
guidelines recommend avoiding systemic steroids for the treat-
ment of AD, stating that their use should be restricted for acute 
severe exacerbations and as a bridge therapy to another sys-
temic, steroid-sparing treatment.18

Despite the ongoing development of immunomodulatory bio-
logic agents specifically targeting the type 2 inflammation 
common to AD, biologics are not mentioned as a systemic treat-
ment option in US guidelines,19–21 though they are included in 
the most recent European guidelines.22 There is an urgent need 
for the AAD to address this omission. 

In 2017, an expert panel from the International Eczema Coun-
cil proposed in a consensus statement that the decision to start 

1994, a refined set of criteria developed by 13 dermatologists 
and practitioners.12–14 Their aim was to condense the Hanifin–Ra-
jka criteria into a core, sensitive, and specific set, suitable for 
non-dermatologists, and applicable to a range of ethnic groups. 
Furthermore, it was anticipated that these non-invasive criteria, 
with no requirement for laboratory testing, would be suited to 
the diagnosis of patients in both hospital and private settings.

The criteria consists of 1 mandatory criterion—pruritis—plus ≥3 
of the following 5 major criteria: history of flexural involvement, 
history of dry skin, onset of AD <2 years of age, history of any 
other atopic condition (eg, asthma), and visible flexural derma-
titis.12 Validation of the criteria in dermatology patients provided 
a sensitivity and specificity of up to 85% and 96%, respectively.14 

A more recent systematic review of 19 studies, however, has 
reported that while specificity was similarly high, sensitivity var-
ied widely—between 10% and 100%.9 

Millennium Criteria
The Millennium criteria were first introduced in 1998 by Bos 
and colleagues, who sought to further distill and condense the 
Hanifin–Rajka and the UK Working Party criteria into a set that 
would identify and diagnose patients with true AD.15 It was the 
first criteria to include the presence of allergen-specific IgE as a 
diagnostic feature.

Further refined and validated by Schram and colleagues in 
2011,16 the Millennium criteria mandate that ≥5 criteria are nec-
essary to accurately identify AD patients: typical morphology, 
early age of onset, Dennie–Morgan infra-orbital skin fold, his-
tory of flexural involvement, and visible flexural eczema. The 
authors compared their refined criteria with the Hanifin–Rajka 
and UK Working Party criteria in a cohort of 210 outpatients for 
whom a diagnosis of AD was considered in the differential diag-
nosis. The Millennium criteria showed a sensitivity of 81.8% and 
a specificity of 98.8% compared with 100% and 48.8% for the 
Hanifin–Rajka criteria and 97.7% and 72.9% for the UK criteria, 
respectively.16 

American Academy of Dermatology (AAD) Guidelines
In 2014, the AAD, the leading resource for dermatologists in the 
US, in conjunction with well-renowned experts in the field of 
AD, produced guidelines for AD diagnosis and assessment.5 The 
guidelines describe the clinical features that should be consid-
ered when making a diagnosis and are classified into essential, 
important, and associated features (Table 1). 

Essential features in the AAD guidelines are those that must be 
present for an AD diagnosis to be made, and include: pruritis, 
eczema, timeline of disease, morphology, and disease pattern/
history (chronic or relapsing). Important features are those ob-
served in most cases, lending support to AD as the diagnosis. 
These include early age of AD onset, a personal/family history of 



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

247

Journal of Drugs in Dermatology
March 2020  •  Volume 19  •  Issue 3

 

M. Reynolds, J. Gorelick, M. Bruno

systemic treatment should depend not only on the disease se-
verity but also on the psychologic needs of the patient and the 
risk–benefit ratio of the systemic therapy involved.23 Surpris-
ingly however, apart from dupilumab, the majority of systemic 
treatments most commonly used to treat AD in the US (metho-
trexate, cyclosporine, mycophenolate, and azathioprine) do not 
carry an approved label for that indication.23 Moreover, despite 
its approval by the US Food and Drug Administration as the first 
biologic medication indicated for moderate-to-severe AD, dupil-
umab has yet to be listed on insurance plans as a first-line agent 
for these patients over the off-label alternatives.

In addition to the inclusion of newer treatments, the AAD treat-
ment guidelines should be updated to reflect more accurately 
the risk–benefit profiles of the various recommended systemic 
immunomodulators. A recent study, for example, comparing 
methotrexate with cyclosporine in the treatment of moderate-
to-severe AD revealed that despite its inferior efficacy (at lower 
doses only), methotrexate displayed a significantly favorable 
safety profile compared with cyclosporine.24

Once updated, physicians should be urged to review the guide-
lines regularly. This is particularly pertinent as a recent study 
assessing the adherence to evidence-based guidelines of care 
for AD in the US described an educational gap in the implemen-
tation of the current, albeit outdated, guidelines.25

Proposed Diagnostic Criteria for AD
Of all the existing diagnostic criteria, none are considered whol-
ly or mutually exclusive in the diagnosis of AD; the clinician 
ultimately makes the final diagnosis. This lack of standardiza-
tion has obvious implications on the comparability of research 
findings and was highlighted in a recent systematic review of 
the diagnostic criteria used in randomized controlled trials of 
AD.26 In 212 trials examined, 10 different sets of criteria were 
used, with the Hanifin–Rajka criteria most widely used (in 41% 
of studies) and the AAD criteria used in only 3.8% of studies. In-
terestingly, no criteria were specified in 37.3% of the studies, and 
the authors concluded that there was a need for a harmonized 
set of diagnostic criteria.

We propose a simplified model consisting of the essential fea-
tures of the more widely used diagnostic criteria, clarifying the 
duration and age at onset of the features. Importantly, these 
criteria include the newer features of AD such as conjunctivitis, 
periorbital dermatitis, and prurigo/prurigo nodularis, that were 
previously regarded to have relatively little significance in the 
context of the overall disease. Our model also proposes clear 
definitions for the acute (≤6 weeks), subacute (≥6 weeks but not 
longer than 6 months), and chronic (≥6 months) classifications 
of AD. For comparison, our proposed 2-plus-1 model is shown 
in Table 1 alongside the diagnostic criteria currently recom-
mended by the AAD,5 and in Figure 1.

We believe that these simplified and updated criteria for the 
diagnosis of AD will aid dermatology and non-dermatology 
providers in establishing the diagnosis earlier, leading to a 
lower rate of misdiagnosis, earlier treatment, and fewer crite-
ria requirements for payers to agree with providers in initiating 
systemic therapy options for patients.

 CONCLUSIONS
In recognition of the need for the diagnostic criteria for AD to 
be updated, we propose a novel, simplified 2-plus-1 model that 
comprises essential and important features of the most widely 
used criteria while also emphasizing features previously consid-
ered to be of less clinical significance. This model also clarifies 

FIGURE 1. 2-Plus-1 AD diagnostic criteria. A quick reference guide for 
clinicians diagnosing AD based on the 2-plus-1 criteria. The updated 
criteria are in red. Abbreviation: AD = atopic dermatitis

Atopic Dermatitis: 
The Diagnostic Path

  A clinician's guide towards the right diagnosis and treatment 

2 1
Essential
Features

Important 
Feature

Eczema
Atopy

Xerosis

Conjunctivitis

Prurigo nodules

Periorbital eczema

Other regional changes

Acute
≤6 weeks

Subacute
≥6 weeks

Chronic
≥6 months

Associated
Features

Exclusionary
Features
Scabies
Seborrheic dermatitis 
Contact dermatitis
Ichthyoses
Cutaneous T-cell lymphoma 
Psoriasis
Photosensitive dermatoses 
Erythroderma of other causes 
Immune-deficiency diseases 
Cutaneous tinea
Other spongiotic dermatoses 
Psoriasiform drug eruptions

AD Diagnosis

Atypical vascular responses 
Keratosis pilaris / pityriasis alba
/ hyperlinear palms / Ichthyoses

Ocular / periorbital changes
Other regional findings 

Perifollicular accentuation
/ lichenification / 

prurigo lesions 

Pruritus



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

248

Journal of Drugs in Dermatology
March 2020  •  Volume 19  •  Issue 3

 

M. Reynolds, J. Gorelick, M. Bruno

atopic dermatitis: a systematic review. Br J Dermatol. 2008;158:754-765.
10. Mevorah B, Frenk E, Wietlisbach V, Carrel CF. Minor clinical features of 

atopic dermatitis. Evaluation of their diagnostic significance. Dermatologica. 
1988;177:360-364.

11. Rudzki E, Samochocki Z, Rebandel P, et al. Frequency and significance of the 
major and minor features of Hanifin and Rajka among patients with atopic 
dermatitis. Dermatology. 1994;189:41-46.

12. Williams HC, Burney PG, Hay RJ, et al. The U.K. Working Party's diagnostic 
criteria for atopic dermatitis. I. Derivation of a minimum set of discriminators 
for atopic dermatitis. Br J Dermatol. 1994;131:383-396.

13. Williams HC, Burney PG, Strachan D, Hay RJ. The U.K. Working Party's diag-
nostic criteria for atopic dermatitis. II. Observer variation of clinical diagnosis 
and signs of atopic dermatitis. Br J Dermatol. 1994;131:397-405.

14. Williams HC, Burney PG, Pembroke AC, Hay RJ. The U.K. Working Party's 
diagnostic criteria for atopic dermatitis. III. Independent hospital validation. 
Br J Dermatol. 1994;131:406-416.

15. Bos JD, Van Leent EJ, Sillevis Smitt JH. The millennium criteria for the diag-
nosis of atopic dermatitis. Exp Dermatol. 1998;7:132-138.

16. Schram ME, Leeflang MM, DEN Ottolander JP, et al. Validation and re-
finement of the millennium criteria for atopic dermatitis. J Dermatol. 
2011;38:850-858.

17. Eichenfield LF, Tom WL, Berger TG, et al. Guidelines of care for the manage-
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dermatitis with topical therapies. J Am Acad Dermatol. 2014;71:116-132.
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ment of atopic dermatitis: Section 3. Management and treatment with pho-
totherapy and systemic agents. J Am Acad Dermatol. 2014;71:327-349.
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uation and management of atopic dermatitis: a comparison of the Joint Task 
Force Practice Parameter and American Academy of Dermatology guide-
lines. J Allergy Clin Immunol. 2017;139:S49-S57. 
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ment of moderate-to-severe atopic dermatitis: a multidisciplinary consensus 
addressing current and emerging therapies. J Allergy Clin Immunol Pract. 
2017;5:1519-1531.

21. Megna M, Napolitano M, Patruno C, et al. Systemic treatment of adult atopic 
dermatitis: a review. Dermatol Ther (Heidelb). 2017;7:1-23.

22. Wollenberg A, Barbarot S, Bieber T, et al. Consensus-based European guide-
lines for treatment of atopic eczema (atopic dermatitis) in adults and chil-
dren: Part II. J Eur Acad Dermatol Venereol. 2018;32:850-878. 

23. Simpson EL, Bruin-Weller M, Flohr C, et al. When does atopic dermatitis 
warrant systemic therapy? Recommendations from an expert panel of the 
International Eczema Council. J Am Acad Dermatol. 2017;77:623-633.

24. Goujon C, Viguier M, Staumont-Sallé D, et al. Methotrexate versus cyclospo-
rine in adults with moderate-to-severe atopic dermatitis: a phase III random-
ized noninferiority trial. J Allergy Clin Immunol Pract. 2018;6:562-569. 

25. Fleischer AB Jr. Guideline-based medicine grading on the basis of the guide-
lines of care for ambulatory atopic dermatitis treatment in the United States. 
J Am Acad Dermatol. 2019;80:417-424.

26. Vakharia PP, Chopra R, Silverberg JI. Systematic review of diagnostic criteria 
used in atopic dermatitis randomized controlled trials. Am J Clin Dermatol. 
2018;19:15-22.

the duration and age of onset of the essential and important 
features.

Subsequent treatment following a diagnosis of AD is reliant on 
treatment guidelines that reflect current knowledge. It is im-
perative, therefore, that AD treatment guidelines are updated 
regularly to reflect more accurately the risk–benefit profiles of 
systemic immunomodulators and to include newer treatment 
alternatives, particularly for moderate-to-severe AD cases. The 
advent of monoclonal antibodies aimed at targeting all as-
pects of the atopic disease spectrum may require us to revisit 
treatment algorithms, the implications of which would be far 
reaching, both for pharmaceutical drug development and in the 
establishment of guidelines for insurance-based drug formular-
ies.
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A Supersaturated Oxygen Emulsion for Wound Care  
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Although oxygen is essential for proper wound healing, wounds are often hypoxic with diminished oxygen delivery to the healing 
tissue. Since oxygenation of the outer layers of skin is almost exclusively provided by the atmosphere, increasing the presence of ex-
ternal oxygen enhances the healing process. Hyperbaric oxygen therapy is beneficial for treating nonhealing wounds, such as diabetic 
ulcers, and has been used to speed post-treatment recovery following aesthetic procedures; however, it is not suitable for home use. 
Recently, perfluorocarbon emulsions have been developed that can absorb large amount of oxygen. Preparations containing 2% of 
these compounds can absorb up to seven-times more oxygen than water at 37°C. A topical perfluorocarbon emulsion consisting of 
perfluorodecalin, water, plant derived emulsifiers, and a preservative, has been developed for use in dermatology (Cutagenix™ & Cuta-
vive™ Professional Skin Care Emulsion; Cutagenesis, Niwot, CO). Designed to be applied 2 to 4 times daily following skin rejuvenation 
procedures, this topical oxygen emulsion reduces the incidence of post-procedure complications. The application of a topical emulsion 
is well-suited for patient application to enhance recovery following energy-based aesthetic procedures.

J Drugs Dermatol. 2020;19(3):250-253. doi:10.36849/JDD.2020.4728

 ABSTRACT

 BACKGROUND

Wound healing is a complex process during which 
the skin and underlying tissues are repaired 
through several well-defined phases.1 One of the 

key factors in the healing process is tissue oxygenation, espe-
cially during the early phases of healing.2 Although initial hypox-
ia is required to initiate the healing process,3 increased oxygen 
tension becomes necessary to stimulate phagocytosis, provide 
mitochondrial energy, enhance angiogenesis, increase keratino-
cyte differentiation, migration, and re-epithelialization, enhance 
fibroblast proliferation and collagen synthesis, and promote 
wound contraction. Oxygen is also essential for producing su-
peroxide by polymorphonuclear leukocytes which is necessary 
for destroying invading pathogens.2-5

Unfortunately, wounds are typically hypoxic with diminished 
oxygen delivery to the healing tissue.6 It has been estimated 
that wounds require a tissue oxygen tension ≥20 mm Hg to heal 
while non-healing wounds have transcutaneous oxygen pres-
sure (tcpO2) as low as 5 mm Hg.7 In one study, tcpO2 ≥30 mm 
was a predicter of healing success.8  The tcpO2 is especially wor-
risome for wounds associated with peripheral arterial occlusive 
disease and diabetic foot ulcers.9 Consequently, the use of oc-
clusive dressings can increase the oxygen deficit and further 
diminish wound healing.10 Since oxygenation of the outer layers 
of skin to a depth of 250 to 400 µM is almost exclusively provid-

ed by the atmosphere with little coming from circulating blood,11 
increasing the presence of external oxygen will enhance the 
healing process.

Hyperbaric Oxygen
Hyperbaric oxygen therapy (HBOT) refers to the administration 
of 100% oxygen at ≥1.4 atmosphere within a pressurized cham-
ber.12 During HBOT, tissue oxygen levels of 200 to 400 mm Hg 
can be achieved.13

HBOT has been shown to upregulate the production of vascu-
lar endothelial growth factor (VEGF), variants of platelet-derived 
growth factor (PDGF), and fibroblast growth factor (FGF) par-
tially through nitric oxide modulation. VEGF and PDGF are 
responsible for stimulating capillary budding and wound 
granulation by altering signaling pathways leading to cell prolif-
eration and migration. FGF plays a similar role in angiogenesis, 
but also induces neural development, keratinocyte organization, 
and fibroblast proliferation leading to wound granulation and 
epithelialization.14

HBOT can also enhance the antibacterial effects of oxygen at 
wound sites. As neutrophils and macrophages enter these en-
vironments to kill bacteria and remove necrotic material, they 
require large amounts of oxygen which is used to create hy-

doi:10.36849/JDD.2020.4728
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tissue granulation and increased type I and type III collagen 
deposition. In a similar randomized study, the application of 
topical oxygen emulsion to partial thickness burns resulted in 
epithelialization, angiogenesis, and  tissue granulation, which 
occurred significantly sooner and faster than controls.33 Burn 
tissue treated with topical oxygen emulsion also demonstrated 
increased expression of type I and type III collagen and vascular 
endothelial growth factor.

Subsequently, a topical perfluorocarbon emulsion was devel-
oped32 which has found therapeutic applications in dermatology. 
This product consisting of perfluorodecalin, water, plant de-
rived emulsifiers and a preservative (Cutagenix™ & Cutavive™ 
Professional Skin Care Emulsion; Cutagenesis, Niwot, CO) is 
currently available as a post-laser treatment from skin care pro-
fessionals. 

Application of this topical oxygen emulsion to patients every 6 
hours for 7 days following fully ablative CO2 laser alone or in 
combination with a fractional ablative CO2 laser was associated 
with a reduced incidence of post-procedure complications.34 In 
one case report, a woman who underwent deep fractional CO2 
resurfacing in the neck  developed worsening neck skin tight-
ness, inflammation, and erythema 4 days after treatment.35 She 
was subsequently diagnosed with deep second degree burns 
throughout the neck. After unsuccessful treatment with topical 
silver sulfadiazine, the patient was started on a topical perfluo-
rodecalin emulsion four times daily and the patient continued 
to improve for more than 1 year with minimal visible scarring 
remaining.

This emulsion is also capable of rejuvenating photoaged skin 
and premature aging due to smoking. The negative effects of 
smoking are caused by diminished oxygenation due to the ac-
tion of nicotine on the dermal microvasculature and its toxic 
effects on keratinocytes and fibroblasts and reduced collagen 
synthesis resulting in excess skin wrinkles.36 A study demon-
strated the rejuvenating effects of the topical oxygen emulsion 
on smoker’s skin.37 Healthy adult smokers (n=10) and nonsmok-
ers (n=10) with ≥ type II Glogau photodamage classification 
were enrolled. Subjects applied the topical oxygen emulsion 
to their entire face twice daily. Study endpoints were changes 
in baseline skin hydration measured with a corneometer and 
skin oxygen levels measured with a radiometer after 3 and 6 
weeks of treatment. Subjects also completed a self-assessment 
questionnaire and rated the appearance of their skin based on 
skin texture, color, fine wrinkles, blotchiness, dryness, pore size, 
firmness, and overall improvement.

At week 6, all subjects completing the trial (n=17) perceived 
some improvement in skin appearance and most (n=12) rated 
the improvement as moderate (25-50%) or marked (50-75%) 
overall improvement. Smokers showed significantly greater 

drogen peroxide, superoxide anions, hydrochloric acid, and 
hydroxyl radicals. These reactive oxygen species can destroy 
bacteria both intra- and extracellularly by disrupting cell mem-
branes and denaturing protein.14

Clinically, HBOT has beneficial effects on nonhealing ulcers that 
do not respond to standard care15 such as Grade 3 (abscess, 
osteomyelitis, or tendonitis) and Grade 4 (gangrene involving 
forefoot or toes) diabetic ulcers.16-18 HBOT promotes wound 
neovascularization and improves the overall rate of healing and 
limb salvage.16,17,19 

HBOT has also found a place in dermatology. Animals models 
have been used to demonstrate the ability of HBOT to stimulate 
significant angiogenesis,20 protect against oxidative damage, 
increase skin elasticity,21 and increase collagen synthesis, even 
when administered intermittently.22 Not surprisingly, HBOT has 
rejuvenating effects on the skin.23 It has been used clinically to 
hasten post-treatment recovery following aesthetic procedures. 
The effect of HBO to enhance recovery following phenol chemi-
cal peels was assessed in a randomized trial.24 Subjects treated 
with five consecutive daily HBOT sessions had significantly de-
creased erythema, scaling, and pruritus while control subjects 
had significantly more severe skin tightness, edema, erythema, 
crusting, and scaling. HBOT resulted in greater epithelialization 
and confidence to appear in public.

Unfortunately, HBOT is not a benign treatment. Potential 
adverse events include middle ear, sinus and pulmonary baro-
trauma; CNS and pulmonary oxygen toxicity, adverse ocular 
effects and is unsuitable for claustrophobic individuals.25 The 
absolute contraindication to HBO is untreated pneumothorax.26 
Relative contraindications include sinusitis, seizures, pregnan-
cy, congestive heart failure and implanted devices.12,26 Because 
of the high levels of oxygen used, there is the danger of fire in 
the hyperbaric chamber.12

Supersaturated Oxygen Emulsion
Recently, perfluorocarbon emulsions have been developed 
which can absorb large amount of oxygen. Preparations con-
taining 2% of these compounds can absorb up to seven-   times 
more oxygen than water at 37°C.27 The oxygen-carrying capac-
ity of perfluorocarbon-based compounds is so great they have 
been studied for use as artificial blood.28 Administration of su-
persaturated oxygen to the left main coronary artery diminished 
infarct size following acute myocardial infarction,29,30 leading to 
its FDA-approval for this indication.31

Using a porcine model, researchers at the University of Miami 
School of Medicine assessed the use of a topical perfluoro-
decalin-based oxygen emulsion which significantly enhanced 
the rate of epithelialization of second-degree burns and partial-
thickness wounds.32 Histology revealed increased angiogenesis, 
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improvement than non-smokers in skin color, blotchiness, and 
dryness. At week 6, all smokers rated their improvement to be at 
least moderate in every category while nonsmokers rated their 
improvement to be at least moderate in all categories except 
skin color and blotchiness. The mean increase in moisture con-
tent was 16.5% across all subjects. Baseline oxygen levels for 
smokers and nonsmokers were 36.3 and 57.2 mm Hg, respec-
tively, increasing to 72.3 and 76.6, respectively, at week 6. This 
represents a 34% increase for nonsmokers and a 99% increase 
for smokers.

 DISCUSSION
Many energy-based techniques have been developed for fa-
cial rejuvenation including radiofrequency, laser resurfacing, 
intense pulsed light, microneedling, dermabrasion, chemical 
peels, and focused ultrasound.38 The basis for these treatments 
is denaturing collagen and stimulating neocollagenesis and 
neoelastogenesis by causing superficial injury to the skin. While 
these techniques can improved wrinkles and overall skin ap-
pearance, they all require recovery time that can last up to 4 
weeks depending on the procedure.39 During this time, patients 
may experience erythema, edema, bruising, and scaling, which 
may interfere with social activities.

The application of oxygen under hyperbaric conditions or as a 
topical emulsion has been shown to enhance healing of chronic 
wounds as well as aesthetic procedures.17,34 The application of 
a topical emulsion is well-suited for patient application to en-
hance recovery following energy-based aesthetic procedures 
and longer-term treatment for skin rejuvenation.

 CONCLUSION
A topical perfluorocarbon oxygen emulsion consisting of perflu-
orodecalin, water, plant-derived emulsifiers and a preservative 
that carries in excess of 700 TORR of oxygen has been devel-
oped for use in dermatology. Designed to be applied following 
skin rejuvenation procedures, this topical oxygen emulsion im-
proves healing time and reduces the incidence of post-procedure 
complications. The application of a topical oxygen emulsion is 
well-suited for patient application to enhance recovery follow-
ing energy-based aesthetic procedures and may also serve as 
an effective, stand-alone procedure for skin rejuvenation.
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BRIEF SUMMARY—PLEASE SEE THE RHOFADE® CREAM PACKAGE 
INSERT FOR FULL PRESCRIBING INFORMATION.

INDICATIONS AND USAGE
RHOFADE cream is indicated for the topical treatment of persistent facial 
erythema associated with rosacea in adults.

DOSAGE AND ADMINISTRATION
For topical use only. Not for oral, ophthalmic, or intravaginal use.
Prime the RHOFADE cream pump before using for the first time. To do so, with 
the pump in the upright position, repeatedly depress the actuator until cream 
is dispensed and then pump three times. Discard the cream from priming 
actuations. It is only necessary to prime the pump before the first dose.
RHOFADE cream tubes do not require priming.
Apply a pea-sized amount of RHOFADE cream, once daily in a thin layer to 
cover the entire face (forehead, nose, each cheek, and chin) avoiding the eyes 
and lips. Wash hands immediately after applying RHOFADE cream.

CONTRAINDICATIONS
None.

WARNINGS AND PRECAUTIONS
Potential Impacts on Cardiovascular Disease
Alpha-adrenergic agonists may impact blood pressure. RHOFADE 
cream should be used with caution in patients with severe or unstable 
or uncontrolled cardiovascular disease, orthostatic hypotension, 
and uncontrolled hypertension or hypotension. Advise patients with 
cardiovascular disease, orthostatic hypotension, and/or uncontrolled 
hypertension/hypotension to seek immediate medical care if their 
condition worsens.
Potentiation of Vascular Insufficiency
RHOFADE cream should be used with caution in patients with cerebral  
or coronary insufficiency, Raynaud’s phenomenon, thromboangiitis 
obliterans, scleroderma, or Sjögren’s syndrome. Advise patients to seek 
immediate medical care if signs and symptoms of potentiation of vascular 
insufficiency develop.
Risk of Angle Closure Glaucoma
RHOFADE cream may increase the risk of angle closure glaucoma in patients 
with narrow-angle glaucoma. Advise patients to seek immediate medical care 
if signs and symptoms of acute angle closure glaucoma develop.

ADVERSE REACTIONS
Clinical Studies Experience
Because clinical trials are conducted under 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.
A total of 489 subjects with persistent facial erythema associated with 
rosacea were treated with RHOFADE cream once daily for 4 weeks in 3 
controlled clinical trials. An additional 440 subjects with persistent facial 
erythema associated with rosacea were also treated with RHOFADE cream 
once daily for up to one year in a long-term (open-label) clinical trial. Adverse 
reactions that occurred in at least 1% of subjects treated with RHOFADE 
cream through 4 weeks of treatment are presented in the table below:
Adverse Reactions Reported by ≥ 1% of Subjects Through 4 Weeks of 
Treatment in Controlled Clinical Trials

Adverse Reaction
Pooled Controlled Clinical Trials

RHOFADE Cream  
(N = 489)

Vehicle  
(N = 483)

Application-site dermatitis 9 (2%) 0

Worsening inflammatory lesions  
of rosacea 7 (1%) 1 (< 1%)

Application-site pruritus 5 (1%) 4 (1%)

Application-site erythema 5 (1%) 2 (< 1%)

Application-site pain 4 (1%) 1 (< 1%)

In the long-term (open-label) clinical trial, the rates of adverse reactions over 
a one-year treatment period were as follows: worsening inflammatory lesions 
of rosacea (3%), application-site dermatitis (3%), application-site pruritus (2%), 
application-site pain (2%), and application-site erythema (2%). Subjects with 
persistent erythema along with inflammatory lesions were allowed to use 
additional therapy for the inflammatory lesions of rosacea.

DRUG INTERACTIONS
Anti-hypertensives/Cardiac Glycosides
Alpha-adrenergic agonists, as a class, may impact blood pressure. Caution 
in using drugs such as beta-blockers, anti-hypertensives and/or cardiac 
glycosides is advised.
Caution should also be exercised in patients receiving alpha-1 adrenergic 
receptor antagonists such as in the treatment of cardiovascular disease, 
benign prostatic hypertrophy, or Raynaud’s disease.

Monoamine Oxidase Inhibitors
Caution is advised in patients taking MAO inhibitors which can affect the 
metabolism and uptake of circulating amines.

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
There are no available data on RHOFADE cream use in pregnant women  
to inform a drug-associated risk for major birth defects and miscarriage.  
A literature article describing intranasal decongestant use in pregnant women 
identified a potential association between second-trimester exposure to 
oxymetazoline (with no decongestant exposure in the first trimester) and 
renal collecting system anomalies. In animal reproduction studies, there 
were no adverse developmental effects observed after oral administration 
of oxymetazoline hydrochloride in pregnant rats and rabbits at systemic 
exposures up to 3 times and 73 times, respectively, the exposure associated 
with the maximum recommended human dose (MRHD). The estimated 
background risks of major birth defects and miscarriage for the indicated 
population are unknown. All pregnancies have a background risk of birth 
defect, loss, or other adverse outcomes. In the U.S. general population, the 
estimated background risk of major birth defects and miscarriage in clinically 
recognized pregnancies is 2%-4% and 15%-20%, respectively.
Clinical Considerations
Fetal/Neonatal Adverse Reactions
Following repeated use of oxymetazoline hydrochloride solution nasal 
spray for the treatment of nasal congestion at a dose 5 times higher than 
recommended, one case of fetal distress was reported in a 41-week pregnant 
patient. The fetal distress resolved hours later, prior to the delivery of the 
healthy infant. The anticipated exposures for the case are 8- to 18-fold higher 
than plasma exposures after topical administration of RHOFADE cream.
Human Data
No adequate and well-controlled trials of RHOFADE cream have been 
conducted in pregnant women.  Across all clinical trials of RHOFADE cream, 
two pregnancies were reported.  One pregnancy resulted in the delivery of  
a healthy child.  One pregnancy resulted in a spontaneous abortion, which 
was considered to be unrelated to the trial medication.
Lactation
No clinical data are available to assess the effects of oxymetazoline on 
the quantity or rate of breast milk production, or to establish the level of 
oxymetazoline present in human breast milk post-dose. Oxymetazoline was 
detected in the milk of lactating rats. The developmental and health benefits 
of breastfeeding should be considered along with the mother’s clinical need 
for RHOFADE cream and any potential adverse effects on the breastfed child 
from RHOFADE cream or from the underlying maternal condition.
Pediatric Use
Safety and effectiveness of RHOFADE cream have not been established  
in pediatric patients below the age of 18 years.
Geriatric Use
One hundred and ninety-three subjects aged 65 years and older received 
treatment with RHOFADE cream (n = 135) or vehicle (n = 58) in clinical trials. 
No overall differences in safety or effectiveness were observed between 
subjects ≥ 65 years of age and younger subjects, based on available data. 
Clinical studies of RHOFADE cream did not include sufficient numbers of 
subjects aged 65 and over to determine whether they respond differently  
from younger subjects.

OVERDOSAGE
RHOFADE cream is not for oral use. If oral ingestion occurs, seek medical 
advice. Monitor patient closely and administer appropriate supportive 
measures as necessary. Accidental ingestion of topical solutions (nasal 
sprays) containing imidazoline derivatives (e.g., oxymetazoline) in children has 
resulted in serious adverse events requiring hospitalization, including nausea, 
vomiting, lethargy, tachycardia, decreased respiration, bradycardia, hypotension, 
hypertension, sedation, somnolence, mydriasis, stupor, hypothermia, drooling, 
and coma. Keep RHOFADE cream out of reach of children.

RHOFADE is a registered trademark of EPI HEALTH, LLC.
Patented. U.S. Patent Numbers: U.S. 7,812,049; U.S. 8,420,688; U.S. 
8,815,929; U.S. 8,883,838; U.S. 9,974,773; and U.S. 10,335,391.  
Made in the U.S.A.
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Real-World Utility of a Non-Invasive Gene Expression  
Test to Rule Out Primary Cutaneous Melanoma:  

A Large US Registry Study 
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Introduction: The Pigmented Lesion Assay (PLA) is a non-invasive gene expression test that helps clinicians rule out melanoma via a 
genomics approach that elevates pigmented lesion management beyond what the eye can see. PLA improves care with a negative 
predictive value of >99% while reducing biopsies by 90% and while reducing cost. 
Methods: The registry study described here (53 US dermatology offices, 90 providers, median patient age 48 years, 60.80% female 
and 39.20% male patients) assesses real-world utility to determine if the PLA changes clinical practice. 
Results: Of 3,418 pigmented skin lesions clinically suspicious for melanoma and assessed by PLA, 324 lesions (9.48%) were PLA(+) 
and 3,094 (90.52%) were negative. A PLA test result is positive if LINC, PRAME, or both target genes are detected; these molecular 
pathology findings are known to correspond with histopathology findings of in situ or invasive primary melanoma in 7%, 50%, and 
93%, respectively. The 9.48% PLA(+) cases consisted of 5.15% LINC only, 1.93% PRAME only, and 2.40% LINC and PRAME double 
positive cases. Notably, 97.53% of PLA(+) lesions were surgially biopsied, while 99.94% of PLA(-) cases were clinically monitored and 
not biopsied. 
Discussion: These findings demonstrate that community-based clinicians who employ the PLA to improve pigmented lesion manage-
ment use the test’s results to guide how they practice. Pigmented lesions with PLA(+) test results are subjected to surgical biopsies, 
whereas PLA(-) lesions are followed clinically and not biopsied. 

J Drugs Dermatol. 2020;19(3):257-262. doi:10.36849/JDD.2020.4766

 ABSTRACT

 INTRODUCTION

Efforts to unambiguously assess and adjudicate primary 
melanocytic skin lesions clinically suspicious of mela-
noma to rule out melanoma via the existing standard 

of care of visual assessment and histopathology remains a 
challenge even for pigmented lesion experts because of inher-
ent limitations of image recognition.1-11 Dermoscopy, confocal 
microscopy, or computer-aided image analysis of skin lesions 
can reduce some of these inherent limitations. However, these 
tools generally do not overcome these issues and challenges 
continue after biopsy decisions have been made. Histologic 
evaluation is again guided by image and pattern recognition. 
Histologic criteria to distinguish between benign and malignant 
are overlapping and are in nature subjective, affecting the per-
formance of our existing mainstay of establishing diagnoses 
in pigmented lesion management.4,6 These complexities and is-
sues are highlighted in a large 2017 US study in which Elmore 
and colleagues assessed the performance of 187 pathologists 

and dermatopathologists reviewing the histopathology slides 
of 240 melanocytic lesions including 118 early-stage melano-
mas.4 From the study, the authors estimate that only 82.8% 
of all melanocytic skin biopsy diagnoses across a population 
would be verified by a consensus panel of experts. Further-
more, the accuracy of assigning intermediate melanocytic le-
sions to the correct one of five mPath categories is low, ranging 
from 25% to 43%.4 Intra-observer reproducibility showed simi-
larly discouraging discordance.4 Although an increasing num-
ber of studies have demonstrated that immunohistochemistry 
and molecular analysis techniques, such as fluorescence in situ 
hybridization, comparative genomic hybridization, and mes-
senger ribonucleic acid (RNA) expression profiling of surgically 
obtained specimens, can help to somewhat enhance our ability 
to assess melanocytic neoplasms, these approaches fall short 
of truly impacting pigmented lesion management because of 
their performance characteristics and because the tests depend 

doi:10.36849/JDD.2020.4766
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adhesive and skin; no wait time is required. To enable separa-
tion of lesional from non-lesional surrounding skin tissue, the 
lesion is demarcated with a marker pen on each one of the ap-
plied adhesive patches. Patches are placed in a pre-addressed 
courier envelope and shipped to a central processing laboratory 
without need for refrigeration or special handling. The sample 
collection process takes about 1-2 minutes. A molecular pathol-
ogy report is generally available within 48-72 hours.

