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ABSTRACT

With 30 years of clinical use, it is appropriate to
review the use of isotretinoin. We now understand
that retinoids influence cellular growth, differentia-
tion, morphogenesis and apoptosis, inhibit tumour
promotion and malignant cell growth, exert immuno-
modulatory actions and alter cellular cohesiveness.
This has expanded the indications of isotretinoin from
justacne and rosacea to a wide range of inflammatory
and malignant skin disorders. While the standard
dose of 0.5 to 1 mg/kg per day for 4 months to a
cumulative dose of 120-140 mg/kg per day has served
us well in the management of acne vulgaris, there is
emerging evidence that much lower dosages (as low
as 5mg/day) are just as effective but have signifi-
cantly fewer adverse effects. Relapse of acne vulgaris
continues to be a problem but we are beginning to
recognise that this is related less to the cumulative
dose and more to the length of sebaceous gland sup-
pression. Other factors important for relapse include
a macrocomedonal pattern of acne, smoking and age,
both younger (under 14 years) and older (over 25
years). After 30 years of use, we now understand why
isotretinoin is such an effective drug. Not only does it
clear acne in almost all patients, long-term remission
can be achieved in 70-80% of patients with a single
course. Important changes in the use of isotretinoin
include using a lower daily dose for a longer period
of time. New indications continue to emerge, parti-
cularly as a potential treatment for both intrinsic

and extrinsic (photo) aging. Teratogenicity however,
remains a very significant concern.
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INTRODUCTION

Since achieving registration in the USAin 1982, isotretinoin
has truly revolutionised the management of acne vulgaris,'
as well as finding a place in the treatment of a number of
other dermatological conditions. Peck and colleagues® pub-
lished the first study of oral 13-cis-retinoic acid (isotretin-
oin) for acne vulgaris in 1979, although initial research had
started a decade earlier in several Austrian and German
dermatology departments.

Early dose ranging studies®® showed there was no dose
effect in the range of 0.1 to 1.0 mg/kg per day, with both the
rate of improvement, and the total clearance of acne, being
the same for 0.1 mg/kg per day as for 1.0 mg/kg per day.
However, a number of subsequent studies suggested that
relapse 1-2 years after a single 16-week course of isotretin-
oin was greater in those treated with 0.1 mg/kg per day than
with 1.0 mg/kg per day.” This was interpreted to indicate
that the best long-term response from isotretinoin was
obtained if the patient achieved a cumulative dose of 120-
140 mg/kg.'*"

Now 30 years on, it is timely to review what we have
learned over this period. This includes re-evaluating the
evidence for the daily dose, the duration of treatment,
cumulative dose, relapse, non-responsiveness and indica-
tions for isotretinoin.

8

THE PATHOPHYSIOLOGY OF ACNE

First, though, it is opportune to review our understanding
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of the pathophysiology of acne. The current model of acne
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vulgaris includes a hormonally induced alteration in sebum
production, abnormal growth and differentiation of epider-
mal cells leading to hypercornification of the pilosebaceous
duct, abnormal growth of Propionibacterium acnes and
a subsequent auto-immune response. This auto-immune
response appears to be mediated via Toll-like receptor 2 and
4 and the release of pro-inflammatory mediators (inter-
leukin [IL]-1a, IL-8 and tumor necrosis factor-a).'"> These
result in neutrophil recruitment, the release of lysosomal
enzymes and subsequent disruption of the follicular epithe-
lium. In addition, there is upregulation of human beta
defensin-1 and -2."

RETINOIDS: HOW THEY WORK

Retinoids, including isotretinoin, can influence cellular
growth, differentiation, morphogenesis and apoptosis,
inhibit tumour promotion and malignant cell growth, exert
immuno-modulatory actions and alter cellular cohesive-
ness." They do so through a number of mechanisms, the
most important being their ability to influence gene tran-
scription. Retinoids exert some of their physiological effects
by binding to two distinct families of nuclear receptors: RAR
(retinoic acid receptors) and retinoid X receptors, which
belong to the superfamily of nuclear receptors (that also
include vitamin D3 receptors, thyroid hormone receptors
and peroxisome proliferator-activated receptors)."

