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ABSTRACT

Psoriasis is a chronic, debilitating disease that commonly involves the scalp. Despite a wide range of therapy options, scalp psoriasis
remains difficult to treat, highlighting a long-standing unmet need for the safe and effective treatment of scalp psoriasis. Many topical
therapies for scalp psoriasis are also difficult or unpleasant to apply, resulting in decreased adherence and efficacy. In brief, the high
level of patient dissatisfaction with currently available treatments for psoriasis supports the need for new, effective and well-tolerated
treatment options for scalp psoriasis: This article aims to-review the-efficacy,and safety of -new, formulations and treatment options
available to control scalp psoriasis. For example, a new formulation of calcipotriene/betamethasone scalp solution has a rapid onset
of action with once daily dosifng thatimprovescompliance: Thex€alePso study examines the safety,profile of otherwise established
Clobetasol propionate (CP) shampoo 0.05%, and reports that CP shampoo is safe and efficacious in the long-term management of
scalp psoriasis. A new foam formulation of coal taris shown to be casmetically acceptable and easier to apply.

INTRODUCTION

soriasis is a chronic debilitating disease of skin and joints

that was noted to have a prevalence of 2.5 percent in

Caucasians and 1.3 percent in African-Americans in a
population-based study in the United States (U.S.)." In_ the Gel=
fand study,' approximately 50-80 percent of participants (79%
according to van de Kerkhof et al.) have scalp involvement of
psoriasis, which may occurin‘isolation or with any other form
of psoriasis and still be termed scalp psoriasis.2*The scalp is
the most common site of disease involvement at onset and
throughout the course of psoriasis. Althoughthe area isysmall
in relation to the body as a whole, it is disabling for the patient
and causes many quality-of-life issues.

Scalp psoriasis presents as sharply demarcated plagtes with
silvery-white scaling. Sometimes the lesions involve forehead,
the retroauricular area and back of neck, making the disease
very apparent; and thus making it psychologically and socially
very disturbing to patients.* At times, it is impossible to hide
the scaling unless one wears a hat at all times or grows one’s
hair long. In a questionnaire-based study by Van de Kerkhof et
al. in 1998, 57 percent of participants reported that scalp pso-
riasis is socially and psychologically distressing, with the most
distressing symptoms being scaling (34%), itching (32%) and
visibility (18%).5 About 70 percent of participants with psoriasis
complain of itching and/or skin pain and/or burning when the
scalp is involved.®

Being a chronic disease, compliance in the treatment of pso-
riasis, especially scalp psoriasis, has always been of immense
importance. Patients always expect a speedy and quick re-
sponse, which is difficult to meet. Van de Kerkhof et al. showed
that the most common reasons for non-compliance were desire
of less frequent application (59%), treatment taking too much

time (15%) and either treatment did not work or results were
worse than expected (both at 10%).°

It'is also important to determine the severity of scalp psoriasis.
The Psoriasis Scalp Severity Index (PSSI)” is a modified PASI
(Psoriasis Area Severity Index) which considers clinical signs
and the scalplareal onlys Erythema, induration and scales are
graded on a scale of 0 (absent) to 4 (very severe), summed up
and then multiplied by the involved area of scalp which is graded
on a scale of 1 to 6 (1=<10%, 2=10-29%, 3=30-49%, 4=50-69%,
5=70=89% and 6=90-100%). PSSI scores range from 0-72, just
like PASI scores.

Scalpypsoriasis i§ also very difficult to treat because the area
doesnotrepresent the true burden of the patient’s disease. Even
if the whole scalp i§ involved, it is only five percent of the body
surface area (BSA), which may not qualify the patient for the
biologic agents that he or she may sometimes need. Scalp pso-
riasis can be treated in multiple ways. The treatment algorithm
for the scalp is quite similar to that used for body psoriasis.The
first line of treatment is topical—including tar and salicylic ac-
ids, which are messy, time consuming, odorous and may cause
hair discoloration. Phototherapy, like skin psoriasis, would be
the next option if topical therapy was not helpful because of
poor response or severe disease. However, traditional light
treatment units are vertical and emit light horizontally, making
it impossible to treat the scalp.To overcome this, hand-held de-
vices or units are available, but are inconvenient to use since
the hand-held unit should be moved constantly over the scalp
over a short period of time to avoid burning. Few patients with
resistant scalp psoriasis will need systemic therapies such as
methotrexate and acitretin, which may cause further hair loss,
exacerbating the hair loss already known to be associated with
scalp psoriasis.*

© 2010-Journal of Drugs in Dermatology. All Rights Reserved.

This document contains proprietary information, images and marks of Journal of Drugs in Dermatology (JDD).
No reproduction or use of any portion of the contents of these materials may be made without the express written consent of JDD.

If you feel you have obtained this copy illegally, please contact JDD immediately.

JO0810



s102

JourNAL OF DRUGS IN DERMATOLOGY
AUGUST 2010 * VOLUME 9 * ISSUE 8 (SUPPLEMENT)

The optimal treatment of scalp psoriasis can be defined as an
effective convenient application, with a cosmetically acceptable
formulation, which will increase compliance and is safe for long-
term use. Below the authors attempt to review the available
medications and new formulations in terms of these criteria.

Taclonex Trial

Topical corticosteroids represent the most widely used treat-
ment for scalp psoriasis. They have a rapid onset of action,
however, and concerns about long-term cutaneous adverse ef-
fects and safety have always been an issue. To maximize safety
and efficacy, corticosteroids are often combined with other
topical agents. The vitamin D3 analogue ‘calcipottiene is effec-
tive and well tolerated for the treatment of scalp psoriasis with
proven superiority over the vehicle, but skin irritation can be a
disadvantage.®' Since 2001, the combination of calcipotriene
with betamethasone dipropionate in an ointment formulation
has become a well-established treatment for psoriasis vulgaris
of the non-hairy skin."” Betamethasone provides rapid onset of
action and counteracts the irritation of calcipotriol, while calci-
potriol works as a steroid-sparing agent. Recently, calcipotriene/
betamethasone has been made available in topical solution for
scalp application.

A very large multicenter, randomized phase 3 trial was conduct-
ed in various centers in Canada, European Union (EJU), United
Kingdom (U.K.) and United States (U.S.) to evaluate calcipotriene/
betamethasone scalp solution.’ A total of 4,533 participants with
scalp psoriasis were enrolled. Participants were at least 18 years
old, with a clinical diagnosis of scalp psoriasis of=10 percentjin-
volvement and amenable to topical treatment witha maximum
of 100 g of the scalp formulation per week. Following a washout
period, participants were randomized to one"of the following four
comparison groups: calcipotriene/betamethasone scalp solution
(n=541), calcipotriene in the same vehicle (n=272), betametha-
sone dipropionate in the same vehicle (n=556) and vehicle alone
(n=136). All the subjects were evaluated at week 1, week 2, week
4 and week 8 on a six-point IGA scale (“very severe,” “severe,’
“moderate,” “mild,” “very mild” and “clear or absence of dis-
ease”). The success was measured by either absence of disease
or very mild disease.

At two weeks, 57.5 percent, and at eight weeks, 71.2 percent
of participants treated with calcipotriene/betamethasone scalp
solution achieved controlled disease status (i.e., absent or very
mild disease). In contrast, 47.1 and 64 percent in the betame-
thasone group and 18.8 and 36.8 percent in calcipotriene group
had achieved success respecitvely.

An open-label, 52-week safety and efficacy extension phase of
this study was also conducted. The subjects were treated once
daily with calcipotriene in vehicle (n=440) and calcipotriene/be-
tamethasone scalp solution (n=429) on an as-needed basis.The
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end point was “satisfactorily controlled disease” which includ-
ed absence of disease, very mild disease and mild disease.™

In 92.3 percent of the visits, of subjects treated with calcipot-
riene/betamethasone scalp solution achieved “satisfactorily
controlled disease” level while the same number was 80 per-
cent (58-78%) with the calcipotriene group. Hence, maintenance
therapy with the two-compound scalp formulation may keep
disease activity at a stable level while providing an acceptable
safety profile when used as required.

Minimal and reversible adrenal suppression was observed in
fiveleut|ofi32 participants (16%) after four weeks of treatment
with calcipotriene/betamethasone scalp solution, and in two out
of 11 subjects (18%) who continued treatment for eight weeks.
No clinically 'significant effects on serum or urinary calcium
were noted in the 52-week study. It should be noted that most
of the patients recruited for this study had extensive disease
and were also using calcipotriene/betamethasone ointment for
their non-scalp psoriasis.

In brief, calcipotriene/betamethasone scalp solution has a rapid
onset of action and higher clearance with once-daily dosing,
which improves patient.convenience and compliance.’'¢ The
safety and efficacy profile for up to 52 weeks is very assuring.

CalePso Study

Clobetasol propionate (CP) shampoo 0.05%, an efficacious and
apparently safe treatment for scalp psoriasis, is approved by the
U.SFood and Drug Administration (FDA) for four weeks, but no
long-term maintenance results were available. CalePso study was
conducted ‘in Canada to answer these questions."® The aim of
this double-blind} randomized, placebo-controlled study was to
determine if CP shampoo is suitable for long-term disease control.
A total of 288 adult subjects with moderate-to-severe psoriasis
(global severity score [GSS] of 3 or 4 on a scale of 0 [clear] to
5 [very severe]) were recruited. Initially, all the subjects entered
an acute-phase, open-label phase of the study in which all were
treated with 0.05% CP shampoo (contact time 15 minutes) daily
for four weeks. Approximately 75 percent (78%) of subjects (217)
with improvement to mild disease (GSS 2 or less) at four weeks,
or to no disease (GSS 0) at two weeks, were rolled over to the
maintenance phase of the study, which was placebo-controlled
and double-blinded. Subjects were randomized to placebo or CP
shampoo group, treated twice weekly and evaluated every four
weeks for six months. Participants showing relapse (defined as
GSS >2) were switched to daily clobetasol shampoo. If subjects
relapsed twice in a row, they were withdrawn from the study. If
symptoms diminished (GSS <2) after the first relapse, relapsed
participants readopted the twice-weekly maintenance regimen.

After four weeks of open-label acute phase, 78 percent of the
subjects had clear, very mild or mild (GSS <2) and 33 percent

© 2010-Journal of Drugs in Dermatology. All Rights Reserved.

This document contains proprietary information, images and marks of Journal of Drugs in Dermatology (JDD).
No reproduction or use of any portion of the contents of these materials may be made without the express written consent of JDD.

If you feel you have obtained this copy illegally, please contact JDD immediately.

JO0810



s103

JourNAL OF DRUGS IN DERMATOLOGY
AUGUST 2010 * VOLUME 9 * ISSUE 8 (SUPPLEMENT)

of subjects has clear or very mild (GSS <1). Severe pruritus de-
creased from 75 to 27 percent in two weeks, suggesting a rapid
onset of action of CP shampoo, which is required for good pa-
tient compliance. The safety profile was good with few adverse
events reported of mild-to-moderate severity. Results are consis-
tent with the U.S. pivotal trial studies (GSS 0 or 1 of 28-42%).

The maintenance phase was evaluated by relapse, which was
defined as GSS of 3 or 4. The primary efficacy variable was time
to first relapse, and the secondary efficacy variable was number
of relapses during the six-month maintenance phase. It took a
mean of 94 days for any subject to the first relapse in the clobeta-
sol group while it took 57 days inthe vehicle group) (P<0.0001).
Fifty percent of all subjects relapsed after 58 days of clobetasol
shampoo versus 29 days of vehicle. Fifty percent of subjects
with moderate psoriasis relapsed after 144 days in clobetasol
group while 31 in vehicle group (P<0.0001). Fifty-seven percent
of the clobetasol treated subjects had 0 or 1 relapse versus 30
percent in the vehicle group. Thirty-one percent in the clobetasol
shampoo group had no relapse, versus 8 percent in the vehicle
group.Two or three relapses were seen in 17 percent of clobeta-
sol shampoo group, while 43 percent of vehicle group had two
or three relapses over a period of six months. Over a period of
seven months of study, no HPA axis suppression was reported.im
clobetasol group while, in contrast,/one participant in the vehicle
group was reported to havesdHPA axis suppression. There was;no
greater incidence of skin atrophy or telangiectasia in the clobeta-
sol shampoo group compared with the vehicle group.

Coal Tar Revisited

Coal tar has been a part of traditional medicine for almost 2,000
years, and its first modern medical use was first documented
in 1824. The Goeckerman regimen was introduced in 1925, «a
regimen in which coal tar is used in conjunction with™UV light
therapy. Coal tar has multiple mechanisms of action, including
antimitotic, anti-inflammatory, antibacterial, antifungal, anti-
pruritic and photo-sensitizing.”™ Although the frequency of its
use has decreased due to availability of newer topical prepara-
tions, it still remains the mainstay of treatment for psoriasis in
many parts of the world. The unpleasant smell, yellow staining
and carcinogenic potential have been the major factors limiting
the use of tars.

Coal tar is a monograph over-the-counter (OTC) drug (i.e., FDA
has published a monograph on coal tar that specifies the kinds
and amounts of ingredients, the directions for the drug’s use,
the conditions in which it may be used and the contraindica-
tions to its use). OTC coal tar is available in 0.5-5% strength
and is useful in seborrheic dermatitis and dandruff as well other
than psoriasis.

Liquid carbonis detergens (LCD) is a 10% coal tar solution
that is equivalent to 2% coal tar. There is a study to compare

L. H. Kircik, S. Kumar

psoriasis improvement rates in participants using 5% liquor
carbonis detergens (LCD) (1% coal tar) in an emollient base
with the emollient base vehicle alone, which was conducted
in 1993.% Eighteen participants completed a randomized,
bilaterally controlled, double-blind study. Emollient vehicle-
treated plaques showed a mean improvement of 35.3 percent
by four weeks of treatment, and LCD therapy produced a
mean improvement of 48.7 percent, a difference which was
statistically significant.

Tzaneva et al. showed in a pilot study that 1% coal tar preparation
(Exorex) is similar in efficacy to calcipotriol in the treatment of
psoriasis When treated for a short duration (eight weeks in this
study).?' Forty participants with chronic plaque type psoriasis were
included inthis randomized, observer-blind, split-body, intrapatient
comparison trial. In each patient, two comparable target plaques
were treated| twice daily with '@ 1% coal tar preparation or
calcipotriol cream and the response to treatment was evaluated at
weeks 0, 2, 4,6 and 8, determined by the psoriasis severity index
(PSI). At termination of the trial, the mean+SD baseline PSI score
of 9.2+1.5 was reduced to 3.0+2.9/by 1% coal tar preparation and
to 2.8+2.7 by calcipotriol.

Many modifications have.been made to tar preparations to in-
crease their acceptability. Now new formulations are available
anhd are,beinglused for treatment of psoriasis. A new foam for-
mulation is cosmetically acceptable, easier to apply, liked by
the participants, has almost no smell (unlike old coal tar) and
is greenish-yellowish in appearance but does not stain hairs.
Other formulations are ointments, creams, lotions, gels and
bath solutions.

Safety of coal tarl has always been an important issue.?? It is a
polycyclic aromatic\hydrocarbon which raises the possibility of
carcinogenesis. Thére has not been any documented evidence
of teratogenicity or carcinogenicity in humans, but these ef-
fects have been observed in animal and in vitro studies. Hence,
long-term use with concentration over 5% of coal tar is not rec-
ommended. Proposition 65 (formally titled “The Safe Drinking
Water and Toxic Enforcement Act of 1986” or “Prop 65”) is a
California law that has been in effect since 1986 to keep toxic
substances that cause cancer and birth defects out of consumer
products; coal tar is on this list.

There are some statistical analyses that suggest that the inci-
dence of skin cancer is not significantly increased above the
expected incidence for selected populations of the U.S.224

CONCLUSION

Scalp psoriasis is a common, symptomatic, highly visible and
very distressing disorder. Affected patients have a high level of
physical and psychosocial morbidity. There is an unmet need
for safe, effective, long-term and easy-to-use topical treatments

© 2010-Journal of Drugs in Dermatology. All Rights Reserved.

This document contains proprietary information, images and marks of Journal of Drugs in Dermatology (JDD).
No reproduction or use of any portion of the contents of these materials may be made without the express written consent of JDD.

If you feel you have obtained this copy illegally, please contact JDD immediately.

