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Corticosteroids are used orally and parenterally, intralesionally and topically.
Topical corticoids represent a major chemotherapeutic class in dermatology and
have been used for decades to treat skin diseases. The risks associated with topical
corticoids parallel the benefits of their therapeutic power. Their efficacy/toxicity
is related to their potency and percutaneous penetration. This chapter reviews
topical corticoids and their place in dermatology.

I. HISTORICAL PERSPECTIVES

Soon after their introduction 4 decades ago, it became apparent that these com-
pounds had a wide-ranging application to human diseases, particularly in condi-
tions involving inflammation. These drugs, whether administered orally or topi-
cally, are effective in many inflammatory conditions. Topical application is,
however, preferred, with a view to minimizing their systemic side effects. The
references cited here are not meant to cover the entire literature on topical corti-
coids and their use.

Cortisone, the first glucocorticoid to be introduced in the early 1950s in
the acetate form, had no topical activity [1], even though it has been shown to
be absorbed to the same degree as hydrocortisone after topical application [2].
Furthermore, cortisone is converted to hydrocortisone at least in vitro [3]. Hydro-
cortisone, which became available 1 to 2 years later, was shown to be efficacious
in eczematous dermatoses [4]. The success associated with hydrocortisone led
to the design and development of other, more potent analogues. The fluoro deriva-
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Tase 1 Structural Modifications Improving
the Efficacy of Topical Corticoids

Reduction of keto group at position 11
Insertion of double bond at positions 1 and 2
Fluorination at position 6 and/or 9
Hydroxylation/methylation at position 16
Esterification at positions 16, 17, or 21
Removal of the 17 o- or 21-hydroxyl group
Addition of 16 a-hydroxy substituent

tives of hydrocortisone and prednisolone were also active topically but had strong
mineralocorticoid activity. The first major advance in topical glucocorticoid ther-
apy came with the introduction of triamcinolone acetonide in the late 1950s,
followed shortly after by flucinonolone acetonide. Betamethasone-17-valerate
was introduced in the late 1960s and was found to be more active than triamcino-
lone acetonide and flucinonolone acetonide. The early 1970s saw the introduction
of the 21-acetate derivative of fluocinolone acetonide, which had more biological
activity than the others. Since the late 1970s, many more potent, topically active
glucocorticoids have been introduced, including desoximetasone, clobetasol pro-
pionate, and betamethasone-17-dipropionate. A list of topical glucocorticoids
available on the U.S. market is shown in Table 1.

In the early years following their introduction, topical corticosteroids were
widely misused, often prescribed for the wrong conditions or in the wrong poten-
cies. Reports of local and serious systemic side effects were rampant both in the
lay media and scientific publications leading to the emergence of the so-called
‘“‘corticophobia’” in patients and practitioners. Nowadays, however, there are
stricter guidelines for the safe and effective use of steroids.

. PHARMACOLOGY
A. Chemistry and Structure Activity Relationships

Corticosteroids, like other steroid hormones, have a basic skeletal structure (Fig.
la). Anti-inflammatory corticoids with a 2-carbon chain attached to the 17 posi-
tion are called C21 steroids. Modifications have led to compounds of varying
potencies and side effects. Cortisone, the first corticosteroid to be introduced (Fig.
1b), is devoid of topical activity. Reduction of the carbonyl group on position
11 yields hydrocortisone (Fig. 1c). A double bond inserted between positions 1
and 2 of hydrocortisone (Fig. 1d) yields prednisolone, which is even more potent.
Addition of fluoro groups at positions 6 and/or 9 increases the potency of both
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Ficure 1  The basic steroid skeleton and modifications yielding mildly acting topical
steroids: (a) basic steroid skeleton, (b) cortisone, (c) hydrocortisone, and (d) predniso-
lone.

steroids. This modification, however, produces strong mineralocorticoid activity.
Further substitution by an a-hydroxyl, o-methyl, or B-methyl group at position
16 effectively eliminates this problem.

An ideal topical corticoid should permeate the stratum corneum and reach
an adequate concentration in the epidermis without crossing the dermis to reach
the systemic circulation. This may be achieved by increasing the lipophilicity of
the topically active steroids, which results in an alteration of the partition coeffi-
cient. One such way of increasing lipophilicity is by esterification (e.g., at the
21-hydroxyl group, yielding compounds such as prednisolone 21-stearoylgly-
colate; with butyric acid at the 17 position of hydrocortisone, yielding hydrocorti-
sone butyrate; with valeric acid at the 17 position of betamethasone, yielding the
valerate; or by removing the 17-0- or 21-hydroxyl group to yield desoxysteroids
such as fluorometholone and desoxymethasone). Addition of a 16-o-hydroxy sub-
stituent produces an acetonide such as triamcinolone acetonide and fluocinolone
acetonide. Chlorination of 21-desoxybetamethasone 17-propionate at the 21 posi-
tion yields clobetasol 17-propionate, a most potent topical corticoid. A summary
of the typical modifications producing topical steroids of greater potencies ap-
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TH;OH CH,OH
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Ficure 2  Further modifications yielding more potent topical steroids: (a) hydrocorti-
sone 17-butyrate, (b) betamethasone 17-butyrate, (c) triamcinolone acetonide, and
(d) clobetasol 17-propionate.

pears in Table 1 and the structures of some of the potents arising from these
chemical modifications are shown in Figure 2.

B. Mechanism of Action

Corticosteroids, being lipophilic in nature, permeate the skin by passive diffusion,
the rate of which is directly related to the extracellular concentration. The extra-
cellular concentration is determined by many factors, including the concentration
applied, percutaneous penetration, metabolic inactivation, and removal into the
systemic circulation. Even though the precise sequence of cellular and subcellular
events leading to the observed effects of topical corticoids remains unclear, these
compounds are known to act in four ways: anti-inflammatory, immunosuppres-
sive, antimitotic, and vasoconstrictive.