The direct effects of isotretinoin are mediated through
binding to a specific retinoic acid response element (RARE)
in the promoter region of target genes, whose transcrip-
tion is then activated (this, for example, mediates the
differentiation-inducing actions of isotretinoin). In contrast,
the anti-proliferative and anti-inflammatory actions of
isotretinoin are believed to be mediated by a negative, indi-
rect regulatory mechanism. These indirect effects result
from the downregulation of genes that do not contain RARE
in their promoter region, by antagonising other transcrip-
tion factors, such as activator protein-1 and nuclear factor-
IL6 through competition for co-activator proteins. In
addition all-trans retinoic acid or tretinoin (atRA) has
recently been shown to regulate the expression and activa-
tion of Toll-like receptors.

Itis estimated that isotretinoin affects over 500 genes; 300
being upregulated and 200 downregulated, although only
27 of these seem to be mediated via the classic RAR/RARE
pathway. Isotretinoin itself does not bind to retinoic acid
receptors, but atRA and 13-cis RA are geometric isomers
and show reversible interconversion. Isotretinoin therefore
acts largely as a pro-drug for atRA, although its metabolites
may also play a significant role."

Of note, the pattern of gene expression induced by
isotretinoin changes over time. Immediately following the
commencement of isotretinoin there is upregulation of
tumour suppressor genes, protein processors and genes
involved in the transfer or binding of ions and small mol-
ecules.'®!” After 8 weeks of treatment there is downregula-
tion of the genes involved in the metabolism of steroids,
cholesterol and fatty acids and upregulation of genes that
encode structural proteins such as collagens and fibronec-
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tin. In other words, there is an initial induction of apoptosis
and cell cycle arrest, particularly in the sebaceous gland,
followed by the skin adopting a wound-healing-like pattern
of gene expression, with subsequent repair and remodel-
ling."™"” Clinical experience suggest this may be dose-
dependent with reduced scarring at 0.1 mg/kg per day but
hypertrophic scarring at 1-2 mg/kg per day.

DAILY DOSE OF ISOTRETINOIN

The dose of isotretinoin has been well established at 0.5—
1.0 mg/kg per day for 16-20 weeks to a cumulative dose of
120-140 mg/kg."”> We know this is effective, so why change?
The main reason is that, while 1 mg/kg per day is as effec-
tive as 0.1 mg/kg per day in clearing acne, the adverse
effects are very much greater. At 1 mg/kg per day, 98% of
patients complain of adverse events, while at doses below
0.25 mg/kg per day, half the patients experience no adverse
effects at all, and in those who do, the effects are signifi-
cantly less severe.'® While the evidence for an association
between isotretinoin and psychiatric or gastrointestinal
adverse effects remains controversial, a reduction in daily
dose can only be regarded as being of potential benefit.

A further advantage of using a lower dose is the differen-
tial effect on acne scarring. At 1 mg/kg per day there is a
well-established risk of excessive scarring, yet at doses of
0.1 mg/kg per day acne scarring is generally much less (see
above).

The first published study of isotretinoin for acne used a
dosage range of 1.0-3.3 mg/kg per day.” However, subse-
quent dose-ranging studies indicated that there was no dose
effectin the 0.1-3.0 mg/kg per day range, in that all dosages
cleared acne in equal measure and at the same rate.**"

Plewig and colleagues® demonstrated that a single
10-20-m g daily dose of isotretinoin over 6 months reduced
inflammatory lesions by 87-94% and non-inflammatory
lesions by 81-88% . In addition, sebaceous gland size was
reduced by 35-58% , sebum production by 90-95% , follicu-
lar keratinization by 55-70% and Propionibacterium acnes
by 33-73% . Skin surface lipids, however, were reduced
by only 6%. Geissler and colleagues®' showed, albeit in
patients with seborrhoea, that doses as low as 2.5 mg thrice
weekly were effective in reducing sebum production, imply-
ing the minimal effective daily dose of isotretinoin is in the
order of 2 mg/day, irrespective of bodyweight.

