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I
t’s an understatement to say that the FDA has approved
no new active compounds for management of derma-
tologic diseases in recent years. Yet multiple new drug
formulations of old actives have come to market or
await approval. Many of these newer products feature

well-known active ingredients that have been reformulated into
enhanced vehicles. These new formulations may represent a new
formulation base for a given active (such as a foam or spray for-
mulation of a drug previously available only in lotion and
cream), while others promise an improvement of an existing base
(alcohol-based to water-based gel).

New vehicle formulations offer various potential benefits for
both prescribers and patients. In addition to ease of application
that may improve compliance, new formulations may provide
more efficient drug delivery leading to greater efficacy, and thus
leading to better clinical results. It is important that dermatolo-
gists understand recent advancements in the science of vehicles
and delivery systems and their effects on clinical care, particular-
ly with regards to improving patient compliance. 

Efficacy of a Topical Medication
Three factors determine the efficacy of a topical medication:
Activity, Delivery, and Compliance. The “activity” of the active
ingredient or primary drug compound is crucial, but as noted
below, “inactive” ingredients play a potentially important role
in modulating drug delivery and tolerability. Equally impor-
tant is the ability of the vehicle to deliver the active so that the
active exerts its effects. A significant proportion of the drug

development process is spent identifying effective compounds
and combining them with other ingredients that will augment
or at least not hinder their efficacy. 

A potentially difficult task from a formulation standpoint,
development of an effective vehicle becomes more complicated
in light of the third factor—the key factor—in determining
efficacy: patient compliance. Simply put, a medication cannot
be effective if patients do not use it. Numerous factors influ-
ence compliance, including patient motivation. But inherent
characteristics of the formulation, as described below, will con-
tribute to a patient’s willingness to use a particular therapy. 

Steve Feldman, MD and Alan Fleischer, MD at Wake Forest
University completed a rather telling study on therapeutic com-
pliance. They employed Medication Event Monitoring System
(MEMS) Caps with a built-in microchip that would record each
time the medication container was opened. Patients in the study
were asked to self-report medication use in a log; subjective self-
reports were compared to objective microchip data. The same
protocol was used in two patient cohorts, one group with psori-
asis the other with atopic dermatitis. 

Because they voluntarily entered the study, one can
assume these patients were highly motivated to seek treat-
ment. They were being paid to use the prescribed drug, pro-
vided at no cost to them. Furthermore, they knew their drug
use was being monitored and they were asked to self-report
drug use. Yet MEMS Cap data and patient logs revealed that
the majority of patients were not using their medications as
directed. Comparison of MEMS Cap data to logs showed
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many patients dishonestly over-reported drug use. Although
the MEMS caps did document increased use of medications
just before and for a brief period after office visits, the data
overall suggested that patients who seek treatment, who are
being paid to use a drug, and who know their use is being
monitored do not faithfully use medications. Imagine how
much less compliant the everyday, run of the mill patients are
with their topical medications.

Favorable Characteristics of a Vehicle
There are certain basic characteristics desirable in a vehicle:
Efficacy, Tolerability, Spreadability/substantivity, Stability, and
Aesthetics.

Efficacy: How well it works. Just because a drug com-
pound demonstrates efficacy in laboratory tests does not indi-
cate that a finished drug formulation will provide notable
effects clinically. Many promising studies have failed to lead to
useful medications on the market. One reason a drug com-
pound fails to provide clinical benefit is a sub-optimal vehicle,
as components of the vehicle modify the effectiveness of the
active ingredient. For topical formulations, solvent properties
are important because they modulate release of the active
ingredient, and only the dissolved drug penetrates the skin. So-
called inactive ingredients may exert important therapeutic
effects. They may increase blood flow to the skin or moistur-
ize, which may increase the efficacy of the product. If the vehi-
cle provides any barrier-repairing effect, it will improve the
health of the skin. Consider that petrolatum alba in desonide
ointment is an inert ingredient. However it hydrates the stra-
tum corneum and enhances efficacy of therapy and speeds
clearance.

Tolerability: Low occurrence of adverse effects. The vehi-
cle may not simply be an inert carrier of the active ingredient.
In fact, drug developers seem to continually recognize the abil-
ity of vehicles to modulate tolerability. Features of the vehicle
can limit the occurrence of adverse events or, if poorly formu-
lated, contribute to these. Consider studies in which a signifi-
cant proportion of the placebo vehicle group complains of
adverse effects such as stinging or itching.

Commonly reported adverse events in trials of topical ther-
apies include pruritus, burning, stinging, erythema, and discol-
oration. Whether through barrier-repairing ingredients, emol-
lients, or humectants incorporated into the formulation, vehi-
cles can help diminish these effects.

Spreadability/substantivity: Ease of application and
durability. Spreadability refers to the “ease of use” for the
patient. An ideal vehicle will provide an evenly distributed
cutaneous delivery system. Lotions tend to provide very good
spreadability. On the other hand, substantivity refers to the
formulation’s tendency to stay in place for a sufficient amount

of time to deliver the active. Think of substantivity as “resist-
ance to wipe off.” Petroleum jelly offers limited spreadability
but is a good example of strong substantivity.

Stability: Duration of shelf-life. With technological
advancements, stability of a formulation is relatively reliable
today. However, all products have a fixed lifetime; either the
active ingredients lose potency or the formulation itself
begins to degrade. The issue of compounding is an important
aspect of stability that is pertinent to dermatology. Most top-
ical drugs today are compounded in the factory and provided
to pharmacies in pre-measured units, such as benzoyl perox-
ide 5%/clindamycin  1% (Duac, Steifel). Other products,
containing the same agents (benzoyl peroxide 5%/clin-
damycin  1%; BenzaClin, Dermik), are provided in separate
components and require pharmacist compounding at the
time of filling the prescription. Factory compounding pro-
vides uniformity of formulation whereas pharmacist com-
pounding introduces variability in the final compounded
product. 

Aesthetic qualities: Cosmetic elegance and patient satis-
faction. While it may not affect the inherent efficacy of a ther-
apy, how the formulation looks, feels, and smells—its aesthet-
ic qualities—will influence whether or not the patient uses it as
directed, which has a direct correlation with compliance.
Patient preferences vary, and the relevance of certain aesthetic
factors may depend on the site of application. Generally speak-
ing, however, patients prefer a formulation that is “transparent”
once applied. The formulation should not have a filmy or
mask-like appearance or even a noticeable sheen once applied.
The “feel” of the agent once applied is also important. Is it
greasy? Abrasive? Smooth? 

Patients prefer a product that has minimal if any scent and
will tend to avoid products with an unpleasant odor. For man-
ufacturers, unpleasant odor presents a dilemma. To improve
the formulation requires a masking fragrance, which increases
the incidence of allergic contact dermatitis. 

Finally, treatment of hair-bearing areas presents unique
challenges. Creams and ointments simply do not provide a
good aesthetic result when applied to hair-bearing skin (the
scalp or other hairy areas, including the legs, arms, back,
etc.). By contrast, shampoos, foams, and sprays, are proving
especially useful for these body areas as they allow ease of
application (spreadability) with quick application and leave
no residue. 

The Formulation Base 
Treatment of hair-bearing skin, as just noted, provides a vivid
illustration of the need for a variety of formulation bases—
cream, lotion, solution, gel, oil, foam, and spray. Three rela-
tively recent developments warrant mention.
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Water-based Gels. Water-based creams had been popular
because they moisturize the application site as they deliver the
active ingredient. However, water-based creams tend to have
innate deficiencies. To stabilize oil-soluble ingredients in water
requires emulsifiers, which function like surfactants in deter-
gents and have been shown to produce skin irritation.
Furthermore, emulsified creams tend to produce a sticky, skin-
whitening residue when dry. 

Despite potential for irritation, water-based creams sur-
passed gels in popularity primarily because older gel formula-
tions, consisting of a cellulose matrix formulated with acetone
or alcohol, tended to be even more irritating. Newer aqueous
carbomer gels are comprised of water 70 percent or more. The
matrix in which the active ingredient is suspended is structural-
ly coherent, decreasing the need for emulsifiers and thereby
decreasing risk of irritation. Decreased reliance on emulsifiers
means no residue, leading to an acceptable look and feel fol-
lowing application.

Foams. Foams are still relatively new to the market. Their
perceived elegance belies their chemical complexity. Their

rapid application and evanescence leave negligible residue,
plus they are free of fragrances and preservatives. Evoclin,
Olux, and Luxiq (Connetics) utilize what the manufacturer
calls Versa-Foam HF technology, which is neither moisturiz-
ing nor drying. They are thermolabile, liquefying at temper-
atures of 88-90°F. At this temperature, the base quickly evap-
orates into the air as the active ingredient penetrates directly
into the affected skin. Desonide 0.05% foam (Verdeso,
Connetics) offers a further update in the form of Versa-Foam
EF (emulsion formulation), which incorporates white petro-
latum as a moisturizer. Of all the available base types available
in dermatology in recent years, foams were the only one that
met all of these criteria: Negligible residue, stain-free, disap-
pears quickly, non-dripping, easy to apply, fragrance–free,
appropriate for scalp, appropriate for large hair bearing areas,
and covers large area easily. 

Non-aerosol Sprays. A new non-aerosol spray has recently
come on the market, and it also meets all of the same criteria
for foam detailed above.

Non-aerosol sprays offer obvious convenience. Clobetasol
propionate 0.05% Spray (Clobex, Galderma) is an elegant
vehicle that has just four additional ingredients other than the
active. Upon application, ethanol in the vehicle strips surface
lipids to enhance penetration of the active ingredient.
Isopropyl myristate, a lipid-based emollient in the vehicle, “set-
tles” on the skin to seal it over and replace those lipids. Another
benefit of the product is that it supplies measured doses. Each
full spray delivers 0.14mL of medication, enough to cover
about one percent Body Surface Area (BSA). Physicians can
estimate the patient’s involved BSA and recommend the appro-
priate number of sprays to provide adequate coverage per
application, permitting controlled use of the corticosteroid
(about 400 sprays per 60cc bottle). 

Clobetasol 0.05% spray, similar to foams, is suitable for
larger body areas or hair-bearing areas.  Men especially like to
use sprays on hair-bearing chest, shoulders, backs, and arms.

Sprays may be useful for more hard-to-reach
body sites, especially in older patients with
limited mobility and flexibility. 

The Other Side of the Coin
Characteristics of the vehicle will influence
whether or not patients are willing to apply
the medication as needed. The other impor-
tant factor in compliance is efficacy and
speed of clearance. Consider the infamous
OTC psoriasis product SkinCap. The “mira-
cle” ingredient in SkinCap was alleged to be
zinc. Although the spray-on formulation did
contain zinc, studies confirmed that it con-

tained clobetasol 0.05%—not disclosed as an ingredient. The
super-potent steroid applied twice a day rapidly produced sig-
nificant clearance for many users. Some patients demonstrated
marked clearance of their psoriasis in as few as 17 days. Patients
who experienced this quick clearance were motivated to con-
tinue to use the product because the aerosol spray was simple
and easy to use. Enhanced compliance led to clearance that
kept them using it. 

Discussion of steroids warrants mention of tachyphylaxis
and emerging debate over the reality of the phenomenon.
Certainly patients with various dermatoses have demonstrat-
ed clinical signs of diminished response with continued use of
topical corticosteroids. However, the clinical result may not
be evidence that “the more you use the steroid the less it
works.” Perhaps, instead, as patients become less faithful to
their therapeutic regimen and compliance slips, diminished
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response is simply evidence that “the less you use the steroid
the less it works.”

There is no documented evidence of progressive loss of
steroid receptor function in patients treated over long periods
with topical corticosteroids. Therefore, it seems more likely
that there is simply loss of patients’ willingness to reliably apply
messy or otherwise unappealing topical agents over an extend-
ed period of time.

Vehicle + Efficacy = Compliance
Dermatologists have long bemoaned the challenges of patient
compliance. Advancements in product formulation have not
obviated these challenges, but they have improved the quality
of vehicles and product efficacy. Some specific examples will
show how these two factors combine in practice.

Scalp Psoriasis. Older therapeutic solutions (P&S Liquid,
certain corticosteroid solutions) may be messy, may sting or
burn, and may provide uneven coverage. Traditional OTC
adjunctive shampoos or liquids were minimally useful to mois-
turize and diminish scale. The emergence of corticosteroid foams
represented an important alternative for scalp application. Now
clobetasol 0.05% shampoo (Clobex) is expanding the treatment
options. Patients should apply clobetasol shampoo to the dry
scalp once a day for four weeks. They leave the shampoo in place
for 15 minutes then add water, lather, and rinse thoroughly. The
product is formulated with ethyl alcohol, a solvent that permits
rapid penetration of the corticosteroid; short contact delivers
ample active drug to the skin, comparable to a leave-on formu-
lation. Furthermore, therapy is convenient and cosmetically ele-
gant. There is no residue and, though patients may follow with
conditioner if desired, this step is not necessary. It is worth not-
ing that the shampoo contains just seven other ingredients, one
of which is purified water, in addition to the active.

Nail psoriasis. Any alcohol-based corticosteroid solution is
suitable for treatment of distal, subungual nail psoriasis. The
patient should hold the affected digit (finger/toe) in the
upright position, drop the solution between the nail plate and
the nail bed, and allow gravity to deliver the drug to the affect-
ed area. Calcipotriene (Dovonex, Warner-Chilcott) solution
works, as well. 