JO0810



s104

JourNAL OF DRUGS IN DERMATOLOGY
AUGUST 2010 * VOLUME 9 * ISSUE 8 (SUPPLEMENT)

for this condition. Mason et al. carried out a meta-analysis of
antipsoriatic topical treatments and demonstrated that the
only agents shown to be efficacious for the treatment of scalp
psoriasis were potent topical corticosteroids and vitamin D3
analogues.?®The use of traditional therapies for scalp psoriasis,
such as coal tar and dithranol, and traditional vehicles, such
as creams, gels and ointments, are self-limiting by high levels
of unacceptability by patients. Formulation of topical treatment
and once-a-day use is of utmost importance to achieve a high
level of compliance and, therefore, treatment success. Recently
formulated combination of calcipotriene/betamethasone dipro-
pionate scalp solution, new information about the long-term
safety of clobetasol shampoo and new:coal/tar foarm'haye con-
tributed to the advancement of scalp psoriasis treatment.
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INTRODUCTION

Rationale for the Use of Biologics in Psoriasis
he term “biologics” encompasses all therapeutic and
diagnostic agents that have been synthesized from liv-
ing organisms. The Merriam-Webster’s Medical Desk

Dictionary defines a biologic as “a biological product (as a
globulin, serum, vaccine, antitoxinlor/antigen) used in the pre-
vention or treatment of disease.” Biologics are designed to tar-
get a specific cell-surface receptor, cytokine or other molecule
thought to be important in the pathogenesis of a particular dis-
ease. Specifically targeting these molecules can have signifi-
cant clinical benefit and can help further characterize or solidify
the potential relevance of certain cytokines in the disease.

In recent years, there has been significant advancement in the
understanding of the pathogenesis of psoriasis/and psoriatic
arthritis, and, consequently, there has been a surge in the de-
velopment and application of targeted biologic therapeutic
agents for psoriasis and psoriatic arthritis. Key mediators in
the pathophysiology of psoriasis includeTh1 andTh17:cells and
their respective proinflammatory cytokines, tumor necrosis
factor alpha (TNF-a), interleukin-1 (IL-1), IL-6, IL8 and 1I-12, and
IL-23. Medications that block or inhibit these molecules have
had a profound positive impact on patients with,psoriasis and
are collectively referred to as “the biologics.”

An important question is: where does thisynewer class of medi-
cations fit into the classic treatment alogrithim for| pSoriasis?
The traditional treatment paradigm for psoriasis follows a step-
wise progression in which patients must fail a previous step
of therapy in order to move up to the next-more aggressive
treatment. In this model, systemic medications for a majority
of psoriasis patients were a last resort if the patient has failed
emollients, over-the-counter (OTC) products, topical glucocor-
ticoids, vitamin D analogues or retinoids and phototherapy
(UVB, UVA and/or excimer). With the expanding therapeutic
armamentarium for psoriasis and the increasing awareness of
the negative co-morbidities and risks associated with psoriasis,
it seems prudent to rethink traditional treatment approaches.

More and more, systemic therapies are being initiated early in
a patient’s treatment course; yet, they are still typically reserved
for patients with severe psoriasis. Plaque-type psoriasis, which
encompasses 85 percent of cases, can be globally divided into
three categories: mild, moderate or severe. Definitions of pso-
riasis severity have not been standardized, and conventional
measures of disease severity are usually based solely on the

percentage of body surface area affected. In this schema, >10
percent BSA corresponds to severe disease."? However, such
measures of disease severity fail to consider a variety of fac-
tors. More recent disease severity qualifying schemes include
quality of life measures, which provide a more comprehensive
way to assess disease impact on patients.>*

In an international consensus statement on biologic therapies
for psoriasis published in the British Journal of Dermatology in
2004, several authors agreed that, disease severity should be
considered on a case-by-case basis.® This would allow for se-
vere but localized involvement, disease that is localized to the
face, palms, soles or genitals that can significantly impact the
patient’s quality of life to be considered severe enough to war-
rant systemic therapy. The most recent consensus statement
from the American Academy of Dermatology (AAD) on pso-
riasis treatment echoes this statement and recommends that
physicians_take into_account quality of life, co-morbid condi-
tions, access to care and economic factors among others, prior
tolchoosing\an appropriate therapy for a patient.® Futhermore,
it explicitly states that even mild disease can warrant system-
ic therapy if it is not responsive to topical therapy and/or it is
causing significant disruption in daily life and/or employment.
This'is a clear shift from the traditional treatment paradigm and
allows. fora case-by-case approach to the treatment of psori-
asis. Accordingly, systemic agents should be considered and
discussed with the patient at the initial visit.

A growing body of evidence indicates that psoriasis is asso-
ciated with significant medical co-morbidity in addition to the
well-established negative psychosocial impact. For example,
patients with severe psoriasis have a six-fold increase in risk
of developing metabolic syndrome compared to the general
population. Increased abdominal obesity and increasing BMI
correlates with psoriasis severity.” Furthermore, psoriasis may
be an independent risk factor for cardiovascular disease.2 Com-
pared to the general population, the 10-year risk of coronary
heart disease and stroke were 28 and 11.8 percent greater, re-
spectively, for psoriasis patients in one study.®

In terms of psychosocial morbidity, nearly half of patients with
psoriasis would prefer to have a more “serious” medical condi-
tion than have psoriasis, 83 percent need to hide their psoriasis
and avoid sports activities because of their psoriasis, 74 per-
cent have lowered self-confidence, 46 percent were chronically
depressed and 35 percent were inhibited in their sexual rela-
tionships.” Patients with psoriasis have an increased risk of
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depression and use of selective serotonin reuptake inhibitors.
Psychiatric morbidity is also present in children with psoriasis.
In a study of 2,144 pediatric psoriasis patients (mean age 11.4
years), children with psoriasis were more likely to have a psy-
chiatric disorder when compared to age matched controls.™
Psoriasis has been shown to affect physical functioning more
so than common serious medical conditions.?

Psoriasis can also permanently affect economic and social
status. In one study, 23 percent of psoriasis patients reported
that their condition affected the choice of their career.” More
severe Psoriasis Area and Severity Index (PASI) and Dermatol-
ogy Life Quality Index (DLQI) scores correlate with /decreased
work productivity. Patients with PASI and DLQI scores >20 were
much more likely to be absent from work.” Psoriasis patients
aged 29-34 have higher divorce rates, and overall have slightly
higher divorced-marriage ratios than the general population.™
Religious non-affiliation in psoriasis patients aged 29-31 is
higher than in the general population. Divorce and religious
non-affiliation are surrogate measures for social functioning.
Overall DLQI over a lifetime or over the last year is worse than
at a given point in time in patients with psoriasis.’®

Despite these known psychosocial and medical co-morbiditiess
psoriasis patients are often frustrated and undertreated. Ex-
perienced psoriasis patients,are often frustrated by the lack of
efficacy and tediousness of applying topical medications and/or
the frequent monitoring and visits associated with certain sys-
temic medications and phototherapy. In a study of greater than
17,000 psoriasis patients, 78 percent expressed-frustration with
their current psoriasis treatment, and 32 percent felt/that their
treatment was not strong enough. A study conducted by the
National Psoriasis Foundation found thatymore than one-third
of patients with severe disease did not receive any treatment.'”

Newer data have shown that appropriately treating psoria-
sis has effects far beyond the skin. Treatment of psoriasis has
been shown to decrease vascular diseases.” In a meta-anal-
ysis, patients treated with adalimunab (for Crohn’s disease,
psoriasis and psoriatic arthritis) lived longer than age- and
disease-matched patients who were not treated with adali-
mumab.” Treatment with etanercept led to improvement in
fatigue after 12 weeks of therapy.?°

Considering the documented increased risk of cardiovascular
co-morbities, the possible increased mortality,?’ the negative
impact on quality of life and the knowledge that treatment
may reduce or improve these negative associations, clinicians
should adopt a more modern therapeutic approach that allows
for more aggressive and earlier treatment. Treating psoriasis
earlier can improve work productivity, improve psychosocial
functioning and quality of life and possibly prolong life. The
tools to improve skin related quality of life at any point in time
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are available to clinicians, and potential rapid improvement in
quality of life should not be delayed. It is known that therapy im-
proves psoriasis and quality of life as measured by the DLQI.2>%
Considering that the DLQI measures only symptoms in the last
week, it may be underestimating the larger negative impact on
psychosocial functioning.

Discussion about systemic treatments for psoriasis includ-
ing their risks and benefits should occur at the first visit. An
ideal treatment is safe and effective, has low risk of systemic
or organ toxicity, is well tolerated with minimal side effects,
is convenient to use and provides lasting results. Current sys-
temie| agents-indicated(for the (treatment of psoriasis include
photochemotherapy; phototherapy; traditional systemic agents
such as methotrexate, acitretin, cyclosporine and newer bio-
logic agents, which will be discussed in detail below. Choice
of systemic treatment should be individualized and take into
account the patient’s medical history, current medications,
extent of psaoriasis and co-morbidities. Another consideration
before starting systemic therapy for psoriasis is the presence
of psoriatic arthritis, which is a chronic autoimmune seronega-
tive inflammatory arthritis that typically manifests as morning
stiffness or persistent joint pain and/or swelling in the axial
skeleton or the joints of the’hands.

There are few head-toshead trials comparing the efficacy of
the older systemic agents to the newer biologics for psoriasis.
In one small study comparing adalimumab to methotrexate
over a 16-week period, adalimumab showed superior efficacy,
although the dose of methotrexate was not optimized in the
study.® However, due to their target specificity, the biologics
appeared to bé less immunosuppressive compared to older
agents that broadly suppress the immune system. In general,
they are believed to have fewer side effects. Nonetheless, care-
ful consideration to'the patient’s medical history before starting
a biologic is essential.

Choosing which biologic to start is not standardized and
should be considered on a case-by-case basis. The three main
biologic strategies to treat psoriasis areT-cell inhibition, TNF-a
blockade, and antagonism of IL-12/23. There is currently one T-
cell antagonist, threeTNF-a inhibitors (infliximab, adalimubab,
etanercept) and one IL-12/23 inhibitors approved by the U.S.
Food and Drug Administration (FDA). Briakinumab (ABT-874,
Abbot), an 1-12/23 antagonist that is effective for psoriasis,
is still undergoing clinical trials and doses are not yet known.
Each treatment has advantages and disadvantages, and there
are clear differences in efficacy. Efalizumab was previously
approved for the treatment of moderate-to-severe psoriasis
in Europe and the U.S., but it has been withdrawn from both
markets due to its increase risk of progressive multifocal leu-
koencephalopathy (PML). Below, the authors will discuss each
of the five biologic treatments approved for the treatment of
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psoriasis and provide insight on how and when to use them in
patients with psoriasis.

Alefacept

In January 2003, Alefacept (Amevive Biogen) was the first
biologic agent to be approved by the FDA for the treat-
ment of psoriasis. Alefacept is a recombinant dimeric fusion
protein made up of the terminal portion of the leukocyte
function antigen-3 (LFA-3) that binds to extracellular human
CD2 and the Fc portion of human immunoglobulin IgG1. It
competitively inhibits the interaction between LFA-3 on an
antigen-presenting cell and the CD2 molecule on subsets of
T lymphocytes (primarily CD45R0+)..As/a\result) lactivation
and proliferation of memory effector (CD45RO+ T cells) T
lymphocytes, which make up more than 75 percent of the
T lymphocytes in psoriatic plaques, are inhibited which de-
creases the number of pathogenic T cells. Alefacept also
induces apoptosis of T cells, which further reduces the num-
ber of pathogenic T cells. Reduced CD45RO+ T lymphocyte
counts in patients receiving alefacept have correlated with
significant clinical improvement.?2¢

Alefacept is administered by intramuscular (IM) injection, once
a week for 12 weeks, followed by a repeat round of treatment
after 12 weeks if there is clinical improvement. Clinical benefits
persist even after treatment,is stopped. Treatment|with IV;and
IM alefacept was associated with a median duration of off-treat-
ment response of 209-219 days.?

Although alefacept is the only biologic agent-withouta box
warning and has the longest time on the market/for treatment
of psoriasis, its efficacy is far less in comparison to the oth-
er biologic therapies. In the initial trial, 24=percent of patients
achieved a PASI 75 at week 12.2 Of the patients who did not
achieve PASI 75 with the initial course of alefacept, 13 percent
did demonstrate this level of efficacy with a second course, and
35 percent reached PASI 50 with a second course.?®

In seven years of use, there have been no serious safety con-
cerns. In clinical trials and in post-marketing use, there has been
no increased risk of infection or malignancy. In an analysis of
1,869 patients treated with up to nine courses of alefacept over
a five-year period, less than 1 percent of patients developed
a serious infection during a course of therapy. There were no
opportunistic infections or deaths, and <2.5 percent of patients
developed anti-alefacept antibodies.*® In patients who respond,
effects can last eight to 10 months, and a second course can
improve response rates.

Alefacept may be a good choice in patients where TNF-a anta-
goinists are contraindicated and also may appeal to patients
who only want limited treatment. Disadvantages are its de-
layed response; with a maximun response seen 16 weeks after
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starting the medication. There is no way of predicting who will
respond, so patients must commit to 16 weeks before deter-
mining if the treatment was beneficial or if they will need an
alternative medication. In addition, while there is some liter-
ature that the combination of alefacept and methotrexate is
beneficial for psoriatic arthritis, alefacept alone is not very effec-
tive against psoriatic arthritis.?' Side effects unique to alefacept
include decreased CD4 counts and the need for monitoring pa-
tients’ levels every two weeks during treatment. There are not
much data in terms of its effects on co-morbidities associated
with psoriasis. Relative to some of the other biologics, there
is less overall power in the safety data because of the smaller
number| of total users.

Alefacept should not be used'in patients with lower than nor-
mal CD4T-lymphocyte counts or patients who are infected with
HIV because it can accelerate the disease. Alefacept is pregnan-
cy catergory B.

TNF-o Inhibitors

TNF-a is a major cytokine produced by T helper 1 (Th1) cells,
antigen presenting cells, and keratinocytes. Psoriatic skin has
increased levels of TNF-a compared to non-involved skin and
increased lesion and serumTNF-a levels correlate to severity of
disease. It is still not entirely clear how blockage of TNF-a leads to
improvement in jpsoriasis, but recent data shows that response
to therapy is linked to suppression of IL-17 signaling.>? TNF-a. po-
tentiates theTh1 response in inflammatory reactions. It exists as a
membrane-bound protein that can be cleaved by aTNF-a convert-
ingenzyme to its more potent, soluble form. TNF-a binds to two
TNF-a receptors\(TNF-a. R), p55 and p75 that is internalized into the
cell and can activate transcription factors such as NFkB.** There
are currently three TNF-a. antagonists approved for psoriasis,
and /these will be'discussed below.

Etanercept

Etanercept (Enbrel, Amgen, Thousand Oaks, CA) is a dimeric,
fully human fusion protein consisting of two ligand binding
domains of the p75 TNF-a receptor fused to the Fc portion of
human IgG1, and it binds both soluble and membrane-bound
TNF-a, thus preventing the cytokine from binding to any cell
surface receptors.

Etanercept is administered as a subcutaneous (SC) injection, and
recommended dosing is 50 mg twice weekly for three months,
then 50 mg weekly. However, variable dosing regimens exist,
such as 25-50 mg once weekly, or 25-50 mg twice weekly.

Several large, randomized, double-blind, placebo-contolled
studies have evaluated the efficacy of etanercept for psoria-
sis. In a phase 3 multi-center, double-blind, placebo-controlled
study of 583 patients with moderate-to-severe psoriasis, PASI
75 at 12 weeks was 49 percent for patients receiving 50 mg BIW
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(twice-weekly), 34 percent for patients getting 25 mg BIW and 3
percent for placebo.

In one study, the PASI 75 at 12 weeks of therapy was 4 percent
for placebo, 14 percent for patients treated with 25 mg once
weekly, 34 percent in the 25 mg twice-weekly group and 49 per-
centin the 50 mg twice-weekly group. At 24 weeks, the response
rates increased to 25 percent, 44 percent and 59 percent in the
low, middle and high dose groups respectively.** With extended
treatment 63 percent of patients maintain PASI 75 at week 48,
and at week 96, 52 percent maintain this level of response.

Etanercept has the advantage of long-standing use for several
indications including psoriasis. It has been used in patients
with rheumatoid arthritis (RA) since 1998, and long-term safety
studies in these patients have revealed no cumulative toxicity.3®
A 96-week open label extension study of a phase 3 placebo-
controlled trial that compared etanercept 50 mg BIW to placebo
revealed that no patients developed neutralizing antibodies,
and that there was no increased safety risks compared to tak-
ing enbrel once a week.¥’

Side effects of etanercept use include mild pruritic injection site
reactions and rare cases of serious infections. Additionally, as with
the otherTNF-a antagonists cases of drug-induced lupus, multiple
sclerosis and exacerbation and/or new onset or worsening of, pre-
existing congestive heart failure (CHF) have been reported.

Adalimumab

Adalimumab (Humira, Abbott, Princeton, NJ)gissa fully human
IgG1 recombinant antibody to TNF-a that can lyse cells that ex-
press TNF-a on their surface. It was approved for the treatment
of moderate-to-severe psoriasis in January<2008. Adalimumab
is administered as a subcutaneous injection andfor psoriasis; it
is administered as an 80-mg injection on day 1 followed by 40
mg subcutaneously on day 8, then 40 mg SC every other week.
Alternatively, it can be dosed 40 mg every other week starting
on day 1.