C. Actions at the Molecular Level

Following penetration of the cell membrane, topical corticoids bind with specific
cytoplasmic receptors. These receptors have been demonstrated in all target
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tissues including the skin [5,6]. After modification, the corticoid-receptor com-
plex enters the nucleus, where it interacts with DNA to alter the production of
mRNA induced locally by RNA-polymerase. This mRNA moves into the cyto-
plasm, where it attaches to ribosomes and acts as a template for protein synthesis.

1. Anti-Inflammatory and Immunosuppressive Effects

Since inflammation is the endpoint of the immune response, the anti-inflamma-
tory and immunosuppressive effects of corticosteroids may overlap. Corticoste-
roids effectively suppress inflammation caused by infectious, mechanical, radiant,
immunological, or chemical agents. They inhibit many aspects of the inflamma-
tory response, a major focus being the reduction of neutrophil and monocyte
recruitment into the involved areas [7]. Corticosteroids also affect leukocytes and
macrophages by reducing adherence, migration, and phagocytosis [8,9]. They
may also inhibit the later manifestations of inflammation: capillary proliferation,
fibroblast proliferation, collagen deposition, and cicatrization [10]. There is also
evidence that glucocorticoids induce the synthesis of a protein that inhibits phos-
pholipase A, and thus diminishes the release of arachidonic acid from phospho-
lipids. This, in turn, decreases the formation of prostaglandins, leukotrienes, and
related compounds that play a key role in the inflammation process [11,12]. The
reduction in arachidonic acid release had previously been demonstrated in psori-
atic skin [13].

2. Antimitotic Effects

Glucocorticoids may produce some of their therapeutic benefit by affecting cell
differentiation. Glucocorticoids have been found to be antimitotic to several tis-
sues and cells. It is believed that the effect of glucocorticoids in psoriasis is in
part due to their antimitotic activities. Many have been shown to inhibit fibroblast
replication [14], hydrocortisone has been shown specifically to delay the onset
of DNA synthesis in mouse fore-stomach mucosa [15]. This has been demon-
strated both in vivo and in vitro and in both normal and diseased skin. Hydrocorti-
sone and triamcinolone have been shown to decrease mitosis in human skin in
vitro [16,17], and a decrease in the rate of mitosis has been demonstrated with
corticosteroids in psoriasis therapy [18,19].

3. Vasoconstrictive Effects

Shortly after their introduction, glucocorticoids were noted to cause vasoconstric-
tion in certain vascular beds. This vasoconstrictive property of glucocorticoids
may contribute to their anti-inflammatory effects. The mechanisms by which they
cause vasoconstriction remains sub judice, but is thought to be related to their
inhibition of natural vasodilators, histamine, bradykinins, and prostaglandins
[20,21]. Some have suggested that corticosteroids potentiate norepinephrine [22];
others suggest that glucocorticoids actually cause the release of norepinephrine
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[23]. Corticosteroids are thought also to have a direct effect on vascular endothe-
lial cells.

The use of the standard laser Doppler velocimetry (LDV) was not able to
demonstrate the vasoconstrictive effect of topical corticoids even in the presence
of skin blanching visible to the eye [24,25]. The CIRD group were, however,
able to correlate the clinical effect of topical steroids with LDV measurements
by using a double laser [26]. LDV data obtained from patients with plaque-type
psoriasis treated with clobetasol propionate showed that the technique was useful
in following normalization of blood flow during treatment [27]. Recently, laser
Doppler perfusion imaging was used successfully to evaluate the vasoconstrictive
effects of topical corticosteroids as a means of assessing potency [28].

4. Effects on Mast Cells and Immediate Reactivity

The effect of topical application of corticoids on human mast cells has been
examined [29]. Two potent corticoids, clobetasol-17-propionate and fluocino-
nide, produced greater than 85% decrease in histamine content over a 6-week
course of treatment. Examination of biopsies taken after the treatment by electron
microscopy revealed marked mast-cell depletion. Histamine levels did not decline
until after 3 weeks of treatment. This thus suggests that corticoids are not immedi-
ately harmful to mast cells. The first signs of cells containing sparse amounts of
mast-cell granules became apparent 14 days post-treatment. By 3 months, hista-
mine levels returned to normal. This work suggested a possible treatment for one
human mast-cell disease, urticaria pigmentosa, and a possible additional mecha-
nism of action of corticoids.

D. Bioassay

Of importance in the discussion of the efficacy of any pharmacological agent is
the method, validity, and exactness of its mensuration.

The main screening method is the vasoconstrictor assay of McKenzie and
Stoughton [30] and other modifications of the assay [31,32]. The method based
on the empirical, but unexplained, relationship between the ability of a corticoid
to cause vasoconstriction and its therapeutic efficacy utilizes serial dilutions of
an alcoholic solution of a test corticoid and a standard reference corticoid applied
to the forearm; the weakest dilution producing vasoconstriction is considered the
endpoint. There are statistical methods for treating the data [33]. Even though the
relevance of the vasoconstricting actions of topical corticoids to their therapeutic
efficacy is not obvious, they have been ranked for potency based on the degree
of skin blanching they produce. It is likely that their increased effects are tied
to their potency.

A more recent development is an intradermal vasoconstrictor assay that
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distinguishes vasoconstrictor potency from the complicating aspects of percuta-
neous penetration [34]. An additional assay method involves the application of
corticoids to damaged skin [35]. A review of various modifications of the vaso-
constrictor assay methods and results arising from the tests has been done [36].