Arecent, as yet unpublished, study (Rademaker and col-
leagues) of persisting acne vulgaris in adults has shown that
5 mg/day clears acne very effectively compared to placebo,
with minimal adverse effects.”

Afurther disadvantage of higher dosage isotretinoin is the
well-recognised flare of acne after 3-6 weeks of treatment.
This may relate to the degree of sebaceous cell apoptosis,
which can largely be avoided by using doses of below
0.2 mg/kg per day.”? The larger the dose of isotretinoin,
the greater the apoptosis of sebocytes and thereby the
greater antigen load to drive the auto-immune response.

While it is best to titrate the daily dose of isotretinoin to
balance the patient’s response and side effect acceptance,
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the evidence is that 0.1 mg/kg per day is effective (i.e.
5-10 mg/day) and thatincreasing the dosage does notresult
in a better clearance of acne.

DURATION OF TREATMENT

The initial studies of isotretinoin for nodulocystic acne were
at high daily doses and mostly continued for 16 weeks.
Subsequent studies have slowly extended the treatment
time, first to 20 weeks and now to 6 months. There are no
studies that have specifically assessed the most appropriate
duration of treatment to clear acne (as opposed to cumula-
tive dose and relapse). In practice, dermatologists should
continue isotretinoin until the patients’ acne has cleared,
and then for another 3 or 4 months: this may mean as little
as 4 months of treatment for facial acne in some patients
and over 18 months for significant acne on the trunk in
others.

The benefit of this flexible dose approach is it maximises
patient outcomes and minimises adverse reactions. Of note,
though, isotretinoin is highly teratogenetic, so it would
seem logical to limit the length of exposure of a female
patient to this drug. However, many of the reports of
isotretinoin-associated pregnancies suggest that these tend
to occur early on in the course of isotretinoin.

CUMULATIVE DOSE

It was quickly noted that a significant percentage of patients
relapsed after a single course of isotretinoin; relapse being
defined as the need for a further course of isotretinoin, in
the view of the treating physician. As this definition is quite
subjective there has been significant variance in reported
relapse rates among various studies. Some of the early
studies suggested that the cumulative dose might be impor-
tant in determining relapse, but this is not supported by
most subsequent research.”? This is not surprising as
there is no physiological basis for using cumulative dose for
any other medication or disease process.

Plewig and colleagues,' in a study of 64 patients using
doses of 0.05, 0.1 and 0.2 mg/kg per day, showed a relapse
rate of 45, 44 and 42% , respectively. Peck atel.,’ in a follow
up study of his original work showed a 43% relapse rate
after a daily dose of 1.3 mg/kg per day in 33 patients.

Stainforth and colleagues,” in a study of 299 patients
treated with isotretinoin for 16 weeks with a 5-year follow
up,showed that 22.7% required further courses of isotretin-
oin (17% had two courses, 5% had three courses and 1%
had 4-5 courses). Risk for relapse was determined to
include lower dose regimens (0.1 and 0.5 mg/kg), the pres-
ence of severe acne, being a woman over the age of 25 and
a prolonged history of acne.

Lehucher-Ceyrac and colleagues,” in another long-term
follow up study of 219 patients treated with isotretinoin,
showed the relapse of acne (not necessarily requiring
further isotretinoin) was 14% at 1 year,40% at 3 years and
49% at 5 years. Risk for relapse was determined to be age,
severity of acne on the face, but not daily or cumulative
dose.

A prospective study by Quereux and colleagues®’ of 52
patients showed a relapse rate of 52%, with 23% being
treated with a further course of isotretinoin. Risk for a 2"
course included continued seborrhoea after treatment,
severity of acne and young age, but not daily dose, treat-
ment duration or cumulative dose.

So why the variance in these studies? It is now recognised
that high-dose isotretinoin induces apoptosis, not only of
sebocytes, but also of sebaceous gland stem cells. This
results in the prolonged suppression of sebaceous gland
activity, even after discontinuation of the drug. Smaller
doses of 0.1 mg/kg per day are unlikely to induce the same
degree of apoptosis of sebaceous gland stem cells. As a
consequence, sebaceous gland recovery occurs more
quickly with lower doses. What this means is that 0.1 mg/kg
per day for 16 weeks effectively suppresses sebaceous
glands for a shorter period of time than would 1.0 mg/kg
per day, given for the same number of weeks of treatment.
It is likely that you would need to continue 0.1 mg/kg per
day isotretinoin for 4-6 months longer than 1 mg/kg per day
to achieve the same length of sebaceous gland suppression.

The length of sebaceous gland suppression is a better
explanation for the studies that showed increased relapse in
lower daily dosage (given for the same periods of time) than
cumulative dose, as there is no biological support for this
concept. The early isotretinoin studies were largely in
patients with severe nodulocystic acne treated with various
daily doses, but all for a fixed period of time (mostly 16
weeks). More recent studies have been of0.1-0.2 mg/kg per
day, but for 8-12 months with no increase in relapse. The
larger dose of isotretinoin does, however, mean that
isotretinoin can be discontinued earlier, which has some
theoretical advantages in the risk of becoming pregnant but
has greater consequences for side effects, acceptance and
perhaps attitude towards re-treatment.

RELAPSE

If cumulative dose is not important for relapse, which
factors are? The significant factors for relapse include®

e stopping isotretinoin before acne has cleared completely
e macrocomedonal disease

e severity of acne

e excessive seborrhoea after finishing isotretinoin

* smoking

e younger age (under 14)

e older age (women over 25)

e polycystic ovarian syndrome.

These factors are also associated with slow response or
apparent failure to respond to isotretinoin.** Another cause
of apparent relapse is an alteration in the patient’s percep-
tion of acne, where the patient becomes psychologically
dependent on isotretinoin.

PERSISTENT ADULT ACNE

Acne vulgaris has generally been regarded as a self-limiting
disorder affecting predominantly adolescents. However, a
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significant and growing body of literature indicates that
acne is a chronic disease that continues to afflict adults.**-¢
In a study of acne across a woman’s life span, Perkins and
colleagues® showed that among 2895 women aged 10 to 70
years, 55% had some form of acne, of which 27% was
considered clinically significant. As expected, acne peaked
in the teenage years but 45% of women aged 21-30 years,
26% aged 31-40 and 12% aged 41-50 still complained of
clinical acne.” This is similar to a French study,® which
showed the persistence of acne in 41% of older women
(24% physiological acne, 17% clinical acne). In addition,
49% of the acne patients had acne sequelae, including scars
and/or pigmented macules.*® Despite this high prevalence
of acne vulgaris in patients over 25 years of age, there are
very few studies that specifically address treatment in this
age group.

Seukeran and colleagues, in an open-label review,
reported nine patients treated with 0.25 mg/kg isotretinoin
per day for 6 months, with excellent clinical results.”
Goulden and colleagues treated 80 older adults (of whom
58 were women) with persistent acne with intermittent
moderate-dose isotretinoin (0.5 mg/kg per day for 1 week in
every 4 weeks) for a total period of 6 months, with a similar
excellent response.*> Palmer and colleagues have described
using microdoses of isotretinoin (20 mg once or twice a
week) very successfully to manage eight adult patients who
relapsed repeatedly after several standard courses of
isotretinoin.** A review of persistent acne in women sug-
gested lower dose isotretinoin (initially 0.5 mg/k per day
according to the European directive for prescribing sys-
temic isotretinoin), intermittent isotretinoin, or even very
low dose isotretinoin (10-20 mg per day for 6-8 months).*
Another review of retinoid therapy in acne suggested that
good long-term control of seborrhoea in adult patients
could be achieved in an off-label use, with doses as low as
20 mg of isotretinoin twice weekly.** A recently completed
42-week double-blind, placebo controlled study of isotretin-
oin 5 mg/day in persistent adult acne demonstrated that
low-dose isotretinoin is very effective in this patient group
with minimal adverse effects.”

NON-ACNE INDICATIONS

Isotretinoin has been used for an extensive range of other
dermatological diseases (see Table 1).*** These include
acneiform conditions such as folliculitis, periorificial der-
matitis, rosacea and malassezia (pityrosporum) folliculitis.
It is beneficial in seborrhoeic conditions including sebor-
rhoeic dermatitis and pityriasis versicolor. It has been used
in a range of granulomatous disorders, including sarcoido-
sis and granuloma annulare,as well as in cutaneous discoid
lupus erythematosus. Increasingly it is being used for che-
moprophylaxis of skin cancer and the management of
extensive actinic damage. However, perhaps the more
intriguing new indication for isotretinoin is photoaging.**

SUMMARY

After 30 years of use we now understand why isotretinoin is
such an effective drug. Not only does it clear acne in almost

© 2012 The Author

Table 1 Clinical indications for isotretinoin

Acne Nodulocystic acne
Recalcitrant acne with tendency for scarring
Persistent adult acne vulgaris

Other Rosacea
pilosebaceous Periorificial dermatitis
disorders Hidradenitis suppurativa

Eosinophilic pustular folliculitis

Acquired immunodeficiency
syndrome-associated eosinophilic
folliculitis

Pyoderma faciale

Acne with solid facial oedema

Scalp folliclitis

Dissecting cellulitis of the scalp

Disorders of Ichthyosis

keratinization Darier disease
Pityriasis rubra pilaris
Keratoderma
Papillon-Leféevre syndrome
Chemoprophylaxis Xeroderma pigmentosum
of neoplastic Nevoid basal cell carcinoma syndrome
processes Skin cancer in solid-organ transplant

recipients
Actinic keratosis and Bowen’s disease
Basal cell carcinoma
Advanced squamous cell carcinoma
Keratoacanthoma
Kaposi sarcoma
Sebaceous hyperplasia
Muir-Torre syndrome
Leukoplakia
Langerhans cell histiocytosis
Atrophoderma vermiculatum
Bazex paraneoplastic acrokeratosis
Confluent and reticulated papillomatosis of
Gougerot and Carteaud
Follicular mucinosis
Granuloma annulare
Lichen planus
Lichen sclerosus
Lupus erythematosus
Sarcoidosis
Subcorneal pustular dermatosis
Ulerythema ophryogenes

Treatment of
neoplastic
processes

Miscellaneous
conditions

all patients,long-term remission can be achieved in 70-80%
of patients with a single course. The cumulative dose story
has been superseded by a focus on the length of actual
sebaceous cell suppression.

Important changes in the use of isotretinoin include using
a lower daily dose for the appropriate length of time. This
usually means 10-20 mg/day for 3-12 months, depending
on the severity of the acne and other patients’ characteris-
tics. These lower doses avoid most of the adverse effects of
standard dose isotretinoin, including isotretinoin-induced
flare of acne and excessive scarring and lower potential
risks of developing psychiatric or gastrointestinal adverse
effects. Teratogenicity however, remains a very significant
concern, whatever the dose.

The use of isotretinoin in the management of acne vul-
garis should be tailored to the patient response, rather than
using a fixed dose/length of treatment. It is appropriate to
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start with doses of 10 mg/day, and continue until all the
active acne lesions have resolved. It is advisable to continue
treatment for a further 2-4 months, perhaps at the lower
dose of 5-10 mg/day (or 10 mg alternate day) to reduce the
risk of relapse and help with resolution of acne scarring.
Treatment may need to be continued for longer in smokers,

patients with

significant macrocomedonal disease and

women with untreated hyperandrogenism. There remain,
however, a very small number of patients who, for unex-
plained reasons,require larger doses (e.g. 1| mg/kg per day)
to clear their acne.

New indications for isotretinoin continue to emerge, par-

ticularly as a potential treatment for both intrinsic and
extrinsic (photo) aging.
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