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Isotre tinoin : dose , du ra tion and re lapse . What does
30 years of u sage te ll u s?

Ma r iu s Ra d em ak e r

Derma tology Depa r tment, Wa ika to Hospita l, Hamilton , New Zea la nd

ABSTRACT

With 30 years of clin ica l u se , it is appropr ia te to
review the u se of isotre tinoin . We now understand
tha t re tinoids influence ce llu la r growth , diffe ren tia -
tion , m orphogenesis and apoptosis, inh ibit tum ou r
promotion and m alignan t ce ll growth , exer t immuno-
m odu la tory action s and a lte r ce llu la r cohesiveness.
Th is has expanded the indica tion s of isotre tinoin from
ju st acne and rosacea to a wide range of inflammatory
and m alignan t skin disorders. Wh ile th e standard
dose of 0.5 to 1 mg/ kg per day for 4 mon th s to a
cumu la tive dose of 120–140 mg/ kg per day has served
us well in th e m anagem en t of acne vu lgar is, th ere is
em erging evidence tha t m uch lower dosages (as low
as 5 mg/ day) are ju st as effective bu t have sign ifi-
can tly fewer adverse effects. Re lapse of acne vu lgar is
con tinues to be a problem bu t we are beginn ing to
recogn ise tha t th is is re la ted less to the cumu la tive
dose and more to the length of sebaceous gland sup-
pression . Other factors im por tan t for re lapse include
a m acrocom edonal pa tte rn of acne , sm oking and age ,
both younger (under 14 years) and older (over 25
years). Afte r 30 years of u se , we now understand why
isotre tinoin is such an effective drug. Not on ly does it
clear acne in a lm ost a ll pa tien ts, long-te rm rem ission
can be ach ieved in 70–80% of pa tien ts with a single
cou rse . Im por tan t changes in the u se of isotre tinoin
include u sing a lower da ily dose for a longer per iod
of tim e . New indica tion s con tinue to em erge , par ti-
cu la r ly as a poten tia l trea tm en t for both in tr in sic

and extr in sic (photo) aging. Tera togen icity however,
rem ain s a very sign ifican t concern .

Key w ord s: a cn e vu lga r is, a d ve r se e ffe c t s, d ose ,
iso t r e t in o in , r e la p se , r e t in o id .

INTRODUCTION

Since ach ieving registra tion in the USA in 1982, isotre tinoin
has tru ly revolu tion ised the m anagem en t of acne vu lgar is,1
as well as finding a place in the trea tm en t of a number of
other derm atologica l condition s. Peck and colleagues2 pub-
lished the first study of ora l 13-cis-re tinoic acid (isotre tin -
oin ) for acne vu lgar is in 1979, a lthough in itia l research had
sta r ted a decade ear lie r in severa l Austr ian and Germ an
derm atology depar tm en ts.
Ear ly dose ranging studies3–8 showed there was no dose

effect in th e range of 0.1 to 1.0 m g/ kg per day, with both the
ra te of im provem en t, and the tota l clearance of acne , be ing
the sam e for 0.1 m g/ kg per day as for 1.0 m g/ kg per day.
However, a number of subsequen t studies suggested tha t
re lapse 1–2 years afte r a single 16-week cou rse of isotre tin -
oin was grea te r in those trea ted with 0.1 m g/ kg per day than
with 1.0 m g/ kg per day.9 Th is was in te rpre ted to indica te
th a t th e best long-te rm response from isotre tinoin was
obta ined if th e pa tien t ach ieved a cumu la tive dose of 120–
140 mg/ kg.10,11
Now 30 years on , it is tim ely to review what we have

learned over th is per iod. Th is in cludes re -eva lua ting the
evidence for th e da ily dose , th e du ra tion of trea tm en t,
cumu la tive dose , re lapse , non -responsiveness and indica-
tion s for isotre tinoin .

THE PATHOPHYSIOLOGY OF ACNE

First, though , it is oppor tune to review ou r understanding
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vu lgar is in cludes a horm onally induced a lte ra tion in sebum
production , abnorm al growth and diffe ren tia tion of epider-
m al ce lls leading to hypercorn ifica tion of th e pilosebaceous
duct, abnorm al growth of Propioniba cter ium a cnes and
a subsequen t au to-immune response . Th is au to-immune
response appears to be m edia ted via Toll-like receptor 2 and
4 and the re lease of pro-inflammatory m edia tors (in te r-
leukin [IL]-1a, IL-8 and tumor necrosis factor-a).12 These
resu lt in neu troph il recru itm en t, th e re lease of lysosom al
enzym es and subsequen t disruption of th e follicu la r epith e-
lium . In addition , th ere is upregu la tion of hum an beta
defen sin -1 and -2.13

RET INOIDS: HOW THEY WORK

Retinoids, in cluding isotre tinoin , can influence ce llu la r
growth , diffe ren tia tion , m orphogenesis and apoptosis,
inh ibit tum ou r promotion and m alignan t ce ll growth , exer t
immuno-m odu la tory action s and a lte r ce llu la r cohesive-
ness.14 They do so th rough a number of m echan ism s, th e
m ost im por tan t be ing the ir ability to influence gene tran -
scr iption . Retinoids exer t som e of the ir physiologica l e ffects
by binding to two distin ct fam ilies of nuclear receptors: RAR
(re tinoic acid receptors) and re tinoid X receptors, wh ich
be long to the super fam ily of nuclear receptors (th a t a lso
include vitam in D3 receptors, thyroid horm one receptors
and peroxisom e prolife ra tor-activa ted receptors).14
The direct e ffects of isotre tinoin are m edia ted th rough

binding to a specific re tinoic acid response e lem en t (RARE)
in the promoter region of ta rge t genes, whose tran scr ip-
tion is th en activa ted (th is, for example , m edia tes th e
diffe ren tia tion -inducing action s of isotre tinoin ). In con trast,
th e an ti-prolife ra tive and an ti-inflammatory action s of
isotre tinoin are be lieved to be m edia ted by a nega tive , indi-
rect regu la tory m echan ism . These indirect e ffects resu lt
from the downregu la tion of genes tha t do not con ta in RARE
in the ir promoter region , by an tagon ising other tran scr ip-
tion factors, such as activa tor prote in -1 and nuclear factor-
IL6 th rough competition for co-activa tor prote in s. In
addition a ll-tran s re tinoic acid or tre tinoin (a tRA) has
recen tly been shown to regu la te th e expression and activa-
tion of Toll-like receptors.
It is estim ated tha t isotre tinoin affects over 500 genes; 300

be ing upregu la ted and 200 downregu la ted, a lthough on ly
27 of these seem to be m edia ted via th e classic RAR/RARE
pathway. Isotre tinoin itse lf does not bind to re tinoic acid
receptors, bu t a tRA and 13-cis RA are geom etr ic isom ers
and show reversible in te rconversion . Isotre tinoin therefore
acts la rge ly as a pro-drug for a tRA, a lthough its m etabolites
m ay also play a sign ifican t role .15
Of note , th e pa tte rn of gene expression induced by

isotre tinoin changes over tim e . Immedia te ly following the
commencem en t of isotre tinoin there is upregu la tion of
tum ou r suppressor genes, prote in processors and genes
involved in the tran sfe r or binding of ion s and sm all m ol-
ecu les.16,17 Afte r 8 weeks of trea tm en t th ere is downregu la -
tion of th e genes involved in the m etabolism of ste roids,
choleste rol and fa tty acids and upregu la tion of genes tha t
encode stru ctu ra l prote in s such as collagen s and fibronec-

tin . In other words, th ere is an in itia l induction of apoptosis
and ce ll cycle ar rest, par ticu la r ly in the sebaceous gland,
followed by the skin adopting a wound–hea ling-like pa tte rn
of gene expression , with subsequen t repa ir and rem odel-
ling.16,17 Clin ica l exper ience suggest th is m ay be dose-
dependen t with reduced scar r ing a t 0.1 m g/ kg per day bu t
hyper troph ic scar r ing a t 1–2 mg/ kg per day.

DAILY DOSE OF ISOTRET INOIN

The dose of isotre tinoin has been well established a t 0.5–
1.0 m g/ kg per day for 16–20 weeks to a cumu la tive dose of
120–140 mg/ kg.15 We know th is is e ffective , so why change?
The m ain reason is th a t, wh ile 1 mg/ kg per day is as effec-
tive as 0.1 m g/ kg per day in clear ing acne , th e adverse
effects a re very much grea te r. At 1 mg/ kg per day, 98% of
pa tien ts compla in of adverse even ts, wh ile a t doses be low
0.25 mg/ kg per day, ha lf th e pa tien ts exper ience no adverse
effects a t a ll, and in those who do, th e effects a re sign ifi-
can tly less severe .18 Wh ile th e evidence for an associa tion
be tween isotre tinoin and psych ia tr ic or gastroin testin a l
adverse effects rem ain s con troversia l, a reduction in da ily
dose can on ly be regarded as be ing of poten tia l benefit.
A fu r th er advan tage of u sing a lower dose is th e diffe ren -

tia l e ffect on acne scar r ing. At 1 mg/ kg per day there is a
well-established r isk of excessive scar r ing, ye t a t doses of
0.1 m g/ kg per day acne scar r ing is genera lly m uch less (see
above).
The first published study of isotre tinoin for acne u sed a

dosage range of 1.0–3.3 m g/ kg per day.2 However, subse-
quen t dose-ranging studies indica ted tha t th ere was no dose
effect in th e 0.1–3.0 m g/ kg per day range , in th a t a ll dosages
cleared acne in equa l m easu re and a t th e sam e ra te .3–8,19
Plewig and colleagues20 dem onstra ted tha t a single

10–20-m g daily dose of isotre tinoin over 6 mon th s reduced
inflammatory lesion s by 87–94% and non -inflammatory
lesion s by 81–88% . In addition , sebaceous gland size was
reduced by 35–58% , sebum production by 90–95% , follicu -
la r kera tin iza tion by 55–70% and Propioniba cter ium a cnes
by 33–73% . Skin su r face lipids, however, were reduced
by on ly 6% . Geissle r and colleagues21 showed, a lbe it in
pa tien ts with seborrhoea , th a t doses as low as 2.5 m g th r ice
weekly were effective in reducing sebum production , im ply-
ing the m in im al effective da ily dose of isotre tinoin is in th e
order of 2 mg/ day, ir respective of bodyweigh t.
A recen t, as ye t unpublished, study (Radem aker and col-

leagues) of persisting acne vu lgar is in adu lts has shown tha t
5 m g/ day clears acne very effective ly compared to placebo,
with m in im al adverse effects.22
A fu r th er disadvan tage of h igher dosage isotre tinoin is th e

well-recogn ised flare of acne afte r 3–6 weeks of trea tm en t.
Th is m ay re la te to the degree of sebaceous ce ll apoptosis,
wh ich can la rge ly be avoided by using doses of be low
0.2 mg/ kg per day.23,24 The la rger th e dose of isotre tinoin ,
th e grea te r th e apoptosis of sebocytes and thereby the
grea te r an tigen load to dr ive the au to-immune response .
Wh ile it is best to titra te th e da ily dose of isotre tinoin to

ba lance the pa tien t’s response and side effect acceptance ,
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th e evidence is th a t 0.1 m g/ kg per day is e ffective (i.e .
5–10 mg/ day) and tha t in creasing the dosage does not resu lt
in a be tte r clearance of acne .

DURAT ION OF TREATMENT

The in itia l studies of isotre tinoin for nodu locystic acne were
a t h igh da ily doses and mostly con tinued for 16 weeks.
Subsequen t studies have slowly extended the trea tm en t
tim e , first to 20 weeks and now to 6 mon th s. There are no
studies th a t have specifica lly assessed the most appropr ia te
du ra tion of trea tm en t to clear acne (as opposed to cumu la-
tive dose and re lapse). In practice , derm atologists shou ld
con tinue isotre tinoin un til th e pa tien ts’ acne has cleared,
and then for another 3 or 4 mon th s: th is m ay m ean as little
as 4 mon th s of trea tm en t for facia l acne in som e patien ts
and over 18 mon th s for sign ifican t acne on the trunk in
others.
The benefit of th is flexible dose approach is it m axim ises

pa tien t ou tcom es and m in im ises adverse reaction s. Of note ,
though , isotre tinoin is h igh ly te ra togene tic, so it wou ld
seem logica l to lim it th e length of exposu re of a fem ale
pa tien t to th is drug. However, m any of the repor ts of
isotre tinoin -associa ted pregnancies suggest th a t th ese tend
to occu r ear ly on in the cou rse of isotre tinoin .

CUMULATIVE DOSE

It was qu ickly noted tha t a sign ifican t percen tage of pa tien ts
re lapsed afte r a single cou rse of isotre tinoin ; re lapse be ing
defined as the need for a fu r th er cou rse of isotre tinoin , in
th e view of the trea ting physician . As th is defin ition is qu ite
subjective there has been sign ifican t var iance in repor ted
re lapse ra tes am ong var iou s studies. Som e of the ear ly
studies suggested tha t th e cumu la tive dose m igh t be im por-
tan t in de te rm in ing re lapse , bu t th is is not suppor ted by
most subsequen t research .25–28 Th is is not su rpr ising as
there is no physiologica l basis for u sing cumu la tive dose for
any other m edica tion or disease process.
Plewig and colleagues,4 in a study of 64 pa tien ts u sing

doses of 0.05, 0.1 and 0.2 mg/ kg per day, showed a re lapse
ra te of 45, 44 and 42% , respective ly. Peck a t el.,6 in a follow
up study of h is or igina l work showed a 43% relapse ra te
afte r a da ily dose of 1.3 m g/ kg per day in 33 pa tien ts.
Sta in for th and colleagues,29 in a study of 299 patien ts

trea ted with isotre tinoin for 16 weeks with a 5-year follow
up, showed tha t 22.7% requ ired fu r th er cou rses of isotre tin -
oin (17% had two cou rses, 5% had th ree cou rses and 1%
had 4–5 cou rses). Risk for re lapse was de te rm ined to
include lower dose regim ens (0.1 and 0.5 mg/ kg), th e pres-
ence of severe acne , be ing a wom an over th e age of 25 and
a prolonged h istory of acne .
Lehucher-Ceyrac and colleagues,26 in another long-te rm

follow up study of 219 patien ts trea ted with isotre tinoin ,
showed the re lapse of acne (not necessar ily requ ir ing
fu r th er isotre tinoin ) was 14% at 1 year, 40% at 3 years and
49% at 5 years. Risk for re lapse was de te rm ined to be age ,
sever ity of acne on the face , bu t not da ily or cumu la tive
dose .

A prospective study by Quereux and colleagues27 of 52
pa tien ts showed a re lapse ra te of 52% , with 23% being
trea ted with a fu r th er cou rse of isotre tinoin . Risk for a 2nd
cou rse included con tinued seborrhoea afte r trea tm en t,
sever ity of acne and young age , bu t not da ily dose , trea t-
m en t du ra tion or cumu la tive dose .
So why the var iance in these studies? It is now recogn ised

tha t h igh -dose isotre tinoin induces apoptosis, not on ly of
sebocytes, bu t a lso of sebaceous gland stem cells. Th is
resu lts in th e prolonged suppression of sebaceous gland
activity, even afte r discon tinua tion of th e drug. Sm alle r
doses of 0.1 m g/ kg per day are un like ly to induce the sam e
degree of apoptosis of sebaceous gland stem cells. As a
consequence , sebaceous gland recovery occu rs m ore
qu ickly with lower doses. What th is m eans is th a t 0.1 m g/ kg
per day for 16 weeks effective ly suppresses sebaceous
glands for a shor te r per iod of tim e than wou ld 1.0 m g/ kg
per day, given for th e sam e number of weeks of trea tm en t.
It is like ly tha t you wou ld need to con tinue 0.1 m g/ kg per
day isotre tinoin for 4–6 mon th s longer th an 1 mg/ kg per day
to ach ieve the sam e length of sebaceous gland suppression .
The length of sebaceous gland suppression is a be tte r

explana tion for th e studies th a t showed increased re lapse in
lower da ily dosage (given for th e sam e per iods of tim e) th an
cumu la tive dose , as th ere is no biologica l suppor t for th is
concept. The ear ly isotre tinoin studies were la rge ly in
pa tien ts with severe nodu locystic acne trea ted with var iou s
da ily doses, bu t a ll for a fixed per iod of tim e (m ostly 16
weeks). More recen t studies have been of 0.1–0.2 m g/ kg per
day, bu t for 8–12 mon th s with no increase in re lapse . The
la rger dose of isotre tinoin does, however, m ean tha t
isotre tinoin can be discon tinued ear lie r, wh ich has som e
theore tica l advan tages in the r isk of becom ing pregnan t bu t
has grea te r con sequences for side effects, acceptance and
perhaps a ttitude towards re -trea tm en t.

RELAPSE

If cumu la tive dose is not im por tan t for re lapse , wh ich
factors are? The sign ifican t factors for re lapse include28–33

• stopping isotre tinoin before acne has cleared comple te ly
• m acrocom edonal disease
• sever ity of acne
• excessive seborrhoea afte r fin ish ing isotre tinoin
• sm oking
• younger age (under 14)
• older age (wom en over 25)
• polycystic ovar ian syndrom e.

These factors are a lso associa ted with slow response or
apparen t fa ilu re to respond to isotre tinoin .34 Another cau se
of apparen t re lapse is an a lte ra tion in the pa tien t’s percep-
tion of acne , where the pa tien t becom es psychologica lly
dependen t on isotre tinoin .

P ERSISTENT ADULT ACNE

Acne vu lgar is has genera lly been regarded as a se lf-lim iting
disorder affecting predom inan tly adolescen ts. However, a
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sign ifican t and growing body of lite ra tu re indica tes th a t
acne is a ch ron ic disease tha t con tinues to afflict adu lts.35,36
In a study of acne across a wom an ’s life span , Perkin s and
colleagues37 showed tha t am ong 2895 women aged 10 to 70
years, 55% had som e form of acne , of wh ich 27% was
considered clin ica lly sign ifican t. As expected, acne peaked
in the teenage years bu t 45% of wom en aged 21–30 years,
26% aged 31–40 and 12% aged 41–50 still com pla ined of
clin ica l acne .37 Th is is sim ila r to a French study,38 wh ich
showed the persistence of acne in 41% of older wom en
(24% physiologica l acne , 17% clin ica l acne). In addition ,
49% of the acne pa tien ts had acne seque lae , in cluding scars
and/ or pigm en ted m acu les.38 Despite th is h igh preva lence
of acne vu lgar is in pa tien ts over 25 years of age , th ere are
very few studies th a t specifica lly address trea tm en t in th is
age group.
Seukeran and colleagues, in an open -labe l review,

repor ted n ine pa tien ts trea ted with 0.25 mg/ kg isotre tinoin
per day for 6 mon th s, with exce llen t clin ica l resu lts.39
Gou lden and colleagues trea ted 80 older adu lts (of whom
58 were wom en ) with persisten t acne with in te rm itten t
m odera te -dose isotre tinoin (0.5 m g/ kg per day for 1 week in
every 4 weeks) for a tota l per iod of 6 mon th s, with a sim ila r
exce llen t response .32 Pa lm er and colleagues have descr ibed
using m icrodoses of isotre tinoin (20 mg once or twice a
week) very successfu lly to m anage e igh t adu lt pa tien ts who
re lapsed repea tedly afte r severa l standard cou rses of
isotre tinoin .40 A review of persisten t acne in wom en sug-
gested lower dose isotre tinoin (in itia lly 0.5 m g/ k per day
according to the Eu ropean directive for prescr ibing sys-
tem ic isotre tinoin ), in te rm itten t isotre tinoin , or even very
low dose isotre tinoin (10–20 mg per day for 6–8 mon th s).41
Another review of re tinoid therapy in acne suggested tha t
good long-te rm con trol of sebor rhoea in adu lt pa tien ts
cou ld be ach ieved in an off-labe l u se , with doses as low as
20 mg of isotre tinoin twice weekly.42 A recen tly comple ted
42-week double-blind, placebo con trolled study of isotre tin -
oin 5 mg/ day in persisten t adu lt acne demonstra ted tha t
low-dose isotre tinoin is very effective in th is pa tien t group
with m in im al adverse effects.22

NON-ACNE INDICAT IONS

Isotre tinoin has been used for an exten sive range of other
derm atologica l diseases (see Table 1).43,44 These include
acne iform condition s such as follicu litis, per ior ificia l der-
m atitis, rosacea and m alassezia (pityrosporum ) follicu litis.
It is beneficia l in sebor rhoe ic condition s including sebor-
rhoe ic derm atitis and pityr iasis versicolor. It h as been used
in a range of granu lom atou s disorders, in cluding sarcoido-
sis and granu lom a annu lare , as well as in cu taneous discoid
lupus erythem atosu s. In creasingly it is be ing used for che-
m oprophylaxis of skin cancer and the m anagem en t of
exten sive actin ic dam age . However, perhaps the more
in tr igu ing new indica tion for isotre tinoin is photoaging.44–48

SUMMARY

After 30 years of u se we now understand why isotre tinoin is
such an effective drug. Not on ly does it clear acne in a lm ost

a ll pa tien ts, long-te rm rem ission can be ach ieved in 70–80%
of pa tien ts with a single cou rse . The cumu la tive dose story
has been superseded by a focu s on the length of actua l
sebaceous ce ll suppression .
Im por tan t changes in the u se of isotre tinoin include u sing

a lower da ily dose for th e appropr ia te length of tim e . Th is
u sua lly m eans 10–20 mg/ day for 3–12 mon th s, depending
on the sever ity of th e acne and other pa tien ts’ characte r is-
tics. These lower doses avoid most of th e adverse effects of
standard dose isotre tinoin , in cluding isotre tinoin -induced
flare of acne and excessive scar r ing and lower poten tia l
r isks of deve loping psych ia tr ic or gastroin testin a l adverse
effects. Tera togen icity however, rem ain s a very sign ifican t
concern , whatever th e dose .
The use of isotre tinoin in the m anagem en t of acne vu l-

gar is shou ld be ta ilored to the pa tien t response , ra th er th an
using a fixed dose / length of trea tm en t. It is appropr ia te to

Ta b le 1 Clin ica l indica tion s for isotre tinoin

Acne Nodu locystic acne
Reca lcitran t acne with tendency for scar r ing
Persisten t adu lt acne vu lgar is

Other
pilosebaceous
disorders

Rosacea
Per ior ificia l derm atitis
Hidraden itis suppu ra tiva
Eosinoph ilic pu stu la r follicu litis
Acqu ired immunodeficiency
syndrom e-associa ted eosinoph ilic
follicu litis

Pyoderm a facia le
Acne with solid facia l oedem a
Scalp folliclitis
Dissecting ce llu litis of th e sca lp

Disorders of
kera tin iza tion

Ich thyosis
Dar ie r disease
Pityr iasis rubra pila r is
Kera toderm a
Papillon–Lefèvre syndrom e

Chemoprophylaxis
of neoplastic
processes

Xeroderm a pigm en tosum
Nevoid basa l ce ll ca rcinom a syndrom e
Skin cancer in solid-organ tran splan t
recipien ts

Trea tm en t of
neoplastic
processes

Actin ic kera tosis and Bowen ’s disease
Basa l ce ll ca rcinom a
Advanced squamous ce ll ca rcinom a
Kera toacan thom a
Kaposi sa rcom a
Sebaceous hyperplasia
Mu ir–Torre syndrom e
Leukoplakia
Langerhan s ce ll h istiocytosis

Misce llaneous
condition s

Atrophoderm a verm icu la tum
Bazex paraneoplastic acrokera tosis
Confluen t and re ticu la ted papillom atosis of
Gougerot and Car teaud

Follicu la r m ucinosis
Granu lom a annu lare
Lichen planus
Lichen scle rosu s
Lupus erythem atosu s
Sarcoidosis
Subcornea l pu stu la r derm atosis
Ulerythem a oph ryogenes
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sta r t with doses of 10 mg/ day, and con tinue un til a ll th e
active acne lesion s have resolved. It is advisable to con tinue
trea tm en t for a fu r th er 2–4 mon th s, perhaps a t th e lower
dose of 5–10 mg/ day (or 10 mg alte rna te day) to reduce the
r isk of re lapse and he lp with resolu tion of acne scar r ing.
Trea tm en t m ay need to be con tinued for longer in sm okers,
pa tien ts with sign ifican t m acrocom edonal disease and
women with un trea ted hyperandrogen ism . There rem ain ,
however, a very sm all number of pa tien ts who, for unex-
pla in ed reasons, requ ire la rger doses (e .g. 1 m g/ kg per day)
to clear th e ir acne .
New indica tion s for isotre tinoin con tinue to em erge , par-

ticu la r ly as a poten tia l trea tm en t for both in tr in sic and
extr in sic (photo) aging.
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