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ABSTRACT

Acne vulgaris is the most common skin condition affecting adolescents and young adults with a tremendous psychosocial impact.
Its pathogenic hallmarks include follicular dyskeratosis, increased sebum production, and inflammation induced by Cutibacterium
(formerly Propionibacterium) acnes within the follicle. Retinoids, derived from vitamin A, are the mainstays of acne treatment given
they address the key pathogenic pathways of acne. Retinoids exert their effects through the binding of their nuclear receptors leading
to downstream biological effects. The understanding of retinoid pharmacology has increased the diversity of retinoids with now both
natural and synthetic retinoids available for use. For acne, retinoids can be administered both topically in a variety of formulations and
combinations as well as systemically. With judicious use, this class of medication is well tolerated and very efficacious in managing
acne. Furthermore, there is evidence showing its role in improving and preventing one of the most challenging post-acne changes,
atrophic acne scarring. With a promising topical retinoid, trifarotene, on the harizon, the acne armamentarium will be further broadened

to better manage acne and its related sequelae.

J Drugs Dermatol. 2018;17(12 Suppl):s51-55

INTRODUCTION

cne vulgaris affects approximately 85% of youths and

can persist into adulthood.™ It is an inflammatory dis-

ease of the pilosebaceous unit and brought about by
follicular hyperkeratinization, increased sebum production, and
Cutibacterium (formerly Propionibacterium) acnes. Follicular
dyskeratosis leading to formation of the microcomedo is be-
lieved to be central to the development of acne. The activation
of innate and cellular immune responses subsequently occurs
with genetics, androgens, diet, and stress also playing a role.
Clinically, acne presents with open and closed comedones, in-
flammatory papules, pustules as well as nodules. It typically
affects areas with greater density of sebaceous glands such as
face, neck, chest, upper back, and upper arms.5*®

Although there are many treatment modalities for acne, scarring
is an unfortunately common clinical outcome.™ Acne scars, which
range from hypertrophic and keloidal to atrophic, arise due to
delayed or inadequate treatment and healing of acne lesions.”
Atrophic scars are arguably the most frequently seen and can
have significant impact on patients’ quality of life."The severity of
scars is correlated with the extent of acne and the delay between
disease onset and treatment initiation. Thus, one of the primary
goals in acne treatment is adequately addressing the active dis-
ease in an effort to minimize potential permanent scarring.

Retinoids are widely used in the management of acne. This class
of medication targets the follicular dyskeratosis central to acne
pathogenesis and also possesses anti-inflammatory properties. It

has also been studied in the context of hyperpigmentation and
scarring associated with acne. Here, we review the mechanism of
action of retinoids, their topical and systemic use in acne vulgaris,
their role in the management of acne scars, and early data on a
new fourth generation retinoid, trifarotene.

Retinoid Mechanism of Action

Retinoids are structural and functional analogues of vitamin A
that exert multiple biological effects. The key to their efficacy is
their ability to mediate their effects through their intranuclear reti-
noid receptors. Thus, a retinoid is defined as any molecule that,
by itself or through metabolic conversion, binds to and activates
the retinoic acid receptors, leading to activation of retinoic acid-
responsive genes resulting in specific skin responses.’s"”

Currently, retinoids are classified as first, second, and third gener
ation retinoids. First generation retinoids include all-trans-retinoic
acid (tretinoin), 13-cis-retinoic acid (isotretinoin), and 9-cis-retinoic
acid (alitretinoin). Through replacement of the B-ionone ring in
all-trans-retinoic acid with an aromatic structure, newer retinoids
(or second-generation retinoids), were introduced, which in-
clude etretinate and acitretin. With the discovery of retinoic acid
receptors, receptor-specific, third-generation retinoids such as
adapalene and tazarotene were developed. As discussed below,
a fourth-generation retinoid, trifarotene, is also on the horizon
(Figure 1). The second, third, and fourth-generation retinoids are
also known as synthetic retinoids as they bear no structural simi-
larities to all-trans-retinol or retinoic acid yet are still considered
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FIGURE 1. Chemistry of retinoids. (Adapted from Mukherjee S, Date A, Patravale
|/ et al. Retinoids in the treatment of skin aging: an overview of clinical efficacy and
safety. Clin Interv Aging.2006;1(4):327-348 and Thoreau E, Arlabosse JM, Bouix-Peter C, et
al. Structure-based design of trifarotene (CD5789), a potent and selective RARy agonist
for the treatment of acne. Bioorg Med Chem Lett. 2018,28(10):1736-1741.)
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retinoids given their ability to activate the receptor(s) and mediate
the retinoid effect.”

Major breakthrough in the understanding of retinoid action came
with discovery of the nuclear receptors for retinoids. Retinoids
exert physiological effects on DNA transcription through the bind-
ing of two receptors, retinoic acid receptors (RAR) and retinoid
X receptors (RXR). Each receptor has three isotypes (o, B, and )
and different retinoids have distinct binding properties to these
receptors. For instance, tretinoin binds to RAR-y and RXR-o het-
erodimer whereas the newer retinoids adapalene and tazarotene
are selective agonists of RARB and RARy. Trifarotene, on the other
hand, has selective RARy agonist activity with minimal effect on
RARp and RARa. It is also inactive on the RXR receptor.?’ Dimer
of the retinoid receptors along with their retinoid ligand binds to
specific DNA regulatory sequences named hormone response
elements in the promoter regions of retinoid-responsible genes
(retinoic acid response elements = RARE). This leads to the down-
stream biologic effects seen with retinoids (Figure 2).2'2* Each
retinoid’s unique receptor activity translates to specific clinical ef-
fects, although it is currently unclear how the retinoid’s selective
binding directly impacts these endpoints.

FIGURE 2. Mode of action of retinoids. (Adapted from Topical trifarotene: a new
retinoid, 179(2):231-232, First published: 24 August 2018.)
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A key retinoid effect important for acne includes normalization
of abnormal follicular differentiation. This leads to loosening of
microcomedones, allowing sebum to reach the skin surface to
prevent pilosebaceous unit obstruction. Moreover, retinoids can
also decrease the expression of Toll-like receptor (TLR)-2, which
is elevated in acne lesions, partially activated by C. acnes.”>%
Retinoids  also cause sebaceous gland atrophy and a decrease
in sebum production, which inhibits inflammation induced by
sebum-dependent Cutibacterium.?

Topical Retinoids in Acne

It is commonly accepted that topical retinoids are extremely effec-
tive for acne treatment, especially for comedonal lesions.®? Of
the different anti-acne medications, retinoids are considered the
first-line and arguably the only agents to normalize the abnormal
follicular differentiation seen in acne. By targeting microcomedo-
nes, retinoids not only treat, but can also prevent the development
of new lesions.22This prophylactic property is the basis for includ-
ing topical retinoid as the foundation in almost all acne regimens.
Moreover, in an era in which providers are called upon to exercise
antibiotic stewardship, retinoids are playing an even more crucial
role in acne treatment in place of antibiotics.

Tretinoin was the first topical retinoid for clinical use and over
time, new retinoids have also become available for acne, spe-
cifically adapalene and tazarotene. Adapalene is now also sold
over the counter. Combination medications with either clindamy-
cin or benzoyl peroxide coupled with a retinoid have also been
introduced (Table 1). Unlike other topical retinoids, adapalene’s
unique structure renders it resistant to oxidation thus allowing
for its combination with benzoyl peroxide. Different formulations
and combination therapies allow for flexibility in tailoring the
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treatment to an individual’s skin dryness or oiliness as well as in-
creased compliance.

The most critical aspect of topical retinoid therapy is patient
education. Patients must be counseled on local skin irritation,
characterized by redness and peeling. Furthermore, contrary to
common belief, clinical improvement does not correlate with
the degree of irritation. A large, controlled clinical study in which
0.025% and 0.1% tretinoin were used showed both formulations
to be equally efficacious, but the former was significantly less ir-
ritating than the latter.*® Therefore, unlike most medications for
which the dosing schedule is regimented, the use of a topical reti-
noid should be individualized and titrated depending on the skin
reaction. Typically, retinoids are applied in the evening given it is
inactivated by ultraviolet exposure. Patients are advised to apply
the medication initially every other night or a few nights a week,
titrating upwards as tolerated.®'

The most common adverse effect associated with topical retinoid
use is local skin irritation as discussed. This expected response is
temporary, but troubling, for many patients leading to decreased
compliance. This effect peaks within the first month of treatment
and improves thereafter. This can be managed with a temporary
reduction in the frequency or amount of retinoid application as
well as the liberal use of emollients. There is evidence demon-
strating that these measures enhance topical retinoid tolerability
without compromising treatment efficacy.®

Systemic retinoid use, as discussed below, is well established as
a cause of embryonic death and congenital malformation, and
understandably, there is concern regarding potential teratogenic-
ity from long-term topical retinoid use. Studies have shown that
systemic absorption of retinoids and changes in retinoic acid in
the blood from topical application are negligible. Furthermore,
topical administration of tretinoin at doses used for acne has
less impact on plasma levels of endogenous retinoids than diur-
nal and dietary factors.®® As expected, a large, population-based
study demonstrated no excess risk of birth defects in offspring
born to mothers who were exposed to topical tretinoin during
pregnancy.®* While no evidence exists for teratogenicity of topical
retinoids in humans, most practitioners delay their use for acne in
pregnancy due to medical-legal reasons.

Systemic Retinoid in Acne

Isotretinoin is extremely effective in treating acne given it address-
es the primary etiologic factors associated with acne. It decreases
sebum production, targets comedogenesis, and minimizes coloni-
zation with Cutibacterium acnes.® Its use over time has expanded
from treating only patients with severe nodulocystic disease in
the early 1980s to now patients with less severe disease who fail
conventional therapies, exhibit extensive scarring, suffer from sig-
nificant psychosocial distress, and those with acne fulminans.*

A.L. Chien

TABLE 1.

Topical Retinoids and Preparations

Creams: 0.025%, 0.0375%, 0.05%, 0.1%
Gels: 0.01%, 0.025%

Tretinoin Microsphere gels: 0.04%, 0.08%, 0.1%
Polyolprepolymer-2 cream: 0.025%
Polyolprepolymer-2 gel: 0.025%
Gel (micronized): 0.05%
Cream: 0.1%
Adapalene Gels: 0.1% (available over the counter), 0.3%
Lotion: 0.1%
Creams: 0.05%, 0.1%
Tazarotene Gels: 0.05%, 0.1%
Foam: 0.1%
Clindamycin 1.2% Gel
Tretinoin 0.025%
Benzoyl peroxide 2.5%/ Gel
Adapalene 0.1%
1 [
Benzoyl peroxide 2.5% Gel

Adapalene 0.3%

The daily dose of isotretinoin is approximately 0.5-1 mg/kg of body
weight per day taken with food to maximize absorption.*® How-
ever, low dose regimen (ie, 0.25-0.4 mg/kg/day) has been shown
to be equally efficacious, similar in inducing remission, with fewer
adverse events.” Previously, it was believed that post-therapy re-
lapse is minimized by administering a cumulative dose of at least
120 mg/kg, which typically results in 6-8 months of therapy.*® This
paradigm has shifted and the current recommendations empha-
size tailoring the dosing and treatment length to each individual,
factoring in demographics, clinical presentation, and comorbidi-
ties to maximize success.® A lag period of 1-3 months may occur
before the onset of the therapeutic effect and a flare of acne during
the first month may be observed. Continued healing of acne after
the discontinuation of therapy is frequently seen. Approximately
one-third of patients with acne require a second course of ther-
apy for either persistent disease or relapse. During isotretinoin
therapy, other acne treatments, both topical and systemic, are dis-
continued to avoid enhancing any potential side effects.

The most important adverse effect of isotretinoin is teratogenesis.
Retinoid-induced birth defects include auditory, cardiovascu-
lar, craniofacial, ocular, axial and acral skeletal, central nervous
system (hydrocephalus, microcephaly), and thymus gland abnor-
malities.*’ In men, retinoid therapy does not appear to produce
abnormalities in spermatogenesis, sperm morphology, or sperm
motility.*' However, the recommendation is for men who are ac-
tively trying to father children to avoid systemic retinoid therapy.

Most patients receiving oral retinoids will develop dryness of the
lips, skin, and mucous membranes. More severe cases can lead to
retinoid dermatitis. Staphylococcus aureus colonization can also
occur due to disruption of the skin barrier caused by isotretinoin-
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induced reduction in sebum production.?? Diffuse or localized hair
loss, nail thinning, and paronychia-like changes may also occur.®

Central nervous system side effects are rare. Although signs of
increased intracranial pressure are observed occasionally, pseudo-
tumor cerebri is extremely infrequent oftentimes occurring in the
setting of concomitant use of isotretinoin and tetracyclines.** An-
ecdotal reports suggest a causal association between isotretinoin
therapy and severe depression with suicide attempts. However,
large-scale epidemiologic studies provide no evidence that isotret-
inoin exposure is associated with any greater risk of psychiatric
disorders than is antibiotic use in patients with acne.* Never
theless, patients should be counselled on this possible link and
followed for the development of depression or suicidal ideation.

The association of isotretinoin with inflammatory bowel disease
is conflicting. Multiple case-control studies did not observe sta-
tistically significant relationship between isotretinoin therapy and
inflammatory bowel disease. One recent case control study found
a small increase in risk for ulcerative colitis among patients who
had received isotretinoin, but no association between isotreti-
noin and Crohn’s disease. More studies are needed to clarify this
association thus patients should be monitored and counselled re-
garding this possible link.4

Blepharoconjunctivitis occurs with varying severity in about
one-third of patients treated with isotretinoin. This is generally
alleviated by artificial tears with ophthalmologic consultation iin-
frequently required. Alterations in visual function, mainly poor
night vision, excessive glare sensitivity, and changes in color per-
ception, have also been reported.

Musculoskeletal side effects can also occur. Bone pain without ob-
jective evidence of any abnormalities and without sequelae can
be seen in patients. Diffuse idiopathic skeletal hyperostosis (DISH)
syndrome-like bone changes and calcification of tendons and
ligaments are rare.® Myalgias may occasionally occur in patients
taking isotretinoin, particularly in individuals involved in vigorous
physical activity.*®

Laboratory changes can be associated with isotretinoin therapy.
Serum lipid changes are the most frequent abnormalities seen
with retinoid treatment. Transient abnormal elevations in serum
transaminase can also occur and increase in serum alkaline phos-
phatase levels have also been infrequently reported. Hematologic
abnormalities are uncommon with isotretinoin therapy.*®

Most adverse effects associated with isotretinoin are preventable
and manageable with judicious patient selection, dosage adjust-
ments, discontinuation of treatment when indicated, and routine
monitoring for potential adverse effects. With isotretinoin, women
with childbearing potential must have two negative results on
a pregnancy test spaced thirty days apart and must practice ef-
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fective contraception during treatment and for one month after
the completion of therapy.5’ The iPLEDGE program (http:/www.
ipledgeprogram.com) has been put into effect by the Food and
Drug Administration and the manufacturer to minimize the risk
of isotretinoin-associated teratogenicity. Additional precautions
before and during therapy include measurement of serum lipids,
complete blood count, and liver enzyme levels. Providers should
also assess for any personal and family history of psychiatric con-
ditions, gastrointestinal diseases, and skeletal abnormalities.

Retinoids and Acne Scars

As discussed previously, one of the major impetus for early and
adequate acne treatment is the prevention of scarring. Atro-
phic acne scarring is one of the most common and difficult to
treat sequelae of acne. Loss of dermal matrix is believed to be
the main contributing factor, which involves the degradation of
collagen that occurs during the inflammatory phase of acne. Ac-
tivation of transcription factor AP-1 stimulates the production of
matrix-degrading metalloproteinases (MMPs), which degrade the
extracellular matrix. Studies have shown that MMP-1, MMP-3, and
MMP-9 are increased in inflammatory acne lesions.* Of note, a
similar phenomenon is seen in photoaging, which is also charac-
terized by loss of dermal collagen, resulting from the same MMPs
shown to play a role in inflammatory acne lesions (Figure 3).5

In photoaging, topical retinoids have been shown to improve fine
wrinkles through the partial restoration of reduced levels of col-
lagen seen in sun-exposed skin. It is well established that topical
retinoids can stimulate dermal fibroblasts and increase the pro-
duction-of procollagen in photoaged skin. Furthermore, topical
tretinoin has a protective effect against ultraviolet radiation-in-
duced loss of procollagen by blocking transcription factor AP-1,
thus preventing the increase in MMP synthesis.®® Patients also
note an improvement in skin texture, which is partly due to the
enhanced deposition of hyaluronic acid brought about by topical
retinoids.**

These observations can be applied in the setting of acne scarring in
which scarring is improved and potentially prevented with topical
retinoid via similar mechanisms. Indeed, a recent study evaluat-
ing patients with moderate to severe facial atrophic acne scars
found an improvement in skin and scar texture with adapalene
0.3% gel.®®* Moreover, a multicenter, randomized, investigator
blinded, vehicle controlled, split-face study found that adapalene
0.1%/benzoyl peroxide 2.5% gel reduced the risk of atrophic acne
scars and led to improved scar counts and global severity grading
in the retinoid group.®® A separate trial with adapalene 0.3%/ben-
zoyl peroxide 2.5% gel yielded similar results.’” Topical retinoid
is an important tool to incorporate in the management and pre-
vention of acne scars. Current treatment options for atrophic acne
scars consist of primarily procedure-based modalities.® However,
these invasive procedures may not be suitable or affordable to
all patients. They also do not prevent the formation of acne scars
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FIGURE 3. Pathogenesis of photoaging. This diagram depicts the
effects of solar ultraviolet irradiation on the dermal matrix. Ultravio-
letirradiation (jagged arrows) activates growth factor and cytokine
receptors on keratinocytes (KC) and fibroblasts (FB). Activated recep-
tors stimulate signal transduction cascades that induce transcription
factor AP-1, which stimulates transcription of matrix metalloprotein-
ase (MMP) genes. In fibroblasts, AP-1 also inhibits procollagen gene
expression. Matrix metalloproteinases break down collagen and other
proteins in the dermal matrix. Imperfect repair of the dermal damage
impairs the integrity of the extracellular matrix. Repeated sun expo-
sure causes accumulation of dermal damage that eventually results

in wrinkling of photodamaged skin. (From Fisher GJ, Kang S, Varani J, et al.
Mechanisms of photoaging and chronological skin aging. Arch Dermatol 2002;138:1462.)
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and can only be employed once scarring has occurred. -A topical
retinoid offers an easier to use and more economical approach in
acne scar treatment while preventing and targeting the persistent
dermal tissue loss not addressed by many of the non-pharmaco-
logical treatments.

Future Directions

The area of retinoid research remains robust with the development
of a new retinoid, trifarotene, on the horizon. This medication is
the first fourth generation topical retinoid with potent and selective
RARy agonist activity with minimal RARB-mediated effects, thus
lending it greater efficacy with potentially decreased side effect
of skin irritation. Furthermore, trifarotene has also been shown
to possess increased hepatic instability compared to first and
third generation retinoids, thus theoretically giving it a more toler-
able systemic safety profile. This is an important consideration
with more extensive topical use. In early studies, this medica-
tion demonstrated significant comedolytic and anti-inflammatory
activities. Trifarotene was also shown to regulate many of the tra-
ditional retinoid-induced pathways. lIts role in that regard along
with its depigmenting properties can potentially expand its use
in acne-related post-inflammatory hyperpigmentation and scar-
ring.%?
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CONCLUSIONS

Acne vulgaris affects 85% of individuals 12-24 years of age and
persistence into adulthood is not uncommon. Its pathogenesis
centers around follicular dyskeratosis, increased sebum produc-
tion, and Cutibacterium (formerly Propionibacterium) acnes. Acne
can have tremendous psychosocial impact on the patient and can
lead to permanent post-acne changes such as atrophic scarring.
Retinoid is the cornerstone of acne treatment given it addresses
the key pathogenic pathways in acne, which enables it to both
treat and prevent acne. Furthermore, given its ability to down-
regulate MMPs seen with acne inflammation and restore dermal
collagen, retinoid can also improve and prevent acne scars. Trifar
otene is a new fourth generation topical retinoid with significant
comedolytic, anti-inflammatory, and depigmenting properties. Its
introduction to the acne therapeutic ladder will expand options for
patients and further treatment success.

REFERENCES

1. Bhate K, Williams HC. Epidemiology of acne vulgaris. Br J Dermatol.
2013;168:474-85.

2. White GM. Recent findings in the epidemiologic evidence, classification,
and subtypes of acne vulgaris. J Am Acad Dermatol. 1998;39:5S34-7.

3. Goulden V, Stables Gl, Cunliffe WJ. Prevalence of facial acne in adults. J Am
Acad Dermatol. 1999;41:577-80.

4, Canavan TN, Chen E, Elewski BE. Optimizing non-antibiotic treatments for
patients with acne: A review. Dermatol Ther (Heidelb). 2016;6:555-78.

5. Jeremy AH, Holland DB, Roberts SG, et al. Inflammatory events are involved
in acne lesion initiation. J Invest Dermatol. 2003;121:20.

6. Lucky AW, Biro FM, Huster GA, et al. Acne vulgaris in premenarchal girls.
An early sign of puberty associated with rising levels of dehydroepiandros-
terone. Arch Dermatol. 1994;130:308.

7 Adebamowo CA, Spiegelman D, Danby FW, et al. High school dietary dairy
intake and teenage acne. J Am Acad Dermatol. 2005;52:207.

8. Bataille V, Snieder H, MacGregor AJ, et al. The influence of genetics and
environmental factors in the pathogenesis of acne: a twin study of acne in
women. J Invest Dermatol. 2002;119:1317.

9. Yosipovitch G, Tang M, Dawn AG, et al. Study of psychological stress, se-
bum production and acne vulgaris in adolescents. Acta Derm Venereol.
2007,;87:135.

10. 5. Layton AM, Henderson CA, Cunliffe WJ. A clinical evaluation of acne scar
ring and its incidence. Clin Exp Dermatol. 1994;19:303-8.

1. Layton AM, Seukeran D, Cunliffe WJ. Scarred for life? Dermatology.
1997;195:15-21.

12. Goodman GJ, Baron JA. Postacne scarring-a quantitative global scarring
grading system. J Cosmet Dermatol. 2006;5:48-52.

13.  Goodman GJ, Baron JA. Postacne scarring: a qualitative global scarring grad-
ing system. Dermatol Surg. 2006;32:1458-66.

14. Fabbrocini G, Annunziata MC, D'Arco V, et al. Acne scars: pathogenesis,
classification and treatment. Dermatol Res Pract. 2010;2010:893080.

15. Koo JY, Smith LL. Psychologic aspects of acne. Pediatr Dermatol.
1991;8:185-8.

16. Petkovich M, Brand NJ, Krust A, et al: A human retinoic acid receptor which
belongs to the family of nuclear receptors. Nature. 1987;330(6147):444-50.

17 GiguereV, Ong ES, Segui R, et al: Identification of a receptor for the morpho-
gen retinoic acid. Nature. 1987;330(6149):624-9.

18. Thoreau E, Arlabosse JM, Bouix-Peter C, et al. Structure-based design of
Trifarotene (CD5789), a potent and selective RARy agonist for the treatment
of acne. Bioorg Med Chem Lett. 2018;28(10):1736-1741.

19. Siddharth M, Abhijit D, Vandana P, et al. Retinoids in the treatment of
skin aging: an overview of clinical efficacy and safety. Clin Interv Aging.
2006;1(4):327-348.

20. Aubert J, Piwnica D, Bertino B, et al. Nonclinical and human pharmacology
of the potent and selective topical retinoic acid receptor-y agonist trifarotene.
Br J Dermatol. 2018;179(2):442-456.

21, Yu\C, Delsert C, Andersen B, et al: RXR beta: A co-regulator that enhances

binding of retinoic acid, thyroid hormone, and vitamin D receptors to their
cognate response element. Cell. 1991,67(6):1251-66.

This document contains proprietary information, images and marks of Journal of Drugs in Dermatology (JDD).

No reproduction or use of any portion of the contents of these materials may be made without the express written consent of JDD.

If you feel you have obtained this copy illegally, please contact JDD immediately at support@jddonline.com

JO01218



To order reprints or e-prints of JDD articles please contact sales@jddonline.com

s56

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

JourNAL OF DRUGS IN DERMATOLOGY
DEecemMBER 2018 ¢ VOLUME 17 ¢ ISSUE 12 (SUPPLEMENT)

Kang S, Duell EA, Fisher GJ, et al: Application of retinol to human skin in vivo
induces epidermal hyperplasia and cellular retinoid binding proteins charac-
teristic of retinoic acid but without measurable retinoic acid levels or irrita-
tion. J Invest Dermatol. 1995; 105(4):549-56.

Astrom A, Pettersson U, Chambon P et al: Retinoic acid induction of hu-
man cellular retinoic acid-binding protein-Il gene transcription is mediated
by retinoic acid receptor retinoid X receptor heterodimers bound to one far
upstream retinoic acid-responsive element with 5-base pair spacing. J Biol
Chem. 1994,269(35):22334-9

Fisher GJ, Reddy AR, Datta SC, et al: All-trans retinoic acid induces cellular
retinol-binding protein in vivo. J Invest Dermatol. 1995;105(1):80-6

Tenaud I, Khammari A, Dreno B. In vitro modulation of TLR-2, CD1d and IL=
10 by adapalene on normal human skin and acne inflammatory lesions. Exp
Dermatol. 2007;16(6):500.

Liu PT, Krutzik SR, Kim J, et al. Cutting edge: all-trans retinoic acid down-
regulates TLR2 expression and function. J /Immunol. 2005;174(5):2467.
Ward A, Brogden RN, Heel RC, et al. Isotretinoin. A review of its pharmaco-
logical properties and therapeutic efficacy in acne and other skin disorders.
Drugs.1984; 28:6.

Cunliffe WJ, Holland DB, Clark SM, et al. Comedogenesis: some new aetio-
logical, clinical and therapeutic strategies. Br J Dermatol. 2000;142(6):1084-
9.

Millikan LE. The rationale for using a topical retinoid for inflammatory acne.
Am J Clin Dermatol. 2003;4(2):75-80.

Griffiths CE, Kang S, Ellis CN, et al: Two concentrations of topical tretinoin
(retinoic acid) cause similar improvement of photoaging but different de-
grees of irritation: A double-blind, vehicle controlled comparison of 0.1%
and 0.025% tretinoin creams. Arch Dermatol. 1995;131(9):1037-44.

Culp L, MoradiTuchayi S, Alinia H, et al. Tolerability of topical retinoids: are
there clinically meaningful differences among topical retinoids? J Cutan
Med Surg. 2015;19(6):530-8.

Tan J, Bissonnette R, Gratton D, et al. The safety and efficacy of four differ-
ent fixed combination regimens of adapalene 0.1%/benzoy! peroxide 2.5%
gel for the treatment of acne vulgaris: results from a randomised controlled
study. Eur J Dermatol. 2018;28(4):502-508.

Buchan P, Eckhoff C, Caron D, et al: Repeated topical administration of all-
trans-retinoic acid and plasma levels of retinoic acids in humans. J Am Acad
Dermatol. 1994; 30(3):428-34.

Jick SS, Terris BZ, Jick H: First trimester topical tretinoin and congenital dis-
orders. Lancet. 1993; 341(8854):1181-2.

Layton AM, Knaggs H, Taylor J et al: Isotretinoin for acne vulgaris: 10 years
later: A safe and successful treatment. BrJ Dermatol. 1993;129(3):292-6.
Cunliffe WJ, van de Kerkhof PC, Caputo R, et al: Roaccutane treatment guide-
lines: Results of an international survey. Dermatology. 1997;194(4):351-7.
Lee JW, Yoo KH, Park KY, et al. Effectiveness of conventional, low-dose and
intermittent oral isotretinoin in the treatment of acne: a randomized, con-
trolled comparative study. BrJ Dermatol. 2011;164(6):1369-75.
LehucherCeyrac D, Weber-Buisset MJ: Isotretinoin and acne: A prospective
analysis of 188 cases over 9 years. Dermatology. 1993;186(2):123-8.

Tan J, Knezevic S, Boyal S, et al. Evaluation of Evidence for Acne Remission
With Oral Isotretinoin Cumulative Dosing of 120-150 mg/kg. J Cutan Med
Surg. 2016;20(1):13-20.

Lammer EJ, Chen DT, Hoar RM, et al: Retinoic acid embryopathy. N Engl J
Med. 1985;313(14):837-41.

Koo J, Nguyen Q, Gambla C: Advances in psoriasis therapy. Adv Dermatol.
1997;12:47-72.

Williams RE, Doherty VR, Perkins W, et al: Staphylococcus aureus and in-
tranasal mupirocin in patients receiving isotretinoin for acne. Br J Dermatol.
1992;126(4):362-6.

Ellis CN, Krach KJ. Uses and complications of isotretinoin therapy. J Am
Acad Dermatol. 2001;45:5150.

Bonnetblanc JM, Hugon J, Dumas M, et al: Intracranial hypertension with
etretinate. Lancet. 1983;2(8356):974.

Jick SS, Kremers HM, Vasilakis-Scaramozza C: Isotretinoin use and risk of
depression, psychotic symptoms, suicide, and attempted suicide. Arch Der
matol. 2000; 136(10):1231-6.

Etminan M, Bird ST, Delaney JA, et al. Isotretinoin and risk for inflammatory
bowel disease: a nested case-control study and meta-analysis of published
and unpublished data. JAMA Dermatol. 2013;149:216.

Safran AB et al: Ocular side-effects of oral treatment with retinoids. In:
Retinoids: 10 Years On, edited by JH Saurat. Basel, Switzerland: Karger;
1991:315.

Kilcoyne RF: Effects of retinoids in bone. J Am Acad Dermatol. 1988;19(1
Pt 2):212-6.

Lister RK, Lecky BR, Lewis-Jones MS, et al: Acitretin-induced myopathy. Br
J Dermatol. 1996;134(5):989-90.

A.L. Chien

50.

51.

52.

53.

54.

55.

56.

57

58.

Lee YH, Scharnitz TR Muscat J, et al. Laboratory monitoring during isotreti-
noin therapy for acne: a systematic review and meta-analysis. JAMA Derma-
tol. 2016;152(1):35-44.

Wiegand UW et al: Treatment of female patients with isotretinoin: What is
the safe post-therapy contraceptive period? Paper presented at Clinical Der
matology 2000. Vancouver, Canada, May 28-31, 1996.

Trivedi NR, Gilliland KL, Zhao W, Liu W, Thiboutot DM. Gene array expression
profiling in acne lesions reveals marked upregulation of genes involved in
inflammation and matrix remodeling. J Invest Dermatol. 2006;126:1071-9.
Kang S, Fisher GJ, Voorhees JJ. Photoaging and topical tretinoin: therapy,
pathogenesis, and prevention. Arch Dermatol. 1997;133:1280-4.

Riahi RR, Bush AE, Cohen PR. Topical retinoids: therapeutic mechanisms in
the treatment of photodamaged skin. Am J Clin Dermatol. 2016;17(3):265-76.
Loss MJ, Leung S, Chien A, et al. Adapalene 0.3% gel shows efficacy for the
treatment of atrophic acne scars. Dermatol Ther (Heidelb). 2018;8(2):245-257.
Dreno B, Tan J, Rivier M, et al. Adapalene 0.1%/benzoyl peroxide 2.5%
gel reduces the risk of atrophic scar formation in moderate inflammatory
acne: a split-face randomized controlled trial. J Eur Acad Dermatol Venereol.
2017;31(4):737-742.

Dréno B, Bissonnette R, Gagné-Henley A, et al. Prevention and reduction of
atrophic acne scars with adapalene 0.3%/benzoyl peroxide 2.5% gel in sub-
jects with moderate or severe facial acne: results of a 6-month randomized,
vehicle-controlled trial using intra-individual comparison. Am J Clin Derma-
tol. 2018;19(2):275-286.

Jacob ClI, Dover JS, Kaminer MS. Acne scarring: a classification system and
review of treatment options. J Am Acad Dermatol. 2001;45:109-17.

This document contains proprietary information, images and marks of Journal of Drugs in Dermatology (JDD).

No reproduction or use of any portion of the contents of these materials may be made without the express written consent of JDD.

If you feel you have obtained this copy illegally, please contact JDD immediately at support@jddonline.com

JO01218