Plaque Psoriasis. Among convenient, effective options for
plaque psoriasis—as well as for guttate psoriasis, allergic  con-
tact dermatitis, and other steroid responsive dermatoses—is
clobetasol propionate 0.05% lotion (Clobex). Propylene glycol
is the solvent that permits delivery of the active agent.
Importantly, the concentration of propylene glycol is less than
10 percent, therefore there is no irritation. The other solvent is
water, and the formulation contains emollient mineral oil. 

The combined use of topical calcipotriene with a potent
corticosteroid, both twice daily, has been a recognized effective

topical intervention for plaque psoriasis. Applying two agents
twice daily simply is not convenient for patients. Taclonex
ointment (calcipotriene 0.005%/betamethsone dipropionate
0.064%, Warner-Chilcott) provides both active agents in a sin-
gle formulation indicated for once-daily application. Because
betamethasone dipropionate is stable at a low pH and cal-
cipotriene is stable at a higher  pH, combining the two agents
in an effective formulation presented difficulties. The current
formulation suspends micronized betamethsone dipropionate
in an anhydrous vehicle containing dissolved calcipotriene. 

Simplified application once per day versus twice-daily
improves compliance. Data show enhanced efficacy with the
combination product compared to either agent alone or vehi-
cle. In one trial, 48 percent of combination-treated patients
achieved absent or very mild disease. Rate of similar clearance
for calcipotriene was 16.5 percent, for betamethsone propi-
onate was 26.3 percent, and for vehicle was 7.6 percent. 

Atopic Dermatitis and Pediatric Dermatoses. Clocortolone
pivalate (Cloderm Cream, Coria Laboratories) is unique because
the package insert contains no lower age limit; it is approved for
use in individuals  “from birth.” The mid-potency corticosteroid
is halogenated, resulting in an effect similar to that of a higher-
potency corticosteroid. Because some older halogenated prod-
ucts were associated with significant adverse effects, many clini-
cians inappropriately prejudge halogenated corticosteroids.
Evidence shows that the placement of the halogen atoms (in this
case chlorine and fluorine), not simply their presence, deter-
mines the incidence of adverse events and/or increased potency.
This positioning dramatically decreases the risk of side effects
with this halogenated steroid. Furthermore, the pivilate group
on the clocortolone molecule seems to enhance absorption of the
active into the skin. Clocortolone pivalate cream is not associat-
ed with significant side effects and is safe for use on the face,
including for eyelid dermatitis. 

Another corticosteroid formulation associated with
decreased incidence of adverse events, including no evidence of
HPA axis suppression or striae, is fluticasone propionate
0.05% (Cutivate Lotion, PharmaDerm). This mid-to-high
potency corticosteroid lotion contains dimethicone for
enhanced emolliency. It offers spreadability and ease of appli-
cation for larger areas of involvement and is indicated for use
in children one year of age or older. 

Recently approved for atopic dermatitis (AD) is a unique,
moisturizing hydrogel formulation of desonide 0.05%
(Desonate, SkinMedica) that offers functional and aesthetic
enhancements compared to traditional vehicles. Hydrogel is a
simple, clear, alcohol-free formulation free of fragrances and
surfactants. It absorbs readily without leaving a greasy or shiny
film on the skin. Recent data show that it may help improve
epithelial barrier function. Although dermatologists have gen-
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erally favored moisturizing creams or ointments for AD man-
agement, these properties make Desonate a potentially favor-
able option for patients with AD. 

Rosacea. Studies show that azelaic acid (AzA) 15% gel
(Finacea, Intendis) provides an eight-fold increase in the
amount of active ingredient delivered to the viable skin com-
pared to azelaic acid 20% cream. Among beneficial features of
this gel formulation are a high water content (providing
humidification) and a low lipid content (avoids stickiness).
The AzA is micronized and suspended as microparticles,
improving spreadability, avoiding whitening effect, and per-
mitting follicular targeting. At a pH of 4.8, the formulation
does not interfere with the skin’s acid mantle. Azelaic acid gel
may be effective for both erythematotelangiectatic and papulo-
pustular rosacea. Patients should apply the gel twice daily, with
results evident by about four weeks. 

Metronidazole gel 1% (MetroGel, Galderma) is a welcome
update of older metronidazole formulations. The efficacy of
metronidazole cream 1% (Noritate, Dermik) is limited because
in suspension metronidazole precipitates out in crystalline
form and is filtered out by the stratum corneum. By contrast,
in solution more metronidazole is available for cutaneous pen-
etration. Though it was previously believed that 0.75% was the
maximum level of metronidazole content possible in solution,
the new MetroGel offers a 1% concentration.

MetroGel 1% is formulated with Hydro-Solubilizing
Agents (HSA-3). Metronidazole is encapsulated in betadex
(beta cyclodextrin) then suspended along with niacinimide and
propylene glycol in a 92 percent water base. The betadex
“shell” is hydrophilic on the outside, allowing water solubility,
and hydrophobic on the inside allowing the metronidazole
penetration. Niacinamide  (Vitamin B3) stimulates synthesis
of ceramides; Increased ceramides decrease transepidermal
water loss (TEWL). MetroGel 1% is indicated for once-daily
application, enhancing convenience, and may be effective for
both erythematotelangiectatic and papulo-pustular rosacea. 

Acne. Whereas azelaic acid cream did not demonstrate signif-
icant benefit in the treatment of acne vulgaris, the enhanced
penetration offered by azelaic acid 15% gel may make it quite
effective for acne, though such use is off-label. For acne, patients
should apply the gel twice-daily, with notable improvement evi-
dent by about four to six weeks. The agent is rated category B,
making it the topical drug of choice for management of acne in
a pregnant woman. 

Also relatively new in the treatment of acne is NeoBenz
Micro (benzoyl peroxide 3.5%, 5.5% or 8.5%, SkinMedica),
formulated with a microsponge delivery vehicle. Microsponges
permit a delayed-release of the active ingredient, theoretically
producing a reservoir of the active agent on the skin surface that
gradually penetrates through the stratum corneum, minimizing

the incidence of adverse events. In the case of NeoBenz Micro,
data suggest that the agent may produce more significant reduc-
tion in both inflammatory and non-inflammatory lesions with
less irritation, compared to standard benzoyl peroxide gel. 

Xerosis. Salicylic Acid 6%/Ammonium Lactate 3.5% cream
and lotion (Salex, Coria Laboratories) has been formulated with
Multi-Vesicular Emulsion or MVE technology. MVE consists of
concentric layers of emulsified lipids suspended in an aqueous
medium, similar to the layers of an onion. Once applied to the
skin, the layers gradually dissolve, providing a controlled release
of the active ingredient over time. The active ingredient, salicylic
acid is keratolyitc, helping to desquamate stratum corneum.
Ammonium lactate in the vehicle decreases cohesiveness of the
corneocytes in the epidermis. As these corneocytes migrate to the
stratum corneum, the salicylic acid exerts its effect.  

MVE technology has also been applied to CeraVe lotion,
cream, and cleanser (Coria Laboratories) and will likely be incor-
porated into other products, as it is suitable for both water- and
oil-based active ingredients. In addition, studies show that
delayed release MVE lotion provides a significant reduction in
TEWL maintained over 24 hours with a single application. 

Vehicles Influence Efficacy, Compliance
Some clinicians greet the emergence of new formulations of
older actives with a degree of skepticism, dismissing them as
repackaging of old treatments. In the majority of cases, however,
these new formulations incorporate sound scientific improve-
ments that enhance efficacy and improve the patient’s willing-
ness to use the drug—compliance. Compliance is one of the for-
gotten key factors determining topical treatment efficacy. Poor
compliance may explain some treatment failures, and decreasing
compliance over time may explain tachyphylaxis.

Dermatologists in the clinic must do what they can to
increase compliance. That means selecting the most effective
drug formulations that will provide each patient the most con-
venient, favorable therapeutic experience possible for their given
disease presentation. 

As discussed, vehicles are not inert carriers of active ingredi-
ents. Characteristics of vehicle formulations can significantly
influence the efficacy of a drug and/or a patient’s willingness to
use a therapy as directed. Ongoing advancements in vehicle
development and the emergence of improved formulation bases
will continue to yield formulations that offer reliable efficacy,
minimal side effects, symptomatic relief, and improved conven-
ience. Choose vehicles that patients are willing to apply. Don’t
guess. Ask! While it is essential to discuss possible side effects
with patients, do not overemphasize them. Use a quick follow up
visit to assure better use. 

1. Housman TS, et al. The use of 0.25% zinc pyrithione spray does not enhance the efficacy of clobetasol propi-
onate 0.05% foam in the treatment of psoriasis. J Am Acad Dermatol. 2003 Jul;49(1):79-82.
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