 RESULTS
Findings from a large US Pigmented Lesion Assay registry study 
(53 US dermatology offices, 90 providers) of 3,418 patients and 
their pigmented skin lesions clinically suspicious for melanoma 
and evaluated by PLA are presented. The median patient age 
was 48 years; 60.80% of patients were female and 39.20% were 
male. Overall, most lesions (55.18%) evaluated by PLA were lo-
cated on the trunk, followed by locations on extremities (27.27%) 
and locations in face / head / neck areas (17.55%). Figure 1 pro-
vides details on lesion locations in male and female patients 
demonstrating similar lesion locations in face / head / neck ar-
eas (19.00% and 17.35%, respectively) while female patients’ 
pigmented lesions evaluated by PLA were more often located 
on extremities (32.44% versus 18.70% in male patients). 

Of 3,418 pigmented skin lesions clinically suspicious for mela-
noma and assessed by PLA, 324 lesions (9.48%) were PLA(+) 
and 3,094 (90.52%) were negative (Figure 2). PLA test results are 
positive if LINC, PRAME, or both target genes are detected; these 
molecular pathology findings are known to correspond with his-
topathology findings of in situ or invasive primary melanoma in 
7%, 50%, and 93%, respectively.14 The 9.48% PLA(+) cases con-
sisted of 5.15% LINC only, 1.93% PRAME only, and 2.40% LINC 
and PRAME double positive cases (Figure 2). Notably, PLA(+) le-
sions were surgically biopsied in 97.53% while PLA(-) cases were 
clinically monitored and not biopsied in 99.94% of the cases. 
PLA(+) cases with detectable levels of both target genes or de-
tectable levels of PRAME were surgically biopsied in all cases, 
while 95.45% of LINC-only cases were biopsied (Figure 2). 

Of a total of 3,094 PLA(-) lesions, only two (0.06%) were sub-
jected to surgical procedures. One was a melanocytic nevus 
subjected to a shave/scoop biopsy and the second was a squa-
mous cell carcinoma in situ removed by MOHS surgery. The 
remaining 3,092 PLA(-) cases were monitored clinically and not 
biopsied or excised. Of these, 179 (5.79%) were scheduled for 
follow-up in three months, whereas 1,198 (38.75%) and 1,504 
(48.64%) were scheduled for follow-up in 6 and 12 months, re-
spectively. In addition, 211 patients (6.82%) were scheduled for 
follow-up at other time frames. 

The vast majority (316 of 324 or 97.53%) of PLA(+) cases (9.48% 
of all pigmented lesions assessed by PLA in this study), were 
surgically biopsied as described. Of these biopsies, 51.58% were 

on tissue samples from surgical biopsies.7 Currently up to 90% 
of all pigmented lesion biopsies are performed on benign le-
sions and are therefore avoidable.8 A reliable and actionable 
non-invasive melanoma rule-out test that guides clinicians’ bi-
opsy decisions appears desirable to improve our existing care 
standard of pigmented lesion management.12

The recently described Pigmented Lesion Assay (PLA), a non-in-
vasive PRAME (Preferentially Expressed Antigen in Melanoma) 
and LINC (Long Intergenic Non-Coding RNA 518) based gene 
expression assay using an adhesive patch sample collection 
platform for obtaining epidermal RNA, is such a test.13-21 The 
PLA is a comprehensively validated solution characterized by 
high performance (sensitivity 91-95%, specificity 69-91%, nega-
tive predictive value [NPV] >99%) and it has shown encouraging 
data in utility as well as cost savings.13-21  We previously report-
ed on real-world utility and up to 12 month follow-up data on 
PLA(-) tests demonstrating high utility and confirming the test’s 
high NPV.16 The focus of the current work is to report on our 
one-year experience of a large US registry study of PLA results 
and management decisions to further define the test’s clinical 
utility and evaluate how non-invasive gene expression testing 
to rule-out melanoma and guide biopsy decisions affects how 
pigmented lesions are managed when the PLA is available.

 MATERIALS AND METHODS
We here expand on PLA follow-up and utility findings previously 
reported that also included long-term follow-up and US regis-
try data; approval was obtained from the Western-Copernicus 
Group’s independent review board.13,16 We report on a one-year 
PLA registry study initiated in June of 2018 with data acquisi-
tion between July of 2018 and June of 2019. Fifty-three US 
dermatology practices (and 90 providers within these practices 
including board certified dermatologists, primary care physi-
cians, physician assistants, and nurse practitioners) participated 
in the registry and reported on 3,418 pigmented lesions clini-
cally suspicious for melanoma that were evaluated by PLA. The 
PLA results and management decisions (clinical monitoring of a 
given lesion or biopsy) were uploaded to a web portal. The web 
portal supported the collection of PLA results, biopsy decision, 
biopsy type, and requested 3, 6, or 12-month follow-up if the 
lesion was marked. Lesion location and patients’ sex was also 
recorded. Potential differences in how board certified dermatol-
ogists and other licensed clinicians followed the guidance of the 
PLA was assessed using the Fisher Exact test in R (Version3.5.1).

All lesion samples were obtained using a non-invasive adhesive 
skin collection kit (DermTech, La Jolla, CA) according to package 
insert instructions. In brief, a selected pigmented lesion suspi-
cious for melanoma is cleansed with an ethanol swab and dried, 
and four adhesive patches from the sample collection kit are ap-
plied sequentially to collect one sample. Gentle pressure from 
about 5 circular thumb motions ensures contact between the 
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FIGURE 2. PLA registry study outline and a summary on how PLA test results guide biopsy decisions. 7 of 7 

 

 
Figure 2. PLA registry study outline and a summary on how PLA test results guide biopsy decisions. 

 
 
Table 1. Biopsy Type After PLA.  

 
 

FIGURE 1. Anatomical locations of pigmented lesions evaluated by PLA in male and female patients.
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furthermore reduces the number needed to biopsy (NNB, the 
number of biopsies needed to detect a melanoma) by a factor of 
about 10 from 25 to 2.7.7,14,21 Cost savings of the PLA are primar-
ily driven by a reduction in initial biopsies and excisions as well 
as reduced stage-related treatment costs from missing fewer 
melanomas.20 

The 90 participating US clinicians (board certified dermatolo-
gists, primary care physicians, physician assistants and nurse 
practitioners) used the PLA widely in all appropriate anatomical 
areas that harbored pigmented lesions of concern rather than 
in cosmetically sensitive face / head / neck areas as the non-
invasive nature of the test may have led to believe. The PLA was 
used twice as often in female compared to male patients; the 
median age of PLA patients was 48 years. Over 90% of PLA reg-
istry study test results were negative in line with about 90% of 
surgical biopsies being performed on benign lesions and PLA(-) 
patients avoided biopsies and other surgical procedures.8 In the 
presented registry study, 99.94% of PLA(-) cases were scheduled 
for follow up surveillance and not biopsied. Only two of 3,094 
PLA(-) lesions (0.06%) were not observed but biopsied or ex-
cised. One was a nevus that was biopsied, and the other lesion 
was a squamous cell carcinoma in situ removed via MOHS sur-
gery where the PLA may have been used to rule out melanoma 
prior to selecting a MOHS procedure. There is clear clinical ben-
efit to patients assessed by PLA who avoided surgical biopsy 
procedures as well as risks of scarring, infection, bleeding, and 
abnormal wound healing, which may occur in a small subset of 
patients, but which is magnified by the high number of surgical 
pigmented lesion biopsies.7,21 Perhaps even more importantly, 
initial surgical biopsy procedures often lead to wider margin 
excisions due to uncertainty of the initial histopathologic diag-
nosis. This phenomenon is linked to challenges associated with 
histopathologic assessment, including limited lesion sampling 
of only 1-2% of the biopsied tissue, overlapping diagnostic 
criteria between atypical nevi and early stage melanoma, and 
variability in the assessment of cellular atypia.4,6,27,28 These wide 
excisional procedures are much more significant and often re-
quire closure repair. Up to 65% of initial biopsy procedures may 
be followed with a wider margin excision. Therefore, reducing 
initial surgical biopsies has the added clinical benefit of reduc-
ing follow-up full excisions.27

shave/scoop, 10.13% were punch, and 38.29% were excisional 
procedures. Table 1 summarizes the types of biopsy procedures 
employed and provides further details on how not only PLA re-
sults, but the detection of either one or both of the target genes 
affects the type of biopsy procedure selected. All 8 PLA positive 
cases not subjected to biopsies were LINC-only cases, which 
have a lower probability of being melanomas histopathological-
ly.14  There was no significant difference in how board certified 
dermatologists (n=2,146 submitted cases) and other licensed cli-
nicians (primary care physicians, physician assistants and nurse 
practitioners; n=1,272 submitted cases) follow the guidance of 
the PLA based on assessing the proportion of biopsies ordered 
as follow-up for either PLA(+) or PLA(-) specimens (P=0.11 and  
P =0.29, respectively). 

The PLA is positive if either LINC or PRAME or both LINC and 
PRAME are detected. LINC positive, PRAME positive and LINC 
and PRAME double positive cases correlate with a histopatho-
logic diagnosis of melanoma in 7%, 50%, and 93%, respectively.14

 DISCUSSION
The PLA is a non-invasive melanoma rule-out test that guides 
biopsy decisions and helps clinicians ascertain genomic risk 
factors the eye cannot see. Key to a highly performing rule-out 
test is a high negative predictive value or NPV, a measure that 
assesses the probability that a negative test result is indeed 
correct. Previous studies confirm that the PLA has a predicted 
NPV of >99%.13-15,21 The current registry study was undertaken 
to understand how clinicians’ real-world management of pig-
mented skin lesions changes with use of PLA gene expression 
data and to further confirm the rule-out test’s NPV. Earlier find-
ings from a separate study of 734 PLA(-) lesions reviewed at 
12 months demonstrated that only 1.8% of PLA(-) lesions were 
biopsied in this follow-up period. None of the lesions biopsied 
had a melanoma diagnosis by histopathology consistent with 
PLA’s high NPV.16 Pigmented lesions suspicious for melanoma 
and clinically followed often manifest visible changes, such as 
size increase or border and color changes within 12 months also 
reflected in the follow-up periods selected by clinicians in this 
registry study.1,22-26 The PLA performance relative to blinded con-
sensus reads (91% sensitivity) compares favorably to primary 
site histopathology performance (84% sensitivity).13,21 The PLA 

TABLE 1. Biopsy type after PLA.
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It is of equal importance to ensure that PLA(+) tests are appro-
priately followed with surgical biopsies. In the reported registry 
study, 97.53% of PLA(+) cases were biopsied. Only 8 of 324 
PLA(+) registry study cases (0.06%) were not biopsied but rather 
monitored and all 8 were LINC-only positive. Tests with this sin-
gle transcript only carry a lower probability of being diagnosed 
histopathologically as melanomas than tests with the PRAME 
transcript only, or results with both transcripts detected.14 Previ-
ous studies established that 93% of PLA results positive for both 
LINC and PRAME are diagnosed histopathologically as in situ 
or invasive melanomas. PRAME positive only and LINC posi-
tive only lesions are melanomas histopathologically in 50% and 
7%, respectively.14 Both targets are known to be overexpressed 
in melanoma and mechanistically PRAME promotes melanoma 
progression by interfering with retinoic acid receptor signaling 
and LINC is a regulator of oncogenesis affecting melanoma pro-
liferation and invasion.13 All PRAME-only or LINC and PRAME 
double positive cases were biopsied at all registry study sites. 
More excisional biopsies were performed on double positive 
lesions and PRAME positive lesions, which have a higher prob-
ability of being diagnosed as melanomas by histopathologic 
assessment than on LINC-only lesions, as detailed in Figure 2 
and Table 1. Overall, the types of biopsies conducted were con-
sistent with US practice favouring shave / scoop procedures 
(Table 1). 

The present standard of care for the management of atypical 
pigmented skin lesions focuses on efforts to rule out melano-
mas via clinical visual assessment followed by surgical biopsies 
and again visual assessment of dermatopathologic features.1-11 

The objective of this assessment is to identify melanomas at 
their earliest stages when a high cure rate is possible by wide 
excision while clinically monitoring lesions that don’t need to 
be biopsied.22 The existing visual standard of care pathway has 
a NPV for early stage melanoma ranging from 75%-89%,4-8 al-
though real-world performance can be higher due to a default 
to wide excisions in challenging cases and the use of special 
stains of lesions with difficult pigmented lesion pathology. The 
PLA provides an alternative assessment route for clinicians who 
manage pigmented skin lesions that demonstrates a high NPV 
(>99%) while reducing surgical procedures of benign lesions by 
90%. Notably, there is also growing evidence that not only clini-
cians, but also dermatopathologists benefit from the availability 
of melanoma-associated molecular risk factor information as 
primarily image recognition-based assessment of pigmented 
lesions remains challenging even for experts.16,24 Findings from 
this large registry study establish that clinicians across a spec-
trum of 53 US-based sites that manage pigmented lesions, 
appropriately follow the guidance of the test. PLA use is not lim-
ited to cosmetically sensitive areas. 

 CONCLUSIONS
Findings from a large US Pigmented Lesion Assay (PLA) registry 
study on 3,418 cases of pigmented lesions clinically suspicious 

of melanoma and assessed by PLA confirm the PLA’s high clini-
cal utility and high negative predictive value. Clinicians follow 
the guidance of the test and rely on its performance. PLA(-) 
lesions are monitored clinically and generally not biopsied, 
avoiding unnecessary surgical procedures; PLA(+) lesions are 
biopsied as intended. The PLA is a test that transforms the ex-
isting diagnostic pathway from one that is subjective, invasive, 
and of lower accuracy to one that is objective, non-invasive, and 
highly accurate.
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The Effects of Primary Defect Characteristics on 
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Mohs Micrographic Surgery: A Retrospective Review
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Background: Cosmetic concerns following Mohs Micrographic surgery (MMS) are significant and may require adjunctive treatments 
for unsatisfactory appearance.
Objective: To determine factors associated with adjunctive cosmetic intervention for facial defects following MMS.
Methods and Materials: A retrospective review of 699 patients undergoing repair of facial defects after MMS from 2008-2018 was 
performed. Tumor types, defect sizes, patient demographics, repair methods, complications, and post-operative cosmetic interventions 
were examined.
Results: 666 Mohs cases and resultant defects were analyzed. The most common method of repair following MMS was primary clo-
sure (52.3%), and the most common post-operative intervention was steroid injection (18.3%). The lip subunit was more than twice 
as likely as other locations to be treated with steroid injections (P<.001). The lip subunit also had the highest frequency of scar revision 
(13%; P<0.001). Patients who had primary closure were less likely to require scar revision (P=0.003) or dermabrasion (P=0.042), and 
there was no significant association between skin graft repair and cosmetic intervention.
Conclusions: Both defect subunit and closure type were independently associated with adjunctive cosmetic intervention following 
MMS. Defect size was not significantly associated with an adjunctive intervention in our study. Understanding the factors affecting the 
need for adjunctive cosmetic interventions may improve patient counseling prior to Mohs repair.

J Drugs Dermatol. 2020;19(3):264-270. doi:10.36849/JDD.2020.4701

 ABSTRACT

 INTRODUCTION

Skin cancer is currently the most common type of cancer 
worldwide as it affects more than 3 million Americans an-
nually.1 When feasible, many head and neck non-melano-

ma skin cancers (NMSC; basal cell carcinoma and squamous 
cell carcinoma) are treated surgically with Mohs micrographic 
surgery (MMS). As compared with wide local excision alone, 
MMS offers a lower local recurrence rate for both primary and 
recurrent NMSC.2 After tumor extirpation, MMS defects often 
require surgical reconstruction.3 Reconstructive options in the 
head and neck are numerous and include primary closure or 
adjacent tissue rearrangement with local flaps or skin grafts. 

Recent literature has shown the excellent safety profile of Mohs 
surgery, with complication rates of less than one percent in 
large database reports. In a large 2012 review by Alam et al of 
20, 821 MMS procedures, common adverse events reported 
were infections (61.1% of complications), dehiscence or wound 
necrosis (20.1%), and bleeding/hematoma.4  Clinical predictors 
of postoperative complications traditionally include smoking 

status, diabetes, concomitant anticoagulation, and the use of 
interpolated flaps with cartilage grafting.5 Additionally, it is 
well documented that MMS procedures may require revision 
in order to optimize cosmesis. A 2013 observational study in-
dicated that patients with skin cancer had persistent concerns 
about their physical appearance 1-2 weeks postoperatively with 
fluctuations in self-reported quality of life.6 Indeed, cosmesis is 
a primary concern of patients, given that these excisions and 
repairs are performed on a highly visible and cosmetically sen-
sitive areas of the body. 

Prior studies have identified putative surgical risk factors for 
complications post-MMS, including defect location and closure 
type. Sclafani et al noted that reconstruction of the nasal ala 
subunit was independently associated with complications- in-
cluding pin cushioning and the need for adjuvant corticosteroid 
treatment.7 Similarly, a recent retrospective review by Lee et 
al comprising 418 patients noted that 91% of nasal reconstruc-
tions post-Mohs involved either skin grafting or local/regional 

doi:10.36849/JDD.2020.4701
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theses, active anticoagulation or immunosuppression, tobacco 
abuse, or history of radiation therapy at the surgical site). All 
necessary postoperative revision procedures, including steroid 
injection, laser treatments, dermabrasion, and surgical scar re-
vision were noted.

We used standard definitions for each complication recording.  
Postoperative hemorrhage was defined as any occurrence of 
bleeding (either in the perioperative period or thereafter) that 
required physician intervention to obtain hemostasis. A surgical 
wound infection was suspected in patients who exhibited any 
combination of warmth, erythema, purulent drainage, pain, or 
an unexplained delay in healing of the surgical site. Skin flap or 
skin graft necrosis was defined as a partial- or full-thickness loss 
of tissue viability of any portion of a flap or graft. The clinical ap-
pearance of devitalized tissue was often that of a dark, densely 
adherent eschar. Keloid hypertrophy was defined as dense fi-
brous tissue overgrowth extending beyond the borders of the 
original wound that did not regress spontaneously. 

Statistical Analysis
We explored the associations between patient clinical charac-
teristics (ie, comorbidities, size of defect, medication use, and 
facial subunit, etc.) and procedure characteristics using bi-
variate tests. Procedure characteristics included use of primary 
closure, skin flap of any kind, full/split thickness skin grafts, and 
any secondary treatments (ie, scar excision revision, scar derm-
abrasion, laser resurfacing, and steroid injection). To assess the 
association between continuous variables of interest and proce-
dure characteristics (all binary), the t-test or Wilcoxon rank-sum 
test was used, as appropriate based on distribution. To assess 
the association between discrete variables of interest and pro-
cedure characteristics, the chi-squared or Fisher’s exact test was 
used, as appropriate based on expected cell size.  All p-values 
were two-sided with statistical significance evaluated at the 0.05 
alpha level. All analyses were performed by a biostatistician us-
ing R Version 3.3.1 (R Core Team, Vienna, Austria). 

 RESULTS
We reviewed the charts of patients with 699 soft tissue defects in 
facial subunits following MMS. Included were accessible charts 
from patients treated in the departments of dermatology, facial 
plastic surgery, and oculoplastic surgery with non-melanoma 
skin malignancies. We excluded charts that had defects on the 
neck. Of the 699, 33 charts had incomplete data as to the ex-
act measurements of the defect size or the patients were lost 
to follow up after they had their repair and at least one post-
operative visit. Demographic data, comorbidities, social history 
and medications were all recorded and reported in Table 1.  The 
average age of patients at time of repair was 68.1± 3.5 years 
old.  Most patients (80.4%) in our study were treated for basal 
cell cancer while 17.4% were treated for squamous cell cancer. 
The vast majority of cases (93.6%) were primary malignancies, 

flaps for reconstruction.8 The inherent complex topographic 
landscape of the nasal subunit may necessitate such repairs, 
whereas the same study noted that defect subunits such as the 
cheek were amenable to either primary closure or advancement 
flap approaches. The perioral region conversely demonstrated 
a lower incidence of skin grafting in the Lee study, as skin grafts 
for perioral reconstruction have been associated with scar con-
tracture and poor color matching. More evidence-based tools 
are clearly needed in order to effectively counsel patients pre-
operatively on relevant clinical factors that may or may not 
predict the need for adjuvant cosmetic treatment postopera-
tively.

This study aims to retrospectively identify and quantify the asso-
ciation between preoperative variables and adjunctive revision 
rates among patients after MMS, in order to identify possible 
risk factors for complications and/or need for adjunctive cos-
metic procedures. This data is important to aid in perioperative 
counseling of patients more effectively as to ancillary proce-
dures which may be needed to optimize the aesthetic results 
based on various clinical factors before and after MMS. 

 METHODS
This retrospective chart review study was performed in the De-
partments of Dermatology and Otolaryngology/Head and Neck 
Surgery of the New York- Presbyterian Hospital/Weill Cornell 
Medicine (WCM), New York, NY. To assess the incidence, na-
ture of complications, adjunctive postoperative intervention, 
and revision rates associated with MMS repairs for patients at 
WCMC from 2008-2018, we reviewed a convenience sample of 
patient medical records for 699 facial Mohs repairs.  This study 
was approved by the Institutional Review Board of WCMC.  At-
tending physicians from Dermatology, Ophthalmology, and 
Otolaryngology Departments participated in the study. Clinical 
information including medications, demographic profile, and 
relevant comorbidities were obtained from all patients’ medical 
records and entered into a secure MMS database. Included was 
any information that might provide a more accurate prediction 
of subclinical tumor extension or increased tumor aggression 
(eg, central facial location, aggressive histologic pattern, or his-
tory of previous treatment) however this was not mandatory 
for inclusion in the dataset. No patients were excluded from 
data collection, but only those whose clinical history was well 
documented with a follow-up period of at least 2 months were 
included in the analysis. We also obtained defect size, defect lo-
cation divided into predetermined subunits, repair type, and any 
follow up procedural data up to 1 year. Charts whose entry fields 
lacked data on defect dimensions, repair type, or follow up after 
the initial postoperative visit were excluded. For analysis, the 
defects were measured as area (width times length (mm)) based 
on recorded measurements in the operative notes. We also care-
fully examined and recorded factors that could have contributed 
to an increased risk of surgical complications (eg, bleeding dia-
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er.”  The “other” category included the scalp, forehead, temple, 
brow, and chin. The cheek and nose subunits were the most 
common defects in our study, comprising 50.7%. These defects 
were categorized into groups with areas of <20 mm2, 20-80 mm2, 
80-139 mm2, and >140 mm.2 Most defect areas were larger than 
20mm,2 and the most common defect area size was 20-80mm.2 
(34.2%). Interestingly, there were no significant associations 
between the size of the defect and post-operative adjunctive 
treatment (Figure 1). 

The most common method of repair following MMS was pri-
mary closure (52.3%), followed by local flaps (19.7%) and 
full-thickness skin grafts (8%). The majority of the repairs were 
done by dermatology (81.7%), followed by facial plastic sur-
gery (13.4%), and less frequently by ophthalmology (4.9%). Our 
analysis was limited to advancement flap repair, which was the 
most common local flap used, comprising 138 cases. Rotational 
flaps (42 cases) and transposition flaps (rhombic (21 cases) and 
bilobed (10 cases)) flaps were also employed, but much less fre-
quently and thus were excluded from the flap subgroup due to 
small sample size. The nose subunit was significantly associated 
with FTSG type of repair compared to other subunits (18% vs 
0.56-9.38%; P<0.001), while the eye and lip subunits were sig-
nificantly associated with flap reconstruction compared to the 
other subunits (43.8% and 45.7% vs 9.04-17.4%, respectively; 
P<0.001). Lastly, the cheek subunit was significantly associated 
with primary closure compared to the other subunits (71.8% vs 
29.1%-41.3%; P<0.001; Figure 2).  

The most common post-operative cosmetic issue was hyper-
trophic scarring, occurring in 11.9% of cases. The most common 
post-operative intervention was steroid injection (18.3%). Treat-
ment of scar related erythema and telangiectasias with pulse 

and the remaining 6.4% were recurrent cancers. 38.1% had hy-
pertension, 9% had diabetes mellitus, and 0.3% had undergone 
previous radiation treatment. 42% of patients were on some 
concomitant form of anticoagulation (eg, aspirin, coumadin, 
clopidogrel, or newer generation anticoagulants.), 5.6% were 
active smokers (32.3% former smokers), and 6.4% where on 
steroids or immunosuppressive biologic agents (eg, infliximab, 
adalimumab). Anticoagulants were not routinely held or discon-
tinued preoperatively unless advised by the patient's primary 
care physician or cardiologist. Comorbidities such as HTN, DM, 
and current smoking status had no association with the need for 
adjunctive intervention (P>0.50).

There were a total of 666 defects accurately recorded in the op-
erative notes for analysis.  We grouped defects by location into 
5 main categories as follows: cheek, eye, lip, nose, and “oth-

TABLE 1.

Patient Characteristics for Defect Repairs Analyzed

Average age at time of repair (years) 68

BCC 80.4%

SCC 17.4%

Melanoma 2.2%

HTN 38.1%

DM 9.0%

Prior XRT 0.3%

Anticoagulant use 42.0%

Active smoker 5.6%

Former smoker 32.3%

Immunosuppression 6.4%

Note that only 5.2% of patients were active smokers at the time of MMS. A majority of defects 
were secondary to MMS for basal cell carcinoma.

FIGURE 1. Most defect areas were larger than 20mm,² and the most common defect area size was 20-80 mm.² (34.2%). Note no significant 
associations between the size of the defect and post-operative adjunctive treatment.
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FIGURE 2. Closure type vs facial subunit. Note that the nose subunit was significantly associated with FTSG type of repair compared to other 
subunits, while the eye and lip subunits were significantly associated with flap type of repair compared to the other subunits. The cheek subunit 
was the most significantly associated with primary closure compared to the other subunits (71.8% vs 29.1%-41.3%; P value <0.001).

Figure 2 

 

FIGURE 3. Postoperative adjunctive intervention vs facial subunit. The lip subunit was more than twice as likely as some other locations to get 
steroid. Out of all the facial subunits, only the nose was treated with dermabrasion (P<0.001). Additionally, the cheek and nose were more likely to 
have PDL treatments compared to the other locations (4.52% and 5.81%, respectively; P-value 0.012).

Figure 3 
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dye laser (PDL), dermabrasion, and scar excision/revision were 
much less common, at 3.2% for laser resurfacing, 3.05% for 
dermabrasion, and 1.89% for scar revision. Other complications 
such as hematoma, wound infection, wound dehiscence, and 
skin necrosis all occurred at a rate <0.6%. The lip subunit was 
more than twice as likely as some other locations to be treated 
with steroid injections among cases analyzed (50% vs 17.5% of 
cheek subunits and 21.9% of eye subunits; P<.001). Patients un-
dergoing lip defect closure also had the highest frequency of 
scar excision/revision (13% compared to 0% for eye and cheek 
subunits and less than 3% for nose subunit; P<0.001). Patients 
who had primary closure were less likely to require scar exci-
sion/revision (0.27% vs 3.6%, P=0.003) or dermabrasion (1.6% 
vs 4.6%; P= 0.042) compared to patients who did not have pri-
mary closure. Conversely, patients who had local advancement 
flap repair were more likely to have scar excision/revision post-
operatively compared to patients without flap repair (4.35% vs 
1.25; P=0.035).  Out of all the facial subunits, only the nose was 
treated with dermabrasion (P<0.001). Additionally, the cheek 
and nose were more likely to have PDL treatments compared 
to the other locations (4.52% and 5.81%, respectively; P=0.012; 
Figure 3). There were no significant associations between skin 
graft repair and adjunctive interventions (Figure 4).

 DISCUSSION
Facial scars following Mohs surgery can cause anxiety, cos-
metic concerns, and even functional issues for many patients. 
Good surgical technique (ie, considering relaxed skin tension 
lines, skin eversion, etc.) alone may not be able to prevent ad-
verse cosmetic outcomes or otherwise unfavorable results for 
patients. Surgeons may counsel their patients that they should 
expect to pass the “supermarket” or “bank” test after repair7 

to convey that although the repair scars are visible if pointed 
out, the casual observer in line at a bank or supermarket would 
not notice them. Scars typically mature over 12-18 months (as 
the scar turns from immature/erythematous to more mature/
white) without surgical intervention, but surgeons may choose 
to manipulate scar formation as early as several weeks post-op-
eratively for cosmetic reasons. Preoperatively communicating 
this is particularly important to help manage patients’ post-op-
erative expectations.9,10 However, the foregoing does not take 
into account each patient’s individual risk factors for requiring 
adjuvant cosmetic procedures. Our study did not find an asso-
ciation with factors traditionally associated with poor wound 
healing (eg, diabetes, HTN) and adjunctive procedures. How-
ever, repair type and facial subunit of repair were significantly 
associated with certain adjunctive procedure types in order to 
optimize aesthetic results.

FIGURE 4. Adjunctive intervention vs repair type. Patients who had local advancement flap repair were more likely to have scar excision/revision 
post-operative compared to patients without flap repair (4.35% vs 1.25, P=0.035).  Primary closure was significantly associated with both scar 
revision and dermabrasion.

Figure 4 
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a facial plasticfor this study involved mostly defects of the cheek 
and nose, comprising half of the cases. The average age of our 
patient population was 68 years old at the time of repair, which 
is similar to those observed in other studies.5  We chose to ana-
lyze specifically the nose, lip, cheek, and eye, while grouping the 
scalp, forehead temple, brow, and chin in a separate group as 
most of these areas were less common compared to the former 
4 groups. Although many of the cases in our study were resect-
ed and repaired by dermatologists (81.7%), the high frequency 
of lesions in these areas is consistent with those seen in a facial 
plastic surgery practice. Also, the prevalence of cancers resect-
ed were in line with previous studies, with basal cell carcinoma 
being the most common (>80%).11 We found that comorbidities 
such as HTN or DM had no association with the need for ad-
junctive intervention, in agreement with prior studies profiling 
complications in MMS.12 Smoking status was not associated 
with the need for adjunctive intervention, in agreement with a 
recent study by Wang et al. showing that while current smokers 
had a 9.58 increased odds of acute complication (eg, necrosis 
or hemorrhage), there was no association with long term com-
plications requiring adjunctive cosmetic procedures.13 Patel et 
al. also noted that the usage of interpolation flaps, composite 
reconstruction, size 2 cm defect (1.5 cm for nasal subunits), and 
more than 2 days between resection and reconstruction nega-
tively affected complication and revision rates independent of 
HTN or diabetes status.14

Interestingly, while one might infer that a larger defect area may 
be more likely to require adjunctive intervention, we found no 
association with defect size and adjuvant cosmetic procedures. 
The area of defects ranged from <20 mm2 to >140 mm,2 and 
the most common defect size was 20-80 mm.2  This may explain 
why slightly more than half of lesions were repaired primar-
ily. Patel et al. noted a significant difference in complications in 
defects only above 2 cm in each dimension, which was rarely 
noted in our data. After primary closure, the most common re-
pair was advancement flap repair, comprising over half (57%) of 
all types of local flap repairs. Notably these did include deriva-
tives of the advancement flap i.e., V-Y and O-T repairs, which 
have more complex vectors of movement and scar contracture 
than simple advancement. Other flaps such as rotation, trans-
position and interpolation flaps comprised only 11% (73/666) of 
the Mohs closures in this study, however many of these flaps 
often have higher complication rates necessitating adjunctive 
procedures. Patel et al noted higher rates of wound complica-
tions postoperatively for interpolation flaps, and thus excluding 
such cases may potentially have biased our results.

In our study the method of surgical repair was optimized for the 
individual facial subunits based on the soft tissue characteristics 
of the subunit, likely reducing incidence of complications. 15,16,17 
Our complication rate was very low, with hematoma, wound 
infection/dehiscence, and skin necrosis each occurring at rates 

<0.6%, consistent with the literature.18,19 The most common post-
operative issue was scar hypertrophy (11.9%), possibly reflective 
of higher tension wounds after primary closure. It is interest-
ing to note that in a population where 42% of patients were on 
some form of anticoagulation medication, and around 1/3 of pa-
tients had hypertension, the rates of hematoma or poor wound 
healing were remarkably low, consistent with previous studies. 
Other comorbidities that may contribute to poor wound healing 
or other complications (such as diabetes mellitus, active smok-
ing, and/or previous radiation of immunosuppression) were not 
as prevalent (all <9%).20 

There are several limitations to our study. Our study protocol 
involved multiple practitioners, which asserts limitations in ap-
plicability given variable experience and training of the Mohs 
surgeons queried. There is also variability in time to follow-up 
and threshold to perform adjunctive procedures dependent on 
both surgeon and patient expectations. There are several other 
output variables, such as those related to surgeon technique 
(eg, types of suture, closure technique, frequency of follow 
up) that may also have influenced the threshold for postopera-
tive intervention. Also, it was difficult to determine in the chart 
review whether the adjunctive procedures were surgeon or 
patient driven to optimize the cosmetic result. However, there 
are nonetheless valuable observations seen here that may help 
in counseling patients prior to reconstruction of Mohs defects. 
First, we found no association between defect size and adjunc-
tive procedures.  Second, defects located in certain subunits of 
the face such as the lip were more likely to require adjunctive 
treatment, such as scar excision/revision, and steroid injection.21 
The fact that the lip subunit was twice as likely to receive a ste-
roid injection and more likely to have scar revision performed 
is likely a result of the visibility and anatomic complexity of this 
area, as well as to the mobility of the lip, increasing the propen-
sity for scar hypertrophy.  Furthermore, we believe the analysis 
showing flap repair being independently associated with scar 
revision is more of a consequence of the lower threshold for ad-
ditional intervention in the lip subunit (mostly repaired by flaps) 
to achieve a cosmetically favorable outcome. This is also rein-
forced by the fact that the eye subunit, also mostly repaired by 
flaps, was not associated with scar revision.  Dermabrasion as-
sociated with the nose subunit is likely a product of the complex 
contour of the nose and the need to recreate smooth transitions 
while discouraging sebaceous hypertrophy and hypovascular-
ized skin.  This is suggested by the fact that skin grafting itself 
was not associated with adjunctive intervention unless it oc-
curred in the nose subunit.  

It is possible that cheek area defects closed primarily developed 
worsening pre-existing telangiectasias, requiring more PDL 
adjunctive treatments than other subunits. However, overall 
defects repaired primarily were less likely to require cosmetic 
intervention than other repairs types.22-24 Although our study 
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was limited in the types of modified local flap repairs, it is 
noteworthy that local flap repair was more likely to have scar 
revision than non-flap repairs, whereas full-thickness skin grafts 
were not associated with adjunctive intervention. One would 
expect the opposite to be true – that skin grafts would be more 
likely to require adjunctive intervention, such as dermabrasion 
for skin-thickness mismatching, rather than advancement of 
similar surrounding skin during repair, as our study suggests.

In summary, we performed a retrospective review of Mohs defect 
repairs and the need for postoperative adjunctive treatments to 
optimize results of reconstruction. The most common reason for 
cosmetic intervention, where it occurred, was hypertrophic scar-
ring. We observed that there were few complications, despite 
fairly common anticoagulation use, and that steroid injection 
was the most commonly employed cosmetic intervention—
most commonly for the lip subunit. Our study suggests that a 
large defect area prior to repair is not more likely to require cos-
metic intervention post-operatively. Moreover, defects located 
on the lip were more likely require subsequent intervention in 
the form of scar revision or steroid injection. Nasal defects were 
more amenable to dermabrasion or steroid treatment compared 
to other modalities in our study, while cheek defects were more 
commonly treated with pulsed-dye laser. It is suggested by our 
study that the subunit of the defect is (eg, nose or lip) more like-
ly contributes to the need for adjunctive intervention than repair 
method chosen for each area.  These findings may help counsel 
patients of the potential need for adjunctive cosmetic proce-
dures following surgical repair of facial Mohs defects. Overall, a 
good collaborative cross specialty working relationship can be 
helpful in optimizing results after reconstruction of facial Mohs 
defects, as well as for fostering research relationships which can 
ultimately help yield data that can be helpful for the care of our 
mutual patients.
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Background: As current tazarotene formulations indicated for acne (0.1%) can cause irritation, a new tazarotene 0.045% lotion formu-
lation was developed using polymeric emulsion technology. The objective was to assess efficacy, safety, and tolerability of tazarotene 
0.045% lotion in patients with moderate-to-severe acne in a pooled analysis of data from two identical phase 3, double-blind, random-
ized, vehicle-controlled 12-week clinical studies.
Methods: Patients aged ≥9 years with moderate-to-severe acne were randomized (1:1) to tazarotene 0.045% lotion or vehicle lotion 
applied once daily. Inflammatory and noninflammatory lesion counts and Evaluator’s Global Severity Score (EGSS) were assessed. 
Treatment success was defined as a ≥2-grade improvement in EGSS and a score of 'clear'/'almost clear'. Adverse events (AEs) and 
cutaneous safety and tolerability were also assessed. 
Results: In total, 1614 patients (mean age: 20.5 years) were randomized to tazarotene 0.045% lotion (n=799) or vehicle (n=815). At 
week 12, tazarotene 0.045% lotion demonstrated statistically significant superiority versus vehicle in reducing inflammatory and non-
inflammatory lesion counts (least-squares mean percent changes from baseline: inflammatory, -57.9% vs -47.8% [P<0.001]; noninflam-
matory, -56.0% vs -42.0% [P<0.001]). Treatment success at week 12 was also greater with tazarotene 0.045% lotion versus vehicle 
(30.4% vs 17.9%; P<0.001). The most frequent treatment-emergent AEs related to tazarotene treatment were application site pain 
(5.3%), dryness (3.6%), and exfoliation (2.1%). 
Conclusions: The new tazarotene 0.045% lotion formulated with polymeric emulsion technology demonstrated statistically signifi-
cantly superior efficacy versus vehicle and was well tolerated in pediatric and adult patients with moderate-to-severe acne in this pooled 
analysis of 2 vehicle-controlled phase 3 studies. 

J Drugs Dermatol. 2020;19(3):272-279. doi:10.36849/JDD.2020.4869

 ABSTRACT

 INTRODUCTION

Topical retinoids remain the mainstay of therapy for 
acne vulgaris.1 They are, however, associated with skin 
irritation during the initial weeks of application. Erythe-

ma, scaling, dryness, burning, and pruritis of varying severities 
can occur, depending on the retinoid, dose, and vehicle. These 
unwanted effects, along with unpleasantly greasy or sticky-feel-
ing formulations,2 can potentially affect comfort and treatment 
adherence. More importantly, traditional semisolid formula-
tions—such as creams, lotions, and ointments—may not pro-
vide an even dispersion of drug onto the skin.2

Among topical retinoids, tazarotene 0.1% has proven to be 
highly effective both as monotherapy and in combination 
with other agents. A number of studies have reported that taz-
arotene markedly reduces both comedonal and inflammatory 

facial acne lesions.3-15 Although tazarotene may be more effec-
tive than other topical retinoids in treating acne,11,16 problems 
with skin irritation continue to exist with the current approved 
formulations (gel, foam, cream),17 which may limit its useful-
ness. The application of tazarotene with a moisturizer appears 
to improve tolerability without affecting efficacy;18 however, 
there continues to be an unmet need for a highly effective topi-
cal acne medication that has a lower irritability profile than the 
currently available treatment options. 

Polymeric emulsion technology represents a novel approach 
to developing dermatological products. This technology pro-
vides simultaneous delivery of the active ingredient along with 
solvents, emollients, and humectants—which allows for lower 
drug concentrations compared to conventional formulations, 

doi:10.36849/JDD.2020.4869
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50 facial inflammatory lesions (papules, pustules, and nodules), 
25-100 noninflammatory lesions (open and closed comedones), 
and two or less facial nodules. 

Patients were randomized 1:1 to receive tazarotene 0.045% lo-
tion or vehicle to be applied to the face once daily for 12 weeks. 
The study protocol was approved by institutional review boards 
or ethics committees at all investigational sites. Studies were 
carried out in accordance with principles of Good Clinical Prac-
tice (GCP) and the Declaration of Helsinki. All patients provided 
written informed consent. 

Study Assessments
Efficacy evaluations included inflammatory and noninflam-
matory lesion counts and treatment success, defined as the 
proportion of patients achieving ≥2-grade reduction from 
baseline in EGSS and a score of ‘clear’ (0) or ‘almost clear’ 
(1). Assessments were performed at screening, baseline, and 
weeks 2, 4, 8, and 12 (end of treatment). At baseline and week 
12, patients also completed an Acne Specific Quality of Life 
(Acne-QoL) questionnaire covering four different domains (self-
perception, role-emotional, role-social, and acne symptoms); 
higher scores for each domain reflect improved health-related 
QoL. Cutaneous safety (scaling, erythema, hypopigmentation, 
hyperpigmentation) was evaluated by investigators using a 
4-point scale where 0=none and 3=severe. Tolerability (itching, 
burning, stinging) was reported by patients at all post-screening 
visits. AEs were evaluated throughout the study.  

Statistical Analysis 
The co-primary endpoints for the individual studies were the 
percentage of patients achieving treatment success at week 12 
and absolute reductions from baseline to week 12 in inflamma-
tory and noninflammatory lesion counts. The intent-to-treat (ITT) 
population consisted of all patients who were randomized and 
provided with study drug. The safety population was defined as 
all randomized patients who were presumed to have used study 
medication or vehicle at least once and who had at least one 
post-baseline evaluation. 

For pooled study analyses of the mean percent changes from 
baseline in noninflammatory and inflammatory lesion counts, 
significant skewness was observed; as such, a nonparametric 
method was used in which the data were rank transformed prior 
to the analysis of covariance (ANCOVA), with factor of treatment 
and the respective baseline lesion count as a covariate. EGSS 
reductions were analyzed via logistic regression using Firth’s 
Penalized Likelihood with a factor of treatment group. Values 
were adjusted for multiple imputations. Missing efficacy data 
was handled based on estimation using the Markov Chain Mon-
te Carlo multiple imputation method. Results of the Acne-QoL 
questionnaire were summarized using descriptive statistics with 
no imputation of missing values.

potentially minimizing irritation. With polymeric emulsion 
technology, the active ingredient and moisturizing/hydrating 
ingredients are encapsulated within oil droplets, which are 
uniformly dispersed within an oil-in-water emulsion separated 
by a three-dimensional mesh matrix. Once applied to the skin, 
the mesh instantly breaks apart, ensuring rapid, uniform, and 
simultaneous release of ingredients, thus improving delivery 
and clinical efficacy.2 This technology has the potential to over-
come several limitations of conventional topical drug delivery, 
including limited skin delivery and local cutaneous irritation, 
the latter which is known to be associated with poor patient ad-
herence.19,20 Polymeric emulsion technology has been applied 
to tazarotene, resulting in a 0.045% lotion which may afford 
similar efficacy to the higher concentration tazarotene formula-
tions indicated for acne (0.1%) while reducing the potential for 
skin irritation. 

In a phase 2 study comparing tazarotene 0.045% lotion with 
tazarotene 0.1% cream and vehicle lotion or cream (to ensure 
blinding), tazarotene 0.045% lotion demonstrated statistically 
significant superiority to vehicle in reducing lesion counts at 
week 12 (P=0.013 for inflammatory; P<0.001 for noninflam-
matory lesions).21 At less than half the active concentration, 
tazarotene 0.045% lotion was also more effective than the 0.1% 
cream in reducing lesion counts and in achievement of treat-
ment success, defined as having ≥2-grade improvement from 
baseline in the Evaluator’s Global Severity Score (EGSS), and 
an EGSS score equating to ‘clear’ or ‘almost clear’. Treatment-
related adverse events AEs were more common for the 0.1% 
cream (5.6% versus 2.9% for the 0.045% lotion), the most com-
mon being application site pain (4.2% versus 2.9% for 0.045% 
lotion).

Subsequently, two identical phase 3 double-blind, randomized, 
vehicle-controlled 12-week clinical studies confirmed the effica-
cy and safety of tazarotene 0.045% lotion versus vehicle lotion 
in patients with moderate-to-severe acne.22 In both studies, 
tazarotene 0.045% lotion demonstrated statistically significant 
reductions in inflammatory and noninflammatory lesions, with 
a greater percentage of patients achieving treatment success 
at week 12 than those receiving vehicle (P<0.001, all). The data 
from these two studies were pooled to examine the safety and 
efficacy of tazarotene 0.045% lotion in patients with moderate-
to-severe acne. 

 METHODS
Study Design and Patients
Detailed methods for the studies (NCT03168334 and 
NCT03168321) have been reported.22 In brief, each of the two 
identical multicenter, double-blind, randomized, vehicle-con-
trolled, parallel-group phase 3 studies enrolled patients 9 years 
of age or older with moderate (EGSS 3) or severe (EGSS 4) acne 
at 89 study centers. Eligible participants also must have had 20-
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Efficacy Evaluations  
Significantly more patients in the tazarotene 0.045% arm than in 
the vehicle arm achieved the co-primary endpoint of treatment 
success, defined as achieving at least a 2-grade improvement in 
EGSS with a final score of clear or almost clear (30.4% vs 17.9%, 
P<0.001; Figure 2).

Tazarotene 0.045% lotion was associated with significant re-
ductions in inflammatory lesion counts (Figure 3) as well as 
noninflammatory lesion counts (Figure 4) compared with vehi-
cle. Mean inflammatory lesion counts were reduced 57.9% and 
47.8% in the tazarotene and vehicle arms, respectively (P<0.001) 
at week 12; significant differences between tazarotene and ve-
hicle were observed by week 8 (Figure 3). Significant reductions 
in noninflammatory lesion counts were observed as early as 
week 4 (32.6% vs 24.2%; P<0.001) and were further reduced at 
week 8 (46.6% vs 33.6%; P<0.001) and week 12 (56.0% vs 42.0%; 
P<0.001; Figure 4). 

Improvements in Acne-Specific QoL scores at week 12 were nu-
merically greater for the tazarotene 0.045% cohort versus vehicle 
in all 4 domains (self-perception: 7.5 vs 6.7; role emotional: 6.0 
vs 5.5; role-social: 4.7 vs 4.1; acne symptoms: 6.4 vs 5.3; Table 2). 
 
Safety Evaluations
Safety results for the pooled studies have been reported.22 

Treatment-emergent AEs (TEAEs) were reported by 209 patients 

Statistical analyses were conducted using SAS® software, 
version 9.3 or later. AEs were classified using the Medical Dic-
tionary for Regulatory Activities (MedDRA) terminology for the 
safety population.

 RESULTS
Patient Disposition and Demographics
In this pooled analysis, a total of 1614 patients were random-
ized to tazarotene 0.045% lotion (n=799) or tazarotene lotion 
vehicle (n=815; Figure 1). Of these, 692 (86.6%) and 722 (88.6%) 
completed the study, respectively. The most common reasons 
for study discontinuation were lost to follow up (45, 5.6%) and 
patient request (34, 4.3%) in the tazarotene 0.045% lotion arm, 
and lost to follow up (56, 6.9%) and patient request (23, 2.8%) 
in the vehicle arm. AEs led to study discontinuation in 19 (2.4%) 
and 4 (0.5%) of patients in the tazarotene and vehicle arms, 
respectively. The safety population consisted of 1570 patients 
(tazarotene n=779; vehicle n=791), with 44 patients not included 
due to lack of any post-baseline safety evaluation.

Patient demographics and disease characteristics at baseline 
are shown in Table 1 and baseline QoL scores in Table 2. Char-
acteristics were well matched between the two arms. The mean 
age overall was 20.5 years (standard deviation [SD] 6.9) and the 
majority of patients (65.9%) were female. All patients had mod-
erate (EGSS 3) or severe (EGSS 4) disease, the latter comprising 
9.1% and 9.1% of the tazarotene and vehicle arms, respectively. 

FIGURE 1. Patient disposition.
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TABLE 1.

Demographics and Baseline Characteristics (ITT population, pooled)

IDP-123 Lotion
(n=799)

Vehicle Lotion
(n=815)

Total
(N=1614)

Age, mean (SD), y 20.5 (6.9) 20.4 (6.9) 20.5 (6.9)

 Range                                       10-54 10-65 10-65

Sex, n (%)

 Male 268 (33.5) 282 (34.6) 550 (34.1)

 Female 531 (66.5) 533 (65.4) 1064 (65.9)

Ethnicity, n (%)

 Not Hispanic or Latino 631 (79.0) 631 (77.4) 1262 (78.2)

 Hispanic or Latino 168 (21.0) 184 (22.6) 352 (21.8)

Race, n (%)

 White 591 (74.0) 600 (73.6) 1191 (73.8)

 Black or African American 125 (15.6) 137 (16.8) 262 (16.2) 

 Asian 42 (5.3) 36 (4.4) 78 (4.8) 

 American Indian or Alaska Native 9 (1.1) 6 (0.7) 15 (0.9) 

 Native Hawaiian or Other Pacific Islander 0 4 (0.5) 4 (0.2) 

 Other/Multiple 32 (4.0) 32 (3.9) 64 (4.0) 

Evaluator’s Global Severity Score, n (%)

 3 – Moderate 726 (90.9) 741 (90.9) 1467 (90.9) 

 4 – Severe 73 (9.1) 74 (9.1) 147 (9.1) 

Inflammatory lesion count, mean (SD) 28.2 (7.2) 28.0 (7.1) 28.1 (7.1) 

Noninflammatory lesion count, mean (SD) 41.5 (16.8) 40.7 (16.3) 41.1 (16.5) 

SD, standard deviation.

TABLE 2.

Summary of Acne-QoL Questionnaire Responses (ITT population, pooled)

Domain
IDP-123 Lotion Vehicle Lotion

N Mean SD N Mean SD

Self-Perception

 Baseline 796 19.9 8.91 814 20.2 8.74

 Change from BL at week 12 690 7.5 8.06 723 6.7 8.07

Role-Emotional

 Baseline 796 20.6 8.25 814 20.5 8.27

 Change from BL at week 12 690 6.0 8.32 723 5.5 8.09

Role-Social

 Baseline 796 19.2 7.26 813 19.3 7.10

 Change from BL at week 12 690 4.7 6.60 722 4.1 6.43

Acne Symptoms

 Baseline 796 19.3 5.69 814 19.4 5.74

 Change from BL at week 12 690 6.4 6.29 723 5.3 6.13

Higher scores for each domain reflect improved health-related QoL. 
Self-perception domain assesses the extent facial acne has affected a particular area of self-perception. Role-emotional domain assesses the emotional effect or impact 
of facial acne. Role-social domain assesses the impact of facial acne on a respondent’s intersocial relationships. Acne symptoms assesses the physical symptoms 
experienced with facial acne; the acne symptom domain score correlates inversely with acne severity.
BL, baseline; ITT, intent-to-treat; QoL, quality of life; SD, standard deviation.
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FIGURE 2. Percentage of patients achieving treatment success, by week (ITT population, pooled). Treatment success = percentage of patients 
with at least a 2-grade reduction in EGSS relative to baseline and 'clear' or 'almost clear'. EGSS, Evaluator’s Global Severity Score. *P<0.05 versus 
vehicle; ***P<0.001 versus vehicle.
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FIGURE 3. Mean percent change from baseline in inflammatory lesions, by week (ITT population, pooled). LS, least squares. ***P<0.001 versus 
vehicle.
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FIGURE 4. Mean percent change from baseline in noninflammatory lesions, by week (ITT population, pooled). LS, least squares. ***P<0.001 versus 
vehicle.
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(26.8%) and 151 patients (19.1%) in the 0.045% tazarotene and 
vehicle groups, respectively. Of the patients who reported any 
TEAE, more than 95% reported only AEs of mild or moderate se-
verity (tazarotene, 95.2%; vehicle, 97.4%). In the tazarotene arm, 
88 patients (11.3%) reported AEs that were deemed treatment-
related; the most common were application site pain (5.3%), 
dryness (3.6%), exfoliation (2.1%), and erythema (1.8%). Of the 8 
participants who reported serious AEs during the study (n=4 in 
each treatment group), none were deemed related to treatment. 
Among AEs leading to study discontinuation in the tazarotene 
arm, the most common were application site pain (13 [1.7%]) 
and application site erythema (6 [0.8%]). Details regarding cu-
taneous safety and tolerability have been reported.22 Briefly, in 
the tazarotene-treated group, mean cutaneous safety and toler-
ability ratings were all between none (0) and mild (1) at weeks 4, 
8, and 12. By week 12, any slight, transient increases in cutane-
ous safety and tolerability had returned to baseline values or 
improved (Figure 5). 

 DISCUSSION
Based on decades of clinical experience, multiple consensus 
guidelines recommend topical retinoids, either as monother-
apy or in combination with other agents, for treating acne 
vulgaris.23,24 However, irritating side effects—which may vary 
depending on the type and dosage of the active ingredient, as 
well as vehicle characteristics—can limit their use and negative-
ly impact patient adherence.25,26 To alleviate these bothersome 
side effects, patients may try to apply a moisturizer along with 
their topical retinoid, but this approach does not guarantee that 
active ingredient(s) will be evenly dispersed onto the skin.

Studies to date suggest that tazarotene 0.1% in gel, foam, or 
cream formulation may have the greatest efficacy among 
topical retinoids and appears effective in reducing postinflam-
matory hyperpigmentation.11,16 Unfortunately, tazarotene 0.1% 
formulations may also have the potential for the greatest cuta-
neous irritation.27 Among these various formulations, the 0.1% 
foam may have some advantages over gels and creams, which 
have been reported to leave a sticky residue and can be difficult 
to apply evenly.28 Patient preference data for this formulation 
is lacking, and clinical benefits appear similar to those of other 
randomized, double-blind studies of tazarotene 0.1% cream and 
gel,9,29 with treatment emergent AEs including application site 
irritation, dryness, and erythema still common, particularly in 
the first four weeks of treatment.

To maintain the proven efficacy of tazarotene while improving 
its irritability profile, a unique formulation of tazarotene 0.045% 
lotion was developed utilizing a new polymeric matrix technol-
ogy. This is the first acne treatment with a reduced tazarotene 
concentration relative to standard 0.1% formulations. With poly-
meric matrix technology, uniform and simultaneous distribution 
of tazarotene, humectants, and emollients can be delivered in 
a lightly moisturizing and aesthetically pleasing lotion formu-

lation. As a result, this new lower-dose formulation provides 
optimal delivery of tazarotene into epidermal layers, thereby 
maintaining efficacy while reducing local irritation.21 

In the current pooled analysis, tazarotene 0.045% lotion signifi-
cantly reduced both inflammatory and noninflammatory lesions 
relative to vehicle at week 12. Treatment success was achieved  
in 30.4% of patients at that time point. Notably, tazarotene 0.045% 
lotion was also well tolerated, with the most common treatment-
related AEs being application site pain (5.3%), dryness (3.6%), 
and exfoliation (2.1%). These rates compare favorably with 
those previously reported for tazarotene 0.1% cream and gel 
formulations (irritation: 3.5% to 13%;7-9,13-15 burning: 1% to 14%; 
7-10,14,15 dryness, 1% to 27%;7-11,13-15 exfoliation, 1% to 29%).5,7-10,12,14,15 

 Application site reactions were generally less frequent than 
those previously reported for tazarotene 0.1% gel, cream, or 
foam, possibly as a result of the novel formulation and/or lower 
tazarotene concentration, although these data are difficult to 
compare in the absence of head-to-head trials. Overall AE rates 
were also low, with favorable tolerability, which may improve 
patient adherence. 

 CONCLUSION
Utilizing polymeric emulsion technology, a novel tazarotene for-
mulation—with less than half the concentration of other available 
tazarotene products for acne—is effective and well tolerated in 
this pooled analysis of two phase 3 studies. Compared to other 
tazarotene formulations approved for treatment of moderate-to-
severe acne, this new formulation offers significant tolerability 
benefits (without sacrificing efficacy) by allowing simultaneous 
delivery of tazarotene, humectants, and moisturizers. 
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Treatment of Impetigo in the Pediatric Population:  
Consensus and Future Directions
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Background: Impetigo is a common contagious superficial bacterial skin infection. Treatment of localized lesions can be achieved 
through topical antibiotics. Oral antibiotics are reserved for extensive disease. Increasing antimicrobial resistance to existing therapies 
have raised concerns. Antimicrobial stewardship, achieved through the responsible use of antibiotics, is an important measure to re-
duce bacterial resistance. This review highlights treatment options for impetigo and shares consensus statements to help guide the 
management of impetigo in the pediatric population.  
Objective:  An expert panel of dermatologists and pediatricians convened in February 2019 to establish evidence-based consensus on 
the management of impetigo in the pediatric patient population.
Methods: The consensus was created in accordance with the Appraisal of Guidelines, Research and Evaluation (AGREE) II instrument. 
Prior to the consensus meeting, a systematic literature review was conducted, with the selected literature deemed clinically relevant 
to the consensus statements. Statements were further refined and assessed systematically following established standards. The 
consensus process consisted of a modified Delphi approach. The consensus was established through a minimal 75% “agree” rate.
Results: Thirteen consensus statements were developed addressing clinical challenges, existing treatment options and their limita-
tions, and new therapeutic alternatives.
Conclusion: Bacterial resistance to antimicrobials commonly used in treating impetigo has been reported.  Antimicrobial stewardship 
is critical to optimize patient outcomes and to prevent the development of resistance. Healthcare providers should be aware of local 
resistance patterns in impetigo to help guide therapy. The use of newer safe and effective topical antibiotic alternatives as a first-line 
treatment should be an important step in antimicrobial stewardship.

J Drugs Dermatol. 2020;19(3):281-290. doi:10.36849/JDD.2020.4679

 ABSTRACT

 INTRODUCTION

Impetigo is a very common, highly contagious superficial 
bacterial skin infection caused primarily by Staphylococcus 
aureus (S. aureus), less frequently by Streptococcus pyo-

genes (S. pyogenes) or both organisms.1 Group A S. pyogenes 
remains a common cause of non-bullous impetigo in devel-
oping countries.  Impetigo occurs most frequently in children 

aged 2 to 5 years but may affect younger and older children 
as well as adults.2 More than 3 million cases of impetigo are 
reported in the United States each year. It is the third most com-
mon skin disorder in children and the most common skin infec-
tion in young children presenting in general practice in western 
Europe.2  The global median childhood prevalence is estimated 
to be 12.3% with a peak in tropical, low-income settings.3 The 

doi:10.36849/JDD.2020.4679
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Differential diagnosis for nonbullous impetigo includes con-
tact dermatitis, eczema herpeticum, herpes simplex, scabies, 
pemphigus foliaceus, and tinea infection. Recognition of the 
characteristic golden crust should raise suspicion for impetigo. 
The bullous form should be distinguished from other blistering 
skin conditions such as acute contact dermatitis, bullous drug 
eruptions, burns, bullous insect bite reactions, varicella, and 
subcorneal pustular dermatosis, Stevens-Johnson syndrome, 
and other bullous diseases (ie, bullous pemphigoid).10

Impetigo, whether non-bullous or bullous, is a self-limiting 
condition and typically resolves without scarring within two 
to three weeks.8  However, treatment of impetigo is important 
for reducing spread of infection, hastening the resolution of 
discomfort, and improving cosmetic appearance. Bullous and 
non-bullous impetigo can be treated with either topical or oral 
therapy. Topical therapy is used for patients with limited skin in-
volvement, whereas oral therapy is recommended for patients 
with extensive involvement.11 In healthcare settings, contact 
precautions to avoid spread of impetigo are indicated until 24 
hours after the start of appropriate antibiotic therapy.  Due to 
increasing concerns about emerging resistance to commonly 
used antibiotics for impetigo, treatment decisions should con-
sider resistance patterns of S. aureus.12-15 Methicillin-resistant 
S. aureus (MRSA) has been shown to cause impetigo.16,17

 SCOPE
The current paper explores and addresses current challenges 
in the management of impetigo in the pediatric population. An 

worldwide prevalence is estimated to be more than 140 million 
cases in 2010.2,4  Impetigo occurs more often in warm, humid 
climates and is easily spread among individuals in close con-
tact; risk factors include poverty, crowding, poor hygiene, and 
underlying scabies.1  Common sources of infection for children 
are pets, dirty fingernails, and other children in schools, day-
care centers, or crowded housing areas; for adults, common 
sources include infected children and self-inoculation from 
nasal or perineal carriage.5 Carriage of group A Streptococcus 
(GAS; S. pyogenes) and S. aureus predisposes to subsequent 
impetigo.6 

Two clinical variants of impetigo are recognized: non-bullous 
impetigo (also known as impetigo contagiosa) and bullous im-
petigo. Non-bullous impetigo accounts for up to 70% of cases 
and presents as erythematous pustules or vesicles that quickly 
evolve into superficial erosions with a characteristic "honey-
colored" crust.1  Lesions are most commonly seen on the face, 
usually around the nose and mouth, but can occur anywhere 
on the body. The lesions are often smaller than 2 cm, not or 
minimally painful and without erythema or constitutional 
symptoms, although regional adenopathy may be present. 
More severe forms of impetigo may be associated with pruri-
tus, erythema, crusted erosions, fissures, and odor (Figure 1a). 

Bullous impetigo is less common and is caused by strains of 
S. aureus that produce exfoliative toxin A, a toxin that causes 
loss of cell adhesion in superficial epidermal layers by targeting 
the protein desmoglein-1.7 Lesions are usually large, transpar-
ent superficial flaccid blisters (bullae) before rupturing, leaving 
round erosions that become crusted.  Bullous impetigo fre-
quently occurs in intertriginous areas and the trunk (Figure 1b). 

Complications of non-bullous impetigo are rare, but local and 
systemic spread of infection can occur that may result in cellu-
litis, lymphangitis, or septicemia. Non-infectious complications 
of S. pyogenes infection include scarlet fever, guttate psoriasis, 
and post-streptococcal glomerulonephritis.8,9 

Impetigo may be classified as a primary (direct bacterial inva-
sion of an intact skin) or secondary infection of pre-existing skin 
disease or traumatized skin (atopic dermatitis, scabies, cuts, 
abrasions, insect bites, and chickenpox). Secondary impetigo is 
sometimes referred to as "impetiginization". 

Impetigo is a clinical diagnosis. Gram stain and culture of the 
skin lesions are useful for the identification of causative patho-
gens. Culture and sensitivity testing allows clinicians to detect 
antimicrobial susceptibilities and helps with prescribing the 
most appropriate antibiotic treatment; this approach is espe-
cially important when MRSA infection is being considered, 
though empiric coverage for MRSA may be instituted if clinical 
suspicion is high. 

FIGURE 1A. Non-bullous impetigo on the face of a toddler. Note the 
characteristic honey-colored crusts.

FIGURE 1B. Bullous impetigo: Clustered flaccid vesicles and erosions 
on the lower extremity of a young child.
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Literature Review
Relevant literature describing current practice for impetigo 
treatment was identified in a search prior to the expert panel 
meeting. Literature was selected for clinical relevance, address-
ing aspects of impetigo management, including clinical efficacy 
and safety of treatment, antimicrobial resistance, costs, quality 
of life effects, and handling and tolerance of the treatment regi-
mens. The systematic review included research studies, clinical 
guidelines, consensus papers, and reviews published in the 
English language from 2008 to 2018. Identification of the rel-
evant literature is shown in Figure 3.

For the literature search the following terms were used: Im-
petigo; bullous impetigo; non-bullous impetigo; impetigo 
pathogenesis and diagnosis; impetigo patient profile; impe-
tigo psychosocial factors and quality of life; tools for choosing 
topical and systemic impetigo treatment; adjunctive impetigo 
treatment; adherence; concordance; efficacy; safety; tolerability; 
dry skin; skin irritation; antimicrobial and antibiotic resistance; 
clinical and other studies on mupirocin; retapamulin and oze-
noxacin. 

international expert panel of pediatric dermatologists, dermatol-
ogists, pediatricians and pediatric infectious disease specialists 
who commonly treat patients with impetigo developed evi-
dence-based treatment recommendations for the management 
of impetigo in pediatric patient populations. The statements 
discussed in this paper are intended for healthcare provid¬ers 
for pediatric patients with impetigo in order to optimize clinical 
outcomes. The treatment of other forms of soft tissue infections 
is beyond the scope of this work.

 METHODS
Preliminary Considerations
In February 2019, an international expert panel was convened 
for a consensus meeting to evaluate and to deliberate the treat-
ment of impetigo in the pediatric populations. For this purpose, 
best available evidence, coupled with experts’ opinion, was 
used to create consensus statements and recommendations.  

Preparation of the consensus paper was in accordance with the 
AGREE II instrument.18 An overview of the methodology18,19 used 
for instance the selection and grading of the articles (Table 1) 
and the procedure followed is shown in Figure 2.

FIGURE 2. Procedure of the modified Delphi method.7,8

TABLE 1.

Grading of the Identified Literature from the Searches

Grade Details

A
Randomized, double-blind clinical trial of high quality (eg, sample-size calculation, flow chart of patient inclusion, intention-to-trea
analysis, sufficient sample size)

B Randomized clinical trial of lesser quality (eg, only single-blind; limited sample size, but with at least 15 patients per study arm) 

C Comparative trial with severe methodologic limitations (eg, not blinded, very small sample size, no randomization)

Grade Details

1
Further research is unlikely to change confidence in the estimate of effect (ie, at least two grade A trials are available, and their results are largely
consistent with results of additional grade B or grade C studies)

2
Further research is likely to have an important effect on confidence in the estimate of effect and may change the estimate (ie, at least three grade B
trials are available, and their results are largely consistent with any additional grade C trials)

3
Further research is very likely to have an important effect on confidence in the estimate of effect and is likely to change the estimate (ie, conflicting 
evidence or limited number of trials, mostly grade B or grade C)

4 Any estimate of effect is very uncertain (ie, little or no systematic experimental evidence; trials extremely limited in number and/or quality)

 According to Smith Begolka et al8 
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FIGURE 3. Identification of the relevant literature.

TABLE 2.

Results of the Systematic Literature Search 

1. Disease/Pathology Search Terms Results

1.1 Impetigo in children "impetigo children" 169

1.2 Bullous impetigo in children "bullous impetigo children" 24

1.3 Non-bullous impetigo in children
"non-bullous impetigo children" OR "non-bullous impetigo

children"
8

1.4 Impetigo pathogenesis and diagnosis in children
"impetigo pathogenesis" AND " children" OR "impetigo
diagnosis" AND "children" OR "impetigo pathogenesis 

diagnosis" AND "children"
97

1.5 Impetigo patient profile in children "impetigo patient profile children" 3

2. Psychosocial factors and quality of life  

2.1 impetigo psychosocial factors "impetigo" AND "psychosocial factors" 1

2.2 impetigo and quality of life "impetigo" AND "quality of life" OR "impetigo" AND "QoL" 8

3. Treatment and treatment options  

3.1 tools for choosing topical and systemic impetigo treatment "impetigo" AND "treatment tools" 2

3.2 adjunctive impetigo treatment "impetigo" AND "adjunctive treatment" 2

3.3 treatment adherence "impetigo" AND "treatment adherence" 3

3.4 treatment concordance "impetigo" AND "treatment concordance" 1

3.5 treatment efficacy "impetigo" AND "treatment efficacy children" 25

3.6 treatment safety "impetigo" AND "treatment safety children" 9

3.7 treatment tolerability "impetigo" AND "treatment tolerability children" 2

3.8 dry skin "impetigo" AND "dry skin" 1

3.9 skin irritation "impetigo" AND "skin irritation" 2

3.10 antimicrobial resistance "impetigo" AND "antimicrobial resistance children" 25

3.11 antibiotic resistance "impetigo" AND "antibiotic resistance children" 28

3.12 studies on mupirocin "impetigo" AND "mupirocin" 24

3.13 studies on retapamulin "impetigo" AND "retapamulin" 17

3.14 studies on ozenoxacin "impetigo" AND "ozenoxacin" 12

Total Incl. Duplicates 463

Duplicates 265

TOTAL 198
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Exclusion criteria were: No original data (unless a review article 
was deemed relevant), not dealing with the management of im-
petigo, and publication language other than English. 

As the result of the search process, a total of 198 matches were 
detected after exclusion of duplicates (Table 2).  

The Role of the Panel
The panel consisted of eight members. The consensus pro-
cess used a nominal group technique and a modified Delphi 
approach.20,21 All statements were developed based on impe-
tigo guidelines literature, including consensus papers, review 
articles as well as clinical and other studies identified prior to 
the meeting. During the meeting the panel worked in small 
groups, proposing statements, editing them, and revising them 
at length. Following this process, the advisors reconvened into 
a plenary group so as to define and order the statements. The 
panel then underwent a blind vote on the inclusion and the or-
der of the statements. Consensus required a minimum of 75% 
agreement (at least 6 of the 8 members).

 RESULTS
The eight panel members reached consensus on 13 statements. 
The statements were based on the expert panel’s clinical ex-
perience and opinion coupled with support from the literature 
selected during the literature search. The panel voted unani-
mously on all 13 consensus statements.

Statement 1: Impetigo is a highly contagious superficial, bac-
terial skin infection, caused primarily by S. aureus and, less 
frequently S. pyogenes or both, for which therapeutics recom-
mended in clinical practice guidelines have not changed since 
2014.

S. aureus is the most common pathogen that causes impetigo. 
Self-inoculation and small family or community outbreaks are 
not uncommon.  Although self-limiting, impetigo is a highly 
contagious disease, treated traditionally with antibiotics. There 
has not been any update to the clinical practice guidelines 
for impetigo since 2014.11  However, since then S. aureus and  
S. pyogenes resistance to systemic and topical antimicrobial 
drugs has increased in skin and soft tissue infections.13,22,23 

Statement 2: Systemic sequelae are rare, but public stigmatiza-
tion is a problem, eg, forced school absence.

Most cases of mild-to-moderate impetigo resolve in two weeks. 
Severe disease or widespread involvement, however, may result 
in cellulitis, septic arthritis osteomyelitis, and septicemia.8,24,25

While typically infections are localized and limited, there is a 
negative impact on daily life of those affected by impetigo as 
well as their caregivers.24,25 School absence may be necessary 
due to the risk of contamination in order to prevent impetigo 

outbreaks. For that reason, children who have impetigo are not 
allowed to return to school or day care until they are no longer 
contagious – usually 24 hours after the start of treatment with 
appropriate antibiotics. The lesions may be clearly visible espe-
cially as they present on the face or extremities.  Parents may 
be concerned about having to provide information about their 
children‘s condition to the school.26,27 

Statement 3: Practice guidelines recommend topical therapies 
for limited impetigo, such as bacitracin, polymyxin, erythro-
mycin, neomycin, gentamycin, mupirocin and fusidic acid.  
Ozenoxacin has not been yet incorporated in the published 
practice guidelines. 

Benefits of topical therapy include fewer side effects and lower 
risk for contributing to bacterial resistance compared with oral 
therapy.8 Since the 2014 IDSA (Infectious Disease Society of 
America) Practice Guidelines for skin and soft tissue infections, 
therapies have changed.11 Commonly used topical antibiotics 
for impetigo include mupirocin, fusidic acid, and retapamu-
lin.28,29 Since March 2018, ozenoxacin, a novel non-fluorinated 
quinolone antibiotic indicated for treatment of impetigo30,31 has 
been approved by the FDA but is still not included in the IDSA 
Practice Guidelines.11 (Table 3)

A limited number of topical antibiotics have been used for impe-
tigo treatment, but there is lack of data on comparative efficacy. 
A Cochrane review reported that studies on both systemic and 
topical antimicrobials are dated and many go back to the early 
1970s.32 At the time the studies were conducted, the standards 
and methodology were different than to date; therefore, re-
sults of these studies cannot be compared to current studies on 
newer medications. Many of the studies included in the review 
were underpowered as most trials included several skin infec-
tions and not just impetigo. Moreover, according to the authors 
of the Cochrane review many of the studies had either a high 
risk of bias or this risk was unclear. Although cure rates for topi-
cal antimicrobials such as mupirocin were consistent, studies 
date from the 1980s and results may no longer apply to current 
clinical circumstances. Fusidic acid showed to be better than 
placebo and non-inferior to retapamulin33 and for bacitracin 
there was a small study from 1973 that showed no significant 
difference in cure rate compared to placebo.  According to the 
Cochrane systematic review, topical antibiotics in impetigo 
show better efficacy than placebo and no differences have been 
shown between the different topical antibiotics.32 There were no 
significant differences in cure rates from treatment with topical 
versus oral antibiotics.32 

Statement 4: Practice guidelines recommend oral therapy 
in case of numerous lesions and impetigo outbreaks in small 
groups; such therapies include amoxicillin/clavulanate, dicloxa-
cillin, cephalexin and clindamycin. 
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Oral therapy rather than topical therapy is recommended in 
outbreaks.11 Recommended oral antibiotics include amoxicillin/
clavulanate, flucloxacillin, cloxacillin, dicloxacillin, cephalexin 
and erythromycin (Table 4). Systemic treatment is mostly re-
served for severe or extensive disease. A seven-day course of 
oral antibiotic treatment is recommended.11  Critically ill patients 
with MRSA or suspected MRSA should receive vancomycin or 
linezolid.  Different antibiotics and dosages are recommend-
ed in the literature leading to a lack of clarity on optimal and 
safe treatment.  Pooled risk-ratio analysis was inconclusive 
on whether oral or topical antibiotics were more effective for 
the treatment of impetigo.8 However, mild side effects such as 
gastrointestinal effects were more common for oral antibiotics 
compared to topical antimicrobial treatment.8 

Statement 5: Antimicrobial stewardship is critical to optimizing 
the use of antibiotics and antiseptics while preventing the devel-
opment of bacterial resistance and improving patient outcomes.

Antimicrobial stewardship has been defined as “the optimal 
selection, dosage, and duration of antimicrobial treatment that 
results in the best clinical outcome for the treatment or preven-
tion of infection, with minimal toxicity to the patient and minimal 
impact on subsequent resistance.”34,35  Bacterial resistance to 
antimicrobials used for the treatment of skin and soft tissue in-
fections (SSTIs), such as impetigo, have been reported in a wide 
range of pathogens,14,15 making antimicrobial stewardship nec-
essary when selecting a treatment for impetigo.  Appropriate 
use of antibiotics under the direction of an antimicrobial stew-
ardship program can lead to improved outcomes for patients 
being treated for SSTIs.36,37 

Statement 6: When recommending therapeutics for impetigo, 
antimicrobial stewardship is important to prevent further devel-
opment of antibiotic and antiseptic resistance.

TABLE 3.

Topical Antimicrobials for Impetigo

Name of Drug
FDA Approval 

Date
Indication Mechanism of Action Antimicrobial Activity

Dosing 

Regimen
Reported AEs

Ozenoxacin 
1% cream

December, 2017

Impetigo in 
patients 2 

months of age 
and older

A dual inhibitor of DNA 
replication enzymes, 

blocks DNA gyrase and 
topoisomerase IV. 

The non-fluorinated 
quinolone appears 
to be impervious to 
certain efflux pumps 
that confer bacterial 

resistance. Bactericidal 
at MIC. Activity against 

MRSA

Effective against gram-
positive bacteria, espe-

cially S. aureus, including 
MRSA, or S. pyogenes. 
Demonstrated efficacy 

against mupirocin- 
resistant S. aureus,  
quinolone-resistant 

strains of S. aureus and 
ciprofloxacin-resistant  

S. aureus.

BID/
 5 days

Worsening of
an already

existing rosacea 
and seborrheic 
dermatitis was

reported in
1 patient during 
clinical studies  

Mupirocin 2% 
ointment

The 1% oint-
ment is for 

children aged 
2 months to 

16 years

April, 2003

Impetigo in
patients 2

months of age
and older

Reversibly inhibits   
bacterial protein  

and RNA synthesis  
by ribonucleic acid  

synthetase.  
Bacteriostatic at MIC

S. aureus or S. pyogenes
Effective against gram-
positive bacteria, espe-

cially MSSA and GAAHS.
Not as effective against 

MRSA, most gram-nega-
tive bacteria,  Micrococcus 
sp, Corynebacterium sp, 

and Propionibacterium sp 

TID/ 
7-10 days

Itching, pain,
or stinging

Retapamulin 
1% ointment 

December, 2007

Impetigo in
patients 9

months of age
and older*

Interacts with the 50S 
subunit of the bacterial
ribosomes at protein 

L3. This inhibits peptidyl 
transferase, thus pre-
venting the formation
of active 50S subunits. 

This results in inhibition 
of protein synthesis.  
Bacteriostatic at MIC. 
Activity against MRSA

Active against 
MMSA,MRSA, GAAHS, 

and many anaerobes, in-
cluding Propionibacterium 

sp, Bacteroides sp,
and Clostridium sp

BID/ 
5 days

Site irritation, 
diarrhea,

nasophayngitis,
headache, fever, 

and eczema

*Only for treatment, not for prevention.
Feaster T, Singer JI. Topical therapies for impetigo. Pediatr Emer Care 2010;26: 222Y23128
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Only a rational selection and use of the appropriate antimi-
crobial option will prevent further development of bacterial 
resistances.38 Susceptibility of S. aureus is reported to be chang-
ing in the US pediatric population with differences in regional 
susceptibility patterns.14,39-41 

Statement 7: Topical antibiotic resistance is a growing world-
wide public health concern. Resistance to both mupirocin and 
retapamulin is well documented and has created the need for 
new topical antibiotics.

Antimicrobials such as mupirocin and retapamulin, which are 
considered traditional topical treatments for impetigo, have 
shown increasing rates of antimicrobial resistance.13,17  In a recent 
study (2015), Antonov et al.  demonstrated that high prevalence 
of mupirocin resistance in S. aureus Isolates collected from a 
pediatric population in New York City.14  In this study, 31.3% of all 
S. aureus isolates were resistant to mupirocin.   Moreover, prior 
mupirocin use was strongly correlated (odds ratio [OR] 26.5; 
P<0.001) with mupirocin resistance.14 McNeil and colleagues re-
ported a prevalence of retapamulin and mupirocin resistance 
of 9.5% and 9.8%, respectively. Moreover, each was associated 
with co-resistance to systemic antimicrobial agents.17 

Fusidic acid resistance in S. aureus has been reported in several 
countries, limiting its overall efficacy.42-44  In vitro selection of 
resistant mutants of staphylococci and streptococci, including 
resistant strains of S. aureus, has been reported for fluoroqui-
nolones.45-47  Ozenoxacin, a non-fluorinated topical quinolone 
appears to be impervious to certain efflux pumps that confer 
bacterial resistance in-vitro, and the absence of a fluorine atom 
may suggest a better safety profile of the topical quinolone.48,49 

Statement 8: Topical formulations deliver treatment with low 
systemic absorption compared to oral medications and are a 
preferred option for localized mild-to-moderate impetigo.
There is evidence concerning the advantages of using topical 
formulations compared to oral medications; therefore, such 
topical formulations may be preferred for the treatment of local-
ized mild-to-moderate impetigo.8,50-52 Regarding clinical efficacy, 

there are no significant differences in cure rates from treatment 
with topical versus oral antibiotics.8  

Statement 9: Ozenoxacin 1% cream is a non-fluorinated quino-
lone, which acts as a dual inhibitor of DNA replication enzymes 
and demonstrated efficacy against S. aureus; S. pyogenes; 
methicillin-resistant S. aureus (MRSA); mupirocin RSA, quino-
lone RSA (including ciprofloxacin RSA).

As a dual inhibitor of DNA replication enzymes, blocking DNA 
gyrase and topoisomerase IV, the non-fluorinated quinolone 
ozenoxacin is available as a 1% cream and has demonstrated 
good antimicrobial spectrum of activity.30,48,49,53,54  The activity 
of ozenoxacin did not seem to be influenced by mutations of  
S. aureus and did not show cross-resistance with other available 
antimicrobial agents in-vitro (Table 5).48   To be effective the anti-
microbial concentration at a site of infection is suggested to be 
maintained at a mutant prevention concentration level.48,55 Oze-
noxacin cream has shown a mutant prevention concentration 
below its concentration in skin, good activity against causative 
pathogens including resistant strains of S. aureus, without the 
burden of systemic effects of the antimicrobial.48,56  

Statement 10: Ozenoxacin 1% cream, supported by grade A-1 
evidence, was superior in clinical and bacteriological response 
when compared to placebo (vehicle) in the treatment of impe-
tigo in adults and pediatric patients aged 2 months and older.

Ozenoxacin 1% cream, a new non-fluorinated quinolone, 
seemed to be effective and safe in two multicenter, randomized, 
placebo-controlled Phase III trials in adult and pediatric patients 
aged 2 months and older with impetigo.  Ozenoxacin 1% cream 
has shown to be superior both in clinical and microbiological 
response when compared to vehicle.56-58  Treatment regimen is 
twice daily topical application to the affected site for five days. 

Statement 11: Ozenoxacin 1% cream showed rapid bactericidal 
activity against Gram-positive pathogens associated with skin 
infections.

TABLE 4.

Oral Antimicrobials for Impetigo 

Extensive Infection: Oral Antibiotics 

Not MRSA Infection MRSA Infection

Dicloxacillin 250 mg 4 times daily for 1 week Vancomycin +/- Rifampin 300 mg  3 times a day for 10 days 

Cephalexin 250 mg 4 times daily for 1 week Clindamycin 300 to 600 mg 4 times daily for 7 days 

*Erythromycin 250 mg 4 times daily for 1 week Trimethoprim-Sulfamethoxazole 160/800 mg twice daily for 7 days 

Amoxicillin/Clavulanate 875 mg/125 mg PO BID for 7 days Tetracycline 500 mg 4 times daily for 7 days

Telavancin

Linezolid

Daptomycin

Methicillin-resistant Staphylococcus aureus (MRSA)  
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In the in-vitro studies ozenoxacin demonstrated a rapid bac-
tericidal activity against Gram-positive pathogens, such as  
S. aureus and S. pyogenes, which are typically associated with 
skin infections.48 In the clinical trials, microbiological success of 
ozenoxacin 1% cream was better compared to vehicle already 
after 2 days of therapy.56,57   

Superior early eradication of S. aureus and S. pyogenes infec-
tion for ozenoxacin compared to placebo was demonstrated 
together with its clinical efficacy against resistant infections.56  

At baseline, 36 patients who received ozenoxacin had S. aureus 
strains with documented resistance to at least one antimicrobial, 
ie, methicillin (oxacillin), ciprofloxacin, retapamulin, mupirocin, 
and fusidic acid.56 All patients with resistant infections showed 
clinical improvement at the end of treatment, of which all of the 
11 patients with mupirocin-resistant S. aureus, and all of the 10 
patients with methicillin-resistant S. aureus achieved clinical 
cure. Of the 23 ciprofloxacin-resistant S. aureus strains treated 
with ozenoxacin, only two demonstrated microbiologic failure.56 

Statement 12: Ozenoxacin was well tolerated in dermal safety 
studies showing no irritation, photo irritation, sensitization, or 
photoallergy.
In clinical studies, ozenoxacin has shown to be safe and well 
tolerated. Ozenoxacin has no fluorine substituent at the C-6 po-
sition and is devoid of halogen substituents in other positions.  
As such, ozenoxacin is expected to have a better safety profile 

relative to other quinolones.48  Across the eight clinical studies 
conducted in healthy adult volunteers evaluating local toxicity 
under occlusive patch conditions as well as dermal tolerability, 
ozenoxacin showed little to no evidence of cumulative irritation, 
sensitizing potential, phototoxicity or photoallergy, and the re-
ported adverse events were deemed unlikely to be related to 
ozenoxacin application.48,59

Statement 13: Increasing S. aureus resistance to mupirocin 
make new safe and effective topical antibiotic alternatives such 
as ozenoxacin 1% cream an important step in antimicrobial 
stewardship and therefore a valid choice for first-line treatment.

Antimicrobial resistance is increasingly a concern and few 
treatment options for impetigo have been developed in the 
past decade. In fact, most clinical practice guidelines have not 
been updated in the past 5 years. In view of emerging bacte-
rial resistance, antimicrobial stewardship is even more critical to 
optimizing the use of these antimicrobials. Topical formulations 
may have a reduced risk for systemic side effects compared to 
systemic treatments. The implementation of newly developed 
topical antibiotic into existing treatment protocols is important.

Ozenoxacin has shown rapid bactericidal activity against S. au-
reus and S. pyogenes and demonstrated activity against MRSA 
and quinolone-resistant strains of S. aureus.  The panel agreed 
that topical antimicrobials with a rapid bactericidal activity are 

TABLE 5.

Minimal inhibitory concentration of antimicrobial agents 

Microorganism

(no. of isolates)
Antibacterial Agent

MIC Range

(mg/L)

MIC50

(mg/L)

MIC90

(mg/L)

S. aureus (all) (504)

Ozenoxacin ≤0.001–2 0.002 0.06

Mupirocin 0.06–>256 0.25 0.5

Fusidic acid ≤0.015–>16 0.12 0.25

Retapamulin 0.03–>1 0.12 0.12

Levofloxacin 0.06–>16 0.25 16

Ciprofloxacin 0.12–>16 0.25 >16

MSSA. (279)

Ozenoxacin ≤0.001–0.25 0.002 0.0004

Mupirocin 0.06–>256 0.25 0.5

Fusidic acid ≤0.015–>16 0.12 0.25

Retapamulin 0.03–>1 0.12 0.25

Levofloxacin 0.06–>16 0.12 0.25

Ciprofloxacin 0.12–>16 0.25 1

MRSA. (225)

Ozenoxacin ≤0.001–2 0.004 0.12

Mupirocin 0.06–>256 0.25 0.5

Fusidic acid 0.06–>16 0.12 0.25

Retapamulin 0.03–>1 0.12 0.12

Levofloxacin 0.06–>16 0.25 >0.16

Ciprofloxacin 0.12–>16 0.5 >0.16

Minimal inhibitory concentration (MIC); Methicillin-sensitive S. aureus (MSSA); methicillin-resistant S. aureus (MRSA)
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important for effective bacterial eradication, quick resolution of 
disease, and prevention of contagion. This is especially relevant 
in the pediatric setting to limit person-to-person transmission of 
infection. The panel members recognized that topical ozenoxa-
cin might have advantages over other traditional therapies for 
impetigo such as bacitracin, polymyxin, erythromycin, neomy-
cin, gentamycin, mupirocin and fusidic acid. There is a need for 
effective topical antimicrobial alternatives in the light of increas-
ing S. aureus resistance to mupirocin and fusidic acid. With its 
rapid bactericidal activity against S. aureus (including MRSA 
strains) and S. pyogenes, proven clinical efficacy in adequate 
and well-controlled clinical trials, and proven safety and toler-
ability, along with its short treatment regimen, ozenoxacin 1% 
cream should be considered a valid choice for first-line treat-
ment for impetigo.    

Limitations
Consensus statements and recommendations were based on 
the best available clinical evidence reflecting knowledge and 
practical experience of the expert panel. As the focus was on 
clinical evidence, in-vitro and in-vivo data were only included as 
they addressed clinical issues. 

As fusidic acid is not approaved for impetigo in the US, but used 
in other parts of the world we conducted a separate literature 

 CONCLUSION
Impetigo is one of the most common bacterial skin infections of 
childhood. Accurate diagnosis is important to treat the condition 
effectively and to avoid incorrect and overuse of antimicrobi-
als. Impetigo often improves spontaneously, but treatment can 
accelerate resolution, which allows children to return to school 
and parents to return to work sooner.  Antimicrobial resistance 
is a global concern as it deteriorates patient outcomes and in-
creases the economic burden on healthcare systems.  Given 
the limited antimicrobial choices for impetigo, antimicrobial 
stewardship is of utmost importance.  The continuous use of 
mupirocin has been correlated with increased bacterial resis-
tance to mupirocin.  

For topical antibiotics currently recommended in the practice 
guidelines, comparative data are scarce and frequently lack 
power as they address various types of skin and soft tissue in-
fection at the same time. Moreover, methodology applied for 
clinical trials has become more stringent over the past years, 
providing valuable and more objective efficacy measures.   The 
efficacy and safety of ozenoxacin was demonstrated in two ad-
equate, randomized, and well-controlled phase III clinical trials 
and no significant safety concerns were identified. Therefore, 
the panel agreed that ozenoxacin 1% cream should be an im-
portant step in antimicrobial stewardship and a valid first-line 
treatment option to be included in clinical practice guidelines 
for impetigo. 
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Contact your Otezla representative or visit otezlapro.com for a complete list of plans

Otezla® is a registered trademark of Celgene Corporation. 
© 2018 Celgene Corporation  12/18  US-OTZ-18-1091

8 out of 10 commercially insured lives in the US have 
preferred access with no biologic step required for Otezla.1

Otezla is listed as preferred, with 
no biologic step requirement, on:

Aetna Prescription Drug Benefit

Cigna Prescription Drug List

CVS Caremark Formularies*

Express Scripts National Preferred Formulary†

OptumRx  

Prime Therapeutics

UnitedHealthcare  

 Indicates no DMARD or biologic step-edit required.

GETTING OTEZLA
GETS EVEN EASIER

*Basic, Standard, and Advanced Control Formularies.

 † SafeGuardRx® Program has 1 biologic step for patients on certain Otezla indications. 

DMARD, disease-modifying antirheumatic drug.

Please see accompanying Brief Summary of Full Prescribing Information.
Reference: 1. Data on file, Celgene Corporation.
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PSORIATIC ARTHRITIS 

In PALACETM 1 
38% ACR20 response with Otezla® (apremilast) 30 mg 
twice daily (n = 168) vs 19% with placebo (n = 168) 

at week 16 (primary endpoint; P = 0.0001)

Significant joint improvement1-3

In ESTEEM® 1 
33% PASI-75 response with Otezla 30 mg 

twice daily (n = 562) vs 5% with placebo (n = 282) 
at week 16 (primary endpoint; P < 0.0001)

 Significant skin improvement1,4 

MODERATE TO SEVERE PLAQUE PSORIASIS

•   Evaluated in a multicenter, double-blind, placebo-controlled 
trial. Patients with moderate to severe plaque psoriasis  
(N = 844) were randomized 2:1 to Otezla 30 mg twice daily 
or placebo for 16 weeks after a 5-day titration1,4

•   At week 16, all patients originally assigned to placebo 
transitioned to Otezla 30 mg twice daily. At week 32, 
some patients originally randomized to Otezla were, 
based on clinical response, re-randomized to Otezla 
or placebo. Those re-randomized to placebo restarted 
Otezla 30 mg twice daily at loss of response, but no later 
than week 521,4

•   Selected inclusion criteria: Age ≥18 years, BSA involvement 
≥10%, sPGA ≥3, PASI score ≥12, candidates for phototherapy 
or systemic therapy1

•   Patients entering a long-term extension phase could be 
treated through 5 years4

ESTEEM clinical development program

•   Otezla was studied in 3 randomized, double-blind, placebo-
controlled trials of similar design 

•   Adult patients (N = 1493) with psoriatic arthritis for at least 6 
months, now with active psoriatic arthritis (≥3 swollen joints and 
≥3 tender joints) despite prior or current DMARD therapy, were 
randomized 1:1:1 to placebo, Otezla 20 mg, or Otezla 30 mg 
given twice daily, after an initial 5-day titration  

•   Patients who were therapeutic failures of >3 agents for 
psoriatic arthritis (small molecules or biologics) or >1 biologic 
TNF-α inhibitor were excluded 

•   Placebo-controlled efficacy data were collected and analyzed 
through week 24. Placebo nonresponders at week 16 were 
re-randomized to either 20 mg twice daily or 30 mg twice daily 
Otezla. At week 24, all remaining patients receiving placebo  
were re-randomized to either 20 mg twice daily or 30 mg twice 
daily. Patients treated with Otezla remained on their initial 
treatment. Patients entering a long-term extension phase could 
be treated through 5 years 

•   65% of patients received concomitant therapy with at least one 
DMARD, including 55% methotrexate 

PALACE 1-3 clinical development program1,2

* The efficacy and safety of Otezla in psoriatic arthritis was evaluated 
in 3 multicenter, randomized, double-blind, placebo-controlled 
phase 3 trials in adult patients with active psoriatic arthritis (N = 1493). 
Patients were randomized 1:1:1 to either Otezla 30 mg twice daily, 
Otezla 20 mg twice daily, or placebo for 24 weeks, after a 5-day 
titration period.1-3

In PALACE 1, Otezla significantly increased ACR20 response (n = 168) 
at week 16 (primary endpoint) vs placebo (n = 168) (38% vs 19%;  
P = 0.0001).1-3

Safety profile: The most common adverse reactions (≥5%) were 
diarrhea, nausea, and headache.1

† The efficacy and safety of Otezla in plaque psoriasis was evaluated 
in 2 multicenter, double-blind, placebo-controlled trials of similar 
design. Patients with moderate to severe plaque psoriasis (N = 1257) 
were randomized 2:1 to Otezla 30 mg twice daily or placebo for 16 
weeks after a 5-day titration.1,4,5

In ESTEEM 1, Otezla significantly increased PASI-75 response (n = 562) 
at week 16 (primary endpoint) vs placebo (n = 282) (33% vs 5%;  
P < 0.0001).1,4

Safety profile: The most common adverse reactions (≥5%) 
were diarrhea, nausea, upper respiratory tract infection, tension 
headache, and headache.1,4 

ACR, American College of Rheumatology; BSA, body surface area; DMARD, disease-modifying antirheumatic drug; ESTEEM, Efficacy and Safety Trial Evaluating the 
Effects of Apremilast in Psoriasis; PALACE, Psoriatic Arthritis Long-Term Assessment of Clinical Efficacy; PASI, Psoriasis Area and Severity Index; sPGA, static Physician 
Global Assessment; TNF, tumor necrosis factor.

Otezla® is a registered trademark of Celgene Corporation.
© 2019 Celgene Corporation  05/19  US-OTZ-19-0422

References: 1. Otezla [package insert]. Summit, NJ: Celgene Corporation. 2. Data on file, Celgene 
Corporation. 3. Kavanaugh A, Mease PJ, Gomez-Reino JJ, et al. J Rheumatol. 2015;42(3):479-488. 
4. Papp K, Reich K, Leonardi CL, et al. J Am Acad Dermatol. 2015;73(1):37-49. 5. Paul C, Cather J, 
Gooderham M, et al. Br J Dermatol. 2015;173(6):1387-1399.

Adverse Reactions
•  Psoriasis: Adverse reactions reported in ≥5% of patients were (Otezla%, placebo%): diarrhea  (17, 6), nausea (17, 7), upper respiratory tract infection 

(9, 6), tension headache (8, 4), and  headache (6, 4)

•   Psoriatic Arthritis: Adverse reactions reported in at least 2% of patients taking Otezla, that  occurred at a frequency at least 1% higher than that 
observed in patients taking placebo, for up  to 16 weeks (after the initial 5-day titration), were (Otezla%, placebo%): diarrhea (7.7, 1.6);  nausea (8.9, 3.1); 
headache (5.9, 2.2); upper respiratory tract infection (3.9, 1.8); vomiting (3.2,  0.4); nasopharyngitis (2.6, 1.6); upper abdominal pain (2.0, 0.2)

Use in Specific Populations
•  Pregnancy and Nursing Mothers: Otezla is Pregnancy Category C; it has not been studied in  pregnant women. Use during pregnancy only if the potential 

benefit justifies the potential risk to  the fetus. It is not known whether apremilast or its metabolites are present in human milk.  Caution should be 
exercised when Otezla is administered to a nursing woman

•  Renal Impairment: Otezla dosage should be reduced in patients with severe renal impairment  (creatinine clearance less than 30 mL/min); for details, see 
Dosage and Administration,  Section 2, in the Full Prescribing Information

Please turn the page for Brief Summary of Full Prescribing Information.

INDICATIONS
• Otezla® (apremilast) is indicated for the treatment of adult patients with active psoriatic arthritis
•  Otezla is indicated for the treatment of patients with moderate to severe plaque  psoriasis who are 

candidates for phototherapy or systemic therapy

Otezla: the ONLY ORAL treatment indicated for 
psoriatic arthritis and plaque psoriasis1

IMPORTANT SAFETY INFORMATION
Contraindications
•  Otezla® (apremilast) is contraindicated in patients with a known hypersensitivity to apremilast  or to any of the excipients in the formulation

Warnings and Precautions
•  Diarrhea, Nausea and Vomiting: Cases of severe diarrhea, nausea, and vomiting were  associated with the use of Otezla. Most events occurred within  

the first few weeks of treatment.  In some cases patients were hospitalized. Patients 65 years of age or older and patients taking  medications that  
can lead to volume depletion or hypotension may be at a higher risk of  complications from severe diarrhea, nausea, or vomiting. Monitor patients  
who are more  susceptible to complications of diarrhea or vomiting; advise patients to contact their healthcare  provider. Consider Otezla dose  
reduction or suspension if patients develop severe diarrhea,  nausea, or vomiting

•  Depression: Carefully weigh the risks and benefits of treatment with Otezla for patients with a  history of depression and/or suicidal thoughts/behavior, or in  
patients who develop such  symptoms while on Otezla. Patients, caregivers, and families should be advised of the need to be  alert for the emergence or  
worsening of depression, suicidal thoughts or other mood changes,  and they should contact their healthcare provider if such changes occur

–  Psoriasis: Treatment with Otezla is associated with an increase in depression. During clinical  trials, 1.3% (12/920) of patients reported depression  
compared to 0.4% (2/506) on placebo;  Depression was reported as serious in 0.1% (1/1308) of patients exposed to Otezla, compared  to none in  
placebo-treated patients (0/506). Suicidal behavior was observed in 0.1% (1/1308)  of patients on Otezla, compared to 0.2% (1/506) on placebo. One  
patient treated with Otezla  attempted suicide; one patient on placebo committed suicide

–  Psoriatic Arthritis: Treatment with Otezla is associated with an increase in depression. During  clinical trials, 1.0% (10/998) reported depression or  
depressed mood compared to 0.8%  (4/495) treated with placebo. Suicidal ideation and behavior was observed in 0.2% (3/1441)  of patients on Otezla,  
compared to none in placebo treated patients. Depression was reported  as serious in 0.2% (3/1441) of patients exposed to Otezla, compared to none  
in placebo treated  patients (0/495). Two patients who received placebo committed suicide compared to none  on Otezla

•  Weight Decrease: Monitor body weight regularly; evaluate unexplained or clinically significant  weight loss, and consider discontinuation 
of Otezla

–  Psoriasis: Body weight loss of 5-10% occurred in 12% (96/784) of patients treated with Otezla  and in 5% (19/382) of patients treated with placebo.  
Body weight loss of ≥10% occurred in 2%  (16/784) of patients treated with Otezla compared to 1% (3/382) of patients treated with placebo

–  Psoriatic Arthritis: Body weight loss of 5-10% was reported in 10% of patients taking Otezla and  in 3.3% of patients taking placebo

•  Drug Interactions: Apremilast exposure was decreased when Otezla was co-administered with  rifampin, a strong CYP450 enzyme inducer; loss of Otezla  
efficacy may occur. Concomitant use  of Otezla with CYP450 enzyme inducers (e.g., rifampin, phenobarbital, carbamazepine,  phenytoin) is not recommended

With a proven efficacy and safety profile, oral dosing, and no label-required lab 
monitoring, Otezla is a treatment experience patients can respond to.*†
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PSORIATIC ARTHRITIS 

In PALACETM 1 
38% ACR20 response with Otezla® (apremilast) 30 mg 
twice daily (n = 168) vs 19% with placebo (n = 168) 

at week 16 (primary endpoint; P = 0.0001)

Significant joint improvement1-3

In ESTEEM® 1 
33% PASI-75 response with Otezla 30 mg 

twice daily (n = 562) vs 5% with placebo (n = 282) 
at week 16 (primary endpoint; P < 0.0001)

 Significant skin improvement1,4 

MODERATE TO SEVERE PLAQUE PSORIASIS

•   Evaluated in a multicenter, double-blind, placebo-controlled 
trial. Patients with moderate to severe plaque psoriasis  
(N = 844) were randomized 2:1 to Otezla 30 mg twice daily 
or placebo for 16 weeks after a 5-day titration1,4

•   At week 16, all patients originally assigned to placebo 
transitioned to Otezla 30 mg twice daily. At week 32, 
some patients originally randomized to Otezla were, 
based on clinical response, re-randomized to Otezla 
or placebo. Those re-randomized to placebo restarted 
Otezla 30 mg twice daily at loss of response, but no later 
than week 521,4

•   Selected inclusion criteria: Age ≥18 years, BSA involvement 
≥10%, sPGA ≥3, PASI score ≥12, candidates for phototherapy 
or systemic therapy1

•   Patients entering a long-term extension phase could be 
treated through 5 years4

ESTEEM clinical development program

•   Otezla was studied in 3 randomized, double-blind, placebo-
controlled trials of similar design 

•   Adult patients (N = 1493) with psoriatic arthritis for at least 6 
months, now with active psoriatic arthritis (≥3 swollen joints and 
≥3 tender joints) despite prior or current DMARD therapy, were 
randomized 1:1:1 to placebo, Otezla 20 mg, or Otezla 30 mg 
given twice daily, after an initial 5-day titration  

•   Patients who were therapeutic failures of >3 agents for 
psoriatic arthritis (small molecules or biologics) or >1 biologic 
TNF-α inhibitor were excluded 

•   Placebo-controlled efficacy data were collected and analyzed 
through week 24. Placebo nonresponders at week 16 were 
re-randomized to either 20 mg twice daily or 30 mg twice daily 
Otezla. At week 24, all remaining patients receiving placebo  
were re-randomized to either 20 mg twice daily or 30 mg twice 
daily. Patients treated with Otezla remained on their initial 
treatment. Patients entering a long-term extension phase could 
be treated through 5 years 

•   65% of patients received concomitant therapy with at least one 
DMARD, including 55% methotrexate 

PALACE 1-3 clinical development program1,2

* The efficacy and safety of Otezla in psoriatic arthritis was evaluated 
in 3 multicenter, randomized, double-blind, placebo-controlled 
phase 3 trials in adult patients with active psoriatic arthritis (N = 1493). 
Patients were randomized 1:1:1 to either Otezla 30 mg twice daily, 
Otezla 20 mg twice daily, or placebo for 24 weeks, after a 5-day 
titration period.1-3

In PALACE 1, Otezla significantly increased ACR20 response (n = 168) 
at week 16 (primary endpoint) vs placebo (n = 168) (38% vs 19%;  
P = 0.0001).1-3

Safety profile: The most common adverse reactions (≥5%) were 
diarrhea, nausea, and headache.1

† The efficacy and safety of Otezla in plaque psoriasis was evaluated 
in 2 multicenter, double-blind, placebo-controlled trials of similar 
design. Patients with moderate to severe plaque psoriasis (N = 1257) 
were randomized 2:1 to Otezla 30 mg twice daily or placebo for 16 
weeks after a 5-day titration.1,4,5

In ESTEEM 1, Otezla significantly increased PASI-75 response (n = 562) 
at week 16 (primary endpoint) vs placebo (n = 282) (33% vs 5%;  
P < 0.0001).1,4

Safety profile: The most common adverse reactions (≥5%) 
were diarrhea, nausea, upper respiratory tract infection, tension 
headache, and headache.1,4 

ACR, American College of Rheumatology; BSA, body surface area; DMARD, disease-modifying antirheumatic drug; ESTEEM, Efficacy and Safety Trial Evaluating the 
Effects of Apremilast in Psoriasis; PALACE, Psoriatic Arthritis Long-Term Assessment of Clinical Efficacy; PASI, Psoriasis Area and Severity Index; sPGA, static Physician 
Global Assessment; TNF, tumor necrosis factor.

Otezla® is a registered trademark of Celgene Corporation.
© 2019 Celgene Corporation  05/19  US-OTZ-19-0422

References: 1. Otezla [package insert]. Summit, NJ: Celgene Corporation. 2. Data on file, Celgene 
Corporation. 3. Kavanaugh A, Mease PJ, Gomez-Reino JJ, et al. J Rheumatol. 2015;42(3):479-488. 
4. Papp K, Reich K, Leonardi CL, et al. J Am Acad Dermatol. 2015;73(1):37-49. 5. Paul C, Cather J, 
Gooderham M, et al. Br J Dermatol. 2015;173(6):1387-1399.

Adverse Reactions
•  Psoriasis: Adverse reactions reported in ≥5% of patients were (Otezla%, placebo%): diarrhea  (17, 6), nausea (17, 7), upper respiratory tract infection 

(9, 6), tension headache (8, 4), and  headache (6, 4)

•   Psoriatic Arthritis: Adverse reactions reported in at least 2% of patients taking Otezla, that  occurred at a frequency at least 1% higher than that 
observed in patients taking placebo, for up  to 16 weeks (after the initial 5-day titration), were (Otezla%, placebo%): diarrhea (7.7, 1.6);  nausea (8.9, 3.1); 
headache (5.9, 2.2); upper respiratory tract infection (3.9, 1.8); vomiting (3.2,  0.4); nasopharyngitis (2.6, 1.6); upper abdominal pain (2.0, 0.2)

Use in Specific Populations
•  Pregnancy and Nursing Mothers: Otezla is Pregnancy Category C; it has not been studied in  pregnant women. Use during pregnancy only if the potential 

benefit justifies the potential risk to  the fetus. It is not known whether apremilast or its metabolites are present in human milk.  Caution should be 
exercised when Otezla is administered to a nursing woman

•  Renal Impairment: Otezla dosage should be reduced in patients with severe renal impairment  (creatinine clearance less than 30 mL/min); for details, see 
Dosage and Administration,  Section 2, in the Full Prescribing Information

Please turn the page for Brief Summary of Full Prescribing Information.

INDICATIONS
• Otezla® (apremilast) is indicated for the treatment of adult patients with active psoriatic arthritis
•  Otezla is indicated for the treatment of patients with moderate to severe plaque  psoriasis who are 

candidates for phototherapy or systemic therapy

Otezla: the ONLY ORAL treatment indicated for 
psoriatic arthritis and plaque psoriasis1

IMPORTANT SAFETY INFORMATION
Contraindications
•  Otezla® (apremilast) is contraindicated in patients with a known hypersensitivity to apremilast  or to any of the excipients in the formulation

Warnings and Precautions
•  Diarrhea, Nausea and Vomiting: Cases of severe diarrhea, nausea, and vomiting were  associated with the use of Otezla. Most events occurred within  

the first few weeks of treatment.  In some cases patients were hospitalized. Patients 65 years of age or older and patients taking  medications that  
can lead to volume depletion or hypotension may be at a higher risk of  complications from severe diarrhea, nausea, or vomiting. Monitor patients  
who are more  susceptible to complications of diarrhea or vomiting; advise patients to contact their healthcare  provider. Consider Otezla dose  
reduction or suspension if patients develop severe diarrhea,  nausea, or vomiting

•  Depression: Carefully weigh the risks and benefits of treatment with Otezla for patients with a  history of depression and/or suicidal thoughts/behavior, or in  
patients who develop such  symptoms while on Otezla. Patients, caregivers, and families should be advised of the need to be  alert for the emergence or  
worsening of depression, suicidal thoughts or other mood changes,  and they should contact their healthcare provider if such changes occur

–  Psoriasis: Treatment with Otezla is associated with an increase in depression. During clinical  trials, 1.3% (12/920) of patients reported depression  
compared to 0.4% (2/506) on placebo;  Depression was reported as serious in 0.1% (1/1308) of patients exposed to Otezla, compared  to none in  
placebo-treated patients (0/506). Suicidal behavior was observed in 0.1% (1/1308)  of patients on Otezla, compared to 0.2% (1/506) on placebo. One  
patient treated with Otezla  attempted suicide; one patient on placebo committed suicide

–  Psoriatic Arthritis: Treatment with Otezla is associated with an increase in depression. During  clinical trials, 1.0% (10/998) reported depression or  
depressed mood compared to 0.8%  (4/495) treated with placebo. Suicidal ideation and behavior was observed in 0.2% (3/1441)  of patients on Otezla,  
compared to none in placebo treated patients. Depression was reported  as serious in 0.2% (3/1441) of patients exposed to Otezla, compared to none  
in placebo treated  patients (0/495). Two patients who received placebo committed suicide compared to none  on Otezla

•  Weight Decrease: Monitor body weight regularly; evaluate unexplained or clinically significant  weight loss, and consider discontinuation 
of Otezla

–  Psoriasis: Body weight loss of 5-10% occurred in 12% (96/784) of patients treated with Otezla  and in 5% (19/382) of patients treated with placebo.  
Body weight loss of ≥10% occurred in 2%  (16/784) of patients treated with Otezla compared to 1% (3/382) of patients treated with placebo

–  Psoriatic Arthritis: Body weight loss of 5-10% was reported in 10% of patients taking Otezla and  in 3.3% of patients taking placebo

•  Drug Interactions: Apremilast exposure was decreased when Otezla was co-administered with  rifampin, a strong CYP450 enzyme inducer; loss of Otezla  
efficacy may occur. Concomitant use  of Otezla with CYP450 enzyme inducers (e.g., rifampin, phenobarbital, carbamazepine,  phenytoin) is not recommended

With a proven efficacy and safety profile, oral dosing, and no label-required lab 
monitoring, Otezla is a treatment experience patients can respond to.*†
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OTEZLA® (apremilast) tablets, for oral use
The following is a Brief Summary of the Prescribing Information; see Full 
Prescribing Information for complete product information. 
CONTRAINDICATIONS 
OTEZLA is contraindicated in patients with a known hypersensitivity to apremilast or to any of the 
excipients in the formulation [see Adverse Reactions (6.1)].
WARNINGS AND PRECAUTIONS 
Diarrhea, Nausea, and Vomiting: There have been postmarketing reports of severe diarrhea, 
nausea, and vomiting associated with the use of OTEZLA. Most events occurred within the first few 
weeks of treatment. In some cases patients were hospitalized. Patients 65 years of age or older and 
patients taking medications that can lead to volume depletion or hypotension may be at a higher risk 
of complications from severe diarrhea, nausea, or vomiting. Monitor patients who are more 
susceptible to complications of diarrhea or vomiting. Patients who reduced dosage or discontinued 
OTEZLA generally improved quickly. Consider OTEZLA dose reduction or suspension if patients 
develop severe diarrhea, nausea, or vomiting.
Depression: Treatment with OTEZLA is associated with an increase in adverse reactions of 
depression. Before using OTEZLA in patients with a history of depression and/or suicidal thoughts or 
behavior prescribers should carefully weigh the risks and benefits of treatment with OTEZLA in such 
patients. Patients, their caregivers, and families should be advised of the need to be alert for the 
emergence or worsening of depression, suicidal thoughts or other mood changes, and if such 
changes occur to contact their healthcare provider. Prescribers should carefully evaluate the risks and 
benefits of continuing treatment with OTEZLA if such events occur.
Psoriatic arthritis: During the 0 to 16 week placebo-controlled period of the 3 controlled clinical trials, 
1.0% (10/998) of subjects treated with OTEZLA reported depression or depressed mood compared to 
0.8% (4/495) treated with placebo. During the clinical trials, 0.3% (4/1441) of subjects treated with 
OTEZLA discontinued treatment due to depression or depressed mood compared with none in 
placebo treated subjects (0/495). Depression was reported as serious in 0.2% (3/1441) of subjects 
exposed to OTEZLA, compared to none in placebo-treated subjects (0/495). Instances of suicidal 
ideation and behavior have been observed in 0.2% (3/1441) of subjects while receiving OTEZLA, 
compared to none in placebo treated subjects (0/495). In the clinical trials, 2 subjects who received 
placebo committed suicide compared to none in OTEZLA-treated subjects.
Psoriasis: During the 0 to 16 week placebo-controlled period of the 3 controlled clinical trials, 1.3% 
(12/920) of subjects treated with OTEZLA reported depression compared to 0.4% (2/506) treated with 
placebo. During the clinical trials, 0.1% (1/1308) of subjects treated with OTEZLA discontinued 
treatment due to depression compared with none in placebo-treated subjects (0/506). Depression 
was reported as serious in 0.1% (1/1308) of subjects exposed to OTEZLA, compared to none in 
placebo-treated subjects (0/506). Instances of suicidal behavior have been observed in 0.1% (1/1308) 
of subjects while receiving OTEZLA, compared to 0.2% (1/506) in placebo-treated subjects. In the 
clinical trials, one subject treated with OTEZLA attempted suicide while one who received placebo 
committed suicide.
Weight Decrease: During the controlled period of the studies in psoriatic arthritis (PsA), weight 
decrease between 5%-10% of body weight was reported in 10% (49/497) of subjects treated with 
OTEZLA 30 mg twice daily compared to 3.3% (16/495) treated with placebo [see Adverse Reactions 
(6.1)].
During the controlled period of the trials in psoriasis, weight decrease between 5%-10% of body 
weight occurred in 12% (96/784) of subjects treated with OTEZLA compared to 5% (19/382) treated 
with placebo. Weight decrease of ≥10% of body weight occurred in 2% (16/784) of subjects treated 
with OTEZLA 30 mg twice daily compared to 1% (3/382) subjects treated with placebo. 
Patients treated with OTEZLA should have their weight monitored regularly. If unexplained or 
clinically significant weight loss occurs, weight loss should be evaluated, and discontinuation of 
OTEZLA should be considered.
Drug Interaction: Co-administration of strong cytochrome P450 enzyme inducer, rifampin, resulted in 
a reduction of systemic exposure of apremilast, which may result in a loss of efficacy of OTEZLA. 
Therefore, the use of cytochrome P450 enzyme inducers (e.g., rifampin, phenobarbital, 
carbamazepine, phenytoin) with OTEZLA is not recommended [see Drug Interactions (7.1) and
Clinical Pharmacology (12.3)].
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 clinical practice.
Psoriatic Arthritis Clinical Trials: OTEZLA was evaluated in 3 multicenter, randomized, double-blind, 
placebo-controlled trials [Studies PsA-1, PsA-2, and PsA-3] of similar design in adult patients with 
active psoriatic arthritis [see Clinical Studies (14.1)]. Across the 3 studies, there were 1493 patients 
randomized equally to placebo, OTEZLA 20 mg twice daily or OTEZLA 30 mg twice daily. Titration 
was used over the first 5 days [see Dosage and Administration (2.1)]. Placebo patients whose tender 
and swollen joint counts had not improved by at least 20% were re-randomized 1:1 in a blinded 
fashion to either OTEZLA 20 mg twice daily or 30 mg twice daily at week 16 while OTEZLA patients 
remained on their initial treatment. Patients ranged in age from 18 to 83 years, with an overall median 
age of 51 years. The majority of the most common adverse reactions presented below occurred 
within the first 2 weeks of treatment and tended to resolve over time with continued dosing. Diarrhea, 
headache, and nausea were the most commonly reported adverse reactions. The most common 
adverse reactions leading to discontinuation for patients taking OTEZLA were nausea (1.8%), 
diarrhea (1.8%), and headache (1.2%). The proportion of patients with psoriatic arthritis who 
discontinued treatment due to any adverse reaction was 4.6% for patients taking OTEZLA 30 mg 
twice daily and 1.2% for placebo-treated patients.

Adverse Reactions Reported in ≥2% of Patients on OTEZLA 30 mg Twice Daily and ≥1% Than 
That Observed in Patients on Placebo on Day 1-5 (Placebo %, OTEZLA %): 
Diarrheaa (1.2%, 9.3%), Nauseaa (1.4%, 7.4%), Headachea (1.8%, 4.8%), Upper respiratory tract 
infectionb (0.6%, 0.6%), Vomitinga (0.4%, 0.8%), Nasopharyngitisb (0.2%, 0.2%), Abdominal pain 
upperb (0.0%, 0.6%).
Adverse Reactions Reported in ≥2% of Patients on OTEZLA 30 mg Twice Daily and ≥1% Than 
That Observed in Patients on Placebo on Day 6-112 (Week 16) (Placebo %, OTEZLA %): 
Diarrheaa (1.6%, 7.7%), Nauseaa (3.1%, 8.9%), Headachea (2.2%, 5.9%), Upper respiratory tract 
infectionb (1.8%, 3.9%), Vomitinga (0.4%, 3.2%), Nasopharyngitisb (1.6%, 2.6%), Abdominal pain 
upperb (0.2%, 2.0%).
a Of the reported gastrointestinal adverse reactions, 1 subject experienced a serious adverse reaction 
of nausea and vomiting in OTEZLA 30 mg twice daily; 1 subject treated with OTEZLA 20 mg twice 
daily experienced a serious adverse reaction of diarrhea; 1 patient treated with OTEZLA 30 mg twice 
daily experienced a serious adverse reaction of headache. b Of the reported adverse drug reactions 
none were serious.
Other adverse reactions reported in patients on OTEZLA in clinical studies including extension 
studies:
Immune system disorders: Hypersensitivity, Investigations: Weight decrease, Gastrointestinal 
Disorders: Frequent bowel movement, gastroesophageal reflux disease, dyspepsia, Metabolism 
and Nutrition Disorders: Decreased appetite*, Nervous System Disorders: Migraine, Respiratory, 
Thoracic, and Mediastinal Disorders: Cough, Skin and Subcutaneous Tissue Disorders: Rash 
*1 patient treated with OTEZLA 30 mg twice daily experienced a serious adverse reaction. 
Psoriasis Clinical Trials
The safety of OTEZLA® was assessed in 1426 subjects in 3 randomized, double-blind, placebo-
controlled trials in adult subjects with moderate to severe plaque psoriasis who were candidates for 
phototherapy or systemic therapy. Subjects were randomized to receive OTEZLA 30 mg twice daily or 
placebo twice daily. Titration was used over the first 5 days [see Dosage and Administration (2.1)].
Subjects ranged in age from 18 to 83 years, with an overall median age of 46 years.
Diarrhea, nausea, and upper respiratory tract infection were the most commonly reported adverse 
reactions. The most common adverse reactions leading to discontinuation for subjects taking 
OTEZLA were nausea (1.6%), diarrhea (1.0%), and headache (0.8%). The proportion of subjects with 
psoriasis who discontinued treatment due to any adverse reaction was 6.1% for subjects treated with 
OTEZLA 30 mg twice daily and 4.1% for placebo treated subjects.
Adverse Reactions Reported in ≥1% of Subjects on OTEZLA and With Greater Frequency Than 
in Subjects on Placebo; up to Day 112 (Week 16) (Placebo %, OTEZLA %):
Diarrhea (6%, 17%), Nausea (7%, 17%), Upper respiratory tract infection (6%, 9%), Tension 
headache (4%, 8%), Headache (4%, 6%), Abdominal pain* (2%, 4%), Vomiting (2%, 4%), Fatigue 
(2%, 3%), Dyspepsia (1%, 3%), Decreased appetite (1%, 3%), Insomnia (1%, 2%), Back pain 
(1%, 2%), Migraine (1%, 2%), Frequent bowel movements (0%, 2%), Depression (0%, 1%), 
Bronchitis (0%, 1%), Tooth abscess (0%, 1%), Folliculitis (0%, 1%), Sinus headache (0%, 1%).
*Two subjects treated with OTEZLA experienced serious adverse reaction of abdominal pain. 
Severe worsening of psoriasis (rebound) occurred in 0.3% (4/1184) subjects following discontinuation 
of treatment with OTEZLA.
DRUG INTERACTIONS 
Strong CYP450 Inducers: Apremilast exposure is decreased when OTEZLA is co-administered with 
strong CYP450 inducers (such as rifampin) and may result in loss of efficacy [see Warnings and 
Precautions (5.3) and Clinical Pharmacology (12.3)].
USE IN SPECIFIC POPULATIONS 
Pregnancy: Pregnancy Category C: OTEZLA should be used during pregnancy only if the potential 
benefit justifies the potential risk to the fetus. Pregnancy Exposure Registry:There is a pregnancy 
exposure registry that monitors pregnancy outcomes in women exposed to OTEZLA during 
pregnancy. Information about the registry can be obtained by calling 1-877-311-8972. Nursing 
Mothers: It is not known whether OTEZLA or its metabolites are present in human milk; however 
apremilast was detected in milk of lactating mice. Because many drugs are present in human milk, 
caution should be exercised when OTEZLA is administered to a nursing woman. Pediatric use: The 
safety and effectiveness of OTEZLA in pediatric patients less than 18 years of age have not been 
established. Geriatric use: Of the 1493 subjects who enrolled in Studies PsA-1, PsA-2, and PsA-3 a
total of 146 psoriatic arthritis subjects were 65 years of age and older, including 19 subjects 75 years 
and older. No overall differences were observed in the safety profile of elderly subjects ≥65 years of 
age and younger adult subjects <65 years of age in the clinical studies. Of the 1257 subjects who 
enrolled in two placebo-controlled psoriasis trials (PSOR 1 and PSOR 2), a total of 108 psoriasis 
subjects were 65 years of age and older, including subjects who were 75 years of age and older. No 
overall differences were observed in the efficacy and safety in elderly subjects ≥65 years of age and 
younger adult subjects <65 years of age in the clinical trials. Renal Impairment: Apremilast 
pharmacokinetics were characterized in subjects with mild, moderate, and severe renal impairment as 
defined by a creatinine clearance of 60-89, 30-59, and less than 30 mL per minute, respectively, by 
the Cockcroft–Gault equation. While no dose adjustment is needed in patients with mild or moderate 
renal impairment, the dose of OTEZLA should be reduced to 30 mg once daily in patients with severe 
renal impairment [see Dosage and Administration (2.2) and Clinical Pharmacology (12.3)]. Hepatic 
Impairment: Apremilast pharmacokinetics were characterized in subjects with moderate (Child Pugh B)
and severe (Child Pugh C) hepatic impairment. No dose adjustment is necessary in these patients.  
OVERDOSAGE In case of overdose, patients should seek immediate medical help. Patients should 
be managed by symptomatic and supportive care should there be an overdose.
Manufactured for: Celgene Corporation, Summit, NJ 07901 
OTEZLA® is a registered trademark of Celgene Corporation. Pat. http:www.celgene.com
©2014-2017 Celgene Corporation, All Rights Reserved
Based on APRPI.006 OTZ_PsAPsO_HCP_BSv.006 06_2017

RX Only 

GSW    • Client: Celgene  • Date: 05.20.19  • File Name: 100370_030_ceusps_dual_indication_spread_ad_comp_a_fi5.indd 
• Trim: 8.5”w x 11”h  • Bleed: 8.75”w x  11.3125”h  • Live: 6.75”w x 9.75”h  • Client code: US-OTZ-19-0422

Spread Ad 
Comp A

K
Cosmos Communications  1

1
rl

40143a 05.24.19 133

Q1 Q2

https://www.lorealdermatologicalbeauty.com/login?returnurl=


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

March 2020 295 Volume 19  •  Issue 3

Copyright © 2020 ORIGINAL ARTICLE Journal of Drugs in Dermatology

SPECIAL TOPIC

Rosacea Treatment Satisfaction: Matching Adjusted  
Indirect Treatment Comparison Analysis of Metronidazole  

Gel or Cream vs Azelaic Acid Foam
Todd Williamson MSc,a Anneliese LaRose MS,a Jennifer Cameron MHA,a Jason Lott MD FAAD,a  

Michael Eaddy PharmD PhD,b Sari Hopson PhD MSPH,B Huai-Che Shih PhD,B  
Linnea Tennant PharmD MBA MSb

aBayer HealthCare Pharmaceuticals Inc., Whippany, NJ
bXcenda, Palm Harbor, FL

Objective: To assess differences in patient-reported treatment side effects and concerns associated with azelaic acid 15% foam (AAF) 
vs metronidazole cream (MC) and metronidazole gel (MG). 
Methods: This study used matching-adjusted indirect comparison (MAIC) to compare patient-reported outcomes from survey data 
evaluating rosacea treatments. Outcomes of interest included percentages of patients reporting concerns and side effects and mea-
sures of importance of the concerns and tolerability of the side effects. Patients in each analysis (MG vs AAF and MC vs AAF) were 
matched using stabilized inverse propensity scores. 
Results: When compared to AAF, MG-treated patients more frequently reported concerns with treatment efficacy (54% vs 4%), ap-
plication (7% vs 3%), and treatment side effects. MC-treated patients more frequently reported concerns with treatment efficacy (61% 
vs 5%) and dryness (8% vs 5%). AAF-treated patients more frequently reported concerns with cost of treatment compared with MG 
(7% vs 1%) and MC (9% vs 4%). Among patients reporting concerns, level of importance associated with these concerns was similar 
for AAF-treated patients compared with MG- and MC-treated patients. When compared to AAF-treated patients, MG-treated patients 
more frequently reported side effects of dryness (26% vs 15%) and uneven skin tone (3% vs 0%), and MC-treated patients more 
frequently reported side effects of burning (7% vs 3%), itching (7% vs 5%), and redness (7% vs 5%). MG- and MC-treated patients 
indicated greater intolerance for reported side effects than AAF-treated patients.
Conclusions: MG- and MC-treated patients more frequently reported treatment concerns and side effects than AAF-treated patients, 
and tolerability of those side effects was higher for patients treated with AAF. While treatment cost is a more frequent concern in 
patients treated with AAF, these patients less frequently reported concerns with treatment efficacy and reported similar or greater 
tolerance to side effects than patients treated with either MC or MG.

J Drugs Dermatol. 2020;19(3):295-304. doi:10.36849/JDD.2020.3679

 ABSTRACT

 INTRODUCTION

Rosacea is a chronic, inflammatory dermatosis primar-
ily affecting the central face that affects approximately 
10% of adults,1,2 with higher rates in women and those 

with Fitzpatrick skin Types I to II.1,3,4 Onset of rosacea most often 
occurs after age 30; however, it may occur at any age and is 
characterized by repeated remissions and exacerbations.5 Char-
acteristics of clinical manifestations dictate treatment decisions 
for rosacea, and several topical pharmacological interventions 
are indicated for the treatment of mild to moderate rosacea.1 

First-line treatment options for mild to moderate rosacea typi-
cally include metronidazole and azelaic acid. These therapies 
have demonstrated efficacy compared to placebo in reducing 
inflammatory lesions but with increasing incidence of topical 
irritations. Given the availability of multiple agents with proven 

efficacy, clinicians and patients may consider additional infor-
mation to guide therapeutic decision-making, including side 
effect profile and a treatment’s effect on quality of life (QoL).  

Previous research has shown that rosacea patients initiated on 
topical therapies who experience side effects are likely to dis-
continue treatment: ~90% discontinue within the first 3 months 
of therapy.6 Currently, there is a lack of head-to-head trials com-
paring treatment satisfaction among rosacea patients using 
the first-line treatment options for mild to moderate rosacea: 
metronidazole gel (MG), metronidazole cream (MC), and azelaic 
acid 15% foam (AAF) (Finacea® Foam, Bayer). 

Two independently conducted treatment studies assessed 
patient preference with ongoing rosacea treatment.7,8 In each 

doi:10.36849/JDD.2020.3679
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a diagnosis of rosacea by a medical professional. Patients must 
have also been currently using AAF as topical monotherapy for 
rosacea and willing and able to provide voluntary, informed 
consent to participate in the study.

Data Source and Variables
Individual patient data from the PPTS7 and AAF8 Studies were 
used in analyses. In the PPTS Study, patients were identified 
from EMRs of RMG, the largest privately held and physician-run 
multispecialty group practice in Massachusetts, which includes 
a research group with the ability to conduct patient surveys. In 
the AAF Study, patients were identified through the Rosacea 
Concierge Program, which offers patients with rosacea 24-hour 
telephone access to nurses, copay cards to help cover costs of 
rosacea medication, and other personalized tools. Similarities 
and differences in study design, measure definitions, and pro-
cedures between the studies are summarized in Table 1. Both 
studies collected information on patient-reported side effects 
and concerns of rosacea treatment using responses from the 
Rosacea Treatment Preference Questionnaire, patient-reported 
treatment satisfaction using SATMED-Q score, and patient-re-
ported QoL using the DLQI score. The following variables were 
captured in the study databases: patient demographics; rosacea 
subtype; history of rosacea-relevant comorbidities, complica-
tions, and treatment-related side effects; rosacea symptoms; 
and current and past use of topical rosacea treatments. Variables 
for patient concerns and treatment side effects were captured in 
the survey instruments. 

Assessments and Analyses
Patients in each pair-wise analysis (MG vs AAF and MC vs AAF) 
were matched using stabilized inverse propensity scores as 
weights to balance the distribution of baseline characteristics of 
MG and MC study patients with baseline characteristics of AAF 
study patients. For the MG vs AAF comparison, patients were 
matched on age (≤40 vs >40 years), gender, insurance (preferred 
provider organization or health maintenance organization vs 
other), rosacea subtypes (ie, erythematotelangiectatic [yes/no] 
and papulopustular [yes/no]), and history of topical metronida-
zole treatment. For the MC vs AAF comparison, patients were 
matched on all of the above variables except history of any rosa-
cea treatment-related side effects and were matched on history 
of any prior metronidazole rosacea treatment, rather than his-
tory of any prior rosacea treatment.

Stabilized inverse propensity scores were used as weights to 
match MG and MC patients, respectively, to AAF patients and 
to balance the distribution of baseline characteristics of pa-
tients between the 2 studies and reduce potential biases in 
the comparison of treatment groups for outcomes of interest. 
Differences in baseline characteristics of the treatment groups 
before and after weighting were assessed using standardized 
differences (SDs) to identify imbalances in measures, with an 

study, patients were asked to report treatment concerns, sat-
isfaction, and QoL with regard to their current use of a topical 
rosacea treatment. The Patient Preferences and Therapeutic 
Satisfaction (PPTS) Study examined patients who were treated 
with MG or MC, while the Azelaic Acid Foam Study examined 
patients who were treated with AAF. Additional details of pa-
tient inclusion criteria and outcomes of interest are included in 
the methods section. The PPTS Study found that patients most 
commonly reported efficacy and dryness as concerns, and 
treatment satisfaction was rated as “neutral” according to the 
Satisfaction with Medicines Questionnaire (SATMED-Q) score. 
The impact of rosacea on QoL was “minimal” per the Derma-
tology Life Quality Index (DLQI). The AAF Study found patient 
concerns with AAF were minimal and primarily pertained to 
cost. Patient-reported side effects were rare and did not seem 
to affect rosacea-related QoL and medication satisfaction. 

While the PPTS Study and AAF Study did not directly com-
pare MC or MG to AAF, matching adjusted indirect comparison 
(MAIC) techniques can be used to help medical decision makers 
understand differences between these products. Accordingly, 
this study used an MAIC to compare patient-reported treat-
ment concerns and side effects among patients using MC or 
MG (PPTS Study) vs patients using AAF (AAF Study) to treat 
rosacea. 

 METHODS
Study Design
This was a non-interventional MAIC of survey data. The study 
time frame was based on the time periods of each previously 
conducted survey study. In the PPTS Study, eligible patients 
were identified using electronic medical record (EMR) data from 
January 1, 2010 to January 1, 2015. Surveys were mailed in De-
cember 2015 and responses received through March 2016. In 
the AAF Study, patients were identified from a rosacea patient 
program and emailed surveys in July 2017; responses were re-
ceived through August 2017. 

Patient Inclusion Criteria
In the PPTS Study, patients were required to have at least 1 
medical record with an International Classification of Diseases, 
9th Revision, Clinical Modification (ICD-9-CM) diagnosis code 
for rosacea (ICD-9-CM: 695.3) and at least 1 prescription for a 
topical rosacea treatment including azelaic acid (gel or cream), 
brimonidine tartrate, or metronidazole (cream, emulsion, gel, or 
lotion). Further, patients must have been ≥18 years old at the in-
dex date (defined as the study data cut-off date, January 1, 2015, 
or the end of insurance coverage, whichever occurred first) with 
at least 6 months of data prior to the index date. Finally, pa-
tients must have interacted with Reliant Medical Group (RMG) 
(eg, visited or refilled a prescription) in the 3 months preced-
ing January 1, 2015. Likewise, the inclusion criteria for the AAF 
Study required patients to self-report being ≥18 years old with 
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 RESULTS
Matching
After weighting, patients in the MG vs AAF comparison were bal-
anced on all matched baseline characteristics (SD <0.10), except 
history of any rosacea treatment-related side effects (SD=0.12), 
and patients in the MC vs AAF comparison were balanced on 
all matched baseline characteristics. Tables 2 and 3 provide 

SD ≥0.10 considered meaningful. The statistical significance 
of survey outcomes between the matched treatment groups 
was measured using appropriate statistical tests to account for 
propensity score weighting (ie, weighted Chi-square tests for 
categorical variables and weighted t-tests or ANCOVA or mul-
tiple linear regression with propensity score weights used as a 
covariate [where appropriate] for continuous variables).

TABLE 1.

Summary of Study Similarities and Differences

PPTS Study (MG and MC Patients) AAF Study (AAF Patients)

Study description

1. Non-interventional, cross-sectional prospective 
survey study 

2. Mailed paper survey study of patients with rosacea 
identified in the RMG EMR database with evidence 
of prescription treatment for rosacea 

3. To obtain sufficient sample sizes, all patients treated 
with MC or azelaic acid gel were contacted for the 
survey; however, a random sample of patients 
treated with MG were also contacted 

4. Initial survey nonresponders were sent a second 
mailing of the survey 

1. Non-interventional, cross-sectional prospective survey 
study 

2. Web-based survey of patients diagnosed with rosacea 
currently receiving treatment with AAF and identified by 
the Rosacea Concierge Program 

3. An email invitation to participate in the study was sent to 
all patients identified by the Rosacea Concierge Program

4. Email invitations were re-sent to patients who did not 
respond to the initial survey invitation

Key inclusion criteria

1. Patients enrolled in RMG in Massachusetts
2. ≥1 medical record with a diagnosis code for rosacea 
3. ≥1 prescription for a topical rosacea treatment
4. ≥18 years old at the index date (1/1/2015 or the 

ending date of the patient’s insurance coverage, 
whichever occurred first) 

5. ≥6 months of data history prior to the index date
6. Had an encounter at RMG within 3 months of 

1/1/2015

1. ≥18 years of age
2. Diagnosis of rosacea by a medical professional
3. Currently using AAF as topical monotherapy for rosacea
4. Willing and able to provide voluntary, informed consent to 

participate in this study

Key exclusion criteria None
Use of any other topical treatment for rosacea at the time of
enrollment 

Study design

Platform Paper mailed survey Email recruitment, online survey

Patient identification 
method

Evidence of enrollment in RMG in Massachusetts Participation in Rosacea Concierge Program

Randomization
One of 3 treatment groups (MG) was randomly selected 
to receive survey

None

Measures captured

Baseline variables

Age, gender, health insurance type, prior rosacea treat-
ments, history of rosacea-relevant comorbidities, his-
tory of rosacea treatment-related side effects, rosacea 
clinical subtype, rosacea symptoms

Same as PPTS Study

Capture of baseline 
measures

6 months prior to recruitment for survey participation At time of survey response

Source of baseline 
measure

Claims and EMR databases; rosacea subtype and symp-
toms captured by patient on survey

Patient response to survey

Outcome variables
Patient-reported rosacea treatment concerns, side ef-
fects, treatment satisfaction (SATMED-Q score), DLQI 
score

Same as PPTS Study

Source/timing of 
outcome measure

Patient response/at time of survey response Same as PPTS Study

Key: AAF – azelaic acid foam; DLQI – Dermatology Life Quality Index; EMR – electronic medical record; MC – metronidazole cream; MG – metronidazole gel; PPTS – Pa-
tient Preferences and Therapeutic Satisfaction; RMG – Reliant Medical Group; SATMED-Q ¬–Treatment Satisfaction with Medicines Questionnaire.
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matched baseline characteristics before and after weighting ad-
justment for MG and AAF and for MC and AAF, respectively.

MG vs AAF Comparisons
In regard to treatment concerns, the study showed that more 
MG-treated patients reported concerns than AAF-treated pa-
tients (78% vs 16%). When compared to AAF-treated patients, 
MG-treated patients more frequently reported concerns with 
treatment efficacy (54% vs 4%), application (7% vs 3%), and 

treatment side effects. Among reported concerns with side ef-
fects, the largest SDs were observed for dryness (21% vs 4%) 
and scarring (17% vs 1%). AAF-treated patients more frequently 
reported concerns with cost of treatment (7% vs 1%) and treat-
ment residue (4% vs 2%) (Figure 1).

Figure 2 provides the mean importance score of concerns 
with rosacea treatment. Patients rated the importance of each 
concern that they reported on a scale from 0 (not important) 

TABLE 2.

Matched Baseline Characteristics Before and After Weighting Adjustment (MG and AAF) 

MG 
(N=60)

AAF
 (N=54)

SD  
MG vs AAF
(Absolute 

Value)

MG 
(N=77)

AAF
 (N=78)

SD
MG vs AAF 
(Absolute 

Value)

Before Wt Before Wt Before Wt After Wt After Wt After Wt

Demographics at baseline

Age >40 years, % 92% 78% 0.39 85% 83% 0.03

Female, % 82% 91% 0.27 77% 78% 0.03

Insurance plan type at index date (PPO or HMO), % 70% 89% 0.48 79% 83% 0.09

Diagnoses of potential side effects related to a rosacea  
treatment (any side effects), %

35% 19% 0.38 26% 21% 0.12

Rosacea subtype according to survey data

Erythematotelangiectatic (facial redness), % 83% 74% 0.23 73% 74% 0.01

Papulopustular (bumps and pimples), % 58% 74% 0.34 70% 74% 0.09

Prior treatment (any treatment), % 35% 85% 1.19 57% 60% 0.06

Rosacea symptoms according to survey data (any symptom), % 82% 83% 0.04 87% 88% 0.03

Note: SD ≥0.10 represents meaningful difference.
Key: AAF – azelaic acid foam; HMO – health maintenance organization; MG – metronidazole gel; PPO – preferred provider organization; SD – standardized difference; 
Wt – weighting. 

TABLE 3.

Matched Baseline Characteristics Before and After Weighting Adjustment (MC and AAF)

MC 
(N=42)

AAF
 (N=54)

SD
MC vs AAF 
(Absolute 

Value)

MC 
(N=57)

AAF 
(N=58)

SD
MC vs AAF 
(Absolute 

Value)

Before Wt Before Wt Before Wt After Wt After Wt After Wt

Demographics at baseline

Age >40 years, % 81% 78% 0.08 78% 79% 0.03

Female, % 79% 91% 0.34 85% 84% 0.04

Insurance plan type at index date (PPO or HMO), % 81% 89% 0.22 85% 86% 0.01

Rosacea subtype according to survey data

Erythematotelangiectatic (facial redness), % 76% 74% 0.05 79% 78% 0.02

Papulopustular (bumps and pimples), % 64% 74% 0.21 74% 74% 0.02

Prior treatment (any Metronidazole treatment) 24% 13% 0.28 18% 19% 0.03

Rosacea symptoms according to survey data (any symptom), % 69% 83% 0.34 77% 76% 0.02

Note: SD ≥0.10 represents meaningful difference.
Key: AAF – azelaic acid foam; HMO – health maintenance organization; MC - metronidazole cream; PPO – preferred provider organization; SD – standardized difference; 
Wt – weighting. 



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

299

Journal of Drugs in Dermatology
March 2020  •  Volume 19  •  Issue 3

 

T. Williamson, A. LaRose, J. Cameron, et al

FIGURE 1. Patients reporting concerns with MG and AAF.a

Key: AAF – azelaic acid foam; MG – metronidazole gel.
a Analysis used stabilized inverse propensity scores as weights to adjust for baseline differences in treatment groups
b Meaningful difference between treatment groups (SD ≥0.10)
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FIGURE 2. Importance of concerns associated with MG and AAF.a

Key: AAF – azelaic acid foam; MG – metronidazole gel.
a Analysis used stabilized inverse propensity scores as weights to adjust for baseline differences in treatment groups.
b Meaningful difference between treatment groups (SD ≥0.10).
Note: Meaningful differences were assessed when ≥2 patients per treatment group provided a score. Mean importance scores for concerns were only reported by patients in each 
treatment group who reported the respective concern. 
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to 10 (most important). Generally, AAF-treated and MG-treated 
patients rated each reported concern as moderate to high im-
portance, with a mean importance score ≥5. 

Fewer AAF-treated patients reported treatment side effects (25% 
vs 33%); MG-treated patients more frequently reported dryness 
(26% vs 15%) and uneven skin tone (3% vs 0%), while AAF-
treated patients more frequently reported itching (5% vs 2%), 
stinging (6% vs 3%), and tingling (4% vs 0%). Patient-reported 
treatment side effects for the pairwise analysis of AAF vs MG are 
described in Figure 3.

The tolerability of reported side effects with MG and AAF is 
provided in Figure 4. MG-treated patients who reported side ef-
fects, including burning, itching, and stinging, reported greater 
intolerance to side effects than AAF-treated patients reporting 
the same side effects (SD ≥0.10). MG-treated patients rated each 
reported side effect as moderately tolerable to intolerable (mean 
tolerance score ≥5) and AAF-treated patients rated reported 
side effects as tolerable to moderately tolerable (mean toler-
ance score ≤5), with the exception of redness (mean tolerance 
score=8). 

MC vs AAF Comparisons
More MC-treated patients reported treatment concerns than 
AAF-treated patients (72% vs 21%). Compared to AAF-treated 
patients, MC-treated patients more frequently reported con-
cerns with treatment efficacy (61% vs 5%) and dryness (8% vs 
5%). Treatment concerns for the pair-wise analysis of AAF vs MC 
are described in Figure 5. When compared to MC-treated pa-
tients, AAF-treated patients more frequently reported concerns 
with cost of treatment (9% vs 4%) and treatment residue (4% vs 
0%). Generally, AAF-treated and MC-treated patients rated each 
reported concern as moderate to high importance (mean impor-
tance score ≥5) (Figure 6).

Patient-reported treatment side effects for the pair-wise analy-
sis of AAF vs MC are provided in Figure 7. A similar proportion 
of AAF-treated and MC-treated patients (~20%) reported having 
any treatment side effects. When compared to AAF-treated pa-
tients, MC-treated patients more frequently reported burning 
(7% vs 3%), itching (7% vs 5%), and redness (7% vs 5%). Mean 
tolerance scores for the patient-reported side effects with ro-
sacea for the pair-wise analysis of MC vs AAF are provided in 
Figure 8. MC-treated patients rated each reported side effect as 

FIGURE 3. Patients reporting side effects with MG and AAF.a

Key: AAF – azelaic acid foam; MG – metronidazole gel.
a Analysis used stabilized inverse propensity scores as weights to adjust for baseline differences in treatment groups.
b Meaningful difference between treatment groups (SD ≥0.10).
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FIGURE 4. Tolerability of reported side effects with MG and AAFa

Key: AAF – azelaic acid foam; MG – metronidazole gel.
a Analysis used stabilized inverse propensity scores as weights to adjust for baseline differences in treatment groups.
b Meaningful difference between treatment groups (SD ≥0.10).
Note: Meaningful differences were assessed when ≥2 patients per treatment group provided a score. Mean tolerance scores for side effects were only reported by patients in each 
treatment group who reported the respective side effect. 
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FIGURE 5. Patients reporting concerns with MC and AAFa

Key: AAF – azelaic acid foam; MC – metronidazole cream.
a Analysis used stabilized inverse propensity scores as weights to adjust for baseline differences in treatment groups.
b Meaningful difference between treatment groups (SD ≥0.10).
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FIGURE 6. Importance of concerns associated with MC and AAFa

Key: AAF – azelaic acid foam; MC – metronidazole cream.
a Analysis used stabilized inverse propensity scores as weights to adjust for baseline differences in treatment groups.
b Meaningful difference between treatment groups (SD ≥0.10).
Note: Meaningful differences were assessed when ≥2 patients per treatment group provided a score. Mean importance scores for concerns were only reported by patients in each 
treatment group who reported the respective concern. 

FIGURE 7. Patients reporting side effects with MC and AAF.a

Key: AAF – azelaic acid foam; MC – metronidazole cream.
a Analysis used stabilized inverse propensity score as weights to adjust for baseline differences in treatment groups.
b Meaningful difference between treatment groups (SD ≥0.10).
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moderately tolerable to intolerable (mean score ≥5) except red-
ness (mean score=3.8), and AAF-treated patients rated reported 
side effects as tolerable to moderately tolerable (mean score ≤5) 
except redness and burning (mean scores >6).  

 DISCUSSION
According to the Food and Drug Administration-approved pre-
scribing information (PI) for AAF, the most common adverse 
events (AEs) experienced in clinical trials were cutaneous in 
nature: application site pain including stinging and burning, 
pruritus, and dryness and erythema.9  These same AEs are 
reported in the PIs for MG and MC.10,11 However, lack of head-
to-head studies prevent the direct comparison of treatments. To 
account for the inability to directly compare the 3 treatments, 
this MAIC study was conducted. To the authors’ knowledge, this 
is the first indirect treatment comparison of MG, MC, and AAF 
assessing treatment satisfaction, underscoring the lack of direct 
comparison in the real-world setting.  

Our study suggests that patients treated with AAF are less likely 
to report concerns with treatment efficacy and report similar or 
greater tolerance of treatment side effects as patients treated 
with MG or MC.  More MC- and MG-treated patients reported 
treatment concerns than AAF-treated patients (72% vs 21% and 

FIGURE 8. Tolerability of reported side effects with MC and AAF.a

Key: AAF – azelaic acid foam; MC – metronidazole cream.
a Analysis used stabilized inverse propensity score as weights to adjust for baseline differences in treatment groups.
b Meaningful difference between treatment groups (SD ≥0.10).
Note: Meaningful differences were assessed when ≥2 patients per treatment group provided a score. Mean tolerance scores for side effects were only reported by patients in each 
treatment group who reported the side effect. 

78% vs 16%, respectively). Fewer AAF-treated patients reported 
treatment side effects (25%) compared to MG-treated patients 
(33%) but a similar proportion to MC-treated patients (~20%). 
These findings support the conclusions reached in the AAF 
Study, which suggested that AAF is both an efficacious and tol-
erable option for the treatment of rosacea.8 Further, this study 
suggests that AAF may have a better side effect profile and fewer 
treatment concerns compared to either MC or MG. These find-
ings are important in terms of adherence and symptom control. 
Previously conducted research has characterized the impact of 
AEs on treatment adherence. A 2017 retrospective cohort study 
of 49,351 patients with rosacea found that among patients who 
experienced an AE (12.7%), only 3.2% continued treatment de-
spite the AE, 7.4% switched to another treatment within about 9 
days, and 89.4% discontinued treatment within about 1 month.6  

It is important to note that the characteristics of patients in 
the PPTS and AAF Studies were consistent with published 
epidemiological estimates for rosacea, which indicate higher 
prevalence in females (78.7% and 90.7%, respectively) and high-
er prevalence of the erythematotelangiectatic (80.3% and 74.1%, 
respectively) or papulopustular subtypes (60.7% and 74.1%, re-
spectively).4,7,8 
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 LIMITATIONS
This present study has limitations inherent to both the respec-
tive limitations of the 2 surveys used in the indirect comparison 
and the indirect comparison technique. First, the use of data 
from 2 surveys that relied on patient reports could lead to recall 
bias, which may affect the quality and direction of the results 
of this indirect comparison. The methodological differences 
between the surveys, including survey mediums (paper-based 
vs web-based), unmeasured patient characteristics and other 
possible confounders, and the small sample sizes, are another 
limitation. 

The results of this study may be limited in their generalizabil-
ity to the general population of rosacea patients. While the 
demographic characteristics for the study population align 
with previously published epidemiological estimates, patients 
included in the AAF Study were identified from the Rosacea 
Concierge Program. These patients may be more educated 
and self-motivated with their rosacea treatment and thus may 
be more likely than the general population of rosacea patients 
to be using AAF. Similarly, patients from the PPTS Study were 
recruited from RMG; those study results may not be generaliz-
able to patients with rosacea in other geographic locations or to 
patients receiving care within other types of clinical and payer 
environments.

 CONCLUSIONS
The topical rosacea treatment landscape is lacking data from 
head-to-head trials or real-world studies on benefits and risks. 
Indirect treatment comparisons can be used to inform decision 
making in the absence of this information. These results sug-
gest that AAF-treated patients less frequently report concerns 
with treatment efficacy and report similar or greater tolerance 
to treatment side effects compared with MC- or MG-treated pa-
tients. Further, this study showed that cost is a more frequent 
concern in patients treated with AAF; however, it was reported in 
<10% of AAF patients. Further studies are needed to determine 
which factors associated with rosacea treatment may improve 
patient satisfaction and QoL.
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SPECIAL TOPIC

Efficacy and Safety of Systemic Treatments for Skin  
and Joint Manifestations in Patients With Psoriasis

William Abramovits MD,a Joel Schlessinger MDb

aDermatology Treatment and Research Center, Dallas, TX
BAdvanced Skin Research Center, Omaha, NE

Psoriasis is a chronic, systemic disease with features suggestive of autoimmune dysregulation. Patients with psoriasis vulgaris fre-
quently experience systemic comorbidities, including cardiovascular and metabolic diseases, and approximately 30% develop psoriatic 
arthritis (PsA), which requires treatment. It is important that physicians and patients are aware of the breadth of treatment options avail-
able to treat the complete spectrum of psoriasis manifestations. This narrative review summarizes clinical information from approved 
systemic psoriasis therapies relevant to the treatment of PsA and related systemic pathologies. We include pivotal clinical trials of 
biologic therapies that are approved by the US Food and Drug Administration for psoriasis and PsA and additional studies identified from 
PubMed and congress abstract searches through August 21, 2019. We comment on the real-world effectiveness of traditional nonbio-
logic treatment options, including methotrexate, cyclosporine, acitretin, systemic corticosteroids, and nonsteroidal anti-inflammatory 
drugs and consider targeted synthetic and biologic disease-modifying antirheumatic drugs and their efficacy and safety in treating skin 
and joint manifestations. Finally, we discuss key considerations when managing patients with PsA as a comorbidity of psoriasis. The 
individual treatment needs of patients should be met while psoriasis and its systemic complications are managed. When addressing 
these needs, it is important to consider modern biologics and other systemic therapies.

J Drugs Dermatol. 2020;19(3):306-313. doi:10.36849/JDD.2020.4690

 ABSTRACT

 INTRODUCTION
Overview of Psoriasis and Psoriatic Arthritis
In addition to itch and pain associated with plaques, patients with 
psoriasis often have comorbidities, including cardiovascular 
disease, diabetes, obesity, metabolic syndrome, risk of malig-
nancies, fatty liver disease, and/or depression.1,2 An increased 
risk of death from all causes was recently demonstrated.3 
Approximately 30% of patients with psoriasis develop psori-
atic arthritis (PsA),4-6 a chronic, systemic inflammatory disease 
characterized by peripheral arthritis, enthesitis, dactylitis, axial 
disease, and skin and nail involvement.7-9 PsA arises through 
a series of complex immune signaling pathways.4 Activated T 
cells and macrophages play an important role in inflammatory 
processes through mediators such as tumor necrosis factor α 
(TNF-α) and various interleukin (IL) cytokines.4,7 The combination 
of musculoskeletal components with cutaneous disease high-
lights that a multidisciplinary approach may be needed for the 
management of individual patients.9 This narrative review dis-
cusses the efficacy and safety of systemic treatments for skin 
and joint manifestations in patients with psoriasis to provide 
dermatologists and rheumatologists with an updated summary 
of the benefits and risks of currently available treatments on 
several disease domains. We review data from pivotal clinical 
trials of biologic therapies that are approved by the US Food 
and Drug Administration for psoriasis and PsA, as well as ad-
ditional clinical studies of biologics identified from PubMed and 
congress abstract searches through August 21, 2019.

Management of Psoriasis and PsA
Recommended therapies for psoriasis and PsA include tra-
ditional nonbiologic medications (eg, topical treatment, 
phototherapy, nonsteroidal anti-inflammatory drugs [NSAIDs], 
corticosteroids, and/or conventional disease-modifying an-
tirheumatic drugs [DMARDs]), biologic agents, and targeted 
synthetic (ts) DMARDs. Because PsA is treated as a complica-
tion of psoriasis, there is an unmet need for comprehensive 
treatment guidelines. Recommendations for the management 
of PsA were recently published by the Group for Research and 
Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA), which 
considered dermatologic and musculoskeletal manifestations,9 

and the European League Against Rheumatism (EULAR), which 
focused solely on musculoskeletal manifestations.8 Because 
PsA is a heterogeneous disease involving multiple domains 
either alone or in combination, GRAPPA recommended that 
the goals of therapy for all patients with PsA are to achieve the 
lowest possible level of disease activity in all domains (periph-
eral arthritis, spondylitis/axial disease, enthesitis, dactylitis, skin 
disease, and nail disease); optimize functional status, improve 
quality of life and well-being, and prevent structural damage to 
the greatest extent possible; and avoid or minimize complica-
tions, both from untreated active disease and from therapy.9  The 
GRAPPA recommendations are designed to aid in the decision-
making process for patients; therefore, the choice of therapy for 
an individual patient should address as many involved domains 

doi:10.36849/JDD.2020.4690
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alongside biologic agents, particularly TNF inhibitors (TNFis),8,12 
although the appropriateness of its use becomes a question 
given the availability of potentially less toxic drugs. In patients 
who have PsA as a complication of psoriasis, traditional non-
biologic treatment options include NSAIDs, glucocorticoids, and 
conventional DMARDs such as MTX, sulfasalazine, leflunomide, 
and cyclosporine.10 Some of these agents may be effective for 
both skin and joint manifestations (Table 1).

NSAIDs and glucocorticoids are often used initially to alleviate 
PsA symptoms. Conventional DMARDs are recommended for 

as possible and likely be driven by the most severe element.9 
Optimal therapy for patients with PsA as a complication of pso-
riasis should demonstrate efficacy in skin, peripheral joints (eg, 
arthritis, enthesitis, dactylitis), and the axial skeleton (including 
sacroiliitis) when those features are present.10,11

Efficacy of Traditional Systemic Medications
Historically, methotrexate (MTX), cyclosporine, and acitretin 
have been commonly used to treat extensive psoriasis that is 
unresponsive to topical therapy and/or phototherapy.12 MTX has 
been prescribed for over 50 years and is still used by itself and 

TABLE 1.

Traditional Systemic Treatments: Efficacy in Psoriasis and Psoriatic Arthritis and Safety Considerations

Efficacy Safety

Methotrexate

• Efficacy demonstrated in 3 well-designed studies in patients 
with psoriasis12

• Recommended as the DMARD of choice by EULAR for treatment 
of joint manifestations in PsA based on observational studies

• A large randomized trial in PsA showed no improvement in 
measures of peripheral arthritis (PsARC, ACR20, and DAS28) vs 
placebo74

• Improvements were observed in global assessments of disease 
and PASI scores74

• Associated with hepatic, pulmonary, and marrow toxicity as 
well as teratogenicity7

• Careful monitoring required12

• Long-term use limited in patients with risk factors for liver 
disease (eg, fatty liver and alcoholism)7

• Hepatotoxicity monitoring guidelines more stringent than in 
rheumatology

• Obesity more likely in patients with severe psoriasis, so 
susceptibility to underlying non-alcoholic steatohepatitis is 
increased12

• Obesity a greater risk factor than alcohol or viral-induced 
hepatitis and cumulative MTX treatment

• Monitoring liver transaminase levels in obese patients is 
advised75

• Associated with cognitive impairment at high doses in 
patients with cancer76

Cyclosporine

• Effective treatment for cutaneous disease; can relapse following 
treatment discontinuation12

• Efficacious in numerous clinical trials of patients with psoriasis12

• Modest efficacy in skin and joints has been observed in a few 
small studies of PsA7,77

• Associated with nephrotoxicity and hypertension and rec-
ommended only for short-term use7

Leflunomide

• Quality of evidence in placebo-controlled trials supporting use 
in psoriasis is not very convincing12

• 1 large randomized trial in PsA showed improvement in PASI 
scores and PsARC vs placebo12

• Associated with gastrointestinal toxicity, elevated liver 
enzyme levels, increased risk of infections, and leucopenia7

• Relatively well tolerated in PsA10

• Adverse effects similar to those observed in RA10

Sulfasalazine

• Quality of evidence in placebo-controlled trials supporting use 
in psoriasis is not very convincing12

• Modest efficacy in joints has been observed in some pilot trials 
and controlled studies of PsA10

• Associated with gastrointestinal intolerance, neurological 
disturbances, increased liver enzyme levels, impaired renal 
function, hypertension, arthralgia, reversible oligospermia, 
leukopenia, and agranulocytosis7,77

Glucocorticoids

• Not recommended for patients with psoriasis due to lack of 
clinical data and association with flares in skin lesions during or 
after dose tapering7

• Local and systemic administration may be useful for patients 
with few affected joints, tendon sheaths, or entheses or those 
with polyarticular disease with a few persistently active joints10,73

• Recommended only for short-term use to minimize adverse 
effects8,9

• Systemic glucocorticoids should be used with caution due 
to potential psoriasis flares upon withdrawal7,10

NSAIDs

• Not effective for treatment of psoriasis
• May worsen skin lesions in patients with PsA who receive 

NSAID treatment for peripheral arthritis or axial disease7

• Effective for treating signs and symptoms of peripheral arthritis 
in PsA8,10,78

• Additional therapy should be considered if benefit is not ob-
served within a few weeks8

• Use with caution due to potential adverse effects, including 
gastrointestinal effects and exacerbation of psoriasis9,7,78

ACR20, American College of Rheumatology 20% improvement in response; DAS28, Disease Activity Score in 28 joints; DMARD, disease-modifying antirheumatic drug;
EULAR, European League Against Rheumatism; MTX, methotrexate; NSAID, nonsteroidal anti-inflammatory drug; PASI, Psoriasis Area and Severity Index; PsA, 
psoriatic arthritis; PsARC, Psoriatic Arthritis Response Criteria; RA, rheumatoid arthritis.
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NSAID, but not apremilast, was allowed to be continued in all 
treatment arms.25-43 These trials confirmed that biologic agents 
and tsDMARDs were efficacious in patients with PsA who had 
not responded to nonbiologic systemic therapies and were 
more effective than traditional treatments. Biologic agents and 
tsDMARDs target a range of molecules involved in the patho-
genesis of PsA; it is therefore likely that a differential response 
of the various domains of PsA to treatment may be observed. 
Although data from individual trials cannot be directly com-
pared due to variations in patient selection and study design, 
evidence can be used to determine which agents might be best 
suited to treat specific PsA manifestations.

The primary endpoint for most randomized controlled trials 
in PsA is the achievement of American College of Rheumatol-
ogy 20% improvement in response criteria (ACR20) vs placebo 
(Table 2). Prevention of joint damage is an important goal in 
the long-term management of arthritic manifestations of PsA; 
all biologic agents approved to date for use in both psoriasis 
and PsA reduce radiographic progression of structural dam-
age.25,26,35,36,38,45-48 Importantly, all biologic agents and tsDMARDs 
approved for use in both conditions also improved skin lesions 
vs placebo in the same PsA trials (Table 2).26-39,42 Following the 
pivotal trial of etanercept in PsA,25 a subsequent study showed 
that a higher dose of etanercept already approved for use in pa-
tients with psoriasis alone (50 mg twice weekly) may be suitable 
as an alternative strategy for treating patients with PsA.49

Aside from joint inflammation and damage, enthesitis and dac-
tylitis are characteristic features of PsA,7 and effective treatment 
options are essential for long-term disease management. Most 
biologic agents and tsDMARDs that are approved for psoriasis 
and have efficacy in PsA effectively treat enthesitis and dactylitis 
in patients with PsA.27-29,33-37,41,49-51 Improvements in enthesitis and 
dactylitis have not been observed thus far with brodalumab.40 

The efficacy of apremilast was also variable in PsA trials: an im-
provement in enthesitis was observed in PALACE 1 but not in 
PALACE 3, and an improvement in dactylitis was observed in 
PALACE 3 but not in PALACE 1.31,32

To date, only 1 study has evaluated the effect of an approved 
agent for psoriasis with efficacy in PsA on axial involvement 
in patients with PsA.52 In the MAXIMISE trial (NCT02721966), 
patients receiving secukinumab were more likely than those re-
ceiving placebo to achieve a 20% improvement in Assessment 
of Spondyloarthritis International Society response criteria.52 

However, biologic agents and tsDMARDs have been approved 
(adalimumab, certolizumab pegol, etanercept, infliximab, 
and secukinumab)53,54 and evaluated (ustekinumab and ixeki-
zumab)55-57 in patients with axial spondyloarthritis. EULAR has 
identified the need for efficacy data in the treatment of axial dis-
ease in patients with PsA.8

treating PsA on the basis of observational studies as well as their 
relatively low cost and universal access.9 Most of the evidence 
for conventional DMARDs relates to treatment of the signs and 
symptoms of peripheral arthritis as well as skin manifestations; 
data on enthesitis, dactylitis, and axial disease are lacking, and 
inhibition of structural progression in peripheral joints has not 
been demonstrated.7 The term “DMARD” is based on historical 
nomenclature used in rheumatoid arthritis rather than on solid 
evidence demonstrating inhibition of joint damage in PsA.9 The 
real-world comparative effectiveness of traditional systemic 
medications has proven difficult to rigorously assess due to lack 
of standardization in outcome definitions used across studies.13

Efficacy of Biologics and tsDMARDs
Several biologics and tsDMARDs are effective in treating psoria-
sis, including monoclonal antibodies targeting TNF-α, IL-12/23, 
IL-17A, and IL-23, and an oral phosphodiesterase 4 inhibitor. 
An early comparison of biologics in a phase III trial of patients 
with psoriasis found that the IL-12/23 inhibitor ustekinumab 
was more effective than the TNFi etanercept at clearing skin 
symptoms.14 Over time, TNFis and ustekinumab became bio-
logic comparators for newer classes of biologics; the IL-17A 
inhibitors secukinumab, ixekizumab, and brodalumab are more 
likely to improve skin manifestations as assessed by achieve-
ment of Psoriasis Area and Severity Index (PASI) responses 
than ustekinumab and etanercept.15-19 The IL-23 inhibitors gusel-
kumab, tildrakizumab, and risankizumab are more effective 
than adalimumab, etanercept, and ustekinumab in patients with 
psoriasis as assessed by achievement of PASI75 and PASI90 re-
sponses, or the Investigator’s Global Assessment modified 2011 
scale.20-23 More recent head-to-head studies directly compared 
IL-17A inhibitors with IL-23 inhibitors. One such study (ECLIPSE; 
NCT03090100) found superior efficacy for guselkumab vs 
secukinumab in achievement of PASI90 response after 48 weeks 
of treatment.24 A study comparing ixekizumab vs guselkumab 
(IXORA-R; NCT03573323) is ongoing, and topline results dem-
onstrate superiority of ixekizumab in achievement of PASI100 at 
Week 12 (data not yet published).

Most of these agents approved for use in psoriasis have demon-
strated efficacy in PsA in placebo-controlled trials (Table 2).25-42 

Although the IL-17A receptor inhibitor brodalumab and the IL-23 
inhibitors guselkumab, risankizumab, and tildrakizumab have 
some efficacy in PsA in phase II trials to date, and guselkumab 
has also shown efficacy in topline results from the phase III DIS-
COVER 1 and 2 trials (NCT03162796 and NCT03158285; data not 
yet published), they are not currently approved for PsA.40,41,43,44 
Patients enrolled in the placebo-controlled PsA clinical trials 
were inadequate responders or intolerant of ≥ 1 nonbiologic 
systemic therapy for PsA; some had also experienced an inade-
quate response to a biologic agent.25-43 Concomitant medication 
as background therapy, including ≥1 nonbiologic systemic ther-
apy for PsA such as a conventional DMARD, glucocorticoid, or 
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Several studies have indirectly compared the efficacy of biologic 
agents and tsDMARDs in PsA, with most showing no differences 
between treatments.58-63 However, 2 matching-adjusted indirect 
comparisons (MAICs) demonstrated some differences between 
biologics in the treatment of PsA.64,65 One MAIC revealed that 
adalimumab was more effective than etanercept (in skin as as-
sessed by PASI50/75/90 and joints as assessed by ACR20/50/70) 
and infliximab (in joints as assessed by ACR20/50/70).64 Another 
MAIC revealed that ACR response rates were higher during the 
first year of treatment with secukinumab than with adalimum-
ab, with significance reached at multiple time points.65 Some 
patient-reported outcomes, including Health Assessment Ques-

tionnaire Disability Index, pain (visual analogue scale), patient 
global assessment, and Functional Assessment of Chronic Ill-
ness Therapy–Fatigue scores, were also better with secukinumab 
than with adalimumab at week 24 or 48.65 

To date, few large head-to-head trials of an approved biologic 
agent or a tsDMARD in PsA have been initiated. Topline results 
from a recently completed study (SPIRIT-H2H; NCT03151551) 
suggest that patients receiving ixekizumab are more likely 
than those receiving adalimumab to achieve ACR50, resolu-
tion of enthesitis, and PASI100 after 24 weeks of treatment.66 
A study comparing secukinumab vs adalimumab (EXCEED 1; 

TABLE 2.

Biologic Agents and tsDMARDs Approved for Use in Psoriasis: Assessment of Efficacy in the Joints and Skin of Patients With Psoriatic Arthritis

Response with active treatment 
vs placebo, %

Target Agent Trial Biologic naive? Time, weeks ACR20 PASI 75

tsDMARDs

Phosphodiesterase 4 Apremilast

PALACE 132 Noa 16 40b vs 19 21b vs 5

PALACE 230 Noa 16 32b vs 19 22b vs 3

PALACE 331 Noa 16 41b vs 18 21b vs 8

PALACE 331

Biologic agents

TNF-α

Etanercept Phase III25 Yes 12/24c 59b vs 15 23b vs 3

Adalimumab ADEPT26 Yes 24 57b vs 15 59b vs 1

Infliximab
IMPACT27 Yes 16 65b vs 10 68d vs 0

IMPACT 228 Yes 14 58b vs 11 64b vs 2

Certolizumab 
pegol

RAPID-PsA29 Noe 12 58b vs 24 47b vs 14

IL-12/23 Ustekinumab
PSUMMIT 134 Yes 24 42b vs 23 57b vs 11

PSUMMIT 233 Nof 24 44b vs 20 51b vs 5

IL-23

Guselkumabg Phase II41 No 24 58b vs 18 79b vs 13

Tildrakizumabh Phase II44 No 16 -- 74b vs 4

Risankizumabi Phase II43 No 24 48b vs 31 68b vs 14

IL-17A

Secukinumab

FUTURE 136,j No 24 50b vs 17 61b vs 8

FUTURE 242,k No 24 51b and 54b vs 15 48b and 63b vs 16

FUTURE 337,k No 24 42b and 48b vs 16 50b and 47b vs 10

FUTURE 535,k No 16 56b and 63b vs 27 60b and 70b vs 12

Ixekizumab
SPIRIT-P138 Yes 24 58b vs 30 71b vs 10

SPIRIT-P239 No 24 53b vs 19 56b vs 15

IL-17 receptor A Brodalumabl Phase II40 No 12 37b and 39b vs 18 --

ACR20, American College of Rheumatology 20% improvement in response; IL, interleukin; PASI 75, Psoriasis Area and Severity Index 75% reduction in score; TNF, 
tumour necrosis factor; tsDMARD, targeted synthetic disease-modifying antirheumatic drug.
All trials were placebo controlled, and SPIRIT-P1 in ixekizumab38 also included adalimumab as an active reference arm.
aPatients who experienced therapeutic failure with TNF inhibitors comprised ≤10% of the study population; b P < .05 vs placebo; cACR20 response was assessed at week 
12 and PASI 75 response was assessed at week 24; d P value not provided; eUp to 40% of patients could have received prior treatment with a TNF inhibitor; f The protocol 
specified that 50% to 60% of randomized patients must have been previously treated with a TNF inhibitor; g Guselkumab is not approved for use in PsA; phase III trials 
are ongoing. Up to 20% of patients could have received prior treatment with 1 TNF inhibitor in the phase II trial; hTildrakizumab is not approved for use in PsA; phase 
II/III trials are ongoing; treatment data are for subcutaneous tildrakizumab 200 mg at weeks 0 and 4; iRisankizumab is not approved for use in PsA; treatment data are 
the average of all 4 treatment arms; j Treatment data are for secukinumab 10 mg/kg intravenous loading dose followed by subcutaneous secukinumab 150 mg every 
4 weeks, respectively. Note that a subcutaneous loading regimen of secukinumab is approved for use in PsA; kTreatment data are for secukinumab 150 or 300 mg 
subcutaneous once weekly loading dose for 4 weeks followed by subcutaneous secukinumab 150 or 300 mg maintenance every 4 weeks, respectively. l Brodalumab is 
not approved for use in PsA; phase III data are pending. Phase II treatment data are for brodalumab 140 or 280 mg.
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NCT02745080) is ongoing. The awaited complete results of 
these trials will provide evidence for the comparative efficacy 
of these IL-17A inhibitors vs TNFis and may influence treatment 
guidelines and recommendations.

Safety Considerations
Specific adverse effects have been observed with biologic 
agents and tsDMARDs. Because biologic agents and tsDMARDs 
are immune modulating in nature, most have warnings regard-
ing the risks of infection and malignancy.53,54 Apremilast carries 
no such warning, but its use is associated with an increased 
risk of gastrointestinal events, unexplained weight loss, and de-
pression; the dose requires adjustment in patients with severe 
renal disease.54 TNFis have been used to treat psoriasis and PsA 
for several years, and long-term safety in patients with PsA is 
well established.67,68 The risk-benefit profiles of TNFis need to be 
considered before treatment is initiated because all 4 available 
TNFis (adalimumab, certolizumab pegol, etanercept, and inflix-
imab) were approved with warnings regarding the serious or 
life-threatening risks of infection and malignancy.53 These in-
clude bacterial and viral infections such as tuberculosis, listeria, 
legionellosis, and reactivation of latent hepatitis B and tuber-
culosis and invasive fungal infections such as histoplasmosis 
and candidiasis.54 The British Association of Dermatologists 
suggests that decisions regarding the use of TNFis during 
pregnancy be made on a case-by-case basis69; however, the 
use of certolizumab pegol in pregnant women results in mini-
mal transplacental transport.70 Newer agents (ustekinumab, 
secukinumab, ixekizumab, and apremilast) have been approved 
for use in PsA, and the IL-23 inhibitor guselkumab has been ap-
proved for use in psoriasis, with no warning of potential serious 
or life-threatening risks.53 The safety of secukinumab has been 
proven through 5 years of follow-up in patients with PsA.71 For 
other newer agents, long-term safety has yet to be established 
but is being investigated. Data evaluating the use of newer bio-
logics during pregnancy are not yet available.

Some safety signals are associated with agents according to 
their particular mechanism of action. TNFis have been associ-
ated with an increased risk of congestive heart failure, and 
monitoring of patients with mild heart failure is required to en-
sure that the heart failure does not worsen.53,54 Caution should 
be exercised when prescribing IL-17A inhibitors (secukinumab, 
ixekizumab, and brodalumab) to patients with inflammatory 
bowel disease (IBD), and these patients should be closely mon-
itored.53,54 Some cases of fungal Candida infection have been 
reported with IL-17A inhibitors.35-39,53,54 Brodalumab has a black 
box warning for suicidal ideation and behavior.53,54 Comparative 
safety data between biologic agents and tsDMARDs are lacking; 
ongoing head-to-head trials in PsA (EXCEED 1 and SPIRIT-H2H) 
are likely to allow comparisons at least in the short term. A 
reference arm of adalimumab was included in a recent trial of 
ixekizumab that also assessed safety; although the trial was not 

statistically powered to compare ixekizumab with adalimumab, 
the number of adverse events and serious adverse events ap-
peared to be similar at week 24.38

These safety concerns must be compared with those seen with 
existing alternatives, particularly corticosteroids and metho-
trexate, the traditional mainstays of many rheumatologists. It 
remains to be seen whether the cost savings with these conven-
tional therapeutics outweigh the risks with prolonged use.

Considerations for the Management or Treatment of Psoriasis 
With PsA
Several issues must be considered when choosing an appropri-
ate treatment strategy to manage patients with psoriasis who 
have PsA as a complication. Because patients with psoriasis can 
have several disease domains affected, it is important to con-
sider which manifestations are present and more pronounced 
in each individual. The choice of treatment should address as 
many facets as possible.9 The GRAPPA treatment schema for 
PsA summarizes recommendations according to 6 domains to 
aid in appropriate individualization of treatment.9 Conventional 
DMARDs are often used to treat PsA following an inadequate re-
sponse to NSAIDs or local glucocorticoid injections.8 Most of the 
evidence regarding conventional DMARDs relates to psoriasis 
and peripheral arthritis, so these drugs may not be useful in cas-
es with axial symptoms, enthesitis, or dactylitis. Some biologics 
and tsDMARDs are effective in the simultaneous treatment of 
multiple manifestations of psoriasis and PsA.9 Brodalumab has 
not demonstrated efficacy in enthesitis or dactylitis,40 whereas 
secukinumab and ixekizumab appeared to improve both en-
thesitis and dactylitis in phase III studies.51,72 Treatment choice 
should be discussed and agreed upon with the individual pa-
tient because certain aspects of psoriasis or PsA may have an 
overriding negative impact on an individual. For example, it 
may be more important for the patient to resolve skin mani-
festations in a prominent location of the body than focus on 
symptoms of peripheral arthritis or enthesitis. Still, the risk of 
PsA progression must be discussed. Optimal management may 
require a multidisciplinary approach.9 EULAR guidelines recom-
mend that a dermatologist be consulted in cases with major skin 
involvement.8 Similarly, input from rheumatologists is likely to 
be beneficial in cases when PsA domains are evident. Comor-
bidities associated with psoriasis and PsA, such as IBD and 
metabolic syndrome, may further complicate the picture, and 
expert advice from additional specialists may be needed.8,9

Severity of disease is also important when considering the most 
appropriate treatment for psoriasis and PsA. GRAPPA guide-
lines for PsA state that the most severe element of disease will 
likely guide the choice of treatment.9 EULAR guidelines for PsA 
recommend bypassing traditional treatments and beginning 
therapy with a biologic agent when active disease is present 
with ≥ 1 adverse prognostic factor (including involvement of 
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> 5 active joints, evidence of radiographic damage, elevated 
acute-phase reactant levels, and the presence of extra-articular 
manifestations), particularly in patients with predominant axial 
disease or those with severe enthesitis.8

The presence and identification of comorbidities may help 
guide the choice of treatment.8,9 For example, under some cir-
cumstances, it may be appropriate for patients at risk of heart 
failure to avoid the use of TNFis.73 The presence of IBD may limit 
the use of IL-17A inhibitors due to their potential to exacerbate 
that disease; TNFis may be a good choice for patients with IBD 
because adalimumab and infliximab are approved for use in pa-
tients with Crohn disease and ulcerative colitis.73 Caution should 
be taken when considering the use of TNFis in patients with a 
history of certain chronic or currently active viral infections, 
such as hepatitis B, hepatitis C, HIV, and tuberculosis,73 although 
effective treatments may exist for these infections.

 CONCLUSION
Psoriasis is a systemic disease resulting in a spectrum of 
possible extracutaneous symptoms, complications, and co-
morbidities, including PsA. A primary goal of PsA treatment is 
to improve patient quality of life and well-being by controlling 
symptoms, reverting or preventing further structural damage in 
joints, normalizing function, and improving social interaction.8,9 
The spectrum of modern biologic agents, each with unique ef-
ficacy and safety profiles, provides clinicians and patients with 
multiple options for treatment of the varied systemic mani-
festations of psoriatic disease. Consideration of the aspects of 
disease that have the greatest impact on the patient’s everyday 
life, together with thoughtful choice of an appropriate treatment 
balancing efficacy in skin and joints, is likely to offer the most 
significant improvement in individual patients.
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 INTRODUCTION

Psoriasis is a chronic, systemic, inflammatory skin disease 
with a risk of comorbidities and a potential high impact 
on patients’ quality of life. The introduction of biologic 

therapies has improved the management of psoriasis, but the 
high cost limits access to these medications. A biosimilar is a 
biological product that is highly similar to a reference product, 
for which there are no clinically meaningful differences from 
a reference product in terms of safety, purity and potency.1,2 

Although regulatory approval pathways for biosimilars is ab-
breviated, the development of biosimilars requires extensive 
scientific analyses and stringent manufacturing processes.3 Bi-
osimilars can lower treatment costs, thereby increasing patient 
access, which may lead to better overall outcomes.4 

SB4 is an approved biosimilar of the reference etancercept in 
EU.5 Compared to other indications, such as rheumatological 
disorders or inflammatory bowel disease, there are few pub-
lished real world experiences with biosimilars in psoriasis, 
and most of them are limited to short-term data.6,7 Here, we 
report clinical outcomes of SB4 in psoriasis patients enrolled 
in BADBIR, a prospective observational register of patients 
with psoriasis in the UK and Republic of Ireland.8 There is a 
strong uptake of biosimilars in the UK and uptake of etaner-
cept biosimilars is reaching up to 86%.9 With the availability of 
biosimilars, clinical experience with biosimilar use may provide 
additional assurance that biosimilar is as effective and safe as 
the reference product. 

 MATERIALS AND METHODS  
Data of patients recorded in BADBIR and treated with SB4 from 
Jan 01, 2016 were transferred. Data cut off date was Sep 01, 
2018. Transferred data included patient demographics, disease 
characteristics at registry enrollment, change in therapy and 
measurement of effectiveness. 

Discontinuation of therapy was defined as any gap in treatment 
for more than 90 days and patients had recorded as discontinu-

ation during the follow-up were regarded as discontinued. The 
discontinuation data were assessed with Kaplan Meier analysis. 
 
Baseline Psoriasis Area and Severity Index (PASI) and Derma-
tology Life Quality Index (DLQI) were based on the highest 
PASI and DLQI recorded within 183 days prior to a specific time 
point. PASI and DLQI at 6 months represents PASI and DLQI 
score recorded between 4--8 months (12--243 days). Efficacy as-
sessment was conducted based on patients who had PASI and 
DLQI score both at baseline and at 6 months.

 RESULTS  
Clinical data on 189 patients who were newly registered to 
BADBIR were available for analysis. Baseline enrollment char-
acteristics were: Mean age was 47.3±13.1 year, 56.1% were 
male, and mean body mass index (BMI) was 30.7±6.7 kg/m2. 
18.5% of patients had psoriatic arthritis. The mean disease du-
ration was 22.6±13.5 years, and baseline PASI and DLQI were 
11.6±7.3 and 13.1±8.9, respectively.

At the initation of SB4, 16 patients (8.5%) were previously ex-
posed to biologic (13, reference etanercept; 3, adalimumab; 1, 
infliximab biosimilar; 1, secukinumab; 1, ustekinumab). Among 
these, 10 patients were transitioned from reference etanercept 
to SB4. The reasons for this transition were: financial consider-
ation (8), inefficacy (1), and other (1). 

Median treatment period for SB4 was 14.1 months (IQR, 7.6--20.1 
months). There were 50 discontinuations out of 190 treatment 
sequences, 24.4% at 12 months and 29.3% at 24 months ana-
lyzed by Kaplan Meier method (Figure 1). Most discontinuation 
of SB4 occurred within 12 months and median time to discon-
tinue SB4 from the start was 5.4 months (IQR, 3.5--9.1 months). 
Reasons for discontinuation included lack of effectiveness (30), 
adverse events (8), patient choice (3), patient non-compliance 
(2), contradiction (1), death (1), lack of effectiveness and ad-
verse events (1), and others (4). Among the 10 patients who 

doi:10.36849/JDD.2020.4799
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 DISCUSSION
SB4 was effective in patients with psoriasis in a real-life clinical 
setting. 16 out of 189 patients (8.5%) were previously exposed to 
biologic and among them, 10 patients were switch patients from 
reference etanercept. This transition was mainly non-medical 
switch. Reasons for discontinuation appeared similar to what 
would be expected for the reference etanercept.

Kaplan Meier analysis showed that the discontinuation rate of 
SB4 at 12 months was 24.4%. This is comparable to a previously 
reported discontinuation rate of reference etanercept in BAD-
BIR, which was based on biologic naïve patients.13 In our study, 
most patients were biologic naïve and the patient demograph-
ics are similar to the etanercept cohort except for baseline PASI. 
Baseline PASI at the iniation of SB4 was 11.6±7.3 while baseline 
PASI for etanercept cohort at BIADBIR was 15.4±7.9. The discon-

were switched from reference etanercept, two patients discon-
tinued SB4 due to either lack of effectiveness or adverse events. 

Effectiveness was assessed in patients who had PASI and DLQI 
both at baseline and at 6 months. 48 patients were categorized 
by their PASI score at baseline (<10 or ≥10; Figure 2A). For 20 
patients with baseline PASI <10 (mean PASI, 3.2±2.7), disease 
activity was maintained at 6 months (mean PASI, 3.2±2.6), with 
mean PASI reduction of 0.0±2.3. For 28 patients with baseline 
PASI ≥10 (mean PASI, 15.7±3.8), mean PASI at 6 months was 5.0 
± 6.2 with mean PASI reduction of -10.7±6.6. 

For 19 patients with baseline DLQI ≥10 (mean DLQI, 18.9±5.1), 
mean DLQI at 6 months was 6.5±7.2 with mean DLQI reduction 
of -12.4±7.1 (Figure 2B). For 3 patients with baseline DLQI <10 
(mean DLQI, 2.0±2.0), mean DLQI at 6 months was 1.3±2.3 with 
mean DLQI reduction of -0.7±3.1.  

FIGURE 1. Kaplan-Meier plot of discontinuation rate of SB4. One patient discontinued SB4 for more than 90 days and restarted SB4, which was 
regarded as two separate events. 

(A)             (B)

FIGURE 2. Assessment of effectiveness of SB4. (A) Mean PASI reduction at 6 months by baseline PASI after the initiation of SB4. (B) Mean DLQI 
reduction at 6 months by baseline DLQI after the initiation of SB4.
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or honoraria for consulting and/or scientific lectures for and/or 
got travel expenses reimbursed and/or participated in clinical 
trials sponsored by companies that manufacture drugs used for 
the treatment of psoriasis, including Abbott/AbbVie, Almirall, 
Amgen, Astellas, Biogen, Biologix, Boehringer Ingelheim, 
Celgene, Galderma, Hexal, Janssen-Cilag, La Roche Posay, Leo, 
Lilly Pharma, Medac, Merck, MSD, Mundipharma, Novartis, 
Pfizer, Sandoz, Sanofi and Takeda Pharmaceutical. J.M.C. has 
nothing to disclose. J.G., J.W.K., J.L. and H.S. are full-time 
employees of Samsung Bioepis. 

The study was sponsored by Samsung Bioepis and Samsung 
Bioepis received raw data from BADBIR and performed analyses.
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Register (BADBIR). J Invest Dermatol. 2015;135(11):2632-2640.

14. Glintborg B, Loft AG, Omerovic E, et al. To switch or not to switch: results of 
a nationwide guideline of mandatory switching from originator to biosimilar 
etanercept. One-year treatment outcomes in 2061 patients with inflamma-
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tinuation rate for reference etanercept at 1 year at BADBIR was 
reported to be 30%. The slight difference in discontinuation rate 
might come from the fact that in our study biologic experienced 
patients and patients with lower baseline PASI were included. 
Other studies also suggest no significant differences in risk of 
discontinuation between SB4 and reference etanercept, not 
only in psoriasis but also in RA.6,7,14 

 
The 5 patients who stopped SB4 for patient choice or non-com-
pliance may reflect nocebo effects associated with biosimilars. 
Nocebo effects, patients’ negative anticipation of biosimilar 
treatment, are often observed in real world settings and result 
in suboptimal outcomes.10 Such nocebo effect can be managed 
by obtaining informed consent prior to switching to biosimilars 
and by educating both HCP and patients to increase awareness 
on biosimilars.11 Real world evidence on biosimilars can provide 
additional reassurance to reduce nocebo effect.12

Analysis on reduction in PASI and DLQI at 6 month from the 
patients with available data showed SB4 either maintained 
or improved disease activity. This is in line with other studies 
where similar levels of PASI reduction are observed with SB4 
treatment.7,15

While a limitation of this study is that we did not have access 
to raw data on other biologics in the register for comparison, 
we were able to compare our findings to previously published 
BADBIR data on etanercept. 

In conclusion, data from BADBIR show that the use of SB4 in 
clinical practice was effective in patients with psoriasis. As more 
long-term real world evidence on biosimilars accumulates, con-
fidence in biosimilars will likely be increased, and nocebo effect 
with biosimilar use may be reduced, thereby helping to realize 
more fully the cost saving potiential of biosimilars.
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Lichen myxedematosus (LM) is an idiopathic cutaneous mucinosis, commonly described as localized scleromyxedema. In contrast 
to scleromyxedema, there is typically no systemic involvement. Treatment options are limited and spontaneous resolution has been 
reported. 

We present the case of a 66-year-old Hispanic male referred by his primary care physician for evaluation of asymptomatic dark spots on 
his trunk and extremities present for about one-year. Physical exam revealed smooth, brown hyperpigmented papules coalescing into 
plaques on the trunk. Multiple well-demarcated oval dark brown plaques measuring 3 cm in size were located on the upper back, peri-
umbilical area, bilateral lower extremities, and buttocks. A diagnosis of lichen myxedematosus was made based on histologic features 
observed in the dermis. 

There are 5 subtypes of LM: a discrete papular form, acral persistent papular mucinosis, self-healing papular mucinosis, papular muci-
nosis of infancy, and a pure nodular form. Occasional patients with LM have atypical features or features intermediate between sclero-
myxedema and localized LM. We present a case of atypical LM with mixed features of the different subtypes. Herein we will review 
the varied clinical presentations of LM and highlight the distinguishing features of scleromyxedema. 

J Drugs Dermatol. 2020;19(3):320-322. doi:10.36849/JDD.2020.4864

 ABSTRACT

 INTRODUCTION

Lichen Myxedematosus (LM), also referred to as papular 
mucinosis, was first described in 1906 by Dubreuilh. In 
1953, Montgomery and Underwood classified LM into 

subsets which were revised in 2001 by Rongioletti and Rebora. 
Rongioletti and Rebora categorized LM into three subsets: 1) 
scleromyxedema, 2) localized, and 3) atypical.1 LM is charac-
terized by lichenoid papules, nodules, and/or plaques due to 
dermal mucin deposition with varying degrees of fibrosis in the 
absence of thyroid disease.2 We present the case of a patient 
diagnosed with LM.

 CASE REPORT
A 66-year-old Hispanic male presents with a one-year history of 
asymptomatic dark spots on his trunk and extremities. Physical 
exam revealed smooth papules coalescing into thin plaques on 
the trunk (Figure 1). Multiple well-demarcated oval dark brown 
plaques measuring about 2-3 cm in size were located on the 
upper back, periumbilical area, bilateral lower extremities and 
buttocks (Figure 2a, 2b). Lab values were within normal limits 
and showed a normal electrophoretic pattern. Histology showed 

increased mucin in the papillary dermis and mildly increased 
spindle cells and macrophages (Figure 3a, 3b). A diagnosis of 
LM was made. Halobetasol propionate 0.05% ointment twice 
daily resulted in improved texture and decreased pigmentation 
of skin.

Lichen Myxedematosus: Case Report and Review of Literature 
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Charles Gropper MD,E Cindy Hoffman DOf

aMedical Student, CUNY School of Medicine, New York, NY
BResident Physician, St. Barnabas Hospital, Department of Dermatology, Bronx, NY

cResident Physician, Department of Pathology, Mount Sinai Medical Center, New York, NY
DDirector of Dermatopathology, Mount Sinai Medical Center, New York, NY
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FIGURE 1. Hyperpigmented papules coalescing into plaques without 
epidermal change, smooth on palpation and shiny in appearance 
distributed on upper back and upper chest.
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ma may be differentiated from systemic sclerosis by cutaneous 
findings of telangiectasias, nailfold changes, or calcinosis, 
which are present in the latter.2,3 Extracutaneous manifestations 
of scleromyxedema include myositis, arthralgias, Raynaud’s 
syndrome, Sjogren’s disease, central nervous system distur-
bances, carpal tunnel syndrome, dysphagia, macular edema, 
ectropion, and lagophthalmos. Mucin deposition in pulmonary 
and coronary vessels has led to restrictive and obstructive lung 
disease, and hypertension, atherosclerosis, and myocardial in-
farction, respectively. Dermatoneuro syndrome is a common 
cause of death in scleromyxedema. Symptoms include fever, 
confusion, dysarthria, lethargy, convulsions, and coma. CT 
is normal and brain biopsy shows gliosis and demyelination, 
rather than mucin deposition.2,4 Death has also resulted from 
myeloid leukemia, Hodgkin lymphoma, and myocardial insuffi-
ciency.4 The etiology of scleromyxedema is unknown. Fibroblast 
overstimulation of IL-1, TNF-a, and TGF-beta has been proposed.5 

There is no definitive treatment due to its poorly understood 
pathogenesis. Intravenous immunoglobulin has proven more 
effective than corticosteroids for both cutaneous and extracuta-
neous manifestations.4 Spontaneous resolution is also possible, 
even after 15 years.2,4

The second subset of LM, localized, has three defining criteria: 
1) papular or nodular/plaque eruption, 2) mucin deposition with 
variable fibroblast proliferation, and 3) absence of both mono-
clonal gammopathy and thyroid disease. Localized LM is further 
divided into 5 subtypes: 1) discrete papular, 2) acral persistent 
papular mucinosis, 3) self-healing papular mucinosis, 4) papular 
mucinosis of infancy, and 5) nodular form.2,13 The discrete papu-
lar type presents with symmetric, 2-5mm firm, smooth, waxy or 
flesh colored papules involving the trunk and limbs. The face is 
spared, and skin is not indurated. Fourteen cases of HIV preced-
ing LM have been reported, 13 discrete and one acral persistent. 
Discrete LM is also associated with Hepatitis C.1,2,6 It has been 
proposed that HIV stimulates mucin and collagen production in 
LM.5 Acral persistent papular mucinosis is more common in fe-
males (4.7:1) and presents with multiple ivory to flesh colored 
papules exclusively on the dorsal hands, extensor surface of the 
wrists, and occasionally the distal forearms.2 Self-healing papu-
lar mucinosis is divided into juvenile and adult variants. In the 
juvenile form, mucin in periarticular nodules leads to arthral-
gias, weakness, and fever.2,7,13 These symptoms are rare in the 
adult variant. Histologically, there is diffuse mucin deposition in 
the upper reticular dermis.13 The self-healing subtype resolves 
spontaneously within weeks to months.2,7 Papular mucinosis 
of infancy is often considered the pediatric equivalent of the 
discrete or acral subtypes, and presents with firm, opalescent 
papules on the upper arms, and trunk.2 In childhood, localized 
LM must be differentiated from mucinous nevus, a neoplastic 
hamartoma. Mucinous nevus presents as mucinous lesions 
with nevoid features in a unilateral, linear or dermatomal pat-
tern. Histologically, band-like mucin deposits are seen in the 

 DISCUSSION
The first subset of LM, scleromyxedema, has four defining crite-
ria: 1) generalized papular and sclerodermoid eruption, 2) mucin 
deposition, fibroblast proliferation and fibrosis, 3) monoclonal 
gammopathy, and 4) absence of thyroid disease. Scleromyx-
edema is equally present in both sexes with a mean age at 
diagnosis of 59.2,3 It is characterized by widespread, symmetric, 
2-3 mm firm, waxy, closely spaced papules in a linear pattern. 
The surrounding skin is indurated and may display erythema, 
edema, red-brown discoloration and pruritus. Scleromyxedema 
involves the face and neck, unlike localized LM. The microscopic 
triad of scleromyxedema is 1) interstitial mucin, 2) increased 
collagen deposition in the upper reticular dermis, and 3) marked 
proliferation of irregularly arranged fibroblasts. As a result, pa-
tients experience skin thickening, stiffening, and decreased 
mobility of the joints. A superficial lymphocytic and plasmocytic 
infiltrate is also often present. IgG λ paraproteinemia is seen in 
83.2% of cases.2 Characteristic signs of scleromyxedema are 
“leonine facies” due to deep longitudinal furrowing of the gla-
bella and papular thickening of the ears, “shar pei sign” due to 
deep furrowing on the back, and “doughnut sign” due to skin 
thickening causing an elevated rim with a central depression on 
the extended proximal interphalangeal joint.2,3 Scleromyxede-

FIGURE 3. Histopathology of lesional skin showing increased mucin in 
papillary dermis and mildly increased spindle cells and macrophages. 
(A) Hematoxylin and eosin, 10x (B) Colloidal iron, 10x.

(A)            (B)

FIGURE 2. Multiple well demarcated oval dark brown plaques 
measuring ~3 cm in size, located (A) peri-umbilically and (B) on the 
upper back. There is no epidermal change, but excoriations are 
present on some of the lesions.

(A)      (B)
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11. Tam CC, Meier MJ. Discrete papular lichen myxedematosus with an unusual 
segmental presentation. Acta Dermatovenerol Croat. 2014;22(3):224-226.

12. Rongioletti F, Ghigliotti G, De Marchi R, Rebora A. Cutaneous mucinoses and 
HIV infection. Br J Dermatol. 1998;139:1077-1080.

13. Fang X, et al. Localized lichen myxedematosus in childhood: what is the ac-
curate diagnosis? Int J Dermatol. 2017;56:333-336. 

papillary dermis.13 Lastly, the nodular form, also known as atypi-
cal tuberous myxedema of Jadassohn Dosseker, presents with 
multiple nodules on the limbs and trunk with absent or mild 
papular eruption.2,8 Treatment is not required for asymptom-
atic, localized LM.6 Interestingly, a case study of two morbidly 
obese women demonstrated a correlation of weight loss with 
complete clinical and histopathologic resolution of cutaneous 
lesions.9

The third subset of LM includes atypical or intermediate forms 
that do not meet criteria for scleromyxedema or localized LM. 
This subset includes 1) scleromyxedema without monoclonal 
gammopathy, 2) localized LM with monoclonal gammopathy 
and/or systemic symptoms, 3) localized LM with mixed features 
of the five subtypes, and 4) not well specified cases. The course 
of atypical forms is unpredictable.2,9 

 CONCLUSION
This case is unusual because of the multiple morphologies 
seen clinically, which is a rare presentation. It is important to 
distinguish the chronic, disabling course of scleromyxedema, 
associated with systemic and fatal manifestations, from the 
treatment-independent localized form of LM.2 Topical applica-
tion of corticosteroids, pimecrolimus, or tacrolimus may be of 
some benefit, however, spontaneous resolution is most com-
mon, even in the setting of HIV infection.2 With the revised 
diagnostic criteria, mean time from primary symptoms to diag-
nosis has decreased from 41.6 to 10 months.4 Further research is 
needed to adequately diagnose and treat LM.
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 INTRODUCTION

Pityriasis lichenoides is a scarce cutaneous disorder with 
unknown etiology. It contains a range of clinical manifes-
tations including acute papular lesions that quickly grow 

into pseudo vesicles and central necrosis to small, scaling, be-
nign-appearing papules.1,2 The tumor necrosis factor (TNF) cy-
tokines superfamily contain a group of pro-inflammatory cyto-
kines that activate cellular differentiation signaling pathways.3,4 
Etanercept, a TNF-α inhibitor is applied as single treatment or in 
addition to other immunosuppressants (such as methotrexate) 
to treat specific inflammatory diseases. This study presents a 
38-year-old man with ankylosing spondylitis (AS) who devel-
oped pityriasis lichenoides chronica (PLC) while on etanercept 
treatment. 

 CASE PRESENTATION  
A 38-year-old male with back pain came to our outpatient 
clinic. He was started on NSAIDs on demand. Three years af-
terwards, polyarthritis and tenosynovitis in the knees, hands, 
and feet was developed. He was referred to a rheumatologist 
and he was found to be HLA-B27 positive, and pelvic radio-
graphs showed bilateral grade 2 sacroiliitis. The Schober's test 
was positive and magnetic resonance imaging (MRI) showed 
the sacroiliac joint inflammation. He was diagnosed with AS. 
Complete blood count, blood sugar, renal function tests, liver 
function tests, and urine routine were all within normal limits. 
Thyroid function was also normal. Psychiatric examination 
of the patient was unremarkable. There was no personal or 
familial history of arthritis. The patient did not present any co-
morbidity. Due to inefficacy of NSAIDs, etanercept 50 mg per 
week subcutaneously was prescribed. After eight weeks, he 
was evaluated by a dermatologist for the appearance of scaly 
erythematous papules, on the back and arms.  A diagnosis of 
PLC was made (Figure 1,2). Treatment with daily topical corti-
costeroids was initiated. After one month, the rash subsided 
and etanercept was continued for the patient.

 DISCUSSION
Pityriasis lichenoides is an uncommon, idiopathic, acquired 
disease, characterized by groups of scaly erythematous pap-
ules that might persist for a long time. It is diagnosed by its 
appearance and clinical history and usually confirmed by his-
topathological examination. The span of the disease includes 
comparatively mild chronic to a further severe acute eruption 
form. The mild chronic subtype, known as PLC is characterized 
by the slow development of small, scaling papules that sponta-
neously flatten and regress over a short period of time. In other 
pityriasis lichenoides spectrum the acute form known as pity-
riasis lichenoides et varioliformis acuta (PLEVA) exists, consist 
of abrupt eruption of minor scaling papules that progress into 

doi:10.36849/JDD.2020.4666

FIGURE 1. Scaly erythematous papules on the back.

FIGURE 2. Small, scaling, raised papules on the arm.
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blisters and crusted red-brown spots. The pathology of both 
PLEVA and PLC is distinctive. There is limited data on efficacy 
of successful treatment for PLC. PLC has been mentioned while 
the patients were on TNF-alpha blockers, including infliximab,5,6 
adalimumab,7,8 and etanercept.9 Methotrexate was successful in 
most of these patients. Only one case of PLC has been reported 
during treatment with etanercept in a patient with rheumatoid 
arthritis. PLC improved with the topical steroids without the ne-
cessity of discontinuing treatment, as observed in our patient. 
Since large amount of TNF-alpha have been detected in PLEVA, 
TNF-alpha blockers have been hypothesized as potential thera-
py of this condition. Indeed, etanercept was found effective by 
Nikkels et al in a patient with a multiresistant PLC, but relapse 
was observed after drug withdrawal.10

 CONCLUSION
Our case completely improved with topical steroid usage and 
remission of AS was observed with continued etanercept treat-
ment. PLC may be another possible cutaneous adverse reaction 
of TNF-alpha antagonists. Nevertheless, more studies are rec-
ommended to validate these findings and consider PLC as 
adverse effect to this class of drugs.
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Background: Tumor necrosis factor (TNF) inhibitors are widely used in pediatric patients with inflammatory bowel disease, as well as 
psoriasis. However, there is growing evidence that these medications can also paradoxically induce a psoriasiform skin reaction in a 
subset of patients.  
Goals: We seek to share our experience in treating severe TNF inhibitor-induced psoriasis in a pediatric patient with Crohn’s disease.
Study: We report a case of a 10-year-old female with Crohn’s disease, who developed psoriasis after twelve months of infliximab 
therapy.  Her skin disease was recalcitrant to topical therapies, methotrexate, and phototherapy.
Results: The patient was transitioned to ustekinumab with significant improvement in her symptoms and maintenance of remission 
of her bowel disease. 
Conclusion: This is the first reported case of a school-age pediatric patient with TNF inhibitor-induced psoriasis treated with ustekinum-
ab. Controlled trials are warranted to fully assess the safety and efficacy of ustekinumab for treating TNF inhibitor-induced psoriasis in 
the pediatric population. 

J Drugs Dermatol. 2020;19(3):328-331. doi:10.36849/JDD.2020.2106

 ABSTRACT

 INTRODUCTION
Case Synopsis: A 10-year-old female with a history of Crohn’s 
disease (CD) presented with a rash on her scalp and trunk and 
associated hair loss for several months. She had tried over 
the counter salicylic acid shampoo, ketoconazole shampoo, 
and topical corticosteroids without improvement.  The rash 
was painful and she had begun to have hair loss as well. She 
was diagnosed with Crohn’s disease at the age of 6 when she 
presented with abdominal pain and erythema nodosum bilater-
ally on her shins. She developed watery diarrhea, fevers, and 
weight loss soon after that.  She was initially treated with pred-
nisone as a bridge to mercaptopurine. She was well until a year 
later when she had elevated liver function tests and pancyto-
penia likely due to mercaptopurine. She was then switched to 
infliximab with good control of her gastrointestinal symptoms, 
normalization of her labs and mucosal healing on endoscopies. 
She was well for twelve months prior to the development of 
any rashes. Family history was negative for psoriasis but posi-
tive for a father with Crohn’s disease.

On physical exam, she had erythematous scaly plaques on the 
scalp, upper chest, and back. She also had patches of alope-
cia on her posterior scalp. The clinical findings were consistent 

with psoriasis, and given her history, it was thought to be most 
likely tumor necrosis factor (TNF) antagonist-induced.  She 
was started on fluocinonide 0.05% solution for the scalp and 
triamcinolone 0.025% ointment for the trunk twice daily for two 
weeks. After two weeks, minimal improvement was noted with 
these topical medications so weekly oral methotrexate was 
added to her regimen. However, after four weeks of metho-
trexate, the patient’s skin disease had worsened, with new 
psoriatic plaques of the face, ears, neck, trunk, and bilateral up-
per and lower extremities and worsening alopecia (Figure 1). 
The decision was then made to transition her from infliximab 
to ustekinumab, with the goal of simultaneously treating both 
her Crohn’s disease and psoriasis. While awaiting insurance ap-
proval for ustekinumab she also started narrowband ultraviolet 
(NBUVB) phototherapy.

The patient received an induction dose of ustekinumab 260 mg 
IV and then transitioned to a maintenance dose of ustekinumab 
90 mg subcutaneously every 8 weeks while continuing meth-
otrexate 10mg orally once a week and NBUVB phototherapy 
twice weekly. Within 8 weeks, the psoriatic plaques on her 
trunk and extremities had almost completely resolved with a 

Tumor Necrosis Factor Inhibitor-Induced Psoriasis in a Pediatric 
Crohn’s Disease Patient Successfully Treated with Ustekinumab 
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 CASE DISCUSSION
TNF inhibitors are used for several pediatric conditions, includ-
ing Crohn’s disease and ulcerative colitis. Psoriasiform skin 
lesions are a well-documented side effect in up to 5% of pa-
tients.1 There are currently five approved TNF inhibitors in the 
United States: etanercept, infliximab, adalimumab, golimumab, 
and certolizumab, and all have been associated with this side ef-
fect.  The mean time to development is 10-17 months, although 
this is highly variable and has been reported years after initia-
tion of therapy as well.2-4 Sites most commonly affected include 

few patches remaining on her elbows and umbilicus. The psori-
atic plaques on her scalp had improved as well, and she noted 
regrowth of her hair. Methotrexate and phototherapy were 
then discontinued.  One year later, the patient continued to do 
well. Her Crohn’s disease remained asymptomatic with com-
plete mucosal healing throughout her gastrointestinal tract, as 
demonstrated by endoscopy and colonoscopy (Figure 2). She 
continued to have mild erythematous scaly patches on the 
scalp and ears, however these areas were under better con-
trol with topical corticosteroids, and her hair had completely 
regrown (Figure 3). In the hope of further improving her pso-
riasis, her dose interval of ustekinumab was then shortened to 
every 6 weeks and the skin patches completely cleared without 
any other medications (Figure 4). She has not had any adverse 
effects from the ustekinumab.

FIGURE 1. Patient with psoriatic plaques of the face, ears, neck, trunk 
and bilateral upper and lower extremities and worsening alopecia, 
on fluocinonide 0.05% solution, triamcinolone 0.1% ointment, and 
methotrexate. 

FIGURE 2. Colonoscopy photos from the initial diagnosis (diagnostic) 
and from after treatment with ustekinumab (post-ustekinumab) 
showing the rectum and left colon. The initial colonoscopy at 
diagnosis revealed patchy inflammation and ulceration throughout the 
colon similar to those shown here. The ileum was not intubated on this 
scope. The colonoscopy after treatment with ustekinumab showed 
completely normal mucosa in the entire colon and terminal ileum.

FIGURE 3. After treatment with ustekinumab and topical corticosteroids, 
patient has minimal scaly plaques of the scalp, with complete hair 
regrowth. 

FIGURE 4. After dose interval of ustekinumab was shortened to every 
6 weeks, without use of topical corticosteroids. Skin patches have 
completely resolved.
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a 7-year-old male with refractory Crohn’s disease, diagnosed at 9 
months of age, treated successfully with half-dose ustekinumab, 
after failing azathioprine with steroids, mesalamine, methotrex-
ate, and adalimumab.8  In another retrospective case series of 
four patients ages 12 to 17 with refractory Crohn’s disease, two 
of the four demonstrated a clinical response while the others 
had continued symptoms and disease complications, ultimately 
requiring discontinuation of therapy.9  

Even less is published about treating concomitant psoriasis 
and Crohn’s disease or TNF-induced psoriasis in patients with 
Crohn’s disease. In a series of TNF-induced psoriasis in adults 
with inflammatory bowel disease, seven patients with under-
lying Crohn’s disease were switched from anti-TNF therapy to 
ustekinumab with significant improvement in their skin lesions 
and maintenance of their bowel disease.1  They found that anti-
TNF-induced psoriasiform skin lesions were characterized by 
IL-17/IL-22 expressing Th17 cells and IFN-γ expressing Th1 cells, 
with increased expression of Th17 cells correlated with more se-
vere skin lesions and a need for ustekinumab therapy.1 There is 
only one other case in the literature of a pediatric patient with 
inflammatory bowel disease and TNF inhibitor-induced psoriasis 
treated with ustekinumab.12 This was a 16 year old female with 
Crohn’s disease who developed psoriasiform lesions after treat-
ment with infliximab and adalimumab. She failed treatment 
with topical corticosteroids, was unable to tolerate methotrex-
ate and was ultimately treated with ustekinumab with complete 
clearance of her skin lesions at 10 months and sustained remis-
sion of her Crohn’s disease.

 CONCLUSION
We present the first case of a school-age pediatric patient with 
TNF inhibitor-induced psoriasis treated with ustekinumab. She 
achieved complete clearance of her psoriasis, her alopecia re-
solved, and she has had maintenance of remission of her Crohn’s 
disease with complete mucosal healing. We recommend consid-
eration of treatment with ustekinumab in pediatric patients with 
inflammatory bowel disease and TNF inhibitor-induced psoriasis 
recalcitrant to other therapies. However, controlled and blinded 
studies are needed to elucidate the long-term efficacy and safety 
of this medication in the pediatric population, and its use re-
mains unlabeled until such data is obtained.
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the palms, soles, and scalp, with secondary alopecia, although 
guttate and plaque psoriasis are also described.1-3,5 Smoking 
and female sex have been proposed as risk factors.1,6 

Treatment of infliximab-induced psoriasis should follow a simi-
lar treatment ladder as traditional psoriasis, starting with topical 
therapy. In one study by Malkonen et al, of 84 children with in-
flammatory bowel disease who developed infliximab-induced 
psoriasis, most responded well to topical corticosteroids, with 
only 7 patients requiring discontinuation of infliximab, and none 
requiring phototherapy or systemic therapy.7 Similar results were 
seen by Guerra et al., with 78% responding to topical corticoste-
roids.6 However, Ko et al examined 127 cases of TNF-induced 
psoriasis and found topical corticosteroids led to resolution in 
only 25%.2 In cases unresponsive to topical corticosteroids, sys-
temic therapies such as cyclosporine or methotrexate can be 
added. In more severe or recalcitrant cases, both discontinua-
tion of the TNF inhibitor and systemic therapy may be required.2 
In the Ko et al series, TNF inhibitor discontinuation and initiation 
of systemic therapy was most effective, leading to resolution of 
symptoms in 64% of cases. Switching within the anti-TNF fam-
ily of medications appears to be ineffective, with resolution of 0 
to 15% in different case series, indicating a likely class effect.2,3 

Ustekinumab is a monoclonal antibody that binds to the p40 
subunit of the interleukin 12 and 23 cytokines. It has shown re-
markable efficacy in adult psoriasis and was recently approved 
in October 2017 by the Food and Drug Administration for moder-
ate to severe psoriasis in adolescents aged 12 and older.8  There 
are a few case reports and case series demonstrating the safety 
of ustekinumab in younger pediatric patients with psoriasis. In 
a retrospective case series by Klufas et al., ustekinumab was 
among the biologics evaluated for efficacy in treating pediatric 
psoriasis. They evaluated ustekinumab as monotherapy, as well 
as in combination with methotrexate.  Six patients ranging from 
seven to eighteen years of age were treated with ustekinumab 
alone in varying doses: 1) four patients were given a fixed dose 
of 45 mg at weeks 0, 4, and every 12 weeks afterwards; 2) one 
patient received a fixed dose of 90 mg at weeks 0, 4, and every 
12 weeks afterwards; 3) one patient received a fixed dose of 45 
mg every 8 weeks. In all groups, Physician Global Assessment 
measurements decreased from 2.6 at baseline to 1.5 after a 
seven-month observation period. No significant adverse events 
were reported at any dosage.7 Min et al. described a two-year old 
female with refractory psoriasis despite maximum topical ther-
apy and phototherapy treated with ustekinumab. She received 
half-standard dosage (22.5 mg subcutaneously) ustekinumab at 
weeks 0 and 4, then every 12 weeks.10 

In September 2016, ustekinumab was FDA approved for the treat-
ment of Crohn’s disease in adults 18 years and older. However, 
there is limited data on the efficacy or safety of ustekinumab in 
the treatment of pediatric Crohn’s disease.  There is one case of 
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Basal Cell Carcinoma (BCC) is one of the most common human malignant neoplasms and is the most prevalent skin cancer in the 
United States with over four million new cases reported annually.1,2 Most BCCs arise in the skin from exposure to the sun’s ultraviolet 
radiation. However, it is possible for BCCs to present in sun-protected areas due to factors other than sun exposure. We present a case 
of a basal cell carcinoma located in the nasal vestibule. In presenting this case, we would like to emphasize the importance of atten-
tive full skin examinations, both by physicians and patients, that include observation of sun-protected areas, as skin cancers such as 
basal cell carcinomas may occur in these unusual areas.  In addition, BCCs have been reported in the literature to have occurred in the 
interdigital area of the foot, the female and male nipples, the axillae, and the genital and perianal areas.3,4,5,6,7,8 

J Drugs Dermatol. 2020;19(3):333-334. doi:10.36849/JDD.2020.4517

 ABSTRACT

 INTRODUCTION

Basal cell carcinomas (BCC) arise from DNA damage to 
cells of the basal layer of the epidermis and most com-
monly in areas of the skin exposed to sunlight or ul-

traviolet radiation. BCC is the most common skin cancer seen 
in humans with over 4.3 million cases reported in the United 
States and is responsible for 3-10% of all cancers annually.1,2   

We report what we believe to be the first case of this very preva-
lent skin cancer arising in the nasal vestibule. The lesion was 
treated with Mohs micrographic surgery and required three 
stages to obtain histological clearance. Given the location of 
the tumor, Mohs surgery was chosen due to the procedure’s 
effectiveness for achieving the highest cure rate with the low-
est incidence of tumor recurrence and for preserving as much 
adjacent healthy tissue as possible.    

 CASE PRESENTATION
An 81-year-old Caucasian male presented with a lesion in the 
left anterior nasal vestibule near the base of the septum. The 
lesion was noted by the patient about 4-6 weeks prior to his 
presentation and was gradually enlarging.  There was no asso-
ciated pain, bleeding, or drainage. He had a history of several 
non-melanoma skin cancers in the past, but no history of basal 
cell carcinomas occurring in uncommon areas. His past medi-
cal history revealed chronic obstructive pulmonary disorder that 
required daily supplemental oxygen via nasal cannula. The tip of 
the left nasal cannula was next to the newly growing lesion. Ad-
ditionally, the patient has a previous history of lung cancer that 
was successfully treated in 2005 and was not active at the time 
of his presentation of this lesion. The patient reported this le-
sion because he noticed more difficulty in breathing than usual. 
There was no history of prior nasal surgery, trauma to the nose, 
or usage of metered dose nasal inhalers. Physical examination 

revealed a 0.8 cm x 0.9 cm somewhat pearly papule with a small 
area of crust and overlying telangiectasia (Figure 1). Previously, 
the patient was treated for basal cell carcinomas of the right an-

Basal Cell Carcinoma in the Nasal Vestibule 
Amir A. Bajoghli MD, Kyra Gassmann BA

Skin & Laser Surgery Center PC, McLean, VA 

doi:10.36849/JDD.2020.4517

FIGURE 1. Pearly papule with overlying telangiectasia in the left nasal 
vestibule (Left) Post Mohs defect of left nasal vestibule (Center) and 
post reconstruction with septal mucosal advancement flap and 
cartilage graft (Right). 

 

 

 

Figure 1:   Pearly papule with overlying telangiectasia in the left nasal vestibule (left);  Post Mohs defect 

of left nasal vestibule (center) and post reconstruction with septal mucosal advancement flap and 

cartilage graft (right). 

 

FIGURE 2. (Left) Left nasal vestibule biopsy specimen slide (10x 
magnification). The biopsy of the lesion revealed basal cell carcinoma. 
Histopathology: Irregular aggregations of basaloid cells with 
hyperchromatic nuclei, scant cytoplasm, and palisaded periphery are 
present within the dermis consistent with nodular pattern BCC; (Right) 
Frozen section 10 x Hematoxylin and Eosin (H&E) stain first stage 
Mohs layer of left anterior lesion displaying BCC with both nodular and 
infiltrative features.

 

 

 

 

Figure 2: Left: Left nasal vestibule biopsy specimen slide (10x magnification). The biopsy of the lesion 

revealed basal cell carcinoma. Histopathology: Irregular aggregations of basaloid cells with 

hyperchromatic nuclei, scant cytoplasm, and palisaded periphery are present within the dermis 

consistent with nodular pattern BCC; Right: Frozen section 10 x Hematoxylin and Eosin (H&E) stain first 

stage Mohs layer of left anterior lesion displaying BCC with both nodular and infiltrative features. 
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tihelix, right malar cheek, and left ventral forearm. All areas had 
well-healed scars and no evidence of recurrence. Mohs micro-
graphic surgery was performed, and the tumor was cleared in 
three stages. The final defect, which was 2.5 cm x 1.5 cm, extend-
ed down to the level of cartilage. The defect was reconstructed 
utilizing a septal mucosal advancement flap and an overlying 
cartilage graft harvested from the conchal bowl. The area has 
since healed well with anatomically-intact nostrils, preserved 
nasal passage, and good nasal respiratory function. There has 
been no evidence of recurrence thus far.  

 DISCUSSION
Basal Cell Carcinoma most commonly presents in sun-exposed 
areas but may occur in covered or other sun-protected areas. 
The emergence of skin malignancies in sun-protected areas 
suggests that factors other than ultraviolet radiation may be 
responsible. Other risk factors which have been reported to 
contribute to the development of BCC in sun-protected areas 
include immunocompromised state (especially in the organ 
transplant population), previous radiation therapy, fair skin, 
family history of skin cancer, previous trauma such as burn or 
scar, chronic inflammation, the cytochrome P-450 CYP2D6 EM 
genotype, exposure to inorganic arsenic, and genetic conditions 
such as basal cell carcinoma nevus syndrome, and xeroderma 
pigmentosum.9  BCCs often present as open, bleeding, non-
healing sores, pearly papules, or pimple-like growths, although, 
a lesion that does not fit any of these descriptions can also 
prove to be a basal cell carcinoma. Basal cell carcinomas rarely 
metastasize, but untreated BCCs can lead to injury and damage 
to underlying structures including muscles and nerves so it is 
imperative that they are treated, and clear margins obtained.10

It is important for dermatologists to be aware of this unusual 
location, because cancerous lesions can develop despite lack 
of exposure to the sun. Other rare locations include the genital 
and perianal areas, female or male nipple, the interdigital area 
of the foot, and the axillae.3,4,5,6,7,8  This finding contributes to the 
importance of educating physicians and patients to be vigilant 
in checking the entire skin surface area when surveying for skin 
cancers. 
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SPECIAL TOPIC

Field Therapy in Solid Organ Transplant Recipients:  
Are We Initiating Early Enough?

Christina Topham BS, Dylan Haynes BS, R. Samuel Hopkins MD, Justin Leitenberger MD
Oregon Health & Science University, Portland, OR

Organ transplant recipients (OTRs) are at increased risk for more aggressive non-melanoma skin cancer (NMSC). Recent emphasis on 
field therapy has complimented the canonical surgical treatment paradigm. This retrospective analysis of survey responses by patients 
seen at Oregon Health and Science University from 2013-2018 offers insights into patient trends and practice gaps in caring for OTRs.  
All patients completed a 57-point questionnaire at their first clinic visit, which included questions regarding demographics, transplant 
history, dermatologic history, and use of field therapy. Of the 295 patients (mean age, 56 years; M/F: 193/102) who completed the 
questionnaire, field therapy was reported by 31 (11%) patients. Field therapy patients noted an overall higher AK and SCC burden, with 
a greater proportion of patients reporting >20 AKs and >10 SCCs. Field therapy use was sparse in the low AK/low SCC group (n=25) 
when compared to those reporting high AK/high SCC (n=11) burden (n=4 (16%) vs n=8 (73%), P<0.01). This data suggests that OTRs 
with several clinically evident AKs and/or a low number of SCCs are less likely to have been treated with field therapy modalities com-
pared to OTRs who have developed >10 AKs or ≥6 SCCs. A delay in initiation of preventative measures or field therapy in this popula-
tion, however, may be a missed opportunity for intervention. Early intervention with field therapy in particularly high-risk OTRs with a 
low skin cancer burden may mitigate future skin cancer development. 

J Drugs Dermatol. 2020;19(3):335-336. doi:10.36849/JDD.2020.4759

 ABSTRACT

 INTRODUCTION

Organ transplant recipients (OTRs) are at increased risk 
for skin cancer, especially non-melanoma skin cancer 
(NMSC). In OTRs, NMSC tends to be more aggressive 

and result in higher rates of local recurrence and metastases.1 

Furthermore, areas of high (pre-)malignant burden, or “field 
cancerization,” are common in this population.1 Recent empha-
sis on “field therapy,” or topical immunomodulatory regimens 
levied against field cancerization, has complimented the ca-
nonical surgical treatment paradigm.2 We highlight survey data 
of a single-center specialty clinic noting a practice-gap in early 
initiation of field therapy in immunosuppressed patients.

 METHODS
This retrospective cohort included all OTRs seen in a high-risk, 
post-transplant NMSC clinic in the Department of Dermatology 
at Oregon Health and Science University (OHSU) from 2013 to 
2018.  All patients completed a 57-point questionnaire at their 
first clinic visit, which included questions regarding demograph-
ics, transplant history, dermatologic history, and use of field 
therapy. Survey responses were entered into the Research Elec-
tronic Data Capture application. Data analysis was performed in 
the STATA statistical analysis program, version 15. Inferential 
statistics were performed using McNemar’s and two-sample 

tests of proportion. The institutional review board at OHSU ap-
proved this study. 

 RESULTS
In total, 295 patients completed the questionnaire. Mean re-
spondent age was 56 ± 15 years and 193 (65%) were men (Table 
1). Field therapy was reported by 31 (11%) patients. Of those pa-
tients, 18 (58%) noted some improvement from the field therapy 
and four (13%) experienced an adverse effect as a result of field 
therapy. Actinic keratosis (AK) burden survey categories were 
defined as <5, 5-10, 11-20, >20, and unknown. Squamous cell 
carcinoma (SCC) burden survey categories were defined as 1, 
2-5, 6-10, >10, and unknown. Field therapy patients noted an 
overall higher AK and SCC burden, with a greater proportion of 
patients reporting >20 AKs and >10 SCCs (Table 2).

Mid-range survey categories were used to define post-hoc cut-
offs for low and high skin cancer burden for both AKs and SCCs. 
Low burden was defined as ≤10 AKs and <6 SCCs, whereas high 
skin cancer burden was defined as >10 AKs and ≥6 SCCs. Twenty-
five patients reported a low AK/low SCC burden, and 11 reported 
a high AK/high SCC burden post-transplant. Field therapy use 
was sparse in the low AK/low SCC group when compared to 
those reporting high AK/high SCC burden (n=4 (16%) vs n=8 
(73%); P<0.01) (Table 2).

doi:10.36849/JDD.2020.4759
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 DISCUSSION
This data suggests that OTRs with several clinically evident AKs 
and/or a low number of SCCs are less likely to have been treat-
ed with field therapy modalities compared to OTRs who have 
developed >10 AKs or ≥6 SCCs. We hypothesize this practice is 
common in the general population of immunocompetent pa-
tients. Given that the risk factors for skin cancer in OTRs are 
known, however, a delay in initiation of preventative measures 
or field therapy in this population may be a missed opportunity 
for intervention.3 Early intervention with field therapy in particu-
larly high-risk OTRs with a low skin cancer burden may mitigate 
future skin cancer development. 

In the general population, field therapies have demonstrated 
significant efficacy in treating AKs and early SCC lesions, and 
may reduce the risk of SCCs requiring surgery as well as the 
incidence of new SCC development.4 Published data demon-
strating a benefit to field therapy in reducing skin cancer risk in 
OTRs specifically, however, is limited.5 Nonetheless, dermatolo-
gists who specialize in care for OTRs report 5-fluorouracil cream 
as the most commonly used prophylactic intervention.6 Hope-
fully future studies can align ‘common practice’ with evidence 
based medicine to best define optimal timing of field therapy 
initiation and advance preventative care guidelines in this high-
risk population. 
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TABLE 1.

Demographics and Field Therapya,b

Sex 0.7

  Male 193 (65.4)

  Female 102 (34.6)

Age in years 2.6-3.1

  Mean (SD) 56.06 (15)

Transplant type 0.3

  Kidney 141 (47.8)

  Liver 59 (20)

  Heart 63 (21.4)

  Lung 14 (4.7)

  Pancreas 11 (3.7)

Field therapy 31 (10.5)

  5-FU 24 (8.1)

  Imiquimod 6 (2)

  Ingenol Mebutate 2 (0.7)

  Diclofenac 2 (0.7)

  Photodynamic therapy 5 (1.7)

  Chemo-wrap 0

  CO2 laser resurfacing 6 (2)

Abbreviations: 5-FU, 5-fluorouracil; CO2, carbon dioxide
aUnless otherwise indicated, data are given as number (percentage) of patients
bTotals failing to add to 100% indicate incomplete survey responses

TABLE 2.

Skin Cancer Burden Stratified by History of Field Therapya,b

Skin cancer burden, n (%)
Field therapy 

(n=31)
Non-field therapy 

(n=264)

Actinic keratosis 23 (74.1) 34 (12.8)

  ≤20 10 (32.3) 21 (8)

  >20 8 (25.8) 4 (1.5)

Squamous cell carcinoma 21 (67.7) 38 (14.4)

  ≤10 6 (19.4) 26 (9.8)

  >10 9 (29) 2 (0.7)

  Nodal metastasis 1 (3.2) 1 (0.4)

Basal cell carcinoma 16 (51.6) 22 (8.3)

  ≤10 9 (29) 16 (6.1)

  >10 5 (16.1) 0

Melanoma 2 (6.5) 4 (1.5)

  1 1 (3.2) 2 (0.7)

  ≥2 1 (3.2) 1 (0.4)

Rare skin cancers 3 (9.7) 4 (1.5)

  Low skin cancer burdenc    
  (n=25), n (%)

4 (16) 21 (84)

  High skin cancer burdend  
  (n=11), n (%)

8 (72.7) 3 (27.3)

aUnless otherwise indicated, data are given as number (percentage) of patients
bTotals failing to add to 100% indicate incomplete survey responses
cLow skin cancer burden was defined post-hoc as ≤10 actinic keratoses and <6 
squamous cell carcinomas
dHigh skin cancer burden was defined post-hoc as >10 actinic keratoses and ≥6 
squamous cell carcinomas
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NEWS, VIEW, & REVIEWS

Pruritus can heavily impact one’s quality of life, especially 
when conventional treatments fail to adequately provide re-
lief.1 Ketamine is a N-methyl-D-aspartate receptor inhibitor that 
modulates pain-fiber signaling.2 This review provides a concise 
summary of  the evidence supporting the use of ketamine for 
chronic or recalcitrant pruritus treatment. 

Most studies investigated compounded variations of topical 
ketamine with other antipruritic agents. In two case reports, 
applying topical 0.5%-ketamine/1%-amitriptyline cream to 
affected areas two to four times daily for recalcitrant brachio-
radial pruritus provided moderate to complete pruritus relief 
within minutes.3,4 Treatment durations ranged from four weeks 
to four years. Tightness of topically-applied areas were ob-
served, but no systemic adverse effects were recorded.4 In 
another case report, one patient’s recalcitrant post-herpetic-
associated pruritus was moderately relieved with adjunctive 
topical 0.5%-ketamine/2%-amitriptyline gel.5 Jaller and col-
leagues published a case report showing complete relief of 
inflammatory linear verrucous epidermal nevus-associated 
pruritus using topical 10%-ketamine/5%-amitriptyline/5%-lido-
caine (TKAL) applied one to three times daily for six weeks.6 

However, this dose should be cautiously used when applying to 
large areas in young and elderly patients with skin barrier dys-
function because systemic absorption may result in neurologic 
consequences, such as toxic encephalopathy in a case report 
published by Cardis and colleagues.7 

A retrospective analysis of 16 patients using topical 
0.5%-ketamine/1-2%-amitriptyline applied one to five times 
daily significantly relieved patients’ neuropathic and non-spec-
ified pruritus without systemic adverse effects after an average 
treatment of ten months.2 Similarly, a retrospective analysis 
of 96 patients with neuropathic pruritus, atopic dermatitis, 
and chronic pruritus following topical 5-10%-ketamine/5%-
amitriptyline/5%-lidocaine applied one to three times daily 
significantly relieved patients’ pruritus within minutes.8 One 
patient reported dizziness and few reported topically-applied 
side effects. 

Few studies have published on the use of intravenous ket-
amine for treating pruritus. One review recommended a dose 
of 0.5mg/kg as for treating recalcitrant neuropathic pruritus.9 

A case series following two patients with recalcitrant erythro-

dermia-associated and chronic lymphatic leukemia-associated 
pruritus were treated with single doses of 7.5-8mg/day ketamine 
resulting in moderate pruritus relief with no adverse effects.10 

Similarly, a  case report published the use of intravenous ket-
amine for treating lichen sclerosus-associated neuropathic 
pain.11 Ketamine was infused for 4 hours/day and titrated from 
200mg to 800mg for five days, resulting in significant analge-
sia. Since lichen sclerosus can be pruritic, ketamine may be 
useful for treating the lichen neuropathic pain and pruritus as-
sociated with this inflammatory disease.

In conclusion, ketamine can be a practical option used to treat 
challenging types of pruritus when conventional therapies fail. 
Although systemic side effects are rare, one should be aware 
and monitor for signs of systemic ketamine toxicity. 

The Utilization of Ketamine for Patients With Challenging Pruritus: 
An Evidenced-Based Overview

Chapman Wei BS,a,c Theodore Quan BS,a Eric Heinz MD,B Paul Dangerfield MD,B Adam J. Friedman MD FAADc

aGeorge Washington University School of Medicine and Health Sciences, Washington, DC
bDepartment of Anesthesiology & Critical Care Medicine, George Washington University School of Medicine and Health Sciences, Washington, DC

cDepartment of Dermatology, George Washington University School of Medicine and Health Sciences, Washington, DC
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PIPELINE PREVIEWS
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the Green Genesis and the Dermastat 532 nm treatments. 
Combined with its solid-state design, no consumable model, 
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cooling, the new excel V+ provides the power, precision, 
and performance to put your practice ahead of the rest.  
 
Learn more about excel V+ at www.cutera. com/excelVplus. 

Written for Physicians 
by Physicians.

@JDDonline

https://www.instagram.com/


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

ALSO AVAILABLE

FROM THE #1 ACNE SKIN CARE BRAND IN EUROPEAN PHARMACIES

NEW – NOW OTC!
EFFACLAR
ADAPALENE GEL 0.1%
ACNE TREATMENT
• Helps clear & prevent acne with 
   former prescription-strength retinoid
• Oil-free. Fragrance-free

1.6 FL. OZ – SRP $29.99 FSA ELIGIBLE

EFFACLAR DUO
DUAL ACTION ACNE TREATMENT1

1.35 FL. OZ – NEW REDUCED SRP
$36.95 $29.99 (1) Dual action acne treatment stems from Benzoyl peroxide.

• With 5.5 Micronized Benzoyl Peroxide and LHA (Lipohydroxy Acid)

Learn more and access exclusive content at our physician website

JDD Derm Ad Effaclar 8,25x10,875.indd   1 2/12/20   9:16 AM

https://www.lorealdermatologicalbeauty.com/login?returnurl=

	Bookmark 4

	Contents 1: 
	Page 1: 

	Zoom In: 
	Page 1: 

	Zoom Out: 
	Page 1: 

	Next Page: 
	Page 1: 

	Search: 
	Page 1: 

	Next Page 4: 
	Page 2: 

	Previous Page 3: 
	Page 2: 

	Cover 3: 
	Page 2: 

	Zoom In 5: 
	Page 2: 

	Zoom Out 5: 
	Page 2: 

	Contents 2: 
	Page 2: 

	Search 1: 
	Page 2: 

	Ad 5: 
	Page 2: 

	Next Page 3: 
	Page 3: 
	Page 7: 
	Page 8: 
	Page 10: 
	Page 11: 
	Page 19: 
	Page 20: 
	Page 27: 
	Page 28: 
	Page 29: 
	Page 30: 
	Page 37: 
	Page 38: 
	Page 39: 
	Page 40: 
	Page 48: 
	Page 55: 
	Page 56: 
	Page 57: 
	Page 58: 
	Page 71: 

	Previous Page 1: 
	Page 3: 
	Page 7: 
	Page 8: 
	Page 10: 
	Page 11: 
	Page 19: 
	Page 20: 
	Page 27: 
	Page 28: 
	Page 29: 
	Page 30: 
	Page 37: 
	Page 38: 
	Page 39: 
	Page 40: 
	Page 48: 
	Page 55: 
	Page 56: 
	Page 57: 
	Page 58: 
	Page 71: 

	Cover 1: 
	Page 3: 
	Page 7: 
	Page 8: 
	Page 10: 
	Page 11: 
	Page 19: 
	Page 20: 
	Page 27: 
	Page 28: 
	Page 29: 
	Page 30: 
	Page 37: 
	Page 38: 
	Page 39: 
	Page 40: 
	Page 48: 
	Page 55: 
	Page 56: 
	Page 57: 
	Page 58: 
	Page 71: 

	Zoom In 4: 
	Page 3: 
	Page 7: 
	Page 8: 
	Page 10: 
	Page 11: 
	Page 19: 
	Page 20: 
	Page 27: 
	Page 28: 
	Page 29: 
	Page 30: 
	Page 37: 
	Page 38: 
	Page 39: 
	Page 40: 
	Page 48: 
	Page 55: 
	Page 56: 
	Page 57: 
	Page 58: 
	Page 71: 

	Zoom Out 4: 
	Page 3: 
	Page 7: 
	Page 8: 
	Page 10: 
	Page 11: 
	Page 19: 
	Page 20: 
	Page 27: 
	Page 28: 
	Page 29: 
	Page 30: 
	Page 37: 
	Page 38: 
	Page 39: 
	Page 40: 
	Page 48: 
	Page 55: 
	Page 56: 
	Page 57: 
	Page 58: 
	Page 71: 

	Contents 4: 
	Page 3: 
	Page 7: 
	Page 8: 
	Page 10: 
	Page 11: 
	Page 19: 
	Page 20: 
	Page 27: 
	Page 28: 
	Page 29: 
	Page 30: 
	Page 37: 
	Page 38: 
	Page 39: 
	Page 40: 
	Page 48: 
	Page 55: 
	Page 56: 
	Page 57: 
	Page 58: 
	Page 71: 

	Ad 1: 
	Page 3: 
	Page 7: 
	Page 8: 
	Page 10: 
	Page 11: 
	Page 19: 
	Page 20: 
	Page 27: 
	Page 28: 
	Page 29: 
	Page 30: 
	Page 37: 
	Page 38: 
	Page 39: 
	Page 40: 
	Page 48: 
	Page 55: 
	Page 56: 
	Page 57: 
	Page 58: 
	Page 71: 

	Next Page 2: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 9: 
	Page 12: 
	Page 13: 
	Page 14: 
	Page 15: 
	Page 16: 
	Page 17: 
	Page 18: 
	Page 21: 
	Page 22: 
	Page 23: 
	Page 24: 
	Page 25: 
	Page 26: 
	Page 31: 
	Page 32: 
	Page 33: 
	Page 34: 
	Page 35: 
	Page 36: 
	Page 41: 
	Page 42: 
	Page 43: 
	Page 44: 
	Page 45: 
	Page 46: 
	Page 47: 
	Page 49: 
	Page 50: 
	Page 51: 
	Page 52: 
	Page 53: 
	Page 54: 
	Page 59: 
	Page 60: 
	Page 61: 
	Page 62: 
	Page 63: 
	Page 64: 
	Page 65: 
	Page 66: 
	Page 67: 
	Page 68: 
	Page 69: 
	Page 70: 
	Page 72: 
	Page 73: 
	Page 74: 
	Page 75: 
	Page 76: 
	Page 77: 
	Page 78: 
	Page 79: 
	Page 80: 
	Page 81: 
	Page 82: 
	Page 83: 
	Page 84: 
	Page 85: 
	Page 86: 
	Page 87: 
	Page 88: 
	Page 89: 
	Page 90: 
	Page 91: 
	Page 92: 
	Page 93: 
	Page 94: 
	Page 95: 
	Page 96: 
	Page 97: 
	Page 98: 
	Page 99: 
	Page 100: 
	Page 101: 
	Page 102: 
	Page 103: 
	Page 104: 
	Page 105: 
	Page 106: 
	Page 107: 
	Page 108: 
	Page 109: 
	Page 110: 
	Page 111: 
	Page 112: 
	Page 113: 
	Page 114: 
	Page 115: 
	Page 116: 
	Page 117: 
	Page 118: 
	Page 119: 
	Page 120: 
	Page 121: 
	Page 122: 
	Page 123: 
	Page 124: 

	Previous Page: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 9: 
	Page 12: 
	Page 13: 
	Page 14: 
	Page 15: 
	Page 16: 
	Page 17: 
	Page 18: 
	Page 21: 
	Page 22: 
	Page 23: 
	Page 24: 
	Page 25: 
	Page 26: 
	Page 31: 
	Page 32: 
	Page 33: 
	Page 34: 
	Page 35: 
	Page 36: 
	Page 41: 
	Page 42: 
	Page 43: 
	Page 44: 
	Page 45: 
	Page 46: 
	Page 47: 
	Page 49: 
	Page 50: 
	Page 51: 
	Page 52: 
	Page 53: 
	Page 54: 
	Page 59: 
	Page 60: 
	Page 61: 
	Page 62: 
	Page 63: 
	Page 64: 
	Page 65: 
	Page 66: 
	Page 67: 
	Page 68: 
	Page 69: 
	Page 70: 
	Page 72: 
	Page 73: 
	Page 74: 
	Page 75: 
	Page 76: 
	Page 77: 
	Page 78: 
	Page 79: 
	Page 80: 
	Page 81: 
	Page 82: 
	Page 83: 
	Page 84: 
	Page 85: 
	Page 86: 
	Page 87: 
	Page 88: 
	Page 89: 
	Page 90: 
	Page 91: 
	Page 92: 
	Page 93: 
	Page 94: 
	Page 95: 
	Page 96: 
	Page 97: 
	Page 98: 
	Page 99: 
	Page 100: 
	Page 101: 
	Page 102: 
	Page 103: 
	Page 104: 
	Page 105: 
	Page 106: 
	Page 107: 
	Page 108: 
	Page 109: 
	Page 110: 
	Page 111: 
	Page 112: 
	Page 113: 
	Page 114: 
	Page 115: 
	Page 116: 
	Page 117: 
	Page 118: 
	Page 119: 
	Page 120: 
	Page 121: 
	Page 122: 
	Page 123: 
	Page 124: 

	Cover: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 9: 
	Page 12: 
	Page 13: 
	Page 14: 
	Page 15: 
	Page 16: 
	Page 17: 
	Page 18: 
	Page 21: 
	Page 22: 
	Page 23: 
	Page 24: 
	Page 25: 
	Page 26: 
	Page 31: 
	Page 32: 
	Page 33: 
	Page 34: 
	Page 35: 
	Page 36: 
	Page 41: 
	Page 42: 
	Page 43: 
	Page 44: 
	Page 45: 
	Page 46: 
	Page 47: 
	Page 49: 
	Page 50: 
	Page 51: 
	Page 52: 
	Page 53: 
	Page 54: 
	Page 59: 
	Page 60: 
	Page 61: 
	Page 62: 
	Page 63: 
	Page 64: 
	Page 65: 
	Page 66: 
	Page 67: 
	Page 68: 
	Page 69: 
	Page 70: 
	Page 72: 
	Page 73: 
	Page 74: 
	Page 75: 
	Page 76: 
	Page 77: 
	Page 78: 
	Page 79: 
	Page 80: 
	Page 81: 
	Page 82: 
	Page 83: 
	Page 84: 
	Page 85: 
	Page 86: 
	Page 87: 
	Page 88: 
	Page 89: 
	Page 90: 
	Page 91: 
	Page 92: 
	Page 93: 
	Page 94: 
	Page 95: 
	Page 96: 
	Page 97: 
	Page 98: 
	Page 99: 
	Page 100: 
	Page 101: 
	Page 102: 
	Page 103: 
	Page 104: 
	Page 105: 
	Page 106: 
	Page 107: 
	Page 108: 
	Page 109: 
	Page 110: 
	Page 111: 
	Page 112: 
	Page 113: 
	Page 114: 
	Page 115: 
	Page 116: 
	Page 117: 
	Page 118: 
	Page 119: 
	Page 120: 
	Page 121: 
	Page 122: 
	Page 123: 
	Page 124: 

	Zoom In 2: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 9: 
	Page 12: 
	Page 13: 
	Page 14: 
	Page 15: 
	Page 16: 
	Page 17: 
	Page 18: 
	Page 21: 
	Page 22: 
	Page 23: 
	Page 24: 
	Page 25: 
	Page 26: 
	Page 31: 
	Page 32: 
	Page 33: 
	Page 34: 
	Page 35: 
	Page 36: 
	Page 41: 
	Page 42: 
	Page 43: 
	Page 44: 
	Page 45: 
	Page 46: 
	Page 47: 
	Page 49: 
	Page 50: 
	Page 51: 
	Page 52: 
	Page 53: 
	Page 54: 
	Page 59: 
	Page 60: 
	Page 61: 
	Page 62: 
	Page 63: 
	Page 64: 
	Page 65: 
	Page 66: 
	Page 67: 
	Page 68: 
	Page 69: 
	Page 70: 
	Page 72: 
	Page 73: 
	Page 74: 
	Page 75: 
	Page 76: 
	Page 77: 
	Page 78: 
	Page 79: 
	Page 80: 
	Page 81: 
	Page 82: 
	Page 83: 
	Page 84: 
	Page 85: 
	Page 86: 
	Page 87: 
	Page 88: 
	Page 89: 
	Page 90: 
	Page 91: 
	Page 92: 
	Page 93: 
	Page 94: 
	Page 95: 
	Page 96: 
	Page 97: 
	Page 98: 
	Page 99: 
	Page 100: 
	Page 101: 
	Page 102: 
	Page 103: 
	Page 104: 
	Page 105: 
	Page 106: 
	Page 107: 
	Page 108: 
	Page 109: 
	Page 110: 
	Page 111: 
	Page 112: 
	Page 113: 
	Page 114: 
	Page 115: 
	Page 116: 
	Page 117: 
	Page 118: 
	Page 119: 
	Page 120: 
	Page 121: 
	Page 122: 
	Page 123: 
	Page 124: 

	Zoom Out 2: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 9: 
	Page 12: 
	Page 13: 
	Page 14: 
	Page 15: 
	Page 16: 
	Page 17: 
	Page 18: 
	Page 21: 
	Page 22: 
	Page 23: 
	Page 24: 
	Page 25: 
	Page 26: 
	Page 31: 
	Page 32: 
	Page 33: 
	Page 34: 
	Page 35: 
	Page 36: 
	Page 41: 
	Page 42: 
	Page 43: 
	Page 44: 
	Page 45: 
	Page 46: 
	Page 47: 
	Page 49: 
	Page 50: 
	Page 51: 
	Page 52: 
	Page 53: 
	Page 54: 
	Page 59: 
	Page 60: 
	Page 61: 
	Page 62: 
	Page 63: 
	Page 64: 
	Page 65: 
	Page 66: 
	Page 67: 
	Page 68: 
	Page 69: 
	Page 70: 
	Page 72: 
	Page 73: 
	Page 74: 
	Page 75: 
	Page 76: 
	Page 77: 
	Page 78: 
	Page 79: 
	Page 80: 
	Page 81: 
	Page 82: 
	Page 83: 
	Page 84: 
	Page 85: 
	Page 86: 
	Page 87: 
	Page 88: 
	Page 89: 
	Page 90: 
	Page 91: 
	Page 92: 
	Page 93: 
	Page 94: 
	Page 95: 
	Page 96: 
	Page 97: 
	Page 98: 
	Page 99: 
	Page 100: 
	Page 101: 
	Page 102: 
	Page 103: 
	Page 104: 
	Page 105: 
	Page 106: 
	Page 107: 
	Page 108: 
	Page 109: 
	Page 110: 
	Page 111: 
	Page 112: 
	Page 113: 
	Page 114: 
	Page 115: 
	Page 116: 
	Page 117: 
	Page 118: 
	Page 119: 
	Page 120: 
	Page 121: 
	Page 122: 
	Page 123: 
	Page 124: 

	Contents 3: 
	Page 4: 
	Page 5: 
	Page 6: 
	Page 9: 
	Page 12: 
	Page 13: 
	Page 14: 
	Page 15: 
	Page 16: 
	Page 17: 
	Page 18: 
	Page 21: 
	Page 22: 
	Page 23: 
	Page 24: 
	Page 25: 
	Page 26: 
	Page 31: 
	Page 32: 
	Page 33: 
	Page 34: 
	Page 35: 
	Page 36: 
	Page 41: 
	Page 42: 
	Page 43: 
	Page 44: 
	Page 45: 
	Page 46: 
	Page 47: 
	Page 49: 
	Page 50: 
	Page 51: 
	Page 52: 
	Page 53: 
	Page 54: 
	Page 59: 
	Page 60: 
	Page 61: 
	Page 62: 
	Page 63: 
	Page 64: 
	Page 65: 
	Page 66: 
	Page 67: 
	Page 68: 
	Page 69: 
	Page 70: 
	Page 72: 
	Page 73: 
	Page 74: 
	Page 75: 
	Page 76: 
	Page 77: 
	Page 78: 
	Page 79: 
	Page 80: 
	Page 81: 
	Page 82: 
	Page 83: 
	Page 84: 
	Page 85: 
	Page 86: 
	Page 87: 
	Page 88: 
	Page 89: 
	Page 90: 
	Page 91: 
	Page 92: 
	Page 93: 
	Page 94: 
	Page 95: 
	Page 96: 
	Page 97: 
	Page 98: 
	Page 99: 
	Page 100: 
	Page 101: 
	Page 102: 
	Page 103: 
	Page 104: 
	Page 105: 
	Page 106: 
	Page 107: 
	Page 108: 
	Page 109: 
	Page 110: 
	Page 111: 
	Page 112: 
	Page 113: 
	Page 114: 
	Page 115: 
	Page 116: 
	Page 117: 
	Page 118: 
	Page 119: 
	Page 120: 
	Page 121: 
	Page 122: 
	Page 123: 
	Page 124: 