In a randomized, multi-center, double-blinded placebo-con-
trolled trial of 147 patients with moderate-to-severe psoriasis,
PASI 75 at 12 weeks was 53 percent for patients receiving 80
mg loading doses at week 0 and 40 mg every other week be-
ginning at week 1, and 80 percent for patients who received 80
mg loading dose at weeks 0 and 1 and then 40 mg every other
week beginning at week 2, compared to 4 percent for place-
bo.® In a phase 3 clinical trial, 71 percent of patients achieved
a PASI 75 at week 16, and 64 percent maintained PASI 75 at
24 weeks and 58 percent maintained this level of response
at 60 weeks.*** In another recent large clinical trial showed
that if treatment with adalimumab is discontinued once PASI
75 is achieved, the majority of patients lose this response in
four to five months.*" Also, PASI 75 response in a 120-week

L. H. Kircik, M. E. Gonzalez

adalimumab study with ITT analyses was 41 percent. How-
ever, PASI 75 response in the same study was 78 percent with
as-treated analyses.lt is important to realize the differences in
PASI 75 response between the two analyses (Figure 1).

It also appears that heavier patients respond less favorably to
adalimumab. Sixty-one percent of patients weighing >105 kg
achieved a PASI 75 at week 16 compared to 74.1 percent of pa-
tients who weighed less than 77.6 kg.*

Anti-adalimumab Antibodies

A recent publication by Lecluse et al. clearly demonstrated the
there.is a direct correlation bétween’human antibody formation
to adalimumab and lack of response.

A cohort of 29 consecutive patients were started on adali-
mumab at two academic centers in the Netherlands for 124
weeks. Anti-adalimumab antibody levels were measured by a
radioimmunoassay using a technique developed by Sanquin
research. Patients were classified at week 12 and week 24 as
non-responders if PASI <50, moderate responders if PASI 50—
75, good responders PASI >75. Response rates to adalimumab
in this study was 32 percent at week 12 and 34 percent at week
24, which is different thansphase 3 adalimumab trials (PASI 75
at week 12 was 53% for phase 3 trials).

At week 24, 45 percent of the patients developed antibodies
to adalimumab. Differences in response rates among patients
with low, high and no titers of antibodies were significant at
weeks 12 and 24 (P=0.04, P<0.001, respectively). ©

These findings”also confirm previously published studies that
showjimmunogehicity negatively influencing the outcome of
adalimumab treatment in Crohn’s disease.*

Originally, 8.8 percent of the subjects in REVEAL study had
also detectable anti-adalimumab antibodies through a 52-week

FIGURE 1. Adalimumab and long-term data.
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treatment period. Forty-three percent of those subjects lost an
adequate response.*®®

Adalimumab product monograph also informs about adalimumab
antibody association with increased clearance and reduced efficacy
of adalimumab and methorexate-reducing adalimumab apparent
clearance after single and multiple doses by 29 percent and 44 per
cent, respectively, in patients with rheumatoid arthritis.*

Advantages to adalimumab are the less frequent dosing and
the slightly better efficacy. Because it is the newest of the anti-
TNF-a medications for psoriasis, safety data is limited relative to
etanercept and infliximab. Common adverse\events in patients
treated with adalimumab for psoriasis include upper respira-
tory tract infections, headaches and injection site reactions (in
up to 15%).%® In addition, safety precautions common to all the
TNF-a antagonists will be discussed below.

Infliximab

Infliximab (Remicaide, Centocor, Horsham, PA) is achimeric (25%
mouse and 75% human) monoclonal IlgG1 antibody to TNF-a. It
neutralizes soluble TNF-a and blocks membrane-bound TNF-c.
Infliximab is indicated for the treatment of rheumatoid arthritis,
psoriatic arthritis, Crohn’s disease, ulcerative colitis, ankylosing
spondylitis and plaque-type psoriasis and is administered via
IV infusion at specialized infusion centers. For psoriasis) dose is
weight-based, and, typically, a'dose of 5 mg/kg is given at weeks
0, 2 and 6, and then every eight weeks thereafter.

Of the three TNF-a. antagonists approved forrpsoriasis,pinflix-
imab has the fastest onset of action and achieves/PASI 75 in,the
greatest number of patients. In an early study of patients with
moderate-to-severe psoriasis, 87.9 percent=of patients who, re-
ceived 5 mg/kg versus 71.7 percent of patients“who|received 3
mg/kg of infliximab achieved PASI 75 at week 10, compared with
5.9 percent for the placebo group.* In two large phase 3 trials,
81 percent of patients achieved PASI 75 at week 10.4” At week 50,
55-61 percent maintained PASI 75 on infliximab 5 mg/kg.*® Inflix-
imab has also been effective for pustular psoriasis.*

Loss of efficacy in a proportion of patients on infliximab over
time is probably due to the development of neutralizing an-
tibodies. Loss of response is also believed to be related to
trough level. If the trough level at time of the next infusion is
<0.1 mg/ml one can predict that the response will be lost, if it
is >10 mg/ml, the response will be maintained. Methotrexate
can delay clearance of infliximab and can help counteract anti-
body formation.*® Increased frequency of infusions rather than
increased dose of infliximab may also help maintain response.

The safety data on infliximab is largely extrapolated from the
rheumatoid arthritis patients in whom treatment with inflix-
imab has been well established and is well tolerated. In a study
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of 1373 patients treated with infliximab for psoriasis, rates of in-
fection and mortality were compared to the general population
over the course of one year. Patients treated with infliximab did
not have higher rates of mortality, hospitalization, serious infec-
tions (except reactivation of tuberculosis [TB]) or malignancy
when compared to the general population.’” Only rates of reac-
tivation of TB were higher in the infliximab treated patients.

Although infliximab may be advantageous in heavier patients
because the dose is weight-based and in those with severe dis-
ease because it works quickly, the drawbacks include a high rate
of neutralizing antibody formation (bind to the mouse-derived
portion ofithe‘molecule), which leads to loss of efficacy. There is
also a need to have access to an infusion center to receive the
medication, which is inconvenient and adds to the overall cost
of the medication.

In addition, 3-22 percent of patients receiving infliximab for
psoriasis experience an infusion reaction, which is character-
ized by flushing, chest tightness, shortness of breath, headache,
hypo/hypertension, nausea and sweating.5? Most of these reac-
tions occur within 24 hours and can be treated by slowing the
rate of the infusion and the dse of acetaminophen and anti-
histamines.>® Few.infusionsfeactions are severe with symptoms
of anaphylaxis or are delayed reactions that occur between
24 hours-and 114 days] after an infusion (usually five to seven
days).>* Up to 40 percent of patients on infliximab experience
increased liver enzymes. In the clinical trials with infliximab, six
percent had elevated alanine aminotranserase of greater than
150;"and two percent had elevated aspartate aminotransferase
greater than 150. In 2004, the FDA issued a warning about he-
patic disease ihcluding severe hepatic failure with infliximab
therapy. There hdave been six reported cases of hepatosplenic
T-cellflymphaoma, but all six were patients with Crohn’s disease
who were also on’thiopurines and other immunsuppressive
medications. As with patients receiving other TNF-a antago-
nists, patients on infliximab have an increased increase risk of
herpes zoster reactivation.

Safety Precautions for the TNF-o Antagonists
In addition to the specific side effects unique to each of the TNF-a
antagonists, there are several safety considerations common to
all, including serious infections, opportunistic infections such as
reactivation of latent tuberculosis (TB), malignancies, neurologic/
demyelinating diseases and drug-induced lupus-like syndromes.
Most of these safety issues are being extrapolated from data
that was gathered from patients who have been treated with the
TNF-a inhibitors for rheumatoid arthritis and inflammatory bow-
el disease and thus may overestimate the potential risk of these
agents when used as single agents for psoriasis.

While mild upper respiratory infections are the most com-
mon, more serious opportunistic infections have been
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reported with all three agents but more commonly with
infliximab and adalimumab. Specifically, mycobacterium
tuberculosis (TB) and reactivation of hepatitis B have been
documented in patients treated with all 3 anti TNF-a, al-
though less so with etanercept.*

All patients who will be treated with anti-TNF treatment should
undergo testing for hepatitis B, including HBcAb, and have close
follow-up with liver function testing (LFT) during therapy. %

On the contrary, TNF-a. may be involved in the pathogenesis
of hepatitis ¢ and several studies have shown that anti-TNF-a
therapy is safe in patients with| hepatitis\C/infection:"3 Thus,
TNF-a inhibitors are generally contraindicated in patients with
hepatitis B and active TB.

Peripheral and central demyelinating disorders, including
multiple sclerosis (MS), have been reported to develop and/
or worsen while on TNF-a inhibitors.® There are anecdotal re-
ports of the development of demyelinating disorders while on
TNF-a inhibitors, resolution with discontinuation and recur-
rence with re-introduction of the medication.®® In addition,
first-degree relatives of patients with MS have an increased
risk of MS, and thus TNF-a antagonists should not _be used
in patients with a personal history or family history of a first-
degree relative with a demyelinating condition. |Patients~on
therapy should be screened for the development of neurolog-
ic symptoms at each follow up visit.

The development of lymphoproliferative matlignancies, sec-
ondary to TNF-a inhibitors is a controversial issue and\has
arisen from anecdotal cases of lymphomas developing while
on therapy.®" The risk may be independent-of treatment.lln an
epidemiologic study of patients with severe—psoriasis using
a Medicaid database, Margolis et al. found that patients with
severe psoriasis had an eight-fold increased risk of develop-
ing lymphoproliferative malignancies and two- to four-fold
increased risk of skin malignancies regardless of treatment.®? In
addition, a large cohort of rheumatoid arthritis patients showed
no relative increased risk of malignancy for patients who were
on etanercept, infliximab or adalimunab. When adjusted for du-
ration of exposure, infliximab was associated with an increased
risk; however, these patients may have had more severe dis-
ease and been on other immunosuppressive medications.®® A
critical review of clinical evidence concluded that the overall
risk of all malignancies including lymphoma was not increased
over baseline levels in patients with rheumatoid arthritis being
treated with tumor necrosis factor (TNF)-a inhibitors. Further-
more, a thorough review of patients on biologics for psoriasis
showed that there was insufficient evidence to firmly establish
a causal relationship.®* Nonetheless, one must use caution and
elicit a careful history of malignancy prior to treatment with a
TNF-a inhibitor.
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Heart failure is another controversial issue, as studies have
shown conflicting results. Current recommendations state that
TNF-a inhibitors should be avoided in patients with severe con-
gestive heart failure (CHF) (class 2 or 4) and those with mild
CHF should stop therapy with TNF-a inhibitors if there are new
onset symptoms of heart failure or if there is worsening of pre-
existing CHE®

Anti-nuclear antibodies can develop in patients taking any of the
three TNF-a inhibitors, but this is nonspecific, does not correlate
with active lupus and does not necessitate drug cessation.There
are only a few cases of true systemic lupus occurring while on
TNF-e inhibitotrs.\However, clinicians should be aware of this en-
tity and work up patients with clinical symptoms of lupus.®

Relative contraindications for anti~-TNF-a therapy are unstable
diabetes mellitus (DM), chronic infections, malignancy and
long-term PUVA.

IL-12/23 Inhibitors

Interleukins 12 and 23 are believed to play an important role
in the pathophysiology of psoriasis. IL-:12 is important in the
differentiation of helperT cellsfintoTh1 cells in lymph nodes. IL-
23 influences the activation‘and proliferation of Th17 memory T
cells. Both are secreted by activated dendritic cells in the skin.
Both these cytokines)are increased in psoriasis plaques com-
pared to non-lesional skin.®® Thus, molecules that specifically
interfere with these cytokines have been and are currently be-
ing developed for the treatment of psoriasis.

Ustekinumab

Ustekinumab (CNTO 1275, Centocor Ortho Biotech, Horsham,
PA) isya fully humian monoclonal IgG1 antibody that binds with
high-affinity to the\shared p40 subunits of I-:12 and IL:23 and
neutralizes their activity. It was approved for moderate-to-severe
psoriasis in 2009. Currently, ustekinumab is administered by in-
jection in a physician’s office at weeks 0 and 4, and then every
12 weeks. Pharmacokinetic studies showed decreased blood
levels with increased body weight and thus dosing for usteki-
numab is weight-based.®’ Patients who weigh >220 pounds
(100 kg) receive 90 mg, those who weigh less than 220 pounds
receive 45 mg on week 0, a second injection four weeks later
and then one injection every 12 weeks.

The initial studies with ustekinumab showed efficacy after a
single injection. With one injection of 45 mg, 50 percent of
patients reached PASI 75 and with one injection of 90 mg, 59
percent reached PASI 75.%8 Later, two large phase 3 multi-center,
double-blinded placebo controlled trials confirmed the excellent
response to ustekinumab using the currently indicated dosing
regimen (PHOENIX 1 and 2). At week 12, 67 percent of patients
with moderate-to-severe psoriasis on 45 mg and 66 percent on
90 mg achieved PASI 75 compared to 3 percent in placebo.®
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This response was maintained; after four injections of 45 or
90 mg, 71 and 79 percent respectively achieved PASI 75. In the
second phase 3 study, patients were randomly assigned to re-
ceive 45 or 90 mg at weeks 0 and 4, and then every 12 weeks,
or placebo. Patients who achieved >50 percent but less than
75 percent improvement from baseline in PASI were labeled
partial responders and were then re-randomized at week 28 to
either continue dosing at every 12 weeks or escalate to dosing
every eight weeks. At week 12, 66.7 percent of patients receiv-
ing 45 mg and 75.7 percent receiving 90 mg achieved a PASI
75. At week 52, 68.8 percent of partial responders who had in-
tensification of dosing to every eight weeks compared to 33.3
percent of partial responders|wha were kept on anevery. 12
week dosing regimen achieved PASI 75.7°

Clinical responses to ustekinumab were apparent as early as
week 2, with maximum response rates seen after about six
months of treatment. In addition, patients who were with-
drawn from ustekinumab experienced gradual recurrence of
their psoriasis. Ustekinumab was also shown to significantly
benefit quality of life as measured by the DLQI."!

Common side effects (occurring in >3% of patients) were na-
sopharyngitis, upper respiratory infections, headaches and
fatigue; there were no active TB cases. There was one report of
reversible posterior leukoencephalopathy in a patient receiv-
ing ustekinumab. Overall rates and types of adverse events
and lab abnormalities were comparable between patients re-
ceiving ustekinumab or placebo during the placebo-controlled
phases in both trials.’? Increased rates of cardiovascular gvents
were observed in the study by Kreuger et al. In @ controlled
period of ustekinumab trials, there were a total of five major
cardiovascular events in ustekinumab arms, versus ndng in
placebo arms. In three years, there were a total of 18 major
cardiovascular events in ustekinumab arms” In a briakinumab
study (ABT-874 Abbot), during the induction phase, there were
five major cardiovascular events in active arms versus none
in placebo, and, during the maintenance phase, there were
two major cardiovascular events in active arms versus none in
placebo.” Therefore, major cardiovascular events associated
with IL12-23 antagonists may require caution.

The advantages of using ustekinumab are the convenience of
the infrequent dosing, which improves adherence and patient
satisfaction. Drawbacks include limited safety data up to three
years, and thus the long-term safety and cumulative toxicity
is unknown.

Similar to the TNF-a antagonists, patients taking ustekinum-
ab should avoid live vaccines while on treatment. Based on
patients who have genetic deficiencies in IL-12 and 1L-23,
there is a potential risk of malignancy and increased oppor-
tunistic infections.
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Efficacy

Although studies of efficacy of each biologic uses PASI 75 as
a common outcome measure making it easy to compare effi-
cacy, there are differences in study design and data analysis
that prevent a truly equal comparison. More head-to-head tri-
als comparing one biologic to another or to other systemic
agents are needed. In a recent study, two doses of either 45 or
90 mg of ustekinumab (at day 1 and week 4) was compared to
50 mg SQ twice weekly of etanercept and found superior ef-
ficacy of ustekinumab at 12 weeks. Seventy percent of patients
who received 45 mg and 75 percent of those who received 90
mg of ustekinumab achieved a PASI versus 55 percent of pa-
tients, who were\treated with etanercept. However, there were
three non-melanoma skin cancers and one breast cancer in the
ustekinumabjarm during the first 12-week period, versus none
in the etanercept arm. At the end of the study, there were a total
of nine non-melanoma skin cacners, one from cross-over arms
and eight from ustekinumab arms.”*

Baseline Evaluation, Monitoring and Vaccines
During Therapy

There are no evidence-based guidelines for how and when to
perform baseline evaluation, monitoring studies or administer
vaccinations/while _patients‘are on biologic treatment for pso-
riasis. In response to this, the medical board of the national
psariasis foundation surveyed its members on their practices
and reviewed the medical literature (gastroenterology, rheu-
matology, dermatology and transplant) and data presented
at meetings and issued a consensus statement to serve as a
guideline before actual guidelines are established.” It is im-
portant for patients to understand that psoriasis is a chronic
disease, and, similar to other chronic diseases, treatment may
be indefinite andfthus need for monitoring is important.

Baseline Studies

Prior to starting biologics a thorough medical history that
includes the presence of diabetes, congestive heart failure
(CHF), a demyelinating disorder (multiple sclerosis or other),
history of lupus, history of malignancies (especially skin, pros-
tate, breast and lymphoma), current or recurrent infections,
history of immunodeficiency, history of anemia or thrombo-
cytopenia is necessary. History of tuberculosis or exposure to
tuberculosis should be noted. Family history of neurologic and
autoimmune diseases should be elicited. Review of systems
at the baseline visit should include screening for symptoms
of CHF, neurologic disease and chronic infections. Patients
should also have a total body skin exam not only to document
the baseline severity of the patient’s psoriasis but also to ex-
amine for any cutaneous malignancies.

At baseline and at each subsequent visit, patients should be
asked about symptoms of psoriatic arthritis including morning
stiffness, joint pain and/or swelling. If joint symptoms are pres-
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ent, baseline joint x-rays and consultation with a rheumatologist
are helpful. Psoriatic arthritis is an inflammatory seronegative
spondyloarthropathy that is present in a proportion of patients
with psoriasis (range 6-42%) and usually presents on average
10 years after the onset of skin disease.” If untreated, psoriatic
arthritis can lead to joint destruction and significant impairment
and disability. Thus, early identification and aggressive treat-
ment is essential.

Patients who are being considered for treatment with any of
the biologics are suggested to have a complete blood count,
comprehensive metabolic profile, and testing for human im-
munodeficiency virus (HIV) and hepatitis\B/and C at‘baseline.
Anti-nuclear antibodies (ANA) can be checked at baseline but
is not absolutely necessary. Nonetheless, patients may develop
ANA antibodies while on treatment with the anti-TNF-o. agents
and some clinicians would prefer to have baseline testing. The
development of ANA does not require interruption of therapy.
In addition, because alefacept can selectively decrease CD4
counts, a T-cell profile should be obtained if the patient will be
starting alefacept.

Baseline testing for tuberculosis (TB) with the protein purified
derivative (PPD) also called the tuberculin skin test (TST) prior
to starting treatment is advocated by the centers for disease
control (CDC) and is listedyon the package inserts |for/ adali-
mumab, infliximab and etanercept. If TB skin test is positive,
a chest radiograph is required to rule out active infection. A
patient with a positive PPD should be referred to the appropri-
ate specialist for treatment of latent TB. For patients who,have
positive PPD related to BCG vaccination or those on/immuno-
suppressants, the quantiferon test can be helpful in detecting
the presence of TB.”®

Monitoring While on Therapy

At each follow-up visit, patients on therapy with a biologic should
be screened for interim and current infections, the development
of joint symptoms, morning stiffness and injection site reac-
tions. Medication-specific side effects such as symptoms of CHF
(weight gain, fatigue) and of demyelinating disorders (numb-
ness, tingling of extremities, double vision, blurry vision, etc.) for
the TNF-a inhibitors should also be documented at each visit.

Repeat CBCs should be performed every two to six months in
patients taking adalimumab, etanercept or infliximab. With ale-
facept, which can lower CD4 counts, a T-cell profile should be
monitored every two weeks during the 12-week course of ale-
facept, and the dose should be held or delayed if CD4+ counts
decrease below 250 cells/uL. Some clinicians discontinue moni-
toring CD4 levels after two normal levels.

Although hepatoxicity appears to be a concern only with in-
fliximab, the majority of experts surveyed check chemistries,
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including liver function tests at a minimum of six-month inter-
vals.Treatment is held if transaminases rise above (greater than
or equal to) five times the upper limit of normal. For alefacept,
baseline chemistries should be repeated at the start of each
course of therapy.

Infection with Mycobacterium tuberculosis has been demon-
strated in patients treated with infliximab, adalimumab and
etanercept as well as methotrexate and cyclosporine. An an-
nual PPD is advisable for patients on any long-term systemic
immunosuppressive treatment for psoriasis.

Vaccines

Live vaccines pose a risk of infection in patients who are immu-
nosuppressed on any of the biologics for psoriasis and should
be avoided while on therapy. Vaccination during treatment with
a biologic may also result in a\decreased antibody response
and lack of efficacy. When practical, routine age-appropriate
standard vaccinations should be given prior to starting therapy
with a biologic as is done in patients prior to organ transplant
that will require life-long immunosuppression.” These usually
include the pneumococcal vaccine, hepatitis A and B vaccines
and the diphtheria-tetanus booster. However, annual vaccina-
tion with the'inactivated.influenza vaccine is recommended for
patients on any biologic therapy.

Combination Therapies

Combination therapies can improve outcomes while decreasing
toxicity of each individual agent.There is extensive literature on
thersafety and efficacy of the combination of methotrexate and
anti-TNF-a/therapy in the treatment of psoriatic arthritis.”® For
psoriasis, the addition of a biologic can help lower the dose of
methotrexate and ultimately its cumulative toxicity. In addition
some-experts believe the addition of methotrexate to TNF-a in-
hibitors can improve efficacy.

Ultraviolet light therapy is a long-standing effective treatment for
psoriasis that is often limited because of the requirement for two
to three times weekly office visits. In a recent study, the combi-
nation of etanercept 50 mg SC BIW and narrow-band ultraviolet
light B (NB-UVB) three times weekly was evaluated for patients
with moderate-to-severe plaque psoriasis for 12 weeks. In this
study, 26.0 percent achieved PASI 100, 58.1 percent achieved
PASI 90 and 84.9 percent of patients achieved PASI 75 at week 12
which was higher than in studies of etanercept alone.” Mean im-
provement from baseline in DLQI was 84.4 percent. No serious
adverse events were noted. Although these results are promis-
ing, it is unknown if this response will last long-term.

One study combined etanercept 25 mg twice weekly or once
weekly and acitretin (0.4 mg/kg daily) in chronic plaque psoria-
sis and found that etanercept 25 mg once weekly with acitretin
was as effective as etanercept 25 mg twice weekly.®°
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Recent data has shown that for patients who do not respond to
an initial course of treatment with any one of the above biolog-
ics, trial with another agent, in the same or another class, may
be effective. In 50 patients who were refractory to etanercept 50
mg BIW at week 12 (still had a PGA score of >3) were crossed
over to receive ustekinumab at weeks 16 and 20. Of the etaner-
cept non-responders, 40.4 percent achieved PASI 75 at week 12
on ustekinumab.?' Similarly adalimumab was effective in a pro-
portion of etanercpt non-responders after 24 weeks of use.®? In
another study 52 percent of patients who were transitioned to
adalimumab (40 mg every other week) following a suboptimal
responses to either etanercept, methotrexate or phototherapy
achieved PASI 75 at week 16.%3

Biologics in Children

Etanercept is the only systemic agent that has been evaluated in
arandomized, controlled, double-blinded study for the treatment
of childhood psoriasis.?* In this study, 211 children with plaque
psoriasis were treated with 0.8 mg/kg (maximum/of 50 mg) SC
injections weekly. At week 12, 57 percent of patients treated with
etanercept reached PASI 75, in contrast to 11 percent in the pla-
cebo group. In the open label extension phase, 68 percent of
children in the etanercept group and 65 percent of children who
originally received placebo achieved PASI 75. Long-term safety
of etanercept in children was evaluated in a study of patients
with juvenile rheumatoid arthritis who were treated|for up, to
eight years. Over eight yearsthere were no cases of tuberculo-
sis, opportunistic infections, malignancies, lymphomas, lupus or
demyelinating disorders or deaths.®

CONCLUSION

Biologics have had a profound impact on the treatment of pso-
riasis and on the quality of life of affectedrpatients. Discussion
about systemic treatments for psoriasis including thegiologics
should occur early in the course of the evaluation and treat-
ment. Systemic therapy for patients with psoriasis should not
be limited to patients with widespread disease (or >10% BSA)
but also be considered for patients with significant impairment
in quality of life. However, systemic treatment including biolog-
ical, should be used with caution, and they should be offered to
patients with appropriate monitoring.
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ABSTRACT

Facial beauty, specifically of the periorbital complex, is an important component of physical attractiveness and non-verbal coommunica-
tion, and is reflective of chronological age. In fact, eye contact is often the first, and some say the most important, form of interaction
between individuals. These properties have, made rejuvenation of-the periorbital-complex highly desirable-In the past, rejuvenating
the eye meant the need for-invasive surgical treatments. Although these may be necessary in advanced cases, minimally or non-
invasive procedures have incréasinglybecomefirstline treatmentoptions since theradvent of topicaltherapies and minimally invasive
procedures, which include botulinum toxin, dermal filler injections,laser and chemical peels, laser skin resurfacing, microdermabra-
sion and intense pulsed light photorejuvenation. Here, the authors review the anatomy of the periorbital complex, the characteristics
of an attractive eye, and a variety of techniques that may be used alone or in combination to achieve “the beautiful eye.”

INTRODUCTION

acial beauty has been a topic of great interest since the

beginning of recorded histary, and studies of facial at-

tractiveness have been conducted in_the fields of arts
psychology and, only recently, medicine. Facial beauty is the
most important determinant of /jphysical attractiveness; and
studies have shown that facial attractiveness is an important
factor in social and interpersonal interactions.? Social and
developmental psychologists have shown conclusively that
society associates facial beauty with varied positive qualities
and characteristics, and individuals with attractive facial‘fea-
tures are more likely to experience positive outcomes. It has
even been postulated that facial attractiveness serves las an
important marker for both overall superior. " phenotypic and
genotypic quality.

One of the most striking elements of facial beauty is the peri-
orbital regions, in this paper, referred to simply as the eyes.?
In addition to their importance in overall facial appearance,
the eyes also reflect an individual’'s approximate chrono-
logical age, and can express a variety of emotions. Many
non-verbal communications, including a person’s emotions
revealed through facial expressions, are largely dependent
on the eyes. In fact, eye contact is often the first, and some
say the most important, form of interaction between individ-
uals. The periorbital complex serves to transmit a multitude
of expressions, thus truly serving as the “window to the
soul”
eyebrows, eyelids and pupils can portray a wide spectrum
of emotions, which has lead to a sense of intrigue and mys-
tery about the eyes. This quality has made the eyes a topic of
folklore and symbol of supernatural power in almost every
society from the dawn of civilization.

and “mirrors of the heart” Very subtle variations in

To achieve the “beautiful eye,” the dermatologic surgeon must
have a thorough understanding of the anatomy and aesthet-
ics of the periorbital complexthe aging process, the variety of
techniques (both surgical.and non- or minimally-invasive), and
the vast array of products available on the market today. He
or/she must/incorporate‘the aesthetics of a beautiful eye with
an understanding of the four major characteristics of facial at-
tractiveness: averageness, symmetry, sexual dimorphism and
youthfulness. The “artist” must use this knowledge base to tai-
loza“unified approach to the individual’s unique characteristics,
desire, ethnicity/and, of course, the current trends in society.
Below, the' authors will review the anatomy of the periorbial
complex, the characteristics of an attractive eye, treatment ap-
proaches and, finally, some special considerations.

The Periorbital Region: Anatomy, Aesthetics and the
Effects of Aging

The periorbital complex consists of the eyebrows, upper and
lower eyelids, glabellar region and pericanthal regions.*”
Throughout the periorbital complex, the skin should be smooth,
subcutaneous tissue should be appropriately distributed, and
the musculoskeletal system should provide adequate support
to allow for smooth transitions between the complex concavi-
ties and convexities inherent in this region. Each area of the
periorbital complex must be analyzed and addressed at time of
initial consultation.

The upper eyelid runs from the eyelid margin to the eyebrow
superiorly. Aesthetically, the upper eyelid should be full, more
so laterally than medially, with a well-demarcated superior
palpebral sulcus (upper eyelid skin crease) that is located about
8-11 mm from the superior eyelid margin to divide the eyelid
into a lower third and upper two-thirds that laterally flows into
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the temporal region smoothly.The visible distance between the
upper eyelid margin and the superior palpebral sulcus should
be 3-6 mm. The upper eyelid skin crease is located length-
wise between the medial canthus and the lateral orbital rim.
Finally, the upper eyelid margin should cover 1-2 mm of the
iris. In acquired or congenital blepharoptosis (droopy upper
eyelid, commonly termed just ptosis), the upper eyelid margin
extends beyond 2 mm leading to constriction of the superior
visual field. A common cause is the weakness of the levator
palpebrae muscle.

The lower lid extends down from the margin to just below the
inferior orbital rim to join the chéek.*’ The'inferior palpebral sul-
cus (the inferior eyelid fold), which may or may not be seen, is
located 3-5 mm from the lower lid margin.The lower eyelid has a
gentle bow from medial to lateral margins, with the lowest point
located at the lateral edge of the pupil during head-on gaze, and
with the superior margin located just at the bottom of the iris. If
there is a drooping of the lower eyelid, part of the white sclera
will be visible, termed scleral show. Eyelid skin is the thinnest
on the body, at less than 1 mm, with minimal subcutaneous tis-
sue underlying the preseptal and pretarsal skin. There is no fat
underlying the pretarsal skin.The transition from this thin eyelid
skin to the thicker skin of the eyebrow (located approximately.10
mm below the lower eyebrow hairs) and the cheek skin (below
the nasojugal and malar folds) should be gentle andsmooth.The
subcutaneous tissue consists of loose connective tissue with-an
absence of fat in the skin overlying the tarsal plate. Changes as-
sociated with aging, including fat redistribution, skin laxity and
weakness of connective tissue, will make therfower transition
more prominent leading to dark circles and puffiness below,the
eyelids, termed dermatochalasis.

Finally, no talk of beautiful eyes is complete without a diScussion
of the eyelashes. Eyelashes serve a protective function by acting
as a physical barrier and sensor for the blink reflex.2® The upper
eyelid has ~100-150 terminal hair follicles arranged in two to three
rows.”The visible eyelash length tends to be about 7 mm with a
growth rate of 0.15 mm/day.”™ Unlike other terminal hair follicles,
they are not associated with arrector pili muscle. Additional im-
portant characteristics that distinguish eyelashes from scalp hair
include a shorter hair cycle duration (~5-12 months) resulting
from a much shorter anagen phase, a higher percentage of fol-
licles in the telogen phase (~50%) due to a longer telogen phase,
and a lack of sensitivity to androgens. ' Currently there are no
medical means to increase the number of hair follicles, however,
changes in the hair cycle due to physiologic changes, pathologic
changes or therapeutic interventions, can alter the appearance of
eyelashes. In addition to their protective function, the appearance
of long, dark, full eyelashes that have a gentle curve away from
the globe are considered highly desirable.’®™ Another important
feature of the eye is the palpebral aperture (the visible part of the
eyeball), as defined by the area between the commisures and the
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upper and lower eyelids. There is a great deal of variability, but
generally an almond shaped asymmetrical ellipse with a longer
medial aspect is thought be the most aesthetically pleasing.

Underlying the periorbital skin is the orbicularis oculi muscle,
one of the superficial muscles of facial expression. It covers the
tarsus, septum and the bony orbit. The tarsal plate, composed
of dense fibrous tissue, is responsible for providing structural
support to the lids. The posterior margins of the tarsal plates
adjoin the conjunctivae.The orbital septum is a multilayered con-
nective tissue structure that extends from the levator/retractor
aponeurosis to the tarsal plate near the lid margins to the pe-
riosteal margin of| the lorbit, holding'in place the orbital fat that
overlies the globe and intraocular muscles. Like other muscles of
facial expression, orbicularis.oeuli is covered by the superficial
musculoaponeurotic system (SMAS), which translates muscle
movement into movement of the skin. The palpebral portion of
the muscle (overlying the tarsus and septum) is responsible for
involuntary blinking while the orbital part is responsible for forced
closure. The orbital segment interdigitates with other superficial
muscles of facial expression including the frontalis muscle and
corrugators supercilii superiorly, the anterior temporalis fascia
laterally, and 'the muscles of the quadratus labii superioris and
the zygomaticus complex.inferiorly.

The upper eyelid [fat pad, divided into the central and medial
(nasal) compartments, is located between the septum (anteri-
orly) and the aponeurotic tissue (posteriorly). The lateral upper
lid houses the lacrimal gland. Housing the upper eyelid, pre-
aponeurotic fat is found immediately posterior to the orbital
septurn and anterior to the levator aponeurosis. A central fat pad
and a medial fat pad are described in the upper lid, while the lac-
rimalrgland occupies the lateral compartment. Located superior
to this,\under the orbital portion of orbicularis oculi, is the retro-
orbicularis fat (ROQF), extending to the eyebrow region.

The lower eyelid fat pad is divided into three compartments:
the medial (nasal), central and lateral fat pads. Like in the upper
eyelid, the fat compartments are demarcated by the retractor
aponeurosis posteriorly and the septum anteriorly. Of note, the
inferiolateral septum inserts 2 mm inferior to the orbital rim,
thus the lateral fat can extend over the orbital rim. Beyond the
septum, the orbicularis oculi overlies the sub-orbicularis oculi
fat (SOOF). Just inferior the SOOF is the malar fat.

Tear Trough

The tear trough, also known as tear trough deformity, specifi-
cally refers to an inferiolaterally-running groove near the inner
cantus that begins between the orbicularis oculi muscle and the
levator labii superioris muscle at the rim of the medial inferior
orbital rim." Superficially, it can be appreciated by the junction
of the thin eyelid skin above and the thicker nasal and cheek
skin below.This becomes more prominent with aging, although
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in some individuals a mild tear trough may be a normal vari-
ant even at a young age. In some individuals, the tear trough
extends to the lateral aspects, covering the entire infraorbital
rim, likely caused by weakening of the orbital septum, lead-
ing to an appearance of fullness and prominence of the three
lower eyelid fat pads. Furthermore, the SOOF and the malar fat
moves inferiorly, leading to prominence of the inferior orbital
rim and relative surface depression. In addition, the orbicularis
oculi muscle may develop hypertrophy or descent that contrib-
utes to an aged appearance of the eye, characterized by tired,
sunken eyes with a dark shadow on the lower eyelid. Recent
evidence supports volume loss rather than increased fat depo-
sition as the primary contributing factor to.the formation ofitear
trough deformity.’® However, other contributing factors include
skin laxity, volumetric changes, ptosis of the malar region, sun
damage, dyschromia, rhytides and prominent vasculature.

The Brow

The eyebrows serve to express emotion and are an important
aesthetic element of facial beauty.*"-® Eyebrows are elevated
and held in position by the frontalis muscle, while their depres-
sion is regulated by the glabellar complex, with contributions
by the orbicularis oculi muscle on the lateral aspects. With ag-
ing, there can be a loss of the arch, in addition to ptosis of the
eyebrow, which can sometimes lead to visual field impairment.
Additionally, a relative imbalance between the frontalis(mus-
cle and glabellar complex, most commonly due to iatrogenic
causes, can change the eyebrow shape and position, sometimes
by intent or as an unwanted side effect. There is a fair amount
of variability on what constitutes an aestheticallyspleasing,brow
due to variations in overall facial shape, size offthe eyes, sexiand
fashion trend. However, there are a few anatomical landmarks
that can aid in defining an “ideal brow” position. The edge of
medial eyebrow, the medial cantus and the alarbase should lie
in the same vertical plane. The edges of medial and lateral eye-
brow should lie in the same horizontal plane.The edge of lateral
eyebrow, the lateral cantus and the alar base should lie in the
same oblique plane.The peak of the eyebrow should be located
on the same vertical plane as the lateral limbus. In males, the
eyebrow tends to be heavier and less arched when compared
to females. In males the eyebrow should lie at the supraorbital
rim, while in females it should be located above the supraor-
bital rim. One common and acceptable variation to the above
described “ideal brow” is having the peak of the arch fall just
superior to the lateral limbus and having the lateral margin of
the brow slightly higher than the medial margin.

The aesthetically pleasing eyebrow’s shape length, and posi-
tion must to be tailored to the shape of the face, size of the eyes
and patient’s personal preferences. This is reviewed in detail
by Alex (2004) and is summarized here."” There are five basic
eyebrow shapes: curved, sharp angled, soft angled, rounded
and flat. Those that are arched can be further defined by the de-
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gree of their arch: low, medium and high. Each of these shapes
are associated with various emotional and personality char
acteristics. These characteristics and the overall shape of the
individual must be balanced when repositioning the eyebrows.
As with other aspects of beauty, symmetry of the eyebrows is
an important element. The face and the shape of the eyebrow
should be balanced to give an overall pleasing appearance. An
excellent example of this concept is the perceived size of the
eye based on the location of the eyebrow. If the eyebrow is ele-
vated away from the eye, it leads to the perception of a smaller
eye compared to when the eyebrow is closer to the eye. Also, in
individuals with deep set eyes, elevation of eyebrow will make
the supraorbital\rim\appear more prominent and exacerbate a
hollow appearance. At the same time, too low an eyebrow can
lead to limited superior visual field.

The Glabellar Complex

The glabellar complex consists of the corrugator supercilii, the
depressor supercilii (sometimes referred to as the medial fibers
of the orbicularis oculi) and the procerus muscle. As a group,
their activity is responsible for the furrows located at the root of
the nose with aging, and perceived expressions of anger, frus-
tration, concern and displeasure. The corruguator muscle runs
from its origin at,the supefior nasal dorsum to the underside
of the galea above the eyebrow superficial to the periosteum
and deep-to the frontalis‘muscle. It is located about 30 degrees
above the horizontal plane and serves as a brow depressor
moving the eye downward and medially. The procerus muscle
originates at the lower nasal dorsum and travels vertically to
insert into the dermis above the eyebrows. Its primary function
is'to serve as a/brow depressor. The depressor supercilii is a
thin muscle that runs from its origin at the lateral aspect of the
superior nasal darsum to the underside of the galea. It passes
superiarito the corrugator muscle and parallel and lateral to the
procerus muscle, thus it is also a brow depressor. The muscles
of the glabellar complex can be best appreciated when the pa-
tient is asked to frown or bring the eyebrows together.

The Lateral and Medial Periocular Region

Radial wrinkles on the lateral aspect of the orbit are commonly
called “crow’s feet,” resulting from repeated contraction of the
orbicularis oculi muscle and photoaging. As with all wrinkles,
they are dynamic initially, but over time will become static.
Occasionally, the zygomatic muscles can also play a role in for-
mation of crow’s feet. These are most easily appreciated when
a patient is asked to smile.

Regular use of the nasalis muscle can lead to what is termed
“bunny lines” on the medial aspect of each eye. Bunny lines
are lines located on the sides of the nose, originating near the
medial cantus and running medioinferiorly. They can be most
easily appreciated by asking a patient to wrinkle (twitch) his
or her nose.
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The Forehead

Although strictly speaking, the forehead is not part of the peri-
orbital complex; its primary muscle, the frontalis, interacts with
procerus, the corrugators of the glabellar complex, and orbicu-
laris oculi to shape the periocular structure, most noticeably the
position of the brow. In general, the forehead is twice as long
as its height and is free of deep horizontal wrinkles that would
give the face an aged appearance.

Reshaping the Periorbital Region

Eyelashes

One cannot escape the number advertisements of cosmeceuti-
cal products directed toward enhancing. the length, fullness and
gentle curvature of the eyelashes. There are a multitude of op-
tions available including mascara, gyelash transplants, eyelash
extensions and pigment tattooing, but none are a hotter topic
than Latisse (bimatoprost).®

In 2001, bimatoprost 0.3% ophthalmic solution, a prostaglandin
analogue, was approved by the U.S. Food and Drug Adminis-
tration (FDA) for use in open-angle glaucoma to reduce high
intraocular pressure.?? One of the. most common side effects
reported in multiple trials was increase in the length, fullness
and darkness of eyelashses.?'This fortunate “side -effect” even=
tually lead to approval of Latisse for hypotrichosis, and since
then its use for cosmetic purposes has exploded.???3

When used for ocular hypertenstion, bimatoprost is thought to
act through stimulation of prostaglandin receptors.?* Prosta-
glandin receptors, located primarily on the dermal papilla and
the outer root sheath, have been shown to regulate hair growth
cycle. However, it is currently unclear if bimatoprost’s efficacy
derives from stimulation of these receptors. Cohen destribes
unpublished (as of the submission of this article) animal studies
showing that a two-week course of bimatoprost alters the hair
cycle by specifically decreasing the percentage of follicles in
telogen phase with prolongation of the anagen phase, leading
to an increase in length.® In addition, the mice showed ~20 per-
cent increased thickness in short and medium-sized eyelashes,
but not in longer eyelashes, without any increase in the number
of hair follicles. Increased pigmentation of eyelashes associat-
ed with bimatoprost use has been attributed to an increase in
melanin granules through stimulation of tyrosinase, the rate-
limiting enzyme in melanin synthesis.?2¢

A recent 278-patient, multicenter, double-blinded, randomized,
placebo controlled study assessed the safety and efficacy in eye-
lash enhancement of one drop of 0.03% bimatoprost solution
applied once daily to the upper eyelid margin using an eye ap-
plicator.® Efficacy was assessed using digital photography and
computer-aided measurements; an investigator rated overall eye-
lash prominence score termed Global Eyelash Assessment (GEA)
on a scale of 1-4 (minimal, moderate, marked and very marked);
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and a 23-item patient reported outcome questionnaire. The study
showed that at week 16, there was a 1.4 mm mean increase in
eyelash length, 0.71 mm? mean increase in the thickness, and an
18 percent increase in eyelash darkness. By week 8, at least a one
grade improvement was noted in 50 percent of subjects, and by
weeks 16 and 20 in 78 percent of subjects. The authors also report
a statistically significant increase in patient satisfaction with the
use of Latisse compared to placebo. The most common side ef-
fects of bimatoprost ophthalmic solution in ocular hypertension
studies are conjunctival hyperemia, eye dryness and pruritus, pe-
riocular hyperpigmentation, and rare but potentially permanent
iris pigmentation. With Latisse, the most common side effect is
conhjuctival hyperemia and)a clini¢ally irrelevant change in intraoc-
ular pressure.® Although further studies will be necessary to fully
understand the efficacy, short<term and long-term side effects, and
mechanism of Latisse, current evidence suggests that it is safe and
effective for enhancing eyelashes, resulting in longer, fuller and
darker lashes. More recently, many over-the-counter cosmeceu-
tical products| claim to make eyelashes longer, fuller and darker,
however their true efficacy is not well-understood.

Skin Rejuvenation

Aging skin is characterized by wrinkles (fine and coarse), rough-
ness, dryness, irregular pigmentation and uneven texture.There
are a variety of treatment options-including topical therapies,
chemical peels, dermabrasion and lasers for the treatment of
photodamaged skin.

Topicals

Topical therapies include sunscreens, topical retinoids, alpha
hydroxy Jacid (AHA) based emollients and bleaching agents.
The patient mlst be educated on the harmful effects of UV
radiation includihg photoaging (e.g., wrinkling, dyschromia,
etc.)and tumorigenesis.

Protection from UV radiation can include avoidance of sun dur-
ing peak hours, use of wide brimmed hats and use of broad
spectrum sunscreens. In addition to these preventive mea-
sures, studies have shown that use of AHAs, such as lactic acid
and glycolic acid, can rejuvenate skin via their initial effects at
the upper layers of the epidermis by decreasing cell adhesion,
thereby improving the process of exfoliation in the stratum
corneum leading to thinner basket-weave normalization of the
superficial epidermis.?”?8

Delayed histologic effects of AHAs include thickening of the epi-
dermis, normalization of rete ridges, decreased melanogenesis,
and increased synthesis of dermal connective tissue including
collagen. The dermal effects likely require higher doses than
those found in OTC preparations.

Another commonly used topical therapy with skin-rejuvenating
effects is retinoids. Use of topical retinoids on a regular basis
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over a period of several months has been shown to improve
skin texture, dyschromia and fine wrinkling by promoting ke-
ratinocyte differentiation and synthesis of extracellular matrix
components, including hyaluronic acid.?®*=*' At a histologic level,
prolonged use of topical retinoids (four to six months), leads to
epidermal hyperplasia, reversal of cellular atypia, a more even
distribution of melanin, angiogenesis and increased abundance
of dermal supporting elements.322¥The major limitation of topical
retinoid use is its tendency to cause cutaneous irritation. Today,
there are several topical retinoids in various formulations avail-
able on the market allowing physicians to match the patient’s
skin type and sensitivity with the appropriate product.

Finally, many topical products are useful for the treatment of dy-
schromia, including retinoids, AHASs, hydroquinone and azelaic
acid, to name a few. With the growing market of cosmeceuti-
cals, patients have a seemingly endless choice of products that
promise anti-aging effects, which may or may not be based on
scientifically proven molecules. The physician must be aware of
their use, efficacy, side effects and good clinical studies (although
only rarely available) in order to provide appropriate guidance.

Dermabrasion

Mechanical and chemical skin resurfacing can _be employed_ for
skin rejuvenation. Mechanical skin resurfacing, or dermabrasion,
is generally reserved for deep facial scars, but more) superficial
approaches that improve skin texture and dyschromia have
become popular.3*3 Dermabrasion comprises three subtypes:
microdermabrasion, manual dermabrasion and motoroized
dermabrasion.The most superficial of the groupymicrodermabra-
sion, is carried out using a handheld device that shoots and then
recaptures aluminum oxide crystals at a high speed leading to
removal of skin up to the superficial spingus layer. Although it
is not effective for wrinkles and scars, its advantages’include
smoothening of the textures, improvement in dyschromia, and
little to no downtime. Manual dermabrasion methods involve
manual removal of skin using silicon carbide sandpaper, with the
depth of skin removal depending on the material, force and du-
ration of the procedure. It is useful in areas that require greater
control (both in terms of depth and area) than can be achieved
with motorized dermabrasion methods, thus is ideal for perior-
bital and periocular regions. The increased depth control makes
manual dermabrasion effective for deeper scars and wrinkles in
addition to its utility for texture and dyschromia issues. Finally,
motorized dermabrasion utilizes abrasive material, either wire
brush or diamond fraise, driven by a rotary power-driven motor.
Motorized dermabrasion removes the epidermis and the upper
layer of the dermis, thus can be effective for deep acne, surgi-
cal or trauma scars, and epidermal nevi. Because of the bulky
instrument and delicate nature of the periorbital skin, motorized
dermabrasion is not ideal for periorbital area. In addition, the
procedure requires substantial recovery time and has the poten-
tial risk of aerosolizing infectious particles.®®
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Peels

Chemical peels, subdivided into superficial, medium and deep
depth type, are indicated for use in the treatment of photoaged
skin, wrinkles, scarring and dyschromia.®® Even with the advent
of new technologies, chemical peels remain popular because
of their long history of safety, efficacy, relatively low cost and
relatively minimal downtime. In addition, the choice of agent,
concentration and technique employed can be varied to pro-
vide more complete control over the pattern of injury induced
by chemical peels. Superficial chemical peels are used for acne
scarring, mild photoaging, epidermal lesions (lentigines and ker-
atoses), epidermal dyschromia and melasma. One of their major
advantages-is‘that they (can be)used in all skin types with mini-
mal risk of post-inflammatory hyperpigmentation.** The limited
variety of superficial peels includes 20-40% glycolic acid, 10-20%
trichloroacetic acid (TCA) and Jessner’s solution (a combination
of resorcinol, salicylic acid and lactic acid in 95% ETOH). They
induce damage that is limited to the superficial epidermis, thus
are generally used for exfoliation only. At higher concentrations,
glycolic acid (70%) and TCA (30%) can induce injury to the basal
layer, thus leading to regeneration of the entire epidermis. This
can be used for acne, mild photoaging and melasma, but are not
effective for texture changes, wrinkles,, and dermal remodeling.
Superificial chemical peelssare generally performed as a series
of treatments separated by several weeks. The major side effects
associated with [superficial chemical peels are local irritation,
burning and stinging sensations.

Medium-depth peels are used for mild-to-moderate photoaging,
epidermal lesions, dyschromia, mild scarring, mild wrinkling
and blending’ of/'skin after the use of other resurfacing proce-
dures.*’ Agents used for medium-depth peels include 40-50%
TCA,jor more commonly today 35% TCA in combination with
Jessner’s solution, 70% glycolic acid, or solid carbon dioxide.
These agents cause injury to the level of superficial reticular
dermis. Epidermal necrosis, papillary dermal edema and in-
flammation induced by medium-depth peels over time lead to
increased collagen production, leading to expansion of the der-
mis. Medium-depth peels are especially useful in patients who
have advanced localized photoaging in the periorbial area. Af-
ter addressing the periorbital area, medium-depth peels can be
used in the transitional skin between the periorbital complex
and the rest of the face to allow for smooth transition. If peri-
orbital skin itself is being treated with a medium-depth peel,
care should be taken to avoid over application (due to thin-
ner skin), exposure into the eye or tears causing the peel to
migrate down the cheek leading to linear streaking. Post-pro-
cedure, medium-depth peels will lead to edema for one to two
days, crust formation during days 4-8 and re-epithelization by
one to two weeks.*

Deep chemical peels include >50% TCA, phenol or most com-
monly occluded or unoccluded Baker-Gordon formula (3 mL

© 2010-Journal of Drugs in Dermatology. All Rights Reserved.

This document contains proprietary information, images and marks of Journal of Drugs in Dermatology (JDD).
No reproduction or use of any portion of the contents of these materials may be made without the express written consent of JDD.

If you feel you have obtained this copy illegally, please contact JDD immediately.

JO0810



s123

JourNAL OF DRUGS IN DERMATOLOGY
AUGUST 2010 * VOLUME 9 * ISSUE 8 (SUPPLEMENT)

of 88% phenol, 2 mL of tap water, eight drops of Septisol and
three drops of croton oil).** They are primarily indicated for use
in treating moderate to severe photoaging, deep wrinkles and
extensive actinic keratoses. The injury induced by deep peels
reaches to the mid-dermis and thus can be very effective for
even deep furrows if done properly. However, its benefits must
be balanced with the disadvantages, including risk of scarring,
textural changes, pigmentory changes, the potential for cardio-
toxicity including arrythmias (requiring pre-op evaluation and
continuous cardiac monitoring), significant down time and a
regular follow-up for several weeks. If deep chemical peels are
performed in the periorbital region, a modified Baker-Gordon
formula should be utilized (using)mineralloil in place of water
and decreasing the drops of croton oil), and extreme caution
should be used due to risk of ectropion and scarring.The recov-
ery process and wound healing process is similar to that of the
medium-depth peels, except that wound dressings and wound
care are necessary to due to more extensive dermal damage,
with the end result leading to a more organized and compact
dermis and rejuvenated epidermis:

Prior to treatment with chemical or mechanical peels, many phy-
sicians will prepare the patient’s skin by the use of “bleaching
agents” and sun protection to reduce the risk of post-inflammas
tory hyperpigmenation, and use prophylactic antiviral therapy
to minimize the risk of activating herpes.* In addition, NSAIDs
or even narcotics are used for pain control, and systemic glu-
cocorticoids can be used to minimize inflammatory response,
depending on the depth of the peel and the patient.

Photorejuvenation, Lasers and Radiofrequency Devices

Over the last 40 years, lasers have become increasingly more
selective and effective in targeting specifiecccomponents located
at various tissue depths. This has lead to expansion ofthe use
of lasers to not only treat cosmetic conditions (including vascu-
lar lesions, tattoo removal, hair removal and skin rejuvenation)
but also medical conditions (such as warts, keloids and psoria-
sis). For skin rejuvenation, ablative and non-ablative lasers may
be used.”® In general, ablative lasers achieve greater clinical im-
provement at the cost of increased morbidity.

Indications for ablative laser resurfacing include photoaging
(including rhytides, lentigines, telangiectasisas and actinic
keratosis) and scars (for example, those associated with acne,
trauma, varicella or surgery). It is especially useful for perior-
bital and perioral regions because these areas tend to benefit
least from surgical facelift procedures. Side effects of ablative
laser resurfacing include erythema lasting for several months,
post-inflammatory hyperpigmentation, relative hypopigmena-
tion compared to untreated skin, delayed hypopigmenation,
aceniform eruptions, irritant contact dermatitis, infection and
scarring.*¢% Thus, the ideal candidate for ablative laser resur-
facing is healthy, lightly pigmented and without history of
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scarring or prior radiation treatment to the area. There is also
an increased risk of scarring if the patient has been on isotretin-
oin for up to two years prior to the resurfacing procedure.®® A
lengthy discussion of the risk and benefits, associated down-
time, need for prophylaxis against infections and realistic
expectations must be undertaken prior to the procedure.

Ablative laser resurfacing can be carried out using the carbon
dioxide and Erbium:YAG laser. Both lead to destruction of the
epidermis and part of the dermis, and to remodeling of healthy
tissue via wound healing. Full-face resurfacing is generally rec-
ommended to avoid demarcation lines, however the periorbital
region is an-exception to6 this(rule,and ablative laser resurfacing
can be used on the lower eyelid with low risk of demarcation
lines.

Carbon dioxide lasers emit high-energy in short duration us-
ing monochromatic 10,600 nm light that preferentially targets
water-containing tissue. This leads to vaporization of the tis-
sue, heat-induced collagen contraction, hemostasis via thermal
injury and coagulation, and over/time to fibroplasia and neocol-
lagen deposition.>®5' There are /several different laser systems
on the market, but in general{studies have shown them to be
comparable when used _appropriately.®>52 Most patients obtain
significant improvement of their photoaged skin. Specifically,
over 90, percent] ¢linical improvement has been noted in the
periorbital region.*The major disadvantages of carbon dioxide
lasers are prolonged erythema, risk of scarring, hypopigmenta-
tion and in rare cases, lower lid ectropion (especially in patients
with=prior or concurrent eyelid surgery). Carbon dioxide laser
treatment is most ideal for patients desiring maximal benefit
and who are willing to tolerate prolonged erythema.

The/newer! IR Erbium:YAG ablative laser emits at 2910 nm
wavelength, ‘close*to the absorption peak for water, to vapor-
ize the epidermis. Because the depth of tissue penetrance with
Erbium:YAG is less than for the carbon dioxide laser, the abla-
tion process can be controlled and titrated more precisely with
the Erbium:YAG laser by altering the number of passes and the
energy fluence. Clinical studies have shown Erbium:YAG to be
effective in treating both superficial and deep wrinkles in the
periorbital region.%*

The major advantages of Erbium:YAG lasers compared to car-
bon dioxide lasers include minimal thermal damage, decreased
intensity and duration of erythema, faster recovery time and a
decreased risk of scarring. Some of the main disadvantages of
Erbium:YAG lasers compared to carbon dioxide lasers include
increased risk of dermal bleeding, lack of immediate collagen
contracture, and decreased efficacy on deep wrinkles.

More recently, non-ablative lasers have become the treatment
option of choice for many patients who are unwilling to un-
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dergo ablative laser resurfacing due to the side-effect profile.
Non-ablative lasers used for skin rejuvenation include 585 nm
pulsed dye lasers, the 532 nm pulsed KTP laser, the 1450 nm di-
ode lasers, the 1320 nm Nd:YAG lasers, the 1450-nm diode laser,
among others. Multiple studies have examined the role of these
non-ablative lasers in the treatment of photodamaged skin.55%°
There is a great deal of variability in the results, but the general
trend suggests only moderate efficacy in reduction of mild-to-
moderate wrinkles, with little to no benefit for severe wrinkles.
Furthermore, the longevity of the benefits is poorly character-
ized. It is clear from these studies, however, that non-ablative
lasers have an excellent safety profile with the most common
side effect being transient purpuralor pigmentary(changes. De-
spite their minimal efficacy and high variability, the extremely
low side-effect profile of non-ablative lasers make them a viable
treatment option for young patients with mild photodamaged
skin looking for “lunch time” skin rejuvenation.

In the last decade, non-ablative radiofrequency energy has
been utilized to target energy to heat the dermis, leading to
contracture of the collagen, activation of fibroblasts and gen-
eration of new collagen over a period of weeks to months,
leading to reduction of wrinkles and appearance of skin tight-
ening.®*®" In addition, pre-treatment of brow_depressors with
botulinum toxin can improve the collagen remodeling achieved
with radiofrequency devices, in the periorbital region.f? The're-
sults achieved with non-ablative radiofrequency devices are
modest and are said to last from six months to several years.
The best results are achieved when performed in a series of
multiple treatments. The major advantage ofrnen-ablative yra-
diofrequency energy is its excellent safety profile:

Photodynamic therapy utilizes a light source, blue light or
intense pulsed light (IPL), to activate an” exogenous photo-
sensitizer, 5-aminolevulinic acid (ALA) applied to the area of
interest.®%#* Although the exact mechanism of action is unclear,
there appears to be activation of an inflammatory response
and direct cellular toxicity leading to skin rejuvenation. Several
prospective studies have shown improvement in fine lines,
shallowness and mottled pigmentation.

Neuromodulation

In addition to skin rejuvenation by topical, chemical, mechani-
cal or laser techniques, almost every aspect of the periorbital
complex can be enhanced by use of botulinum toxin. Botuli-
num toxin is excellent for dynamic wrinkles and can be used
as an adjuvant for fillers, non-surgical and surgical facial re-
juvenation, especially of the periorbital complex.626568 Since
Carruthers and Carruthers’ initial reports in the early 1990s on
the use of botulinum toxin to treat wrinkles, it has become the
most common cosmetic procedure for facial enhancement.®®
Botulinum toxin is a naturally occurring heterodimeric neuro-
modulatory polypeptide produced by Clostridium botulinum.
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Its neuromodulatory properties, specifically the ability to weak-
en, relax or paralyze selected muscles, have been exploited
for both cosmetic and medical uses including blepharospasm,
hyperhidrosis, achalasia and migraines, to name a few.”” There
are seven different serotypes (A-G) of botulinum toxin based
on their specific mechanism of action leading to inhibition of
acetylcholine release at the neuromuscular junction. After injec-
tion, the heavy chain of the neuropeptide serves to target it to
the cholinergic presynaptic membrane leading to internaliza-
tion via endocytosis.”” Once the botulinum toxin neuropeptide
is internalized, its disulfide linkage breaks, generating free ac-
tive light chain, which cleaves specific proteins in the secretory
pathway (type A/targets SNAP-25 while type B cleaves VAMP
[vehicle-associated membrane protein]), ultimately leading to
blockage of acetylcholine release. Over time, lack of synapse
activity leads to degeneration‘of the neuromuscular junction.
Botulinum toxin type A (marketed as Botox® or Dysport®) is
most commonly used for cosmetic purposes due to its longer
duration of action (three to four months, but sometimes as
long as six months) and less discomfort compared to serotype
B.”22 The effects are irreversible, but efficacy is eventually lost
due to generation of new axon terminals.” Details about re-
constitution, 'storage and handling can be found elsewhere.®
In general,_100 U_of vaecuum-dried botulinum toxin powder
is reconstituted using 2.5 mL of 0.9% nonpreserved saline to
achieve, a final concentration of 40 U/mL. There is much vari-
ability in the concentration used in practice because higher
concentrations will allow the use of lower volumes, decreasing
the diffusion potential and pain associated with injection, while
lower concentrations may be desired for large muscles that
rely on diffusion (such as the frontalis muscle). Per manufac-
turing guidelines, once reconstituted, botulinum toxin should
be used within four hours; however, a number of studies have
shown thatlits efficacy is retained for several weeks if stored at
4°C.” Prior to treatment, appropriate patient selection, educa-
tion and counseling must take place. Patients should be made
aware of the excellent safety profile and efficacy of botulinum
toxin, as well as its transient nature, requiring repeated treat-
ments at regular intervals to maintain the desired look. The
most common side effects are injection-related local erythema,
pain, bruising and headache.” A rare but specific side effect of
botulinum toxin use in the periorbital region is eyelid ptosis.
Botulinum toxin should not be used in patients with active in-
fection or inflammatory skin condition at the site of injection, in
patients with a history of neuromuscular disorders (such as my-
asthenia gravis or Eaton-Lambert syndrome), in patients using
aminoglycosides or other drugs that act at the neuromuscular
junction or during pregnancy (category C) or lactation.®

The Glabellar Complex, Forehead and Brow Shaping

Botulinum toxin can be used to effectively treat rhytides of
the glabellar region and forehead, to shape the eyebrows
and to diminish upper eyelid heaviness. To treat the glabellar
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lines, botulinum toxin is used to weaken the major eyebrow
depressors, the corrugator, procerus and depressor supercilii
muscles. ldentification of the muscles is easily achieved by
asking the patient to frown several times. Typically, 20-40 U of
botulinum toxin is injected into the glabellar complex using a se-
ries of injections. The most commonly used injection sites are the
midline and two injections bilaterally just above the medial can-
thus. If necessary, two more injections can be given just laterally,
at approximately the midpupillary line, however these sites have
the highest risk of causing ptosis, thus caution must be used. At
all times injections should be carried out above the orbital rim to
prevent diffusion into the levator muscle. For some individuals,
additional injections just above and/or-below, the midline Jinjec-
tion maybe necessary to further weaken the procerus muscle. In
general, males tend to require higher doses and more injection
points to achieve optimal results. In addition, special consider-
ation must be given when treating Asian eyes because of their
unique anatomy. The patient’s response to botulinum toxin can
be assessed after one to two weeks, if necessary.

Deep horizontal forehead lines develop over time due to activity
of frontalis muscle, the primary brow elevators. In individuals with
low brows or natural eyebrow ptosis, they may be especially deep
due the increased activity of frontalis muscle to maintain.the brow:
in an elevated position.The folds can be accentuated by asking the
patient to raise their eyebrows. There is a great deal of|variability
in treatment of forehead lines, but in general 10-20 U for females
(males may require slightly higher doses) are injected into a vari-
able number of sites (four to eight most commonly) on the upper
two thirds of the forehead (or 1-2 cm above thegbrew). Carg, must
be taken not to paralyze the inferior aspect of the frontalis, in order
to maintain its function and avoid brow ptosis.

Carefully balanced modulation of brow elevator and depres-
sor muscles using botulinum toxin can allow an advanced
practitioner to alter the eyebrow contour. To elevate the medi-
al eyebrow, the medial corrugator injection should be carried
out deeply to avoid paralysis of the superficially running fron-
talis muscles. To raise the lateral eyebrow, a single approach
or combination of approaches can be taken. Small amounts
of botulinum toxin can be injected into the lateral tail of each
eyebrow to weaken the depressor without altering the fron-
talis muscle. For additional eyebrow elevation, treatment of
the crow’s feet area should be carried out, as this will further
weaken the lateral depressor fibers of eyebrow. For more dra-
matic flair, one can also inject the medial fibers of the frontalis
muscle (central forehead) to drop the medial eyebrow, leading
to accentuation of the lateral eyebrow elevation. To raise the
eyebrow uniformly, both lateral and medial depressors can be
weakened. To achieve an arched brow shape, small amounts
of botulinum toxin are injected into the medial and central
brow, while leaving the lateral eyebrow untreated. This will re-
sult in relative dominance of frontalis on the medial eyebrow
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leading to its elevation and then gradual tapering down of the
untreated lateral eyebrow.

Crow'’s Feet

Crow’s feet can be easily assessed by asking the patient to
smile. These radial wrinkles are primarily due to contraction of
the orbicularis oculi muscle, but in some patients the zygomatic
muscles can contribute to the most inferior wrinkles of the lat-
eral orbit. Crow'’s feet are effectively treated by injecting a total
of 8-12 U of botulinum toxin in a series of three to five injection
sites 1-1.5 cm lateral to the orbital rim. After injection, the sites
are gently massaged and the patient is asked to squint to al-
low even diffusion into thelareallf the inferior aspects of crow'’s
feet are felt to be due to zygomatic muscles, they should not
be corrected because it can‘lead to asymmetry in the perioral
region. Lower lid laxity should'be evaluated prior to treatment
of the inferior aspects of the crow'’s feet due to the risk of ec-
tropion and accentuating the drooping of the lower eyelid. As
discussed above, treatment of the crow’s feet area can lead to
mild elevation of the lateral eyebrow. The most common side
effect of injecting the crow’s feet area is bruising due to abun-
dant superficial vessels in this area.

Bunny Lines

Bunny lines can be effectively treated with low doses (2-5 U) of
botulinum toxin) injected superficially into the nasalis muscle.
Care must be taken to avoid diffusion into the inferior muscula-
ture to avoid lip ptosis.

Hypertrophic Orbicularis Oculi

The pretarsal/portion of the orbicularis oculi muscle is in impor-
tant in regulating the palpebral aperture. Hypertrophy of this
muscle can lead/to decreased size of the palpebral aperture,
and/the perception, of lower eyelid bags, sometimes referred
to as a “jelly roll” @ppearance to the lower eyelid. This can be
treated by injecting 1-2 U of botulinum toxin 3 mm below the
lower eyelid margin in the midpupillary line. This technique
should be avoided in patients with lower eyelid laxity (which
can be tested using the snap test) due to risk of increasing the
laxity, leading to scleral show.

Fillers

Soft-tissue fillers are an excellent treatment for correcting the deep
folds and static wrinkles that cannot be alleviated by botulinum
toxin alone. Fillers also serve to correct volume loss in the perior-
bital complex that occurs as part of the aging process.*'51667.76

The most commonly used fillers in the periorbital region are
collagen, hyaluronic acid, autologous fat and poly-L-lactic acid.
In general, collagen products are best suited for the superficial
fine lines within the periorbital complex including crow’s feet,
the glabellar complex, horizontal forehead lines (especially
those on the lower third of the forehead, where botulinum toxin
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is not ideal). Hyaluronic acid, autologous fat, and poly-L:lactic
acids are best suited for volume replacement and deeper lines
of the forehead and glabellar region.

In the lower eyelid, the primary areas that can be treated with
fillers are the orbital rim and the tear trough.The septal conflu-
ence, at the junction of the tarsal plate and orbital septum, can
also be injected; however, this is quite delicate and should be
reserved for the most advanced practitioners.

As noted earlier, pseudoherniation, orbital septal laxity and at-
rophy of the midface can lead to the appearance of an aged,
volume depleted lower eyelid. This can‘beeffectively treated by
injecting small aliquots of filler just inferior to the orbital rim at
a plane between the periosteum and the orbicularis oculi mus-
cle.The filler material should be carefully massaged to allow for
even distribution. Similarly, the tear trough deformity (located
inferiormedially to the orbital rim) is filled by using a serial
point injection or linear threading technique and massaged us-
ing a cotton-tipped swab or a digit. The volume injected varies
from patient to patient and overcorrection should be avoided.
Better results will be achieved if the patient is reassessed in
two to four weeks and then additional treatment is performed
to achieve complete correction. Care should be taken to avoid
injection through the orbital septum (by staying ~1 cm below
the orbital rim), to avoid aceentuating pseudoherniation.

Volume augmentation of the upper eyelid has been described using
autologous fat transplant in the postseptal area with slightly more
volume placed in the lateral portion to provide more,fullnessalnjad-
dition, the brow is filled at a deeper level, leadingto elevation ofthe
upper eyelid. There is usually also accompanying volume loss of
the temporal area that should be addressedralong with thelentire
face to achieve compete rejuvenation of the periorbital camplex.

As with fillers used elsewhere, local anesthesia or topical or
local nerve blocks should be used to minimize pain. The most
common side effects of fillers include local bruising, erythema,
tenderness and edema. Rare but serious side effects include
injection site necrosis (most common in the glabellar region),
arterial embolization and occlusion of the ophthalmic artery. In
addition, depending on the filler agent used, there is a variable
risk of hypersensitivity reactions, granuloma reactions, infec-
tions and lumps and bumps. Details of these side effects and
treatment options are discussed elsewhere.

With proper knowledge of anatomy, products, technique and
experience, fillers can be effectively used in the periorbital
complex with minimal risk to achieve a beautiful eye.

CONCLUSION

In the past, rejuvenating the eye meant the need for invasive
surgical options. Although these may be necessary in advanced
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cases, invasive surgical procedures have become second-line
treatment options since the advent of topical therapies and
minimally invasive procedures including botulinum toxin, der-
mal filler injections, laser, chemical peels, laser skin resurfacing,
microdermabration and intense pulsed light photorejuvena-
tion. Studies indicate that patients prefer minimally invasive
procedures over traditional surgical options, likely related to
their efficacy in achieving good outcomes while minimizing re-
covery times and having lower side effect profiles.

With the continued seemingly exponential growth and ever
increasing experience in minimally invasive procedures to en-
hance the leyes, /a well-versed (dermatologic surgeon has an
exciting future in enhancing the beauty of eyes.
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ABSTRACT

Facial attractiveness is the most important determinant of physical attractiveness, and an important factor in social and interpersonal
interactions. The field of facial rejuvenation using minimally invasive procedures has expanded exponentially over the last decade.
Historically, aging and the resulting changes were primarily attributed to changes in the skin and the underlying musculoskeletal
system. However, more recent understanding of the changes associated with facial aging has shifted the focus to changes in the
distribution of subcutaneous fat. With the introduction of seemingly endless varieties of fillers over the last decade, restoration of
volume loss by subcutaneous fat; and toseme extent bone,shas-never.been-easier; Here; the authors review the basic principles
that govern facial beauty, facial anatomy, the aging process, and the wide variety of fillers available on the market today that enable

a dermatologic surgeon to revitalizerthe face:

INTRODUCTION

n recent years, there has been a notable increase in the num-

ber of aesthetic procedures, with over 10.2 million surgical

and non-surgical procedures performed in 2008." According
to the American Society for Aesthetic Plastic Surgery (ASAPS),
this is greater than five-fold the number of cosmetic procedures
performed in 1997. Although the majority of patients are females
ages 35-50 years, interest in aesthetic procedures has increased
among all age groups andssocioeconomic backgrounds. Today,
more than 80 percent of these procedures are minimally invasive,
including (in descending order of frequency): botulinum toxin,
dermal filler injections, chemical peels, laser hair removal and mi-
crodermabrasion. Studies indicate that patients'prefer minimally
invasive procedures over traditional surgical options, likely relat-
ed to their efficacy in achieving good outcomes while minimizing
recovery times and having lower side effectprofiles.?

Facial Beauty

Facial beauty has been a topic of great interest since the begin-
ning of recorded history, and studies of facial attractiveness have
been conducted in the fields of art, psychology and, only recently,
medicine.® Ancient Greek sculptors developed the Greek canons
of proportions based on Egyptian principles. Renaissance artist
Leonardo da Vinci emphasized the importance of body and fa-
cial proportions in his famous works Vitruvian Man and Male
Head in Profile with Proportions.* Although not entirely accurate,
these served as blueprints for physical anthropology, mostly
focused on facial measurements directly from the skull. * More
recently, there has been increased attention paid to soft-tissue
measurements.® In addition, computer programs are now be-
ing developed to incorporate the current understanding of facial
aesthetics and aid in planning for cosmetic intervention.®

Why Beauty?
Over the past 30 years, a multitude of studies of facial attrac-
tiveness have been conducted in the field of psychology. Facial

attractiveness is the most important determinant of physical
attractiveness, and an important factor in social and interper-
sonal interactions. Social and developmental psychologists have
shown conclusively that society associates facial beauty with
varied positive qualities and characteristics, and that individuals
with attractive facial features are more likely to experience posi-
tive outcomes. Indeed, attractive children and adults are often
deemed nicer, better, healthier and more intelligent.”" In addi-
tion, theyare'also often treated better, in that more altruistic acts
are performed for them, and they are more likely to be believed
or to be given the benefit of doubt, even in court of law. Attrac-
tive individuals are sometimes perceived to be more qualified
forra~job, more likely to be promoted, hired, more successful
and more \compensated.’>'™ Furthermore, attractive individu-
als are found t6 be more popular, have greater self-esteem and
confidence, be more assertive, have greater dating and sexual
experience and enjoy better mental and physical health.'®

The attractiveness of the human face is a major target of selec-
tive mate choice during all stages of courtship, from flirtation
through face-to-face copulation.” Evolutionary psychologists
believe that facial interaction is an important aspect of human
interaction because morphologic characteristics such as at-
tractiveness are valid indicators of fitness, health, quality and
reproductive value.’®®This interpretation is based on Darwin’s
theories of natural and sexual selection, which state that any
characteristic, in this case facial attractiveness, that increases
survival or enhances attraction by the opposite sex, will be-
come dominant in the gene pool.2?' Thus, facial attractiveness
serves as an important marker for both overall phenotypic and
genotypic quality.

What is Beauty?

Given the significant impact of facial attractiveness in social
interaction, it is important to have an understanding of what
constitutes facial beauty. Facial attractiveness is a quality that
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is more objective than perceived, and for most parts crosses
cultural boundaries.®#? The old saying “beauty is in the eye of
the beholder” is, in fact, questioned by multiple studies. For
instance, studies have shown that humans can distinguish
attractive versus less attractive faces from infancy and show
signs of preference for the former.2?#The components of facial
attractiveness are grouped into four major cues: averageness,
symmetry, sexual dimorphism and youthfulness/neoteny. The
relative contribution of each is still debated.

Averageness can refer to one of two things: an averaged face,
i.e., a mathematically generated composite face of multiple
individual faces; or an average(face) i-e.,\the prototypical face
in a defined population. Averageness is thought to be more
attractive, because it represents the genetic heterogeneity in
the population and avoids extremes. Per the Darwinian theory,
genetic heterogeneity offers a survival advantage in terms of
greater immunity from pathogenic organisms.* A major argu-
ment against this hypothesis is that averageness is perceived
as more attractive simply because it exhibits two of the other
attributes, symmetry and sexual dimorphism.? In addition, in
the averaged face, focal variations are minimized, generating
softer features that may be viewed as more attractive.

Bilateral symmetry of physical traits, as argued by evolutionary
psychologists, reflects an owverall high quality of development,
which is associated with resistance to pathogens and environ-
mentaldisturbances, and correlateswith geneticheterozygosity.?”
Meta-analyses have shown that in various species, males with
decreased asymmetry have a greater mating stecess.?® In fact,
in humans, males with low asymmetry have increased numbets
of sexual partners and infidelities.?®This has also been shown for
females.®® An alternative explanation offeredhby some, however,
is that the visual system is hard-wired to [recoghize symmetry,
resulting in a preference for facial symmetry.?!

In addition to a youthful appearance, another component of
facial attractiveness is neoteny, or the possession of juvenile
features in adulthood. Faces with infant-like features—large
eyes, a small nose, round cheeks, smooth skin, glossy hair and
lighter coloration—tend to be considered more attractive.®
Studies have shown that both sexes perceive larger eyes and
a small nose to be more attractive than a relatively larger nose
and smaller eyes.®*%

The presence of sexually dimorphic features also plays a role in
facial attractiveness. At birth, males and females differ in small
extent, but over time, due to the influence of sex hormones,
namely estrogen and testosterone, their facial features become
more distinct. Studies have shown that extremes of second-
ary sexual characteristics are more attractive.* Various sexually
dimorphic features have been described.®?2¢ For example, femi-
nine facial features include a smaller nose, a heart-shaped taper
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to the lower face, with a smaller lower:upper face ratio, and full
vermillion lips. In contrast, smaller eyes, a larger nose, wider
jaw and smaller forehead are considered more masculine.®
However, the role of sexually dimorphic facial features in at-
tractiveness can be complex. In particular, studies have shown
that in males, more masculine features were felt by females as
less warm, less honest, more dominant and representing lower
parental ability, and to a degree were less desired when seek-
ing long-term relationships.*”

Thus, when planning aesthetic procedures to enhance facial
attractiveness, the dermatologist should have a good under
standing ofthee principles that) determine facial attractiveness.
One must be mindful of symmetry, averageness, sexual dimor-
phism and youthfulness/neoteny when planning soft-tissue
augmentation of cheeks, lips‘and eyebrows. One must also
keep in mind that there are bound to be some mild fluctuations
based on the current fashion in that particular society.

Aging Process

The natural aging process affects the skin and underlying facial
structures, resulting in gradual/yet dramatic, changes in facial
appearance as people age.*® Qver time, the forehead narrows
and elongates while the lower face widens and shortens, caus-
ing the overall face to transition from the “triangle of youth”
tothe “pyramid of @ges Historically, aging and the resulting
changes were primarily attributed to changes in the skin and
the underlying musculoskeletal system. However, more recent
understanding of the changes associated with facial aging has
shifted the focus to changes in the distribution of subcuta-
neous| fat. In/order to plan out aesthetic procedures, a basic
understanding”of the changes associated with aging in skin,
subcutaneous fat, muscle and bone is necessary. In addition,
it is/important to realize that these components are not inde-
pendent, and thusthanging one component, by the process of
aging or by cosmetic procedures, can have a profound impact
on the face as a whole.

Skin

Starting at age of 20, time causes a linear decrease in the overall
thickness of the skin.**The largest contributing factor is believed
to be ultraviolet (UV) radiation, namely UVA. Actinic damage
is clinically seen as pigmentary changes (lentigines, dyschro-
mia), vascular changes (telengiectasia), texture (keratoses), loss
of elasticity and rhytides. Histologically, there is a flattening of
the rete ridges, loss of dermal-epidermal junction, loss of col-
lagen and disorganization of elastic fibers in the dermal layer of
the skin leading to fragile and lax skin.*#' Initially, wrinkles are
only observed when the face is motion; however, with continual
damage to elastic tissue, the dynamic wrinkles become static,
present even at rest. Furthermore, the loss of elasticity prevents
the skin from accommodating changes in volume due to altera-
tions in subcutaneous fat or the musculoskeletal system.
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A wide variety of techniques can be used to counteract mild
aging that primarily affects the skin but which only causes
minimal changes to the underlying infrastructure of the
face. These include the use of sunscreens, retinoids and
anti-oxidants, among others, in the form of medical and/or
cosmeceutical treatments.*? Recent studies show that skin
texture and tone can be improved by the use of autologous
fat and biostimulatory fillers.*® In addition, dermatologists
have the option of utilizing a variety of chemical peels and
lasers to rejuvenate the skin.

Subcutaneous Fat

Subcutaneous fat profoundly(impacts“the .complex| three-
dimensional contours of the face, which consist of a series of
smooth transitions between distinct convex and concave en-
tities that are perceived as one.*% During the aging process,
redistribution of fat on the face leads to a transition from the
youthful heart-shaped or upside down triangle-shaped face
to that of the aging pyramid-shaped or pear-shaped face, with
increased discernibility of the individual spaces. Initially, the
hypertrophy of fat pads, namely the jowls of the lower face
and neck, was thought to be the driving force in restructuring
the contours of the face. However, over time, volume loss
has become accepted as the driving force for the aging pro=
cess. Starting in the 30s, there is a loss of subcutaneous fat
in the periorbital, forehead, glabellar, temporal] malar;and
buccal cheek areas. At the 'same time, there is an accumu-
lation of fat in the nasolabial and labiomental folds, jowls,
submental areas, premalar areas and chin. These changes
collectively lead to the older face having a flattened quality
to the cheekbones, a sunken appearance ta the lips, andfa
bulging of the inferior fat pads of the eye, eventually leading
to overall loss of fullness and roundnessrte the face. The ree-
ognition of the profound impact of volume loss hasslead to a
shift in the focus from liposuction of the fat to redistribution
of autologous fat or, more recently, the use of a variety of
fillers (see below). These techniques have been found to be
highly successful in reshaping the natural three-dimensional
shape of the face.

Muscles

Although the mechanism and relative significance of mus-
cular and ligamentous changes to aging is debated in the
literature, there is no doubt that they play an important role
(as seen by the ever-increasing utilization of the muscle
paralyzer, botulinum toxin). For a long time, the idea that
midface descent was caused by an age-related relaxation
of muscles, especially the orbucularis oculi and zygomati-
cus muscle, led to procedures involving shortening and
suspending the musculature to restore the youthfulness
of the face.*” However, in the past decade, the outcomes
of facial nerve paralysis, botulinum toxin and radiographic
studies have disputed the muscular laxity hypothesis. Fa-
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cial nerve paralysis leads to softening of the nasolabial,
periorbital, glabellar and labiomandibular folds. Utilization
of botulinum toxin to weaken or paralyze a wide variety
muscles leads to improvement in wrinkles and platysmal
bands. Furthermore, a high-resolution MRI study by Gos-
ain et al. demonstrated that there is no change in overall
muscle thickness, length, or volume between subjects over
age 59 and those aged 16-30.“¢ However, more work needs
to be done to elucidate the relative contribution of muscular
changes to facial aging. In general, it is well accepted that
changes in both the musculature and subcutaneous fat are
interdependent and changes in one will have an impact on
the [other. This|\is further supported by MRI studies by Le
Lourn et al., which suggest that the contours of the mus-
cles are dependent on the fat pads located deeper to the
musculature, and that, over time, shifts in the fat pads lead
to changes in muscle shape and their properties.* Further-
more, clinical replacement of volume to the key areas of the
face, in place of surgically manipulating the musculature,
can yield equally effective if not superior cosmetic results.

Bone

It'is critical for cosmetic surgeons to understand the role of un-
derlying structural elements to the overall three-dimensional
contour of the face and the subtle changes that take place dur-
ing(thesaging Iprocess.®Studies have shown that changes in
the bony structure of the head, face and neck become apparent
in the 50s.%" In females, this is likely due to rapid demineraliza-
tion of bone after menopause.5?

Computed tomography has been used to show a variety of
changes in'the’bony structure with aging, including a decrease
in theyglabellar angle, significant orbital expansion in the su-
pramedial and linferiolateral direction, and volumetric loss of
the maxilla and mandible.®® There is a posterior-inferior rota-
tion of the facial skeleton toward the base of the cranium, with
aging.This rotation has been hypothesized to contribute to the
undermining of midfacial support, including the inferior orbit-
al rim, contributing to the malpositioning of the lower eyelid,
leading to lateral bowing and scleral show. Bony changes in
the maxilla lead to sharpening and protrusion of the chin. It is
unclear at this time whether preventive care, such as supple-
mentation with vitamin D, calcium or bisphosphonates, has
an impact on age-associated changes in facial shape.

Bony changes can be addressed by surgical procedures,
or utilizing implants to augment the bony structure of the
face. However, as discussed below, fillers can be used ef-
fectively to augment mild-to-moderate bony volume loss.
Cosmetic surgeons must be able to recognize the poten-
tial need for alterations, surgical or non-surgical, to the
bony structures that are required for the desired effect, to
achieve patient satisfaction.
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Fillers for Re-shaping the Face

Based on an understanding of the principles of facial attractive-
ness and aging, the physician can analyze the complete face to
identify the nature of the defects. The next step will be to iden-
tify the appropriate treatment option (or combinations thereof),
including surgical procedures, minimally invasive surgical op-
tions, ablative and non-ablative resurfacing therapies, topical
therapies or injectable options including neurotoxins and fillers.
In addition, the patient must be educated about the complexity
of the defect, the risk and benefits of various treatment options,
financial costs, recuperation time and realistic expectations to
achieve a successful end result.

As discussed above, volume loss is one of the most important
contributors to aging of the face! With the introduction of a
seemingly endless variety of fillers over the last decade, resto-
ration of volume by subcutaneous fat and to some extent bone
has never been easier. Because of their relatively low side effect
profile, smaller financial commitment and minimal recovery
time compared to more invasive surgical options, they are now
the second most commonly performed cosmetic procedure
behind botulinum toxin." It is estimated that the filler market
will reach $1 billion this year.> For the remainder of this article,
the authors will focus on the most.common currently.available
fillers on the market, their uses to/reshape the face, their com-
plications and management,of those complications.

Dermal fillers vary by composition, duration of action, ease of
administration, complications, chemical properties and other
factors. Although the search for the perfect dermal filler ¢ontin-
ues, the large variety of commercially available agents allows
the physician to match the properties of a particular filler with
the location of defect and the desired effect. It is important to
keep in mind that many applications of fillers performeéd today.
constitute off-label use. An ideal filler would be expected to
have a natural feel relative to native tissue, minimal to no an-
tigenic properties, no hypersensitive reactions, minimal pain,
produce consistent and durable results, minimal downtime and
minimal inflammation. As currently there is no single filler suit-
able for all defects, it is important to keep in mind that, often,
the best results are achieved by combinations of agents plus
other treatment modalities (especially neurotoxins).

Volume replacement strategies have been described as early
as the 1890s using fat from the arm to augment facial de-
fects, and the modern era of soft-tissue augmentation began
in 1970s with the introduction of bovine-derived collagen.%
Since then, a number of new biofillers have been introduced
to the market, in addition to advancement of autologous fat
transfer techniques. Fillers are in general divided into three
categories: biodegradable and non-permanent agents (autol-
ogous fat, bovine collagen, human collagen and hyaluronic
acid); semi-permanent agents (polymethylmethacrylate, calci-
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um hydroxylapatite, porcine collagen and polylactic acid) and
permanent agents (silicone).

Bovine and Porcine Collagen

Bovine collagen (Zyderm 1%, Zyderm 1I® and Zyplast®) has been
used for over 20 years in over 2 million patients and although
its popularity is declining, it remains an acceptable filler.5s All
three forms are derived from an isolated United States (U.S.)
cattle herd that is monitored for prions.’ They are packaged in
preloaded syringes in a sterile, phosphate-buffered physiolog-
ic saline containing 0.3% lidocaine, 98% type | dermal bovine
collagen with the remainder consisting of type Ill collagen
(stored at'4°C). The two Zyderm(products vary in concentration
of collagen (Zyderm I: 35 mg/mL and Zyderm Il: 65 mg/mL).
In Zyplast, the collagen is cross-linked with glutaraldehyde,
which inhibits collagenase, thereby providing it with increased
durability. Generally, a 30-gauge, 0.5-inch needle is used for in-
jection purposes. Zyderm |, which is indicated for use in fine
lines and shallow scars, is injected into the papillary dermis by
introducing the needle at a ~30° angle to the plane of the skin.
Generally, 100 percent overcorrection is necessary as saline will
be lost from injected material. Since Zyderm |l is more viscous,
only 50 percent overcorrection is necessary, and it is injected
into the mid/dermis, allowing it to be used for moderate fine
lines and shallow scars. Zyplast is injected into the deep dermis
at]a 45590°anglelto correct deep nasolabial folds, marionette
grooves and for lip augmentation. No overcorrection is neces-
sary with Zyplast. Over a period of three to six months, injected
collagen is degraded by host inflammatory response and col-
lagenases. Because all three bovine-collagen derived products
have subtle differences, combination therapy can be used to
achieve the desired effect, for example Zyplast can be layered
with Zyderm to sbften deep nasolabial folds.

Adverse'reactionsto bovine collageninclude non-hypersensitive
and hypersensitive  reactions.®®% The majority of
non-hypersensitive reactions are those seen with all fillers, as
they are often technique-dependent, including bruising, infec-
tion, reactivation of herpes virus and vascular injuries. Of note,
visible white areas in the skin have been described in cases in
which bovine collagen is injected too superficially. Since most
cases of local necrosis reported to date have been with injection
in the glabellar region, Zyplast is contraindicated in this area.
One of the primary limitations of the bovine-derived collagen is
its tendency to cause hypersensitivity reactions in ~5 percent of
patients. This can be reduced by performing allergy testing us-
ing 0.1 mL of material into the volar aspect of the forearm twice
at least two weeks apart. A positive reaction occurring with
either test is a contraindication and should preclude further
therapy with bovine collagen. In addition, two types of delayed
hypersensitivity reactions (seen in 1% of patients even though
their two skin tests were negative) are associated with bovine
collagen. The first and more common involves the formation
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of spontaneously resolving (over one year), non-scarring, indu-
rated granulomas at both the treatment and test sites (usually
seen with Zyderm). The second type, more commonly seen
with Zyplast (in one to four of 10,000 cases), is the formation of
sterile abscesses characterized by painful, tense, erythematous,
fluctulant nodules that appear usually days to weeks after injec-
tion that require incision and drainage, antibiotics, intralesional
steriods for treatment with risk of scarring.

Recently, porcine-derived collagen was introduced to the mar-
ket and indicated for moderate-to-deep wrinkles and folds.%
It was cross-linked by sugar moieties to increase its durabil-
ity to six to 12 months, which(allowed|'it to|bel classified' as
semi-permanent. Early studies had shown it to be less immu-
nogenic than its bovine counterpart, possibly more efficacious
than bovine collagen and equivalent to competing products.®'#2
However, its opaque nature made it unsuitable for use in the
superficial dermis.

Human Collagen

To avoid the risk of hypersensitivity, several human derived
collagen fillers have been developed.®* CosmoDerm 1, Cosmo-
Derm 2 and CosmoPlast are very similar to the bovine-derived
counterparts in terms of their consistency, concentration,_ in=
jection techniques and durability. They are generated from a
single isolated human fibreblast:derived cell culture:line that
is screened for pathogens. Since they have a minimal risk of
hypersensitivity reactions, they can be injected at the time of
initial consultation. The cosmetic results with human collagen
are similar to that of bovine collagen with some evidence jfor
smoother injections. Human-derived collagen is/also/contrain-
dicated in patients allergic to bovine collagen.

Additional human-derived products that are (available”but not
commonly used include cadaveric collagen, cadeveric fascia and
autologous collagen and fibroblasts.®® Human cadaveric skin is
used to harvest intact collagen, elastin fibers and glycosamin-
oglycans, and packaged into pre-packaged syringes sold as
Dermalogen and Cymetra. They are similar to the above-de-
scribed human collagens in their indication, efficacy and safety
profile. Of note, Cymetra has a longer shelf life due to the fact
that it comes in a powder form that is reconstituted prior to injec-
tion. Human cadeveric fascia fillers, known as Fascian, come in a
number of different particle sizes, making it appropriate for large
subdermal defects. However, due to its relatively limited use, the
need to use large bore needles, and a lack of controlled studies
on efficacy and adverse effects, its use is limited in practice. Col-
lagen autografts, marketed as Isolagen (currently available only
in U.K.), are obtained from 3-mm punch biopsies used to isolate
and culture fibroblasts and collagen, which are then used in a
manner similar to other collagen products for soft-tissue aug-
mentation. However, the process and expense associated with
Isolagen will likely limit its general use.
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Hyaluronic Acid (HA)

The most popular filling agents today are the hyaluronic acid
derivatives produced by a number of companies in a wide
variety of formulations.56%6465 The major advantage of HA as
compared to collagen-based fillers is the longer duration and
better safety profile, while offering similar or slightly better re-
sults. HA is a glycosaminoglycan that constitutes an important
component of the extracellular matrix. Its physiologic proper-
ties and function, namely to serve as a lubricant and withstand
compression forces, derives from its highly hydrophilic nature,
allowing HA molecules to bind a large quantity of water. Since
collagen and elastin fibers are embedded in the HA matrix, it
has|profound{impact on the Viscoelastic properties of the skin.
Studies have shown that aging leads to a decrease in naturally
occurring HA, at least in part leading to the loss of hydration,
volume and increased propensity to wrinkle.% Furthermore, the
simple chemical structure of HA'is ubiquitous in nature among
species thus minimizing immune mediated adverse reactions.
Other useful properties of HA include its propensity to expand
and increase volume occupance, as well as isovolumetric deg-
radation, or in other words, the ability to maintain volume as
it is degraded, by attracting additional water molecules.®’ The
filler maintains 95 percent of its initial volume until the almost
complete degradation of HA'is achieved. Finally, there is some
evidence that injected HA can stimulate de novo production of
collagen, inhibit metalloproteinases and upregulate growth fac-
tors.® Thus, overall, its physiologic properties, durability, lack
of hypersensitivity and lack of migration make HA an excellent
choice for fillers.

HA products jare indicated for use in mid- to deep-dermis for
correction ‘of moderate to severe facial wrinkles and folds. In
addition, they ar€¢ used for lip augmentation, tear trough defor-
mitigs, brow lifting,/the infraocular sulcus, periauricular area,
earlobe and facial eontouring. They have also been used on the
dorsum of the hands to rejuvenate the volume loss due to ag-
ing. Because of their expansible properties, it is important not
to overcorrect the defect. The desired effect lasts approximately
six to nine months due to eventual metabolism of HA and elimi-
nation by the liver. The amount of HA required to maintain the
initial desired effect at subsequent injections is less than the
initial injection.

There are number of HA products available worldwide; the
four most commonly used products in U.S. will be discussed
in detail below. They can be subdivided based on the whether
they are animal-derived (Hylaform®, rooster combs) and non-
animal derived synthetic HA (NASHA) (Restylene®, Captique™,
Juvederm™ and Elevesse™ derived from streptococcus). Each
product is available in two to three different formulations (vary-
ing worldwide) that differ mainly in the concentration of the filler,
with the more concentrated products suitable for deeper injec-
tions. Both categories are similar in physical characteristics, in
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that they are clear, non-particulate, thick gels that are injected us-
ing a 30-gauge needle and molded into the desired shape using
manual massage. Because of increased viscosity, HA products
in general are more painful at the time of injection than collagen
fillers. With the exception of Elevesse, which contains 0.3% lido-
caine, all other HA products require the use of topical anesthesia
and/or local nerve blocks prior to administration.

A major advantage of HA-based fillers over collagen is the de-
creased risk of hypersensitivity reactions. As with most fillers,
the commonly expected side effects of erythema, bruising,
induration, edema and reactivation of herpes are reported in
less than 2 percent of patients and ‘are shert-lived.®® Superficial
placement of HA can lead to a tindel effect-induced blue lump
that can be smoothened by massage, expressed through a sim-
ple incision, or degraded by the use of hyaluronidase. As with
most fillers, the dreaded complication of vascular occlusion,
clinically manifested as immediate blanching and pain, has the
potential to cause tissue necrosis.The treatment options include
inducing vasodilation with warm compress, massage and topi-
cal nitroglycerin. In cases of HA-induced vascular occlusion, the
physician has an additional treatment option of hyaluronidase
in an attempt to restore the blood flow.”

Autologous Fat

Used for over a century, autologous fat is considered one, of
the safest fillers. It is indicated for nasolabial folds, cheeks, in-
fraorbital area, marionette lines, lips, dorsum of the hands and
atrophy secondary to disease states (coup de saber, Parry-Rom-
berg syndrome, and lipodystrophies).5¢6°773=jts advantages
include lack of immunogenicity, the potential to ¢orrect large
volume deficits, abundant supply, storage for future use and
the possibility of achieving permanent results. The disadvan-
tages include its limitation to correcting only-deeper-defects,
the need for a harvesting procedure and unpredictable viability
of the graft, which is largely technique-dependent. Fat is gen-
erally harvested from the abdomen, thigh or buttocks under
tumescent anesthesia through a small incision. The harvested
fat is then injected using a large-bore (16- or 18-gauge) needle.
Prior to placement of the fat, aspiration is carried out to avoid
placement into vasculature. The filler is than molded into po-
sition using firm massage. Any unused harvested fat can be
stored for 12-18 months.

Calcium Hydroxylapatite

Radiesse, a semi-permanent calcium hydroxylapatite lasting
one to two years, is a filler that is also used for vocal-cord
insufficiency, as a radiographic tissue marker and for stress-
related bladder sphincter incompetence.” Itis provided in a 1.0
mL prepackaged syringe as a milky white suspension of 25-45
pm microspheres of calcium hydroxylapatite suspended in
an gel composed of glycerin, sodium carboxymethylcellulose
and water. Calcium hydroxylapatite is a natural component
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of bone, thus is non-allergenic, and no allergy testing is re-
quired. Its high viscosity requires the use of a slightly larger
bore needle (25- to 27-gauge). After local anesthesia (topical
or regional), Radiesse is placed in the subdermal plane, or pe-
riosteally, and contoured using massage. No overcorrection is
required. The product can be palpated for several months, but
over time the gel will biodegrade and the calcium hydroxy-
apatite will serve as a matrix for recruitment of fibroblasts and
deposition of collagen.” Over a period of months to years,
Radiesse will be broken down into calcium and phosphate
ions and resorbed, with visibility on radiographs for several
years. Calcium hydroxylapatite is used for correction of deep
folds, furrows, 'scars land lin( the,midface to correct for large
volume loss. Like all other fillers, side effects of Radiesse in-
clude bruising, erythema, edema, reactivation of herpes and
vascular compromise. Specifically,to calcium hydroxylapatite,
lip augmentation should be avoided due to higher risk of mu-
cosal nodule formation.”

Poly-L-Lactic Acid (PLLA)

PLLA, now marketed as both Sculptra® and Sculpta Aesthetic®,
is @ biocompatible, biodegradable synthetic polymer supplied
as a lyophilized powder requiring reconstitution with water.”
Biostimulatory agents suchfas PLLA, employ the host response
in-achieving the desired end result. For use as a tissue augmen-
tation device|a subglinical inflammatory response followed by
encapsulation of the microsphere and subsequent fibroplasia
is desired. A few simple, yet critical, technical considerations
regarding product preparation (>5 cc H20, >24 hour hydration
time)and placement (avoid superficial placement or placement
in‘hyperkinetic'muscles around the eye or lip) are important to
observe in"ordér to minimize adverse events. Treatment is car
ried gut in multiple sessions where the end point is to “blanket”
the surface area to\be treated—the more volume needed, the
more sessions. Soft tissue augmentation is expected (and FDA-
approved) to last greater than 25 months.

Polymethylmethacrylate

Artefill® consists of 30-40 um inert non-degradable polymeth-
ylmethacrylate microspheres suspended in bovine collagen,
lidocaine and saline phosphate buffer.”” It is indicated for
use in deep dermal or subdermal locations. Similar to other
bovine collagens described above, the injected collagen is
degraded by host response in approximately one to three
months. Over the same period of time, the microspheres
serve as a foundation for the formation of a new collagen
matrix, resulting in approximately 50-75 percent of the
original augmentation becoming permanent. There is some
evidence that smaller injections lead to better encapsulation,
thus overcorrection should be avoided and complete correc-
tion should be carried out over a series of injections. It is
important to advise patients to minimize facial movements
for several days after injection to prevent migration. The lev-
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el of permanent correction depends on host response, thus
the results tend to be better for younger patients. Like other
bovine collagen products, allergy testing is required to re-
duce the risk of an allergic reaction.%’

Silicone

Silicone is an inert, variably viscous liquid composed of polymer-
ized dimethylsiloxane, and it is the most permanent and among
the least antigenic fillers available on the market.”® There are
multiple forms of silicone, however, injectable forms of medical
grade silicone used off-label for soft tissue augmentation include
Silikon®, Silskin™ and the more viscous AdatoSil™. Generally,
silicone is injected using a 30-gauge needle.using a microdroplet
technique, by serial deposition of very small volumes (0.01 mL)
within the deep dermis placed 1-4 mm apart. Because of the per-
manent nature of silicone, injection technique is very important,
and care must be taken to prevent overcorrection. Correction is
usually carried out over a series of injections spaced apart by
four to six weeks. The injected silicone particles will cause lo-
cal fibroblast infiltration and become encapsulated by collagen,
leading to volume correction. In addition to the common side
effects of all fillers, including local erythema, edema and ecchