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Sales of over-the-counter benzoyl peroxide {BPC)
are currently approaching $1 billion annually, ef-
fectively securing its position as the most widely
used topical acne medication in dermatology. 1is
safety and efficacy are unquestionable. Because
it has been many years since this product was
thoroughly reviewad in the literature, this article
provides the most recent perspectives regarding
the topical use of BPO in dermatology.

BPO is an organic peroxide consisting of white
crystal agglomerates that are soluble in chloroform
and other organic solvents bus insoluble in water.
Although stable at room temperature, it is flamma-
ble? and is explosive when heated to temperatures
of greater than 100°C.®

Although a powerful oxidizing agent, it is non-
toxic to humans and is used in foed processing
io bleach flour and ocils and in various industrial ap-
plications.’ BPO, derived from a byproduct of coal
tar, was used as early as 1905 as a nonirritating
oxidizing antiseptic. Although BPO was mainly
used as a bieach for flour in the first part of the
20th century, dermatologists also prescribed it
for wound healfing and treating burns and chronic
skin ulcers.”

enzoyl

PHARMACOKINETIC AND SAFETY PROFILE

A study by Nacht and colleagues® examined BPO
penetration through normal skin and its systemic
disposition. A study of radiolabelled BPO penetra-
tion through excised human skin found that under
maximal sieady state conditions, 4.5% of the ap-
plied dose was delivered to the skin in an 8-hour
period. Of the fotal amount of BPO applied iopi-
cally, 95.5% was recovered unchanged from the
skin at 8 haurs. Topically applied BPO was found
1o penetraie unchanged through the stratum cor-
neum or into the follicles. it then diffused into the
epidermis and dermis, where it is converted to
henzoic acid, posaibly with the aid of follicular
bacteria. Systemically, studies in primates showed
that benzoic acid is absorbed as benzoate and
excreted unchanged in the urine. BPO seems to
avoid degradation by the liver.

Haustein® stugied 100 patients aged 12-28
years who had acne treated with 10% BPO gef
twice daily for 8 weeks. Before freatment, they
were tested with BRPO 5%, 1%, and 0.1% embed-
ded in paraffin for 24 hours, and results were read
at 24, 48, and 72 hours, Of the 100 patients, only
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2 reacted to the BPO 1%, whereas the 0.1% test
concentration gave only a questionable reaction.
These resulis suggest that BPO is a weak allergen
and is more likely to give an irritant reaction, espe-
cialty at higher concentrations.

Six patients (6%) compiainad of stinging, itch-
ing, burning and erythema, edema, dryness, and
desquamation at treatment initiation. These symp-
toms disappeared in 5 patients with continued
use, including after a short preak. in addition to
these study findings, clinical experience suggests
that BPQ, at the concentrations usually used in
practice, is most often associated with iritant
reactions that often resoclve with a drug holiday.
True contact dermatitis can occur buy is relatively
uncommon. These studies highlight the impot-
tance of the delivery systems and vehicles used
in clinical practice.

ANTIBACTERIAL AND ANTI-INFEAM MATORY
PROPERTIES OF BENZOYL PEROXIDE IN ACNE

BPO has been shown to have numerous modes of
activity. This remarkable drug has been shown to
possess antimicrobial and anti-inflacnmatary,’
keratolytic,® and wound-healing activity.*'® How
BPO affects sebum secretion rate remains contea-
versial.’™"" However, curreni thinking mainiains
that no topical agents are sebostatic.'®

Antimicrobial Activity

Over the years BPQ activity in acne has been
shown o be caused by antimicrobial activity that
is rapid and bacteriostatic and possibly bacteri-
cidal.’® In 1974, Fulton and colleagues' com-
pared the antibacterial activity of BPO and
vitamin A acid. They noted that BPC "is more
than just another epidermal irriiant; it is also a
potent bacteriostat.”’" They also noted that
the vehicle is critical. In the alcohol gels studied,
residual deposition of BPQO on the skin after the
alcaho! vehicle evaporated allowed continued
contact.

in vivo studies comparing Corynebacterium
acnes recavery from sebum in 10 subjects apply-
ing BPO 10% in alcohol gel vehicle twice daily
and vehicle twice daily found a marked reduction
in bacteria in the sebum of those using active
treatment (Bollinger JN, Rowlands JR, Gause
EM, personal communication). This group found
that BPO also decreased the ratio of free fattly
acids to free esters in sebum. Currently, the role
of free fatty acids in acne pathogenesis is no
longer considered important.’

