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1 | INTRODUCTION

Disorders of cornification (DOC), including the inherited ichthyoses,
represent a heterogeneous group of genetic disorders resulting from
mutations in more than 50 genes that affect proteins of varied func-
tion including structural proteins, DNA repair proteins, and cholesterol
biosynthesis enzymes among many others. All result in compromised
cutaneous barrier function and are marked by increased scale and vari-
able erythema and skin thickening. Ectropion, alopecia, nail thickening,
and increased cutaneous infection are frequently associated. Pruritus,
often severe, and skin fragility are commonly reported. Functional
compromise, such as joint restriction and overheating, may result.
The syndromic forms of ichthyosis include systemic manifestations,
ranging from atopy to severe neurologic disease. The cutaneous and
extracutaneous manifestations often have a profound psychosocial
impact on patients, as well as their parents and siblings.! The financial
burden of ichthyosis is also significant (mean cost $3,192 per year in
2010), with systemic retinoids comprising the greatest cost to insurers,
while costs of emollients were incurred by patients.2

Ichthyosis management requires a combination of therapeutic
modalities, with frequent bathing, environmental humidification,
daily topical emollients, and keratolytic agents as the foundation.®
Retinoids, both topical and systemic, are a key component of ich-
thyosis management and have been used for decades with varying
results. Tretinoin, adapalene, and tazarotene are applied topically,
while isotretinoin and acitretin are used systemically; historically,
etretinate, a potent metabolite of acitretin, was used but is no lon-
ger manufactured. In 2018, the European guidelines on management
of congenital ichthyosis were published, detailing a comprehensive
approach to the care of patients with ichthyosis from skin care to
systemic treatment, including the use of retinoids.*> However, the
numerous clinical concerns regarding the use of retinoids were be-
yond the scope of that document.

In response to this identified need, a group of clinicians with ex-

perience in the management of disorders of cornification or tissues
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for these disorders, often beginning in childhood, numerous clinical concerns must
be considered. Systemic retinoids have known side effects involving bone and eye.
Additionally, potential psychiatric and cardiovascular effects need to be consid-
ered. Contraceptive concerns, as well as the additive cardiovascular and bone ef-
fects of systemic retinoid use with hormonal contraception must also be deliberated
for patients of childbearing potential. The Pediatric Dermatology Research Alliance
(PeDRA) Use of Retinoids in Ichthyosis Work Group was formed to address these is-
sues and to establish best practices regarding the use of retinoids in ichthyoses based

on available evidence and expert opinion.

retinoid, ichthyosis, disorder of cornification, systemic therapy, topical therapy, adverse
drug effects, drug monitoring, safety monitoring, bone health, hyperlipidemia, ectropion,

contraception, iPLEDGE, depression, quality of life

impacted by these medications, as well as a representative from the
Foundation for Ichthyosis and Related Skin Types (FIRST), attended a
meeting in October 2018, to review available literature and relate indi-
vidual experience relative to the use of topical and systemic retinoids
for ichthyosis. A modified Delphi process followed to reach consensus
on new recommendations. These recommendations herein will pro-
vide guidance on when and how to use retinoids in the management of
ichthyoses, as well as establish basic side-effect monitoring standards.
Through the process, numerous gaps in knowledge and practice were

identified to serve as the foundation for further investigations.

1.1 | Scope

These consensus recommendations specifically address the use of
topical and systemic retinoids in the management of ichthyosis and
other disorders of cornification (DOC) in children and adolescents.
Issues regarding the impact of retinoid use on bone, eye, and cardio-
vascular health, as well as psychiatric effects, were reviewed with
the goal to create recommendations for monitoring. Additionally, the
teratogenic effects of retinoids prompted examination of gyneco-
logic considerations and the role of the iPLEDGE program in the

United States on patient access to isotretinoin.

1.2 | Methods

The Pediatric Dermatology Research Alliance (PeDRA) Use of
Retinoids in Ichthyosis Work Group was selected by the co-chairs
based on expertise and was comprised of thirteen pediatric derma-
tologists, five general dermatologists, one pediatric cardiologist,
one obstetrician-gynecologist with expertise in family planning, a
PhD researcher with expertise in bone development, and an oph-
thalmologist. The scope of the guidelines was determined and clin-

ical questions identified by Work Group members (Table 1). These
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are listed at the beginning of each section. Work Group members
were divided into subgroups and assigned specific clinical ques-
tions based on areas of expertise and interest. Each subgroup was
responsible for performing an extensive literature search on the
topics assigned, and the articles were centrally stored for group
access and review. Searches were prospectively limited to publica-
tions in the English language. A total of 670 articles were identified
as relevant and reviewed by Work Group members. The Delphi
process was then used to attain consensus on the clinical ques-
tion statements (Appendix I). An initial in-person meeting was held
in October 2018. Each subgroup presented its researched clini-
cal questions, followed by discussion and comment by the entire
Work Group. Following the meeting, the clinical questions were
adapted into clinical statements and subsequently sent out for
an initial round of blinded assessment of agreement based on a
0-9 Likert scale and comment. Statements with greater than 80%
agreement were carried forward as described or modified based
on comment. Those with less than 80% agreement were modified
by the co-chairs based on comments or discarded. Several state-
ments were combined with similar statements or moved to dis-
cussion. Recommendations for bone monitoring were approved by
the group but presented in Table 8. The statement review pro-
cess was performed two times and final statements approved.
(Flowchart listed in Appendix IlI) Each subgroup then submitted
a written summation of their assigned topics for publication. The
quality of the available data methodology and the strength of rec-
ommendation were evaluated using Strength of Recommendation
Taxonomy (SORT).

| Good-quality patient-oriented evidence (ie, evidence measuring
outcomes that matter to patients: morbidity, mortality, symptom
improvement, cost reduction, and quality of life).
Il Limited quality patient-oriented evidence.
Il Other evidence including consensus guidelines, opinion, case
studies, or disease-oriented evidence (ie, evidence measuring in-
termediate, physiologic, or surrogate end points that may or may

not reflect improvements in patient outcomes).

Clinical recommendations were developed on the best available
evidence tabled in the guideline. The strength of recommendation

was ranked as follows:

A Recommendation based on consistent and good-quality pa-
tient-oriented evidence.

B Recommendation based on inconsistent or limited quality pa-
tient-oriented evidence.

C Recommendation based on consensus, opinion, case studies, or

disease-oriented evidence.

In those situations where documented evidence-based data
were not available, or showing inconsistent or limited conclusions,
expert opinion and medical consensus was utilized to generate clin-

ical recommendations

2 | RETINOID EFFECTS ON THE SKIN

Retinoids are compounds structurally and functionally related to vi-
tamin A (all-trans retinol). Retinoids selectively bind, based on chemi-
cal structure, to specific protein isotopes (a, B,y) of nuclear retinoic
acid receptors (RAR) and retinoid X receptors (RXR). They have nu-
merous and varied functions in the skin including modulating epi-
dermal maturation, keratinocyte differentiation, apoptosis, immune
function, and carcinogenesis.®” The effects in the skin vary by route
of administration (topical versus systemic), medication vehicle, and
vary by the individual binding properties of the specific medication.
The result is decreased thickening and scaling of the skin and de-
creased erythema.8

Topical retinoids, primarily tretinoin and tazarotene, have been
used to reduce scaling and hyperkeratotic thickening in several of the
DOC, including X-linked recessive ichthyosis, non-erythrodermic au-
tosomal recessive lamellar ichthyosis, autosomal dominant ichthyosis
vulgaris, and ichthyosis bullosa of Siemens (IBS), as well as to improve
ectropion, primarily in individuals with lamellar ichthyosis.9'10 Clinical
subtypes shown to respond favorably to systemic retinoids include:
autosomal recessive congenital ichthyosis (ARCI) including harlequin

917-24

ichthyosis,*¢ lamellar ichthyosis, and congenital ichthyosiform

erythroderma (select genotypes).>>?” In addition, recessive X-linked
ichthyosis,?® IFAP (ichthyosis follicularis, atrichia and photophobia) syn-
drome,?? Sjdgren-Larsson syndrome, 3! KID (keratitis, ichthyosis and

32-34 heutral lipid storage disease with ichthyosis, >

loricrin keratoderma,3® erythrokeratodermia variabilis, 87-41 ichthyosis

deafness) syndrome,

with confetti,*? and KLICK (keratosis linearis with ichthyosis congenita
and sclerosing keratoderma) syndrome*® have all shown positive clini-
cal responses to systemic retinoids based on published reports.

There are several subtypes of ichthyosis for which there
are either no data for the use of retinoids or there have been
data showing no improvement. Examples of such conditions in-
clude: Conradi-Hunermann-Happle syndrome, CHILD (congen-
ital hemidysplasia with ichthyosiform erythroderma and limb
defect) syndrome, ichthyosis-hypotrichosis syndrome, ichthy-
osis-hypotrichosis-sclerosing cholangitis, trichothiodystrophy,
Refsum syndrome, CHIME (colobomas, congenital heart defects,
migratory ichthyosiform dermatosis, mental retardation, and ear
anomalies) syndrome, MEDNIK (mental retardation, enteropathy,
deafness, peripheral neuropathy, ichthyosis, and keratoderma)
syndrome, peeling skin disease, and ichthyosis prematurity syn-
drome. Further, in some disorders with increased skin fragility,
peeling skin, atopic diathesis, or excessive desquamation, such

44,45

as Netherton syndrome, retinoid use might, in fact, exacer-

bate disease manifestations and should be used with caution.*¢*

Consensus recommendations are listed in Table 2.

3 | TOPICAL RETINOID USE

Topical retinoids (tazarotene, tretinoin, and adapalene) have shown

benefit in reducing scale, improving digital contractures in neonates,
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and reversing ectropion in congenital ichthyosis.”10:18:20.21,24.48-51

Most case reports have focused on lamellar ichthyosis, although
improvement also has been reported for other forms of ichthyosis,
including other autosomal recessive congenital ichthyoses, recessive

X-linked ichthyosis,>? epidermolytic ichthyosis,”>>*

and erythroker-
atodermia variabilis.>® There are more reports on the effective use
of tazarotene than other topical retinoids, but no direct comparisons
have been performed.

Topical retinoids have a lower risk for adverse side effects than
systemic retinoids and, therefore, should be= considered for use in
milder disease and when the risks of systemic therapy outweigh the
benefits. Cutaneous adverse effects include erythema, pruritus, ir-
ritation, and photosensitivity.49 There is likely an increased risk for
these adverse effects in ichthyosis vulgaris, patients with associ-
ated atopic dermatitis, and others with skin fragility.*” No systemic
adverse effects have been reported with widespread use.>® With
widespread use of tazarotene, some patients have had measurable
but low plasma drug levels; thus, it is designated pregnancy cate-
gory X and pregnancy should be avoided with tazarotene use.>¢>8
There is no evidence to suggest systemic laboratory monitoring, or
that monthly pregnancy tests in patients of childbearing potential,
is needed; however, data are limited to single case reports and case

series.”®°%"58 Consensus recommendations are listed in Table 3.

4 | SYSTEMIC RETINOID DOSING

The families of children and adolescents with moderate to severe
disorders of cornification and significant functional or psychologi-
cal impairment should be offered the opportunity to make a risk-
benefit assessment on the use of a systemic retinoid. While specific
clinical features can help predict retinoid responsiveness, genetic
testing has not added to our ability to predict retinoid benefit. In
considering retinoid therapy, it is important to thoroughly discuss
the expected outcome and the potential adverse effects with both
the child and caregivers. Considerations include: age, severity, other
comorbidities, grooming time, psychosocial effects, out-of-pocket
costs, the ability to understand and participate in the risk: benefit
analysis as well as to comply with contraception precautions. The
expected benefit must outweigh the risks. A systemic medication
should be considered and added to topical therapies if topical thera-
pies provide insufficient improvement, the burden of disease is high,
and there is a significant impact on the quality of life. General reduc-
tion in the thickness of scale can be expected. Retinoids can have
a significant beneficial effect on ectropion or pseudoainhum. For
those who fatigue easily because of overheating secondary to ab-
sent sweating, systemic retinoids may increase the ability to sweat,
but not all patients note improved sweating with scale reduction.
The beneficial effects of retinoids in ichthyosis are recognized
to be dose-dependent. However, the dose-escalation studies, con-
ducted early in the use of isotretinoin, used a wide dosage range

from 1 mg/kg/day to as much as 7 mg/kg/day.>” While signs and
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TABLE 1 Clinical questions identified by work group members

Retinoid Effects on Skin

e What disorders of cornification/types of ichthyosis have been
shown to benefit from use of retinoids?

e Are there types of ichthyosis for which retinoids might not be
indicated?

Systemic Retinoid Dosing

e What is the optimal dosing and duration of therapy? Is there a
benefit to intermittent therapy?

e What are the indications for starting systemic retinoids?

e What considerations are there when choosing a systemic
retinoid?

e Are there any side effects on skin?

Topical Retinoid Use

e What are the indications for starting topical retinoids in
ichthyosis/DOC?

e Are there differences in mechanism of action, efficacy, and
side effects of various topical retinoids used in disorders of
cornification?

e When is a child with ichthyosis/DOC at risk of substantial
systemic absorption of a topical retinoid?

e Has topical retinoid absorption been shown to be of clinical
concern?

e |s any monitoring required when using topical retinoids in
ichthyosis/DOC?

Retinoid Effects on Bone

e What are the clinical considerations and consequences of long-
term systemic retinoid use on bone health?

e What bone specific monitoring is recommended with the use of
systemic retinoids for ichthyosis and disorders of cornification?

Systemic Retinoid Effects on the Eye

e What are the clinical considerations and consequences of long-
term systemic retinoid use on eye health?

e What eye specific monitoring is recommended with the use of
systemic retinoids for ichthyosis and disorders of cornification?

Systemic Retinoid Effects on Lipids and Liver

e What are the clinical considerations and consequences of long-
term systemic retinoid use on the liver and lipid metabolism?

e What lipid and liver specific monitoring is recommended with the
use of systemic retinoids for ichthyosis?

Psychiatric Effects of Systemic Retinoid Therapy

e What are the psychiatric considerations and consequences of
long-term, systemic retinoid use?

e What psychiatric monitoring is recommended for patients with
ichthyosis on long-term systemic retinoid therapy?

Contraception Considerations of Long-Term Systemic Retinoid Use

e What are the contraceptive considerations for the long-term use
of systemic retinoids?

e What are the long-term health consequences of combined
contraceptive and systemic retinoid therapy?

e What are the contraceptive considerations for the long-term use
of systemic retinoids?

The Impact of iPLEDGE
e What are iPLEDGE considerations and requirements when using
long-term systemic isotretinoin in patients with ichthyosis?

e Does the iPLEDGE program result in any barriers to care for
patients with ichthyosis?
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TABLE 2 Consensus statements: retinoid effects on skin

Both topical and systemic retinoids can improve scaling in patients with select forms of ichthyosis. 11, B

In generalized disorders that feature prominent scale, there is evidence for the utilization of retinoids. Subtypes that have shown I,B

improvement with use of oral or topical retinoids include:

congenital ichthyosiform erythroderma (select genotypes), epidermolytic ichthyosis, erythrokeratodermia variabilis, harlequin
ichthyosis, ichthyosis with confetti, IFAP syndrome, KIDsyndrome, KLICKsyndrome, lamellar ichthyosis, loricrin keratoderma, neutral
lipid storage disease with ichthyosis, recessive X-linked ichthyosis, and Sjogren-Larsson syndrome.

Subtypes for which there are either no data for the use of retinoids, or there has been data showing no improvement, include: 1, C
CHILD syndrome, CHIME syndrome, Conradi-Hunermann-Happle syndrome, ichthyosis-hypotrichosis syndrome, ichthyosis-
hypotrichosis-sclerosing cholangitis, ichthyosis prematurity syndrome, MEDNIK syndrome, peeling skin disease, Refsum syndrome,

and trichothiodystrophy.

Utilization of retinoids in some disorders with skin fragility, peeling skin, atopic diathesis, or excessive desquamation (eg, Netherton 11,B

syndrome) may exacerbate disease and should be used with caution.

Both adults and children with moderate to severe disorders of keratinization with significant functional or psychological impairment 1, C
should be offered the opportunity to make a benefit/risk assessment of treatment with a systemic.

TABLE 3 Consensus statements:

SORT . L
topical retinoid use
Topical retinoids are useful in treating scale, digital contractures, and ectropion in IiC
patients with ichthyosis.
Systemic laboratory monitoring is not recommended with use of topical retinoids for 11B

ichthyosis.

symptoms of ichthyosis (scaling, induration, and crusting) improved
with increasing dose, cutaneous toxicity was dose-limiting at higher
doses, particularly skin irritation, fragility, and dryness.59 Based on
these studies, investigators chose maintenance dosing for various
forms of ichthyosis (ichthyosis vulgaris, X-linked ichthyosis, lamellar
ichthyosis, epidermolytic ichthyosis, Darier disease, and palmoplan-
tar keratoderma) intended to produce maximal clearing with min-
imal side effects; the mean dosing from these studies was 1.8 to
2.1 mg/kg/day.>’ %2 Given the cutaneous and extracutaneous toxic-
ities of oral retinoids, lower doses were found to achieve the most
acceptable risk-benefit result. Few individuals now receive more
than 1 mg/kg/day of isotretinoin or 0.5 mg/kg/day of acitretin (see
bone section for relative therapeutic index for synthetic retinoids
in animals). Many patients do well with lower doses, especially for
epidermolytic ichthyoses (where blistering is common) and in eryth-
rokeratodermia variabilis. A summary of dosing recommendations
for topical and systemic retinoids in specific disorders is provided
in Table 4. Tips for administering retinoid capsules to infants and
children are provided in Table 5.

The initial short-term studies suggested the therapeutic win-
dow was similar for the major clinical types of ichthyosis (except
Netherton syndrome for which cutaneous toxicity usually exceeds
benefit). However, individuals with ichthyosis have varying severity
of disease, and thus tolerance of retinoids, which affects dosing. In
addition, the clinical features of various forms of ichthyosis dictate
response and tolerance to retinoids. For example, individuals with
lamellar ichthyosis may use retinoids daily, adjusting dosing if cuta-
neous irritation occurs, while an individual with epidermolytic ich-
thyosis may require dose modifications or periods of discontinuation
owing to skin fragility. Season of year, environmental change, and

other poorly understood factors may affect the frequency of dosing,

for example, in Darier disease. Topical modalities should be contin-
ued if tolerated during oral retinoid therapy because they may add
to therapeutic benefit, as well as allow lower oral retinoid dosing or
retinoid holidays. °

Optimal dosing should be based on shared decision-making be-
tween patient, caregiver and physician based on benefit, including
appearance and comfort of skin, time and effort for skin care, heat
or cold tolerance, and risk of both cutaneous and non-cutaneous
adverse effects. Ultimately, the optimal dose of a systemic reti-
noid is the lowest dose that will achieve and maintain the desired
therapeutic effect with acceptable mucocutaneous and systemic
toxicities. Again, any retinoid treatment should be used in conjunc-
tion with an optimized skin care routine with bathing and emollient
usage.

Ichthyosis is a life-long disorder, and therefore, systemic retinoid
treatment of DOC is often long term. The skin reverts to its pretreat-
ment condition upon cessation of retinoid treatment. Therefore, cli-
nicians must counsel patients about potential long-term toxicities.
Although many patients have received systemic retinoids for de-
cades, there have been no long-term prospective studies to clarify
maintenance dosing. Other than the adverse bone effects, no tox-
icity appears to depend on duration of use. 2>°363¢% Additionally,
some toxicities vary by age at exposure. For example, growing chil-
dren exposed to high doses are at rare risk for premature epiphysial
closure®>% but do not seem to develop the hyperostotic changes
(enthesopathy) that commonly occurs in adults (see below, Retinoid
Effects on Bone).

Tachyphylaxis does not seem to occur, and there is also no evi-
dence that benefits change with age. Overall, use of the lowest ef-
fective dose of retinoid is recommended (typically 1 mg/kg/day or

less).
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TABLE 4 Retinoid dosing in ichthyosis and other disorders of cornification

Formulation Dosage
Systemic
Acitretin Child: 0.5 - 1 mg/kg/day

10 mg, 25 mg capsule Adult: 0.5 - 1 mg/kg/day
Typical dose: 10-25 mg/day

Maximum dose: 75 mg/day

Isotretinoin
10 mg, 20 mg, 30 mg, 40 mg capsule
(contains soy)

Child: 0.5 - 1 mg/kg/day
Adult: 0.5 - 1 mg/kg/day

Topical

Tazarotene Daily
0.05%, 0.1% gel
0.05%, 0.1% cream

Tretinoin Daily
0.025%, 0.05%, 0.1% cream

Adapalene Daily
0.1%, 0.3% gel

TABLE 5 Tips for administering retinoid capsule to child*
Keep out of direct sunlight, use capsule immediately after removing
from packaging
Capsule can be swallowed whole or chewed

Poke a hole in capsule with sharp knife or nail clippers and add to
food (note: capsule is very tough)

The capsule may be softened by placing in a small cup with warm
water or milk for 2-3 minutes

Add to limited amount (1 oz) of breast milk or formula for infants

Give with high fat food (such as whole milk, ice cream, peanut, or
other nut butter) for best absorption

Freeze capsule in bite sized, soft centered chocolate and chew
chocolate and capsule

*Adapted from https://www.stjude.org/treatment/patient-resou
rces/caregiver-resources/medicines/a-z-list-of-medicines/isotr
etinoin.html. Accessed September 5, 2020.

While a week on-week off schedule in the original isotreti-
noin studies was used, intermittent therapy has not been studied.
Anecdotally, patients who have interrupted and then resumed ther-
apy for family planning or other reasons experience neither a “flare”
in their disease nor change in therapeutic window. Therefore, there
may be a benefit to “retinoid holidays,” or less frequent dosing, such
as twice weekly.®’

Neonates with harlequin ichthyosis whose constrictive scales
significantly restrict breathing or threaten viability of distal extrem-
ities may benefit from treatment with systemic retinoids.'%2¢8
Those with a milder phenotype may not require a systemic ret-
inoid.®” Responses and risks of isotretinoin and acitretin as treat-
ments for ichthyosis are generally similar. Some patients think
results with one are better than the other, but no consistent prefer-
ence is clear. Acitretin, similar to its predecessor, the aromatic reti-

noid etretinate, has a greater capacity to cause peeling of the palms

Considerations

- Start at low dose

- Long half-life

- Cautious use in patients of childbearing potential

- Avoid getting pregnant for 3 years after discontinuing medication
- Consider lower dose in warmer, humid weather

- Regulatory restraints of iPLEDGE
- Consider lower dose in warmer, humid weather
- Consider “holidays” from administration

- May improve ectropion
- Monitor for irritation, particularly around eyes and in folds

- May be compounded with 2% salicylic acid for palmoplantar use

- May be less irritating

and soles compared to isotretinoin (suggesting preferential use for
palmoplantar involvement), but also a greater risk of persistent hair
loss.”® In contrast, isotretinoin has been found to lead to more fa-
cial desquamation.70 A major advantage to long-term use of isotreti-
noin is its short half-life, simplifying dose changes, “drug holidays,”
and family planning. Broadly, because of a 2-3 year post-treatment
teratogenic risk, exposure to acitretin to patients of childbearing
potential should be of particular concern (see below, Contraception
Considerations of Long-Term Systemic Retinoid Use). Consensus
recommendations are listed in Table 6.

5 | RETINOID EFFECTS ON BONE

Naturally occurring and synthetic retinoids have a wide spectrum
of effects on bone, which have been observed in animal studies, in
humans during clinical studies, and in real-world treatment obser-
vations. Animal studies have shown a dose-dependent impact on
bones, which has been mirrored in humans. The toxicities of retinoid
drugs emulate those previously observed with naturally occurring
retinoids, particularly hypervitaminosis A. However, there are differ-
ences in the spectrum of abnormalities and effect of dose. Both nat-
urally occurring and synthetic retinoids are metabolized in the body,
and the relative effects of these different compounds are poorly
understood. Many factors affect the type and severity of toxicity in-
cluding retinoid chemical structure, age at exposure, dose and dura-
tion of exposure, genetic predisposition, and effects of other drugs.

Skeletal toxicities observed in children include premature epiph-
yseal closure, calcifications of tendons and ligaments, osteophytes or
“bone spurs,” diffuse idiopathic skeletal hyperostosis (DISH), and po-
tential alterations in bone density and growth. Monitoring for these
toxicities should include a family and personal medical history con-

sidering risk factors for skeletal toxicity, annual growth assessment,


https://www.stjude.org/treatment/patient-resources/caregiver-resources/medicines/a-z-list-of-medicines/isotretinoin.html
https://www.stjude.org/treatment/patient-resources/caregiver-resources/medicines/a-z-list-of-medicines/isotretinoin.html
https://www.stjude.org/treatment/patient-resources/caregiver-resources/medicines/a-z-list-of-medicines/isotretinoin.html
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TABLE 6 Consensus statements:

SORT retinoid dosing

When choosing a systemic retinoid for treatment of disorders of cornification, 1A
isotretinoin should be considered first line for patients of reproductive potential.

Because of the prolonged half-life of acitretin (up to 3 years), clinicians should 1nc
consider transitioning patients of childbearing potential from acitretin to isotretinoin

before puberty if at risk of pregnancy.

The optimal dose of a systemic retinoid is the lowest dose that will achieve and 1A
maintain the desired therapeutic effect with acceptable mucocutaneous and

systemic toxicities.

Systemic retinoid treatment of the disorders of cornification is often long term. 1A
Therefore, the clinician must counsel patients about potential long-term toxicities.

Neonates with harlequin ichthyosis whose constrictive scales significantly restrict 1nc
breathing or threaten viability of distal extremities may benefit from treatment with

systemic retinoids.

Neonates with milder phenotypes of harlequin ichthyosis may not require a systemic 1c

retinoid.

regular inquiry about musculoskeletal symptoms, inquiry about
diet, and periodic imaging studies. Retinoid effects on children with
growing bones are likely to differ from effects on adults.””2 While
retinoids are critical for bone growth, development, turnover, and
mineralization, overdoses can cause fractures and calcification in
tendons and ligaments. Pediatric oncology data, where high doses of
systemic retinoids are used, are confounded by the use of multiple
drugs, suggesting those data may not reflect the use of lower doses
for dermatologic conditions.

Premature closure of the epiphyses is an uncommon but serious
adverse effect reported with systemic retinoid therapy (above 1mg/
kg/day) over prolonged periods of time (4-6 years). While there are
several case reports documenting this side effect in both long-term
use of etretinate and isotretinoin for DOC,%””° larger case-based
and prospective series are lacking. Additional data regarding growth
plate disruption are reported from high-dose isotretinoin use for

7475 and fibrodysplasia ossificans progressiva’® as

childhood tumors
well as from animal models.®

Many observational studies during treatment, as well as pro-
spective studies, have substantiated the role of systemic retinoids
in accelerating the development of DISH-like hyperostotic changes
involving the tendon and ligaments of the spine and peripheral joints
(osteophytes, tendon and ligament calcification, and hyperostosis).
These changes appear to be related to both dose and duration of ret-
inoid exposure.(’3 DISH is thought to be an enthesopathy, impacting
the attachment of tendons and ligaments to bone.

There may be a difference between retinoids in frequency of hy-
perostotic changes of the spine versus peripheral joints.”””8 It is not
known whether the variation observed between different retinoids
and location of bone toxicity are due to pharmacological differ-
ences, constitutional differences between populations studied (age
of exposure, genetics, etc), or possibly confounded by the diseases
treated (eg, psoriasis patients are prone to a similar enthesopathy).
Hyperostotic bony changes are extremely common in the general

population and increase with age even without exposure to retinoid

treatment. In the general population, one study found that 100%
of 400 spine specimens of individuals older than 40 years of age
showed some degree of anterior osteophyte formation, which in-
creased in size with age.”” In another study, up to 65% of individuals
younger than 20 years of age had similar changes.&°

Available evidence does not support a threshold level below
which skeletal toxicity would not occur. In a 3-year, very-low-dose
(0.14 mg/kg/day) study for basal cell carcinoma chemoprevention,
more patients on isotretinoin had progression of existing hyperos-
totic abnormalities and new hyperostotic involvement compared
with placebo, without preventing new basal cell carcinomas.’! A
follow-up radiographic survey found no progression of hyperostotic
vertebral abnormalities in post-treatment films taken approximately
16-17 months later, suggesting tha retinoid contribution to this tox-
icity does not extend after discontinuation of retinoid treatment. &2

For patients taking long-term retinoid therapy for DOC, radio-
graphic surveys of areas frequently involved with hyperostosis, as
well as areas that are symptomatic, may be useful to characterize
the extent of involvement and progression.3 This includes lateral
view of the cervical, thoracic, and sometimes lumbar spine, and
may include the hips and lateral view of the calcanei of the feet,
common areas of involvement with hyperostosis. Because unex-
pected body locations can be involved, symptomatic locations
should also be imaged.®38> Once retinoid therapy is determined to
be well tolerated and the patient is expected to continue long term,
baseline imaging can be obtained and repeated after 3-5 years or
sooner for symptomatic areas. After long-term exposure, some
patients develop clinically significant stiffness, arthralgia, limita-
tion of joint range of motion, or bone spurs that can impinge on
nerves. However, many patients tolerate long-term treatment.
Non-steroidal anti-inflammatory drugs, physical therapy including
range of motion exercises, and surgical removal of bone spurs may
be helpful in some cases,®® but controlled studies have not been
done. Patients with bone symptoms may be co-managed with an

appropriate specialist.
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While high-dose retinoid exposure in animal studies have iden-
tified changes in bone mineral density, human clinical studies have
observed variable results in different populations, with different
retinoid drugs, and measurement techniques. Decreased bone min-
eral density associated with systemic retinoid treatment has been
reported in some studies and not in others.8”88 The most relevant
clinically important endpoint of decreased bone mineral density
is bone fracture. A large scale, population-based Danish study in-
cluding children and adults found none of the common retinoids
(isotretinoin, acitretin, and topical retinoids) were associated with
any change in fracture risk at any skeletal site, and there was no
trend with either increasing dose or duration of treatment.®? For
patients on long-term therapy, a baseline bone density evaluation
can be considered, noting extra-osseous calcification is associated
with retinoid therapy and bone density measurements should be
interpreted with caution. Based on the literature and expert opin-
ion, the timing of radiographic evaluation for hyperostosis and bone
mineral density is variable and should be individualized based on pa-
tient history and physical findings. Consensus statements are listed
in Table 7, and bone monitoring recommendations are presented in
Table 8.

6 | SYSTEMIC RETINOID EFFECTS ON THE
EYE

To date, there is limited literature about the ophthalmologic effects
of retinoids in patients with ichthyosis to provide evidence-based
surveillance and management guidelines. Both topical and systemic
retinoids have been shown to reduce the severity of ectropion in
children and adults.”*”?° However, the potential side effects of sys-
temic retinoids on eye health are compounded by any ocular mani-
festations of the underlying ichthyosis. The acute and long-term
effects of retinoid use on ocular health in children and adolescents
are unknown. Most of the current evidence is based on retrospec-
tive reviews of short-term, episodic systemic isotretinoin use in ado-
lescents and young adults with acne vulgaris.

Approximately 13.8% of adolescents on isotretinoin for acne
experience ocular side effects.®>”%2 The most common complaints
include pruritus, photophobia, eye pain, burning, and gritty feeling

or visual disturbance that may occur within days up to a few months

TABLE 7 Consensus statements:

N 1
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following initiation of isotretinoin. These symptoms are dose depen-
dent and can be attributed to ocular surface diseases, as well as re-
fractive changes and retinal dysfunction.”® Ocular surface diseases
including conjunctivitis, hordeolum, chalazion, blepharitis, and dry
eyes are likely due to decreased secretion from Meibomian glands
that results in poor tear-film quality.91'94’% Refractive changes are
likely secondary to corneal steepening and edema that cause myopic
shift.””?8 Corneal opacity resulting from systemic therapy is rare, but
can be permanent.””%° Ocular toxicity from acitretin use in psoriasis
was not detected after one month of treatment.'®! Nonetheless, the
lowest daily retinoid dose able to manage cutaneous symptoms is
recommended to minimize risks of ocular toxicity.

Early ocular surface diseases and refractive changes are consid-
ered to be reversible side effects that can be improved with isotreti-
noin dose adjustment or discontinuation.'°>1°? Although there is
no significant change of the retinal nerve fiber layer measured by

103 some cases of refractive

optical coherence tomography (OCT),
change and most cases of retinal dysfunction with decreased color
or night vision are considered permanent. If retinal damage occurs,
termination of systemic therapy is recommended. Use of topical ret-
inoids to periocular skin is considered a safe option, as ocular toxicity
has not been noted among those using topical treatments long term
for acne 101104

Since patients with ichthyosis often have underlying eye abnor-
malities, including dry eyes, ectropion, exposure keratopathy, and
corneal defects, additional caution should be taken when choos-
ing systemic retinoid therapy. Baseline comprehensive eye exam-
ination by an experienced ophthalmologist is recommended..”*1%!
Recommendations on ocular lubricants, as well as preservative-free
artificial tears, should be provided to patients during retinoid ther-
apy if they are not already using them. Subsequent follow-up with
an ophthalmologist is recommended after 4-6 months of systemic
retinoid therapy to rule out progressive ocular surface diseases and
increased retinal dysfunction. Interval clinical evaluation should be
considered, especially when patients experience worsening symp-
toms. Therapeutic holidays or discontinuation should be considered
if worsening retinal function is noted. Regardless, lowering dosage
of systemic retinoids or transition to topical retinoids should be con-
sidered when cutaneous therapeutic goals are achieved. For patients
who are on long-term systemic retinoid therapy, routine eye exam-

ination (every 6-12 months) should be considered depending on the

. SORT
retinoid effects on bone

Long-term use of systemic retinoids in ichthyosis/ DOC is associated with skeletal I, A
concerns.

The toxic effects of systemic retinoid use on bone are strongly dependent on dose I, A
and duration.

Potential bone toxicity should not preclude long-term systemic retinoid use in I, C
patients with ichthyosis if there is a clear clinical benefit.

Genetic risk and modifiable factors that affect bone health, such as diet and physical I, C

activity, may impact susceptibility to systemic retinoid bone toxicity and should be
discussed with the patient.
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severity of their ocular symptoms. Consensus recommendations are
listed in Table 9.

7 | SYSTEMIC RETINOID EFFECTS ON
LIPIDS AND LIVER

Both isotretinoin and acitretin can cause elevations in serum lipids
and have the rare potential to adversely affect liver function. Most
of the literature on the long-term use of oral retinoids is from pa-
tients with psoriasis, as isotretinoin is typically used for limited dura-
tions in the management of acne. Data on long-term use in children
and adolescents are lacking. The effects of acitretin on the liver were
studied in a case series of 128 adults treated with 25-75 mg/day.'%”
At the end of the 2-year period, liver biopsy was performed and

compared to pretreatment biopsy. In this study, 59% exhibited no

TABLE 8 Recommended bone monitoring for patients on long-
term systemic retinoid therapy

The following evaluation and testing should be considered for
children (less than 18 years of age):

Comprehensive family and personal medical history for risk factors
for skeletal toxicity

Annual growth assessment (height, weight, BMI, and growth curve)

Inquire regularly about musculoskeletal symptoms; follow-up with
appropriate imaging

Inquire about diet (including sufficient vitamin D intake and no
additional vitamin A sources)

At full growth (16-18 years), a baseline skeletal radiographic survey,
which may include imaging of the lateral cervical and thoracic
spine, lateral view of the calcanei to include Achilles tendon, hips
and symptomatic areas; and bone density evaluation (eg, DEXA
scan)

The following evaluation and testing should be considered for
adults:

Comprehensive family and personal medical history for risk factors
for skeletal toxicity

Inquire regularly about musculoskeletal symptoms; follow-up with
appropriate imaging

Inquire about diet (including sufficient vitamin D intake and
additional vitamin A sources)

If therapy is likely to continue long-term, a baseline skeletal
radiographic survey which may include imaging of the lateral
cervical and thoracic spine, lateral view of the calcanei to include
Achilles tendon, hips and symptomatic areas; and bone density
evaluation (eg, DEXA scan)

Repeat radiographic bone evaluation every 3-5 years or if
symptomatic

change, 24% improved, and 17% worsened. All changes were mild to
moderate. Only four patients had liver function test (LFT) elevations,
and two had increased triglyceride levels. No correlations between
elevated LFTs and liver biopsy status were found. In a study of 104
patients with psoriasis treated with acitretin for a mean duration
of 3.2 years, no patients developed hepatotoxicity or uncontrolled
hyperlipidemia. 1% In another retrospective study of 18 children
treated with acitretin for psoriasis, no significant alterations in liver
function and lipid profiles were identified. 1°” Children with psoria-
sis may be at increased risk for metabolic syndrome.'°® Whether or
not patients with ichthyosis, in which some forms are also associ-
ated with chronic systemic inflammation,? are at similar risk has not
been examined; therefore, the additive risk of medication-induced
hyperlipidemia is not known.

There are a limited number of studies specifically focusing on the
use of oral retinoids for the treatment of DOC. One study evaluated
the long-term use of oral retinoid therapy for DOC in 23 adults and
children. In this cohort, 8 patients had elevated lipid profiles, one
required lipid-lowering treatment and all were safely continued on
the retinoid.*'° None of the adults in this study had elevated liver
function tests, except one patient with continued alcohol depen-
dence while on etretinate who experienced progressive end-stage
alcoholic liver cirrhosis. In a pediatric study of 46 children with DOC
treated with acitretin for a cumulative follow-up time of 472 months,
only minor abnormalities in liver function tests were noted in four
patients.'*! One patient developed transient elevated triglycerides,
but therapy was not altered. No irreversible side effects developed
in this cohort.

Severe lipid abnormalities and hepatotoxicity with the use of
systemic retinoids are very rare. A serum lipid panel and liver func-
tion testing should be performed at baseline and, if in an acceptable
range, repeated 1-2 months after starting treatment. If the levels re-
main within the acceptable range, subsequent testing can be done
every 6-12 months. Prescribers should routinely document con-
comitant medications as well. Combined oral contraceptives, com-
monly used to adhere to contraceptive requirements in patients of
childbearing potential, can also increase serum lipids. Patients on a
long-term systemic retinoid with persistent, abnormal, clinically sig-
nificant elevations in serum lipids may continue retinoid treatment
with effective lipid management if the risk: benefit assessment is
deemed acceptable. Recommendations on the management of hy-
perlipidemia are provided by the American Academy of Pediatrics
and cardiovascular risk reduction in high-risk pediatric patients
(which includes chronic inflammatory disorders but does not spec-

ify retinoid use) is detailed by the American Heart Association.!*?113

TABLE 9 Consensus statements:

SORT . .
systemic retinoid effects on the eye
Systemic retinoid therapy can cause retinal dysfunction, night blindness and dry eyes. |, A
Use may exacerbate existing eye symptoms related to underlying ichthyosis.
For patients who are on long-term systemic retinoid therapy, evaluation by 1, C

ophthalmology is recommended 4-6 months after initiation of systemic retinoid

therapy, with routine follow-up every 6-12 months.
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Long-term effects on overall cardiovascular health are unknown.
Consensus recommendations are listed in Table 10.

8 | PSYCHIATRIC EFFECTS OF SYSTEMIC
RETINOID THERAPY

The relationship between use of systemic retinoids and develop-
ment of psychiatric symptoms is controversial. Often the systemic
retinoid is used for a chronic disorder, which in itself can contrib-
ute to psychiatric symptoms. Additionally, the incidence of major
depressive disorder in adolescents in the United States is quite
high. In 2017, 13.3% of adolescents 12-17 years old experienced
major depressive disorder, with females affected more frequently
than males (20% vs 6.6%).1* The psychiatric effects of retinoid use
in children and adolescents with ichthyosis, specifically, have not
been examined.

Most studies exploring these relationships evaluate patients
with acne. One large retrospective review of over 21,000 patients
aged 10-29 years found no increased relative risk of psychiatric
symptoms for those taking antibiotics vs. systemic retinoids to
treat acne.!'® A guestionnaire of 3,775 teens with acne suggested
the increase of mental health issues in candidates for systemic
isotretinoin was, in part, due to the acne itself.11¢ Multiple case
reports have detailed worsening psychiatric symptoms in patients
taking systemic retinoids, particularly isotretinoin. A systematic
review of these reports found an average onset of psychiatric
symptoms at 5.4 weeks into the course, but factors predispos-
ing patients were unclear.'” In a case-crossover study exploring
the timing of hospitalization for depression and use of systemic
isotretinoin, authors reported an adjusted relative risk of 2.68 to
develop depression when exposed to isotretinoin and a threefold
increased risk for patients with a history of depression.*'® A review
of the French National Pharmacovigilance Database for reports of
adverse events to any systemic retinoid treating any disorder also
suggested an increased risk of development of psychiatric symp-
toms in patients with a personal or family history of psychiatric
disease.’”’

These reports support monitoring patients for the development
of psychiatric symptoms while taking systemic retinoids and co-man-

agement with a mental health provider in patients with psychiatric

TABLE 10 Consensus statements:

N 173
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symptoms. That said, ichthyosis itself can have a profound impact
on a patient's quality of life. *2° In a cross-sectional study of children
and adults with ichthyosis, 30.2% of children screened positive for
depression and 37.7% for anxiety.'?! In adults, 34.4% screened pos-
itive for depression and 27.3% were positive for anxiety. A mental
health inquiry should be performed on every patient with a DOC at
baseline and follow-up regardless of therapy. Consensus recommen-
dations are listed in Table 11.

9 | CONTRACEPTION CONSIDERATIONS
OF LONG-TERM SYSTEMIC RETINOID USE

Systemic retinoids are known teratogens, with a “black box” warn-
ing of extreme risk to the exposed fetus for severe birth defects.
Adolescents of childbearing potential taking systemic retinoids
should be counseled about their options for contraception, in-
clusive of highly effective methods such as intrauterine devices
(levonorgestrel-releasing intrauterine system, intrauterine copper
contraceptive) and subcutaneous injection (depot medroxyproges-
terone acetate) and implants (etonogestrel-releasing contraceptive
implants). The failure rates of these long-acting reversible contra-
ceptives are less than 1%.12? In the United States, all patients of
childbearing potential on isotretinoin must adhere to the iPLEDGE
program contraceptive regulations; specifically, those who are
sexually active must use two forms of contraception, including one
highly effective form, while on isotretinoin. Acitretin does not have
amandated risk management program, but contraceptive counseling
should be as rigorous as for isotretinoin and include long-term con-
traceptive planning, given the prolonged half-life of the drug. The
acitretin package insert also states that two forms of contraception
are required. Teratogenicity resulting from male retinoid use has not
been reported. Table 12 summarizes the pharmacokinetics of sys-
temic retinoids.

While isotretinoin is cleared within several months, acitretin
has a much longer half-life. In addition, acitretin taken with ethanol
converts to etretinate, which is stored in fat and has a prolonged
elimination and release into circulation.?® Therefore, pregnancy
should be avoided for 3 years after cessation of acitretin therapy.
When choosing a systemic retinoid for treatment of DOC, isotreti-

noin should be considered preferentially for patients of reproductive

. . .. SORT
systemic retinoid effects on lipids and
liver Severe lipid abnormalities and hepatotoxicity with the use of systemic retinoids are I, B
very rare.
Serum lipid panels and liver function tests should be performed at baseline and, I, B
if in an acceptable range, repeated in 1-2 months after starting treatment. If the
levels remain within the acceptable range, subsequent testing can be done every
6-12 months.
Patients on long-term systemic retinoids with persistent, abnormal, clinically Il,C

significant elevations in serum lipids may continue retinoid treatment with effective

lipid management.
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TABLE 11 Consensus statements:

SORT L . .
psychiatric effects of systemic retinoid
All patients, regardless of history, should be monitored for the development of I, A therapy
psychiatric symptoms when they are taking systemic retinoids.
Patients with a personal history of depression, anxiety, and other affective disorders I, B
prior to initiation of systemic retinoid treatment should be monitored carefully for
exacerbation of symptoms. Co-management with a mental health provider should
be considered.
TABLE 12 Pharmacokinetics of systemic retinoids
Systemic Retinoid Metabolites Pharmacokinetics
Isotretinoin 12 o 4-oxo-isotretinoin  Half-life:
e retinoic acid e isotretinoin: 21.0 + 8.2 hours
(tretinoin) e 4-oxo-isotretinoin: 24.0 + 5.3 hours
e 4-oxo-retinoic
acid
Acitretin %’ e 13-cis acitretin Half-life:
With alcohol: e acitretin: 49 hours (range 33 to 96 hours)
e etretinate e 13-cis acitretin: 63 hours (range 28 to 157 hours)
. etretinate: 120 days (84 to 168 days)Greater than 98% of acitretin is eliminated

within 2 months (assuming a mean elimination half-life of 49 hours)
Greater than 98% of etretinate formed is eliminated in 2 years (assuming a mean half-life of

120 days)

Greater than 98% of etretinate formed is eliminated in 3 years (based on half-life of 168 days)

TABLE 13 Consensus statements:

SORT . . .
contraception considerations of long-term
Highly effective forms of contraception, such as intrauterine devices (IUD) or I,A systemic retinoid use
progestin implants, should be considered in shared decision-making with sexually
active adolescent patients of childbearing potential on systemic retinoid therapy.
Patients of childbearing potential who are sexually active should use two forms of LA
contraception, including one highly effective form, while on any systemic retinoid
therapy.
SORT TABLE 14 Consensus statements: the
impact of iPLEDGE
All patients and prescribers of isotretinoin in the United States must comply with I, A
current iPLEDGE guidelines.
The iPLEDGE program was not designed for long-term use of isotretinoin in patients 11, C

with ichthyosis and imposes a significant burden on this patient population.

potential. In addition, because of the prolonged half-life of acitretin,
clinicians should consider transitioning patients of childbearing po-
tential from acitretin to isotretinoin at the onset of puberty or at
least consider long-acting, reversible forms of contraception.

In adolescent patients continuing on a systemic retinoid from
childhood, or those just starting a systemic retinoid with absti-
nence as the chosen form of contraception, discussions regarding
contraception should be undertaken early and reviewed each visit.
Providers, in shared decision-making with patients, should have a

plan to start contraception either at a specific age (eg, 16 years of

age) or before sexual debut, employing the assistance of a gynecol-
ogist or other provider with expertise in contraception as needed.
Potential sequelae resulting from the long-term use of combined
oral contraception in conjunction with systemic retinoids, including
cardiovascular and bone health, have not been explored. Both med-
ications can increase serum lipids. The additive metabolic effects of
chronic inflammation occurring in some forms of ichthyosis (such as
CIE), along with the lipid elevations caused by retinoid and contra-
ceptive use, have not been explored. Additionally, low-estrogen and

progestin-only contraceptive formulations can increase osteoporosis
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TABLE 15 Practice gaps/ unmet needs

Retinoid Effects on the Skin:
1. The exact mechanism of action of retinoids on the skin and their
effects in DOC has not been adequately examined.

Retinoid Dosing:

2. The optimal formulation of retinoid, as well as dosing amount and
frequency, based on ichthyosis subtype and individual features is
not known.

3. The adverse effects of long-term retinoid treatment and
the optimal means to monitor for them need more thorough
examination.

4. Whether there is a benefit to intermittent therapy with respect to
risk of toxicity and maintenance of efficacy is unknown.

5. Evaluation of optimal timing of initiation of retinoid therapy
regarding safety and efficacy is needed.

Topical Effects of Retinoids:

6. The potential for systemic absorption of topical retinoids is not
known.

7. Best practices to minimize the local adverse effects of topical
retinoids needs examination.

Retinoid Effects on Bone:

8. A “bone-safe” duration of retinoid therapy (if it exists) requires
further study.

9. Which individuals are at greater risk for bone toxicity from
retinoid treatment is not known.

10. The best formulation and timing of initiation of a systemic
retinoid on potential bone toxicity needs to be determined.

11. How to minimize symptoms and progression of DISH-like
changes, if feasible, is not known.

Systemic Retinoid Effects on the Eye:

12. Further study of the long-term effects of systemic retinoid
therapy on patients with ichthyosis is needed.

13. A better understanding of the ophthalmologic concerns from the
use of topical retinoids on the eyelids is required.

Systemic Retinoid Effects on Lipids and Liver

14. The chronic effects of systemic retinoids on lipids and liver
function are unknown.

15. Optimal monitoring frequency of lipids and liver function with
long-term use of systemic retinoids should be examined.

16. The potential effects of systemic retinoid therapy on patients’
long-term cardiovascular health are not known.

Psychiatric Effects of Retinoids:

17. Data on the prevalence of psychiatric disorders in ichthyosis
patients are lacking.

18. Studies exploring the psychiatric effects of retinoids on patients
taking long-term systemic retinoids have not been performed.

Contraception Considerations of Long-Term Systemic Retinoid Use

19. The combined effects of using hormonal contraception and
systemic retinoids on cardiovascular and bone health in females
are unknown.

The Impact of iPLEDGE:

20. The financial burden of iPLEDGE program on patients and their
families has not been determined.

21. The iPLEDGE program should be modified to accommodate the
use of isotretinoin in the management of ichthyoses and disorders
of cornification to reduce undue burden.

risk. Subcutaneous medroxyprogesterone injection carries a “black
box” warning regarding risk of osteoporosis.}?* Consensus recom-

mendations are listed in Table 13.
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10 | THE IMPACT OF IPLEDGE

In the United States, the iPLEDGE program serves as the Risk Evaluation
and Mitigation program for isotretinoin. Implemented in 2006, iPLEDGE
requires initial consent, monthly office visits and online verification by
prescribers with patient verification and a 30-day supply limit of medica-
tion each month for all patients. For patients of childbearing potential,
additional requirements include two effective forms of contraception,
monthly verification of pregnancy tests and patient understanding, and
a seven-day pickup window for prescriptions. *2° Isotretinoin is tradi-
tionally used for acne vulgaris, for which the typical duration of therapy
is five to six months; when used for ichthyosis treatment, isotretinoin
is commonly prescribed continuously for several years. Aside from
the iPLEDGE requirements, monthly visits for long-term isotretinoin
use are generally not clinically indicated once a patient is on a stable
dose. Patients with ichthyosis have increased financial burden due to
medical costs and out-of-pocket expenses.'?° The monthly iPLEDGE
requirements are burdensome for ichthyosis patients as they increase
direct and indirect medical costs for patients and their families, includ-
ing cost of visits, CLIA laboratory-certified pregnancy testing and work
and school absence. Presently, there are no exceptions to the iPLEDGE
requirements for patients on long-term therapy with isotretinoin for ich-

thyosis. Consensus recommendations are listed in Table 14.

11 | CONCLUSION

The use of systemic retinoids in children and adolescents with ich-
thyosis and other disorders of cornification can be highly effective
in reducing scaling and improving both function and appearance.
However, the long-term use of these medications results in several
important health considerations, particularly regarding bone and
cardiovascular health, as well as contraceptive concerns. This publi-
cation provides recommendations regarding the use of systemic and
topical retinoids based on the best evidence available. However, nu-
merous knowledge and practice gaps have been identified (Table 15).
Providers must be aware of what is known and unknown regarding
the safety and efficacy of long-term retinoid use. These risks should
be discussed candidly with patients and their families in shared deci-
sion-making and recognize long-term safety data are lacking. It is the
hope of this work group these efforts and the numerous knowledge

gaps identified will serve as the framework for future study.

ACKNOWLEDGMENTS

The Work Group would like to thank all of our patients with ich-
thyosis who inspire our desire to understand safe and effective
therapies. We would also like to acknowledge Melissa Butt, MPh
(Penn State Health) for research support and RedCap expertise
and Katherine Devenport (PeDRA) for her administrative support.

CONFLICTS OF INTEREST
Andrea L. Zaenglein, MD was an investigator for Abbvie and Incyte,

was on an advisory board for Cassiopea, was an investigator and



ZAENGLEIN ET AL.

176 WI LEY_Pediatric

Dermatology

consultant for Pfizer and Sun Pharmaceuticals, was on an advisory
board for Verrica, is an editor-in-chief for Pediatric Dermatology, and
was an author for UpToDate. Moise L. Levy, MD was on an advisory
board and consultant for Cassiopea, Regeneron, and UCB, was an
investigator for Fibrocell, Galderma, Janssen, and Pfizer, was on a
DSMB for Novan, and was a section editor and author for UpToDate.
Latanya T. Benjamin, MD was a consultant for Dove, was on a speak-
ers bureau for Regeneron and Sanofi Genzyme, was on an advisory
board and consultant for Mustela, CeraVe, and La Roche-Posay, was
on an advisory board for Bioderma, Cutanea, Biofrontera, Menlo
Therapeutics, and Pfizer. Anna L. Bruckner, MD was a investigator
for Mayne Pharma. Keith Choate, MD, PhD was on a advisory board
and speaker for Abbvie and Janssen, was a consultant and investiga-
tor for Mayne Pharma, was a consultant for Timber Pharmaceuticals,
and was an author for UpToDate. Brittany G. Craiglow, MD was
on a advisory board and consultant for Aclaris, was on an advisory
board for Arena Pharmaceuticals, was a consultant for Concert
Pharmaceuticals, was on an advisory board, consultant, and speaker
for Pfizer, and was a speaker for Regeneron and Sanofi-Genzyme.
Lawrence F. Eichenfield, MD was an investigator and consultant
for Abbvie, was on an advisory board for Cassiopea, was an in-
vestigator and consultant for Galderma, Incyte, Pfizer, Regeneron,
Sanofi-Genzyme, and Verrica, and was an author for UpToDate.
Nicole Stefanko, MD, John DiGiovanna, MD, Peter Elias, MD, Philip
Fleckman, MD, Richard Alan Lewis, MD, Anne W. Lucky, MD, Leonard
M. Milstone, MD, Sonali S. Patel, MD, Joyce Teng, MD, PhD, Lauren
Thaxton MD, MBA, MSBS, and Mary L. Williams, MD: None. Leslie
Potter Lawley, MD was an author for UpToDate. Erin F. Mathes, MD
was a consultant for Aldeyra Therapeutics and Rodan + Fields, was
an author for UpToDate, and was a consultant for Pierre Fabre Amy
S. Paller, MD was an investigator in AbbVie, Anaptysbio, Celgene,
Eli Lilly, Incyte, and Janssen, was a consultant for Almirall, Amgen,
Asana, Boehringer-Ingelheim, Castle Creek, Dermavant, Dermira,
Exicure, Lenus, MEDA Corp, Meiji Seika, Novan, Pfizer, Sanofi-
Genzyme, and Sol Gel, was an investigator and consultantfor
Galderma, Leo, Novartis, and Regeneron. Dawn H. Siegel, MD was
a consultant ifor Arqule, was an author for UpToDate, and was an
investigator for SUN. Sherry A. Tanumihardjo, PhD was on an expert
panel for the World Health Organization.

DISCLAIMER

The Work Group acknowledges that the ichthyoses and other
disorders of cornification are a heterogeneous group of disor-
ders with widely varying prevalence and pathogenetic mecha-
nisms. Clinically, the severity of cutaneous expression, systemic
associations, and comorbidities are also disparate. High quality,
randomized clinical trials are not available. Thus, these recom-
mendations are made using best available data and the collective
clinical experience of the Work Group. These recommendations
should not be applied to any patient without careful individualiza-
tion of the therapeutic plan based on specific patient information
and thoughtful provider-patient discussion of potential risks and

benefits.
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APPENDIX |

DELPHI PROCESS

The Delphi process is an iterative, structured methodology used to
gain consensus from groups of experts on complex topics:*28

Round 1: Either the relevant individuals are invited to provide
opinions on a specific matter, based on their knowledge and expe-
rience, or the team undertaking the Delphi expresses opinions on
a specific matter and selects suitable experts to participate in sub-
sequent questionnaire rounds; these opinions are grouped together
under a limited number of headings and statements drafted for cir-
culation to all participants on a questionnaire;

Round 2: Participants rank their agreement with each statement
in the questionnaire; the rankings are summarized and included in a
repeat version of the questionnaire;

Round 3: Participants re-rank their agreement with each state-
ment in the questionnaire, with the opportunity to change their
score in view of the group's response; the re-rankings are summa-
rized and assessed for degree of consensus: if an acceptable degree
of consensus is obtained the process may cease, with final results

fed back to participants; if not, the third round is repeated.
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