The ability of corticoids to inhibit cell division provides the basis of an in
vitro fibroblast inhibition assay [14,37,38] and an epidermal mitotic assay in vivo
in humans [17,39,40]. These assay methods may prove particularly valuable in
identifying corticosteroids useful in the therapy of psoriasis and other dermatoses
associated with increased cell proliferation. These compounds cannot readily be
identified by the vasoconstrictor assay since their mechanism of action is dif-
ferent.

Attempts have been made to develop screening methods utilizing a more
realistic model of diseased skin. This involves the induction of inflammation by
tape stripping, mustard oil and nitric acid, croton oil, tetrahydrofurfuryl alcohol,
ultraviolet light, kerosene, histamine, cantharidin, and carrageen [34,41-48].
Each of these models has its own drawbacks. The natural disease process of
allergic contact dermatitis offers the most attractive model for testing corticoste-
roids [49].

The demonstration of actual relative clinical efficacy is done by applying
the product to small areas of psoriatic plaques; the clinical clearing allows the
determination of clinical activity and dosage-response relationships [50]. A de-
tailed description of the plaque assay for the determination of topical drug activ-
ity has been made [51]. Assessment of efficacy is made by visual scoring for
erythema and infiltration, laser Doppler velocimetry, ultrasound measurements
and/or histopathological examination from punch biopsies.

As an alternative, a double-blind paired comparison or parallel clinical ob-
servations of the test corticoid compared to either a placebo vehicle or reference
compound is done as a test of efficacy. The interpretation of such studies requires
knowledge of the natural history of the dermatoses being treated. In the first few
days of treatment, there are marked differences in activity but with time (1-2
weeks), both sides tend to equalize. The inclusion of dermatoses not readily re-
sponsive to corticoids may lead to the bias of a ‘‘no difference’’ result. Indeed,
most errors in this bioassay lead to such a false ‘‘no difference’ result.

The Food and Drug Administration has recently released a guidance docu-
ment for topical corticosteroid bioequivalence testing requiring a dose-vasocon-
striction response estimation using the Minolta chromameter. The procedure was
evaluated and compared to visual data using two formulations containing 0.12%
betamethasone 17-valerate [52]. The results showed that while visual data
showed the expected rank order of AUC values for most dose durations, the
chromameter did not show similar results. The instrument determined the EDy,
values for both preparations to be 2 h, but it was concluded that, at short dose
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durations, the instrument may not be sensitive enough to distinguish between
weak blanching responses and normal skin for the purposes of bioequivalence
assessment.

E. Percutaneous Penetration

Following topical application, glucocorticoids penetrate the stratum corneum and
are absorbed into the epidermis. The efficacy and toxicity are directly related to
corticoid penetration. Corticoids may act on the epidermis (as in their antimitotic
effect in psoriasis), the dermis, or both. In each case, it is therefore unlikely that
molecules residing only in the stratum corneum contribute to their therapeutic
effects.

The rate of absorption is influenced by the status of the skin, chemical
structure of the corticoid, and such other factors as formulation and formulation
vehicle. All topical corticoids applied to diseased skin will be absorbed to some
degree into the systemic circulation. When administration is chronic or when
large areas of skin are involved, the absorption may be sufficient to cause sys-
temic effects including adrenocortical suppression.

Several methods have been employed to quantify the percutaneous penetra-
tion of topical corticoids. A standard method is the vasoconstrictor assay, which
measures the effect of a corticoid on blood vessels and allows the determination
of the extent of its penetration from different vehicles or a comparison of the
extent of penetration of different corticoids [30]. Other methods measure in vivo
the rate of disappearance of radiolabeled corticoid from the surface of the skin
with surface counting or its penetration into the dermis with isolation from urine
or feces.

Regardless of the method employed, data obtained show that topical corti-
coids are minimally absorbed from healthy skin. On the forearm, approximately
1% of the applied dose of hydrocortisone penetrates [53,54]. Other corticoids for
which data exist are not necessarily absorbed to a greater degree than hydrocorti-
sone [55], suggesting they may owe their increased efficacy to their potency
rather than enhanced penetration. To put this in perspective, only 1% of corticoids
applied to healthy skin is therapeutically active with approximately 99% being
wasted either by being rubbed off, washed off, or exfoliating with the stratum
corneum.

F. Metabolism

The hydrolysis of betamethasone 17- and 21-valerates by hepatic and cutaneous
esterases have been studied [56,57]. The 17-ester was found to be resistant to
both esterases, while the 21-ester was rapidly hydrolyzed to the free steroid alco-
hol. The resistance of the 17-ester to enzymic hydrolysis may lead to a more
pronounced reservoir effect. This may explain why 17-steroid esters are more
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potent than 21-esters. Following topical application, the 17-ester corticoids, by
being resistant to cutaneous esterases, form better reservoirs and act longer. Hy-
drocortisone 17-butyrate has been reported to be converted to the 21-butyrate
[58,59] and subsequently to hydrocortisone by esterase activity. In penetration
studies, no biotransformation of desonide in the skin was observed [60]. In vitro,
desonide is, however, rapidly metabolized in the liver to yield five metabolites,
two of which show affinity to glucocorticoid receptors.

lll. CLINICAL FORMULATIONS
A. Potency of Corticoids

Topical corticoids form a vast range of compounds and formulations with varying
effects. Table 2 groups topical corticoids according to their relative potency. The
relative potencies are based on the vasoconstrictor assay under open-testing meth-
ods [61]. The formulations in each group are only roughly equipotent. It is to
be emphasized that the relative potency be considered carefully in choosing the
formulations for an individual patient. While the least potent corticoids, such as
hydrocortisone, may be sufficient in certain conditions, and for long-term mainte-
nance therapy, it may be ineffective in certain diseases such as psoriasis and in
certain sites such as palms and soles where the skin is thickened. Furthermore,
the greater the potency, the greater the therapeutic efficacy and likelihood of
more adverse effects. It is important when reading relative vasoconstriction data
to verify whether the experiment refers to the use of occlusion, to a simple solvent
vehicle like alcohol, rather than the final formulation, or to open testing, with or
without a guard to protect wipe-off for variable times. The relative rankings can
be varied significantly by manipulating these factors.

B. Superpotent Formulations

Superpotent formulations include clobetasol propionate, optimized betametha-
sone diproprionate, and difluorosone. In this most active class, clobetasol oint-
ment appears more potent than the optimized formulation of betamethasone di-
proprionate ointment.

Attempting to develop application schedules that would maintain efficacy
and decrease local and systemic toxicity led many investigators to explore inter-
mittent dosing. In a multicenter study, 334 psoriasis patients were managed with
three application schedules. The first utilized a conventional twice-daily applica-
tion. The second employed twice-daily applications only on days 1 to 4, 8 to 9,
and 12 and 14; whereas the third schedule had thrice-daily dosing on the same
days. The first schedule induced 94% clearing and the second and third (intermit-
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Taeie 2  List of Topical Corticoids Available in the United States Ranked

According to Their Potencies

Drug Potency
Lowest potency

Hydrocortisone 0.25-2.5%
Methylprednisolone acetate (Medrol) 0.25%
Dexamethasone® (Hexadrol) 0.04%
Dexamethasone® (Decaderm) 0.1%
Methylprednisolone acetate (Medrol) 1.0%
Prednisolone (meti-Derm) 0.5%
Betamethasone® (Celestone) 0.2%
Low potency

Fluocinolone acetonide® (Fluonid, Synalar) 0.01%
Betamethasone valerate® (Valisone) 0.01%
Flurometholone® (Oxylone) 0.025%
Aclometasone dipropionate (Aclovate) 0.05%
Triamcinolone acetonide® (Aristocort, Kenalog, Triacet) 0.025%
Clocortolone pivalate® (Cloderm) 0.1%
Flumethasone pivalate® (Locorten) 0.03%
Intermediate potency

Hydrocortisone valerate (Westcort) 0.2%
Mometasone furoate (Elocon) 0.1%
Hydrocortisone butyrate (Locoid) 0.1%
Betamethasone benzoate® (Benison, Flurobate, Uticort) 0.025%
Flurandrenolide* (Cordran) 0.025%
Betamethasone valerate® (Valisone) 0.1%
Desonide (Tridesilon, Desowen) 0.05%
Halcinonide* (Halog) 0.025%
Desoximetasone® (Topicort L.P.) 0.05%
Flurandrenolide® (Cordran) 0.05%
Triamcinolone acetonide® 0.1%
Fluocinolone acetonide® 0.025%
High potency

Betamethasone dipropionate* (Diprosone) 0.05%
Amcinonide® (Cyclocort) 0.1%
Desoximetasone® (Topicort) 0.25%
Triamcinolone acetonide® 0.5%
Fluocinolone acetonide® (Synalar-HP) 0.2%
Diflorasone diacetate® (Florone, Maxiflor) 0.05%
Halcinonide® (Halog) 0.1%
Fluocinonide® (Lidex, Topsyn) 0.05%
Highest potency

Betamethasone dipropionate® in optimized vehicle (Diprolene) 0.05%
Diflorasone diacetate® in optimized vehicle (Psorcon) 0.05%
Clobetasol propionate® (Temovate) 0.05%

* Fluorinated steroids.
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tent applications) 75% and 59%, respectively [62]. Even more extended, intermit-
tent dosing—once weekly—has proven effective.

A larger study found that 75% of psoriasis patients remained in remission
with clobetasol applied twice weekly.

These corticoids are grouped together and since they are unique in being
a class of compounds that are not only superpotent but must be used with caution
[63], they have the potential for significant topical and systemic side effects far
in excess of other currently utilized formulations.

Because of the increased risk of systemic and local toxicity from the super-
potents, considerable clinical investigation is underway to define application
schedules that maximize efficacy and minimize adverse effects. This research
depends on clinical observations; that is, ascertaining the least frequent applica-
tion that will maintain a disease (usually psoriasis) under control [63]. Too few
studies have been completed to generalize prudently; nevertheless, we suspect
that each superpotent corticoid and specific vehicle may not be the same as the
other. Furthermore, none of the studies utilized fundamental studies of dermato-
pharmacokinetics to separate drug delivery from biological result. We hope that
meticulous experimental design will lead to dermatopharmacokinetics and bio-
logical (efficacy) intermittent studies that maximize efficacy and minimize toxic-
ity, so that intermittent dosing will permit greater use of the superpotents.

Ascertaining the optimal intermittent schedule has yet to be achieved; this
golden grail might be attained more efficiently by combining knowledge of the
basic dermatopharmacokinetics with the classical approaches of clinical studies.
Until the appropriate kinetic data become available with these potent agents, we
cannot be certain how much less systemic exposure occurs with the intermittent
exposures than with daily or twice-daily dosing.

C. Vehicles

The potency of topical corticoids can be further enhanced by enhancing percuta-
neous absorption. One way of optimizing absorption is by altering the formulation
vehicle. It was thought that penetration of the skin by a therapeutic agent was
not influenced by the vehicle in which it was applied [64]. It is now clear, how-
ever, that some vehicles enhance the penetration and biological activity of thera-
peutic agents [61]. The release of glucocorticoids from gels, creams, films, and
ointments have been measured in a number of in vitro experiments [65-68]. It
is important for vehicles to be free of the three S’s, namely, sting, stench, and
stain.

The major classes of vehicles are powders, creams, ointments, aerosols, and
lotions. Important considerations in choosing vehicles are (1) solubility of the
therapeutic agent in the vehicle; (2) rate of release of the agent from the vehicle;
(3) ability of the vehicle to hydrate the stratum corneum, thus enhancing penetra-
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tion; (4) stability of the therapeutic agent in the vehicle; and (5) interactions,
chemical and physical, of the vehicle, stratum corneum, and therapeutic agent.

There are some general rules for the use of topical glucocorticoids in rela-
tion to the vehicle.

1.

The ointment bases tend to give better activity than cream or lotion
vehicles [61]. This has been clearly demonstrated in physiological
studies of vasoconstriction.

Vehicles that are designed specifically for the corticoid with regard to
rate of release from the vehicle and degree of solubility of the corticoid
in the vehicle are more likely to be successful in clinical application.
Lotion vehicles are more cosmetically acceptable to patients than are
ointments. Cream vehicles are widely accepted by patients, but may
be less effective than ointments containing the same corticoid.

Hairy areas are best treated with lotions, mousses, or aerosol vehicles;
this is particularly true of the scalp.

Compounded formulations of triamcinolone acetonide, hydrocorti-
sone acetate, or fluocinonide [68] with an adhesive base are useful in
mucous-membrane applications.

Other than patient acceptability, there are no stringent rules against the
use of any particular vehicle on the cutaneous surface of any particular
area. Contrary to the myth, there is no harm in applying powders to
dry areas or ointments to wet areas. Ointment vehicles, however, do
tend to hydrate the stratum corneum and are more soothing to dry skin
than are powders, lotions, and many creams. In the future, the main
consideration will be which vehicles deliver the greatest biological ac-
tivity of the steroid.

Novel vehicles, including gels, may not retain their optimal drug deliv-
ery qualities if they are diluted, even with the same base.

The properties of the vehicle, compatibility with the type of lesion,
and patient acceptance may be important determinants of therapeutic
efficacy, along with drug delivery and vasoconstrictor potency. For
example, when creams are indicated, one cream may be more effica-
cious than another, based on the vehicle properties. There are lubricat-
ing creams as well as less oily creams, the latter sometimes being more
effective in intertriginous lesions.

IV. ADVERSE EFFECTS
A. Systemic Adverse Effects

Table 3 lists adverse effects associated with topical corticoid therapy. All absorb-
able topical corticoids possess the ability to produce adrenal suppression (69,70).
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Tasie 3 Adverse Effects Associated
with Topical Corticoid Therapy

Local

Atrophy

Corticoid atrophy

Striae

Ulcerations

Ectasia

Purpura

Stellate pseudoscars

Nonhealing wounds
Infections

Granuloma gluteal infantum

Tinea incognito

Scabies incognito
Ophthalmic

Ocular hypertension

Glaucoma

Cataracts
Pharmacological

Corticoid addiction

Corticoid rebound

Tachyphylaxis
Dermatological

Corticoid acne

Cortical rosacea

Allergic contact dermatitis

Perioral dermatitis

Hypopigmentation

Masking underlying cutaneous diseases
Generalized

Weight gain

Cushing’s syndrome

Electrolyte inbalance

Hypertension

Diabetes

Pseudoprimary aldosteronism

Growth retardation

Adapted from Ref. 107.

13
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The degree of suppression is related to potency. Comparative quantitative studies
employed the FDA diseased-skin protocol. As little as 14 g per week of clobetasol
has induced suppression. Optimized betamethasone diproprionate is somewhat
less suppressive, requiring over 49 g per week to significantly reduce plasma
cortisol. Incomplete data with difluorosone suggest that it may be even less sup-
pressive. Fortunately, plasma cortisol usually returns to normal within 3 days
when the superpotents are discontinued—at least in short-time application studies
(62).

Certain factors increase the penetration and therefore the tendency to sup-
pression; application to large surface areas, occlusion, inflamed skin, and higher
concentrations. In general, patients that do have adrenal suppression demonstrate
a laboratory test abnormality rather than a clinical state such as Addison’s disease.
There are, however, cases of severely impaired stress response to topical corti-
coids [71]. Fewer of the predisposing factors listed above are required to produce
suppression in children [72—74]. Of major concern in children is growth retarda-
tion associated with excessive and prolonged use of topical corticoids [75,76].

Iatrogenic Cushing’s syndrome is seen in patients after prolonged use of
potent corticoids [77-81].

B. Local Adverse Effects
1. Skin Atrophy

This is the most commonly encountered side effect associated with potent topical
corticoids and they can produce severe cosmetic disability in addition to clinical
problems. Corticoids cause thinning of both epidermis and dermis [82] and some-
times subcutaneous tissue. Clinical presentations may include depressed, shiny,
often wrinkled skin and telangiectasia [83—85]. The skin is extremely fragile,
with tears and bruises occurring easily (corticoid purpura). Atrophic striae was
recognized early in patients being treated for inguinal intertrigo [86]. Excessive
application of a corticoid for pruritus ani may result in a tender and troublesome
perianal atrophoderma [87,88]. Severe subcutaneous atrophy has been reported
in the diaper area of an infant treated with a potent corticoid for 14 months.
Atrophy of a distal digit resulting in a ‘‘pencil-sharpened’’ appearance has been
reported following vigorous occlusive corticoid therapy [89]. The use of corti-
coids on ulcerated lesions can delay wound healing and may exacerbate the condi-
tion [90].

Although it has generally been assumed that the atrophogenicity of various
corticoids is directly related to their potency, recent evidence suggests that there
could be a dissociation between anti-inflammatory and atrophogenic effects for
some corticoids. The final determination of the atrophogenicity of each corticoid
awaits studies utilizing specific assays designed to measure epidermal and dermal
atrophy.
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2. Steroid Face, Rosacea, and Perioral Dermatitis

Prolonged application of potent steroids on the face may result in erythema and
telangiectasia, the so-called *‘steroid face,’” partly as a result of corticoid-induced
capillary dilatation and partly due to atrophy of dermal connective tissue leading
to the loss of vascular support tissue. In the particularly susceptible patient, this
could result after only a few applications of a potent or moderately potent formu-
lation. Potent corticoids are known to exacerbate preexisting rosacea [91]. Pro-
longed application of potent steroids can also induce a rosacealike condition pre-
senting with erythema, papules, pustules, and telangiectasia on the cheeks, nose,
and forehead [92,93].

A similar condition, perioral dermatitis, is more commonly seen in adult
women [94], even though it has also been observed in children [95]. The features
include erythema, papules, pustules, and scaling in the perioral region. All three
conditions described show marked improvement with the withdrawal of topical
steroids and a long course of oral tetracyclines.

3. Corticoid Acne

Topical corticoids can worsen preexisting acne vulgaris [96], and can also induce
an acneform eruption [97-99]. The most commonly affected sites are the face,
chest, and upper arms. The clinical features include predominantly monomorphic
eruption of red papules and pustules around the hair follicles. Steroid acne is
seen more frequently with the most potent formulations, but can sometimes occur
with less potent corticoids used with occlusion. When it is associated with occlu-
sion therapy, it is important to distinguish it from bacterial folliculitis. Gram’s
stain of the pus in bacterial folliculitis reveals gram-positive cocci (Staphylococ-
cus aureus), and gram-positive pleomorphic rods (Propionibacterium acnes) ap-
pear in steroid acne. The acnegenic effects of corticoids have been attributed to
degeneration of the follicular epithelium leading to the extrusion of the follicular
contents [97].

4. Allergic Contact Dermatitis

It seems paradoxical that corticoids, used in treating allergic disorders, can them-
selves produce contact dermatitis. True contact allergy to steroids is not rare.
Most such clinical examples are probably not diagnosed, since the clinician rarely
thinks of the possibility. In a study of contact dermatitis, which involved patients
patch-tested in the Finsen Institute (Copenhagen), 21 patients were contact sensi-
tive to hydrocortisone, and several were sensitive to triamcinolone and betameth-
asone [100]. A more recent study reported the incidence of contact dermatitis in
2.4% of 2742 patients patch-tested with desonide [101]. Other studies have shown
the incidence of allergy to several corticosteroids in many patients, suggesting the
possibility of cross-reactions between corticoids, especially those with common

@ i p



16 Anigbogu and Maibach

chemical structures [102,103]. It has been suggested that many cases of hypersen-
sitivity to corticosteroids occur in patients with stasis dermatitis, even though it
is also seen in other types of dermatitis [104]. Some of these patients may have
been sensitive to impurities in the corticoid, which is of clinical significance,
since the impurities are present in commercially available material. When a physi-
cian sees a patient who is not responding to a topical corticoid, or who first
responds and then relapses, patch-testing for delayed hypersensitivity should be
considered. Since the topical corticoids themselves are not irritating, high concen-
trations can be used for testing. Although this may change as more experience
is obtained, the patch-test recommendation is 25% hydrocortisone in petrolatum.
Remember that vehicle systems may contain topical sensitizers, such as preserva-
tives, and bases, such as lanolin. Sensitivity to these materials is generally over-
looked and must be watched for carefully [105].

Data on contact sensitization to the fluorinated corticoids are not suffi-
ciently conclusive to make a firm recommendation on suitable patch-test concen-
trations. Approximately 1% in petrolatum may prove suitable. Transient vasodila-
tion rather than vasoconstriction occurs occasionally with patch-testing using
fluorinated corticoids.

5. Hypertrichosis

Local hypertrichosis due to topical corticoid application though usually subclini-
cal is not uncommon [106]. It is seen mainly in females applying potent corticoids
on the face. Such subjects may be predisposed to hirsutism [107]. Hypertrichosis
has also been reported in children [108]. The mechanism by which corticoids
promote the coarser growth of vellus hair is not known.

6. Hypopigmentation

Although more common with intralesional injections of corticoids, hypopigmen-
tation, nevertheless, occurs following topical corticoid therapy. African Ameri-
cans are more at risk. It is thought that corticoids interfere with melanin synthesis.
However, the condition is reversible and repigmentation occurs rapidly following
cessation of steroid therapy [109].

7. Ophthalmological Side Effects

Topical corticoids used in the treatment of irritant dermatitis involving the eyelids
may cause conjunctival sac contamination during therapy. In most cases, compli-
cations resulting from this contamination are not serious, but it is important to
be aware of potentially serious problems, including blindness. Cases of glaucoma,
ocular hypertension, and cataracts induced by application of corticoids to the
periorbital region have been reported [110-115]. A recent study concluded that
ocular hypertensive response to topical dexamethasone occurred more frequently,
more severely, and more rapidly in children than in adults [116].
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8. Masking and Aggravation of Cutaneous Infections

Corticoids suppress the normal inflammatory response associated with ineffective
processes and perhaps exacerbate these conditions. In dermatophyte infections,
this has been termed *‘tinea incognito’’ [117,118]. Similar difficulties have been
noted in scabies infestations, with reported conversions from ordinary scabies to
crusted type [119]. Candida albicans infections may be exacerbated by topical
corticoids [120]. The prolongation of herpetic infections and molluscum contagi-
osum treated with topical corticoids have been reported [121,122]. Topical gluco-
corticoids were recently demonstrated to inhibit transcription of all genes encod-
ing antibacterial peptides in frog skin, resulting in an increase in viable bacteria
[123]. The authors suggest that since human skin was recently found to produce
two different antibacterial peptides, LL-37 and B-defensin, topical corticosteroids
applied to human skin may also inhibit the transcription of the genes coding for
these peptides, thus resulting in undesirable cutaneous infections.

9. Provocation of Erythema Craquelé

Following the discontinuation of a long-term course of potent topical corticoids,
an erythematous pattern of superficial fissuring of the epidermis, resembling ery-
thema craquelé, has been seen in susceptible individuals. Although most of these
cases are reported to follow occlusive therapy, one subject developed the reaction
following 6 weeks of application without occlusion. No correlation has been es-
tablished between the development of erythema craquelé and skin thinning as
measured with the Harpenden caliper technique. It is hypothesized that the topical
corticoids induce a functional abnormality that predisposes the skin to desiccation
and the development of the erythema craquelé. A similar reaction was reported
previously, although in the earlier report a correlation appeared to exist between
the degree of atrophogenicity and the inflammatory reaction.

V. CURRENT APPROVED INDICATIONS

Table 4 lists the diseases that are responsive and those less responsive to topical
steroids. Also included are those that are generally not responsive to topical ste-
roids and require intralesional therapy with injections of insoluble corticoids. The
very responsive diseases generally require low- to medium-potency corticoids.
For less responsive diseases, higher potency corticoids, higher concentrations,
and occlusion may be necessary.

VI. THERAPEUTIC PROTOCOLS
A. Dosage and Concentration

Physicians rarely prescribe oral or parenteral preparations without due consider-
ation to dosage; yet most physicians prescribe topical corticoids with little or no
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Tasie 4 Indications for Topical Corticoids

Very responsive
Atopic dermatitis
Seborrheic dermatitis
Lichen simplex chronicus
Pruritis ani
Later phase of allergic contact dermatitis
Later phase of irritant dermatitis
Nummular eczematous dermatitis
Stasis dermatitis
Psoriasis, especially of the face and genitalia
Less responsive
Discoid lupus erythematosus
Psoriasis of the palms and soles
Necrobiosis lipoidica diabeticorum
Sarcoidosis
Lichen striatus
Pemphigus
Familial benign pemphigus
Vitiligo
Granuloma annulare
Least responsive (intralesional injection required)
Keloids
Hypertrophic scars
Hypertrophic lichen planus
Alopecia areata
Acne cysts
Prurigo nodularis
Chondrodermatitis nodularis helicus

thought as to the number of milligrams of material per surface area of skin. There
is a dose-response relationship, with increasing efficacy closely following in-
creased dosage. Severalfold differences in dosage can override differences in
potency among halogenated analogues. Therefore, it is important to estimate the
quantity required by the patient in any given condition.

Increasing the concentration of any given corticoid will often produce in-
creased efficacy. Fortunately, most manufacturers provide a standard or regular
concentration yielding the desired therapeutic result for most patients. For in-
stance, triamcinolone acetonide is available in 0.025%, 0.1%, and 0.5% formula-
tions. The bulk of patients with corticoid-responsive dermatoses need only the
0.025% formulations; by increasing this to 0.1%, all but a few percentage of
probable responders will respond. For the patient with more resistant lesions,
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however, the 0.5% formulations may provide the difference between therapeutic
success and failure. For certain uncommon instances, such as psoriasis of the
palms and soles, even higher concentrations, 1% triamcinolone acetonide, may
be compounded.

The standard trade concentrations suffice for most patients. In the more
resistant diseases, higher concentrations should be considered. For instance, ap-
proximately 1% of a 0.25% hydrocortisone solution is absorbed from the forearm.
Increasing the amount applied per unit area of skin tenfold increases the amount
absorbed four times. Other methods of increasing effectiveness will be described
in the section on ‘‘Occlusion’’; some have previously been discussed in the sec-
tion on ‘‘Vehicles.”” Increased efficacy, however, must be balanced against in-
creased risk of adverse effect (see Sec. IV).

Regional differences in response are based mainly on the differences in
penetration of skin in various areas. Thus, areas with increased permeability, such
as the scrotum, eyelids, ears, scalp, and face respond far better to topical corti-
coids than such areas as the dorsa of the hands, extensor surfaces of knees and
elbows, and the palms and soles [124].

B. Occlusion

Occlusion with an impermeable film, such as plastic wrap, constitutes a most
effective method of enhancing penetration, yielding approximately a tenfold in-
crease [125]. Specifically, with occlusion, penetration of hydrocortisone on the
forearm increases from 1% of applied dose to 10%. This tenfold increase consti-
tutes an important clinical advantage; even with the more potent analogues, occlu-
sion in the resistant case will often produce a successful result. There are, how-
ever, obvious problems associated with occlusion therapy—the plastics are
sometimes uncomfortable, warm, and troublesome to apply. Side effects encoun-
tered with occlusion include miliaria, bacterial, and candidal infection. The inci-
dence of side effects correlates directly with the duration of occlusion and, for
this reason, the plastic should generally be worn for no more than 12 h a day.

Occlusion has the added advantage of keeping the drug on the skin by
preventing rubbing off onto clothing. Occlusion is also particularly useful in pru-
ritic skin diseases because it limits access to the skin and, therefore, scratching,
which may worsen the condition.

We have some data delineating the effect of duration of occlusion on percu-
taneous penetration. Limited studies show that there is a direct correlation; the
longer the occlusion, the greater the effect. Since there is a measurable enhance-
ment of penetration after several hours of occlusion, it is now recommended that
patients utilize occlusion for relatively shorter periods. For instance, many pa-
tients apply the wrap after work and remove it when they retire, approximately
6 h, thus avoiding the discomfort of sleeping in plastic.
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Initial methods of occlusion were homemade. Now, for convenience, plas-
tic gloves, booties, arm and leg wraps, and whole-body plastic exercise suits have
been adapted for this purpose. Premedicated corticoid tape (flurandrenolide) is
also available and is convenient for providing occlusion to small areas.

Recent studies in dermatopharmacokinetics of hydrocortisone force a clini-
cal reevaluation of the mechanism of action of occlusion [126]. The original
study [125] demonstrated a tenfold enhancement in penetration by utilizing a 96-
h period of occlusion. The current occlusion study utilizes a more realistic, 24-
h therapeutic time period, and does not reveal penetration enhancement. Yet oc-
clusion increases biological activity in the standard 16-h blanching assay; and,
clinically, some disease entities fail to respond without it. Understanding this
phenomenon may provide important new pharmacological insights.

C. Frequency of Application

Previously, a patient applied topical corticoids 3 to 4 times daily. Studies on the
percutaneous absorption of hydrocortisone failed to reveal a significant increase
in absorption applied on a repetitive basis compared to a single dose [127]. Clini-
cal trials of various corticoids suggest that less frequent applications are equally
effective [128,129]. In view of the relatively slow process of corticosteroid ab-
sorption, a phenomenon referred to as the ‘‘reservoir effect’” [130], there may
be no advantage to frequent application. A similar pharmacodynamic slow-re-
lease curve has been noted with many organic compounds [131].

A multiple-dose hydrocortisone study conducted in humans [131], in which
radiolabeled hydrocortisone was applied on days 1 and 8 and unlabeled material
on days 2 through 7 and 9 through 14, with the sites of application being washed
daily 1 h prior to the next application, showed no significant increase in penetra-
tion, in contrast to the earlier study in the rhesus monkey [127].

Acute tolerance (tachyphylaxis) to vasoconstriction and antimitotic effects
and suppression of epidermal DNA synthesis by topical corticoids have been
demonstrated [133,134]. This suggests that the resistance clinically observed after
prolonged use might be prevented by less intensive therapy, such as daily applica-
tion with short resting periods between treatment courses [90,135].

Another study examining corticoid tachyphylaxis used fluocinolone aceto-
nide under occlusion to the forearm and induced wheal and flare to histamine
with the prick technique [136]. By the eighth day, the wheal was nonexistent,
adding now a third tachyphylaxis phenomenon.

Clement and coworkers also examined tachyphylaxis by utilizing the DNA
synthesis, hairless mouse epidermis model to determine a treatment schedule for
continuous epidermal suppression [137]. With all the twice-daily treatment regi-
mens, tachyphylaxis occurred but not with the 72-h application of certain corti-
coids. In this study, vehicles appeared to play a role in determining the speed of
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tachyphylaxis. Clearly, this model deserves additional work to aid in unraveling
the clinical relevance of tachyphylaxis.

D. Anatomical Variation

There are regional variations in percutaneous absorption of compounds [138].
These variations are determined by factors including hair follicle density, thick-
ness of the stratum corneum, and vasculature of the region. There is a distinct
difference in the penetration of hydrocortisone in different anatomical sites. This
suggests that for areas of higher penetrability such as the face, scalp, scrotum,
axilla, and the groin, smaller doses are required and occlusion is not needed [139].

In flexural areas of the skin in which hydration may occur, absorption may
be increased. Absorption through diseased skin with an increased blood supply
may also increase. Little quantitative information is, however, available on how
much penetration is increased in diseased skin. In initial studies, it was noted
that skin with only minimally involved atopic dermatitis allowed for a severalfold
increase in penetration; psoriatic plaques had no significant increase, whereas
exfoliative psoriatic skin had little barrier to penetration. This important subject
needs additional investigation, which should be of practical value in dermatophar-
macology.

E. Intralesional Therapy

In certain disease conditions where the limited penetration of corticoids pose a
problem, intralesional injection of relatively insoluble corticoids, such as triam-
cinolone acetonide, triamcinolone diacetate, and betamethasone acetatephosphate
can be used. When they are injected into the lesion, measurable amounts remain
in place and are gradually released for 3 to 4 weeks. This figure is estimated
from the duration of the transient adrenal suppression and by examination of
biopsies to ascertain the duration of the local antimitotic response [121]. This
form of therapy is particularly beneficial in certain lesions generally unresponsive
to topical corticoids, such as alopecia areata. Intralesional corticoid injections
have been reported to be effective in the early treatment of infantile capillary
hemangiomas of the eyelids. As with all corticosteroid use in the periocular re-
gion, due caution must be exercised.

In intralesional therapy, dosage is critical and requires strict attention to
decrease the incidence of local atrophy, a term that is a partial misnomer. The
involved sites are depressed and often atrophic because of inhibition of collagen
synthesis, but fortunately, unlike most atrophic states, the condition is often self-
limited and reversible in time. The dosage of the triamcinolone salts is generally
limited to 1 mg per treatment site (that is 0.1 mL of a 10 mg/mL suspension).
Many physicians prefer to increase the dilution to increase the volume of solution
injected into each site.
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