A study by Cove and Holland'® in 1981, exam-
ined survival curves of 8 different microorganisms
known io colonize skin in the presence of BPO.

The microorganisms varied in increasing sensitiv-
ity to BPO as follows: Fropionibacterium acnes,
Staphylococcus capitis, S epidermis, S hominis,
P avidum, P granulosumn, and the yeast Pityrospo-
rum avale. BPO had a homogenous bactericidal
effact, suggesting that no resistant subpopula-
tions were present. The authors point out that
BPO) exerts its bacteticidal activity through oxida-
tion, leading to the release of highly reactive oxy-
gen intermediates that oxidize proteins  in
bacterial cell membranes.'®

A study using high-pressure liquid chromatogra-
phy 1 to 2 minutes after application of BPO emul-
sion to the skin found that BPO rapidly penetrates
the straium cornewm. Additionally, BPO is de-
graded to benzoic acid, leaving no detectable
BPO depot in the stratum corneumn. ™

Burkhart and Burkhari®® showed that P acnes
are capable of secreting protective biofilm poty-
saccharides, which may explain some of the diffi-
culty of delivering effective lavais of antimicrobials
within the skin. BPO, with its oxidalive properiies,
appears to have a role in dastroying this biofilm.
This biofilm modsl helps to ilusirate the use of
BPO in facilitating the delivery of topical antibiotics
and other agents to the targeted bacteria 2%’

Although this biofiim model is intriguing, the
clusters of P acne and other bacteria are encased
in a matrix of sebum and keratin, which acts as
a barrier to the delivery of therapeutic products
as well as pravides for an anaerobic environment.
Here again, the oxidative and keratalytic proper-
ties of BPO provide utility in weakening this pro-
tective barrier. Perhaps the final word and
summary of the current data on the antibacterial
efficacy of BPO in acne shouid go 1o Kligman,??
whao declared in 1995 that *No prescription antibi-
otic can begin to match the antibacteriat efficacy
of benzoyl peroxide. Twice-daily applications for
five days will reduce the P acnes population by
more than 95%! Mareovar, unlike the case with
topical antibiotics, £ acnes has not been smart
enough to evolve resistance to benzoyl peraxide.”

Keratolytic Activity

An important and often overlooked property of
BPO is its effect on comadonal acna. A study by
waller and colleagues® compared the keratolytic
efficacy and cutaneous barrier disruption of BPO
29, retinoic acid 0.05%, and salicylic acid 2%,
a weli-established keratolytic. Sites on untreated
volar farearms of voluriteers were treated under
ocelusion and unocoluded and examined at
3 and 6 hours. At 3 hours, BPO was significantly
more keratolytic, as shown by the amount of stra-
sum cormeum removed with tape stripping.
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Transepidermal water loss (TEWL) was used to
study barrier disruption, which was found to corre-
|ate with the depth of stratum cormeum remaoval.
Salicylic acid had the greatest keratolytic activity
at more supatficial depths.

Perhaps because of the vehicle used in this
study, BPO was more effective and createda higher
TEWL effect at deeper layers. This effect was seen
as a complement to its known antibacterial effi-
cacy. The authors also note that the ability of BPO
to disrupt the stratum cornsum barrier may imprave
penetration of drugs that are coadministered.®

CLINICAL STUDY REVIEW
Benzoyl Peroxide Monotherapy

The first use of BPO in the management of acne
was reporied by Canadian dermatologist Wiiliam
Pace,2® who identified it as the active ingredient
in a chiorhydroxyguinolin cintment in a petrotaium
base {Quinolor Compound Ointment, ER Squibb
and Sons). After discussing BPO solubility issues
with John King, Pace then consulted a London,
Ontario pharmacist, Glare Munro, and incor-
porated the solution of BPO to a commercial
cream base (Dermabase, Borden, Lid., Don Mitls,
Ontario, Ganada). This pharmacy-compounded
product was reported by Pace to be as effective
as the original but much iess irritating, and farmu-
lated into an aesthetically acceptable, clinically
efficacious acne treatment.

The effecliveness of Pace's cream came to the
atiention of Werner Stiefel who commerciaiized
BPO for the treatment of acne. Stiefel, who was
educated as a chemical engineer, engaged the
team of Cox and Ciufo,®® who created and pai-
ented a stable compaosition of BPO for the treat-
ment of acne. '

Since then, many BPO antiacne products have
heen rmarketed. Dosage forms include gels,
cream, lotions, aerosols, foams, wipes, pads,
masks, and salutions. Cencentrations have varied
from around 19% o as high as 20%. Various drug
delivery systems have also been used with BFO,
including micronization, polymeric drug release,
encapsulation, entrapment, particle coating, co-
solvent sysiems, combinations with other actives,
combinations of actives to address difierant thera-
peutic needs, and copackaging with companion
products.

From the regimen of suffur with BPO and then
onto combinations with salicylic acid, sunscreens,
antibiotics, and barrier repair agents, dermatolo-
gists have recognized that ireatment of skin condi-
tions often requires combination therapy to
address the multifaceted causes seen in skin dis-
ease. Inventors and companies have been
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searching for the utopian freatment for acne, but
to no avail. Efforts have besn directed toward
addressing the technical deficiencies that are
common with BPO products.

Skin irritation is the main issue observed by
patients and physicians when BFO is used to treat
acne, Irritation potential may be reduced through
micronizing the BPO particle or making it softer
and less abrasive. Other additives, such as emol-
fients, polymers, and anti-irritants, may be in-
cluded in the compositions to improve the
product’s aesthetics. Furthermore, the rate of
release of the drug and physical availability of the
active may also be modified through drug delivery
approaches, such as encapsulation, coating tech-
nologies, and entrapment.

Although early BPO products such as BenzaGel,
Panoxyl, Desquam, and Persagel served derma-
tology well, they were essentially replaced with
newer delivery systems. A product based on di-
methyl isosarbide as a solvent for BPO was devel-
oped by dermatologist Richard DeVillez.?* Seeing
the need for the active to penatrate better, DeVillez
found that BRPO dissolved in dimethy! isosorbide
and that siability could be maintained in these
compositions. Won and colleaguss™ found that
BP0 could be entrapped in a porous styrene-
divinylbenzene polymer structure, which is now
known as microsponge technology. Both delivery
systems reduced irritation.

Flynn®” recognized the need to remove excess
skin ails found around acne lesions and found
fumed silica served this purpose. This concept
became a major part of the Oxy acne franchise.

Cox and Ciufo, Young, Fulton, and Kiein and Fox
each contributed {o the knowledge used o pro-
duce stable BPO compositions today.2t#8-3¢
Cox2* recognized that having BPO at least partially
suspended improved stability. He coupted this
with the inclusion of an organic emellient and the
reduction of the particle size of the drug crystal.
Young® pionesred a hydroalcoholic gel that
used polyoxyeihyiene-based surfactants to re-
duce product drag during application. Fulton®®
showed that using a high concentration of a polar
emollient, glycerin, also resulted innot cnly a stable
composition but also one perceived to be nonirri-
tating. Kiein and Fox®® further found that stability
improved if a smail amount of dioctyl sodium sutfo-
succinaie was added to the formulation.

A new BPO product in a novel solvent-based
system has been formulated that apparentiy, sim-
ilar to those containing dimethyl isosorbide, has
the ability to solubilize BPO and facilitate a rapid
and more complete absorption of the BPO.
Results of iwo recent irials suggest a more rapid
response in - freaiing comedones with similar
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efficacy in treating inflammatory lesions to a 5 per-
cent water-based benzyl peroxide/clindamycin
combination. This new solvent system did shaw
& significant increase in  stinging, burning,
arythama, and dryness during the first two weaeks.
It is possible that the volatile agents in this product
are also solubifizing the lipids in the comedanes,
resuliing in an unusually rapid response for come-
donal acne.

There are an incradible number of new and old
benzyl peroxide producis available today. There
are many differences in these formulations, which
could have a significant effect on delivary tolerabil-
ity and efficacy. Weli-designed head-to-head
studies that evaluate these products in a prospec-
tive manner are lacking. Therefore, it is difficult for
comparative assessments on safety or efficacy
across these ditferent formulations to be made.

A single-blind comparison of the safely and effi-
cacy of twice-daily BPO 4% gel and once-daily
adapalens 0.1% get showed that both treatments
were similarly effective in treating comedonal and
inflammatory lesions after 11 weseks. However,
BPO 4% was statistically superior to adapalens
0.1% in the percentage reduction of alt lesions at
weeks two and five (P = .0007 and P = .0944, re-
spectively). This difference is important becauss
patienis who have acne typically comply better
with therapy if they see a rapid rasponse. The sim-
ilar effects of both BPO and adapalene on come-
danes in this study highlights the importance of
BPQs in the treatment of this form of acne. In
fact, the consensus groups' opinion does not
even mention this class of products in the initial
treatment of comedonal acne. Hopefully, renewed
attention on this subject will permit a better appre-
ciation of this point. Experts suggested that in
BPO-retinoid combination therapy, the rapid up-
front response to BPO compensated for the reti-
noid’s later anset of action both far inflammatory
and comedonal acne.®’

In a comparison of 6% BPO gel and 1% clinda-
mycin phosphate Iotion, the BPO gel produced
mora rapid and significantly greater reductions in
P acnes counts (P <.01) and fluorescence.™

The current trend in the management of acne is
10 combine BPO with other medications that have
a different mode of action."® However, BPO mano-
therapy is still used particularly in the form of
washes designed 1o be rinsed off rather than re-

main on the skin where they may be imitating.
These washes are increasingly available in differ-
ent strengths and various cleansing bases for
patients with sensitive or irritation-prone skin.
Experts have suggested that exposing the skin
to an acne treatment is more impartant than
the duration of exposure or the medication

concentration. However, data supporting this in
large conirolied clinical trials are lacking. The au-
thars’ believe that leave-on products with slow-re-
lease BPO designed for longer skin contact are
potentially more effective in affecting a positive
clinical outcome.

Burkhart¥ suggested that the rapid effect of
BPQ washes may be from the abiliy of the BFPO
radicals to react with bacterial membranes and
jntracellular organglles  within milliseconds  of
application. This approach may be especially ef-
fective, because overzealous washing and scrub-
bing of acne lesions may actually worsen the
disease and increase irritation. 334

Ocelusive moisturizers act as an emollient to
provide rapid repair of the skin barrier,* Occlu-
gives alone are effective, but inefficient and not
cosmetically acceptabie. A humectant alone may
exacerbate iransepidermal water joss.®® Occlu-
sive agents, such as dimethicone, are designed
to help prevent water evaporation, and glycerin,
which is a humectant, atiracts water from the der-
mis to the epidermis. These formuiations combin-
ing a humectant with an emollient assist with
rehydration and restoration of the epidermal de-
fensive. Another strategy for improving the tolera-
bility of BPO is to formulate it in a 10% urea base,
which might moisturize the skin because of its
humectant property®® and add to its antiacne
efficacy because of its keratolytic activity.®

Combination Therapy

Benzoyl peroxide and topical antibiotics
The success of both BPO and topical antibiotics
in acne treatment prompted many studies of their
combination to increase efficacy thraugh combin-
ing drugs with differing but complementary
mades of activity. Morsover, well-designed com-
bination therapy may take advantage of the pos-
sible synergy between the effects of the agenis
chosen.?® However, as P acnes resistance to top-
icai and oral antibictics began to increase worid-
wide, strategies were sought to minimize this
threat. Topical combination therapy is prescribed
using separate products, with many combina-
_tions, such as BPO with clindamycin or erythro-
mycin, used to increase efficacy and decrease
risk for resistance.®?4°
In 1985, Klain's patent for the first combination of
BPO with an antibiotic, erythromycin, was issusd
and with it came the birth of a preduct com-
pounded by the pharmacist and dispensed to the
patient (Benzamycin Topical Gel, Dermik). This
product was 1o be refrigerated by the patient and
discarded after 90 days. The next-generation prod-
uct {BenzaClin Topical Gel, Dermik) is a mixture of



BPO 5% with clindamycin phosphate 1% that is
similarly compounded by the pharmacist and can
remain ai room temperature for 90 days, after
which it should be discarded by the patient. An-
other factory-blended BPO 5%/clindamycin phos-
phate 1% gel (Duac Topical Gel, Stiefel
Laboratories) is available in a composition that is
refrigerated by the distribution channel and then

kept at room temperature by the patient for

60 days, after which it should be discarded. All of
these products have been shown to be widsly
accepted by physicians and patients.

The 2003 acne treatment consensus guidelines
state that oral and topical antibiotics should not
be used as monotherapy in acne because chronic
use is associated with the emergence of resistant
bacterial variants.’® In a study by Cunliffe and
coworkers,*? resistant P acnes appeared as early
as 8 weeks after initiation of therapy with topical
clindamycin monoctherapy and increased over the
16 weeks of the study. The recent Scientific Panel
on Antibictic Use in Dermatology convened to
evaluate the use of antibiotics in dermatology.*?

Pralonged topical or oral antibictic therapy for
acne vulgaris is best accompanied by the use of
BPO to optimize efficacy and mitigate the emer-
gence of less-sensilive P acnes strains. The pres-
ence of less-sensiiive F acnes organisms may
contribute to decreased efficacy of antibictic treat-
ment in some patients, especially if a high density
of these strains is present. However, oral antibi-
otics, such as doxycycline, minocycline, and topi-
cal clindamycin, have continued to mainiain
efficacy in many patienis, specifically when used
in appropriate combination with other agents,
such as BPO and topical retinoids.

The use of comhination therapy with BPO to
help minimize the develdpment of resistance is
imporiant to note in clinical practice. In mora

than 35 years of use in acne management, bacte- -

rial resistance to BPO has not developed.*®

Several studies have shown the combination of
BPO and a topical antibiotic was more effective
and better tolerated than moneotherapy with either
agent.#14%96 A BPO 5%/clindamycin 1% phar-
macy-compounded water-based gel is available,
asisapremixed BPO 5%/clindamycin 1% inadime-
thicone- and glycerin-containing gel. These gels
were proven to be safe and effective inthe treatment
of acne. On evaluation of the reduction of inflamma-
tory lesions at 11 weeks, the dimethicone- and glyc-
erin-containing BPO/clindamycin gel used once
daily .and the BPO/clindamyein water-based gel
used twice daily yielded simifar results.

Cunliffe and coworkers"! compared clindamy-
cin 1%/BPO 5% gel with clindamycin 1% gel
monotherapy. Again, combination clindamycin/
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BP0 therapy produced significantly greé‘ter reduc-
tions from baseline in inflammatory lesion, iotal
lesicn, and comedona counts compared with clin-
damycin manotherapy {F < .048), and greater im-
provements in patients’ and physicians’ clinical
global improvement scores. This study was partic-
ularly notable in showing a greater than 1600% in-
crease in P gcries counts from baseline to week
16 in the group undergoing clindamycin monother-
apy. In contrast, the group undergoing combina-
tion therapy showed decreases in resistant
bacteria, which correlaied with reductions in
inflammatary and fotal lesions (@ = 0.31 and
0.28; P = .016 and 0.027, respectively). Both the
total P acnes count and the clindamycin-resistant
P acnes counts were decreased with combination
therapy but not with clindamycin monotherapy.

A 2007 randomized, assessor-blind study com-
pared the safety and efficacy of once-daily applica-
tions of topical clindamycin 1%/BFPQO 5% and
twice-daily applications of erythromycin 4 zinc ac-
etate administered for 12 weeks in 148 patients
with mild ic moderate acne.*” The BPO/clindamy-
cin combination showed an earler onset of action:
at week 1, the propertion of patients with at least
a 30% reduction in non-inflammatory iesions was
31.5% for the BPO/clindamycin group and 17.3%
for erythromycin/zinc. This trend continued until
study end, although reductions in total lesion count
were similar at terminaticn (69.8% and 64.5%, re-
spectively). Both treatmentis were well iclerated.

BENZOYL PEROXIDE AND RETINOIDS

Combination therapy with BPO and antibacteriais
is effective in reducing bacterial proiiferation and
countering inflammation. Because effecis in com-
edenal acne have not been well described or char-
acierized in clinical irials, it is prudent to combine
BPO with topical retinoids, an already important
mainstay in acne treatment with strong anticome-
dogenic and comedolytic activity.”!®

Retinoids normalize the desquamation of the
follicular epithelium and prevent the formation of
new comedones, the precursor to all acne le-
sions.”*® Retinoids also enhance the penetration

-of other topical drugs into the foilicie.? The

introduction of less-irritating retinoids and more-
emollient vehicles has made this therapy
extremely tolerable. For example, in a study by
Shalita and colleagues,*® a 6% BPO wash used
in combination with 0.1% tretinoin microsphere
reduced skin tightness compared with tretinoin
monotherapy.

In another study, patients with moderate to
severa acne using tazarotene 0.1% cream each
evening and were randomized io morming
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applications of either vehicie gel or a clindamycin
1%/BPO 5% gel containing the emolient dimethi-
cone and the humectant glycerin.®® The retinoid
plus clindamycin/BPO regimen showed a signifi-
cantly greater reduction in comedonal lesions
than tazarotene monotherapy beginning at week
4, and continued to be statistically significant
throughout the 12-wesl study. Again this finding
highlights the importance of benzyl peroxide in
the treaiment of comedanal acne. Surprisingly,
ciinical significance in inflammatory lesions was
anly seen in patients who had more than 25 le-
sions. The clindamycin 1%/BPO 5% gel was bet-
ter tolerated and patients experienced a lower
incidence of peeling and drying compared with
those treated with tazarotene cream monothar-
apy. This finding was particularly noticeabie and
statistically significant at week 4 during retiniza-
tion. Similar findings were alsa noted in a study
using the same humeactants- and emollient-
containing BPO/clindamycin gel in combination
with the retinoid adapalene.5*

A fixed-dose, once-daily combination gel with
adapalene 0.1% and BPO 2.5% was recently
developed (EpiDuc, Galderma Laborataries).52 A
12-month study enrolled 452 subjects to assess
the efficacy and safety of the combination. Reduc-
tions in total, inflammatory, and comedonal lesions
began as early as week one. At 12 months, when
data from the last ebservation carried forward
were examined, the median percent raductions
from basetine were 65%, 70%, and 66% in total,
inflammatory, and comedonal lesion counts, re-
spectively. Treatment was well tolerated overall,
with only a 2.0% dropout rate from adverse
events. Studies have not compared the efficacy
or tolerance of this product compared with cur-
rently used regimens of a BPO and clindamycin/
retinoid combination,

SUMMARY

BFO is arguably the mast widely used topical
treatment for acne, with more than 35 years of
safe and effective use. A resurgence in the use of
this agent has recenily occurred, despite the
development of effective antibiotic and retinoid
regimens. This resurgence seems to from the
increasing appreciation of the bactericidal and
anti-inflammatory capabilities and anticomedolitic
properties of BPO. Most importantly, however,
unlike other antibacterial products, bacterial resis-
tance to BPO has not yet bean obsearved and is
unlikely to happen. It is generally agreed that add-
ing BPO is a sine qua non of antibiotic treatment of
acne because of its ahility to reduce the risk for

resistance and its activity against both sensitive
and resistant strains of P acnes.

Although earlier formulations of BPO were
somewhat fimited by irritation, new vehicles have
greatly improved the tolerability of BPO monother-
apy and combinations. Adding excipients such as
urea and glycerin, and the emollient dimethicone
to the base also improve tolerability. Intriguing
new research suggests that combining BPO and
antibiotics or other drugs containing tertiary
amines may enhance the free radical formation
believed to be the basis of BPO's bactericidal
activity. Strategies such as this to boost the activ-
ity of BPO may eventually result in greatly reduced
antibiotic use in managing acne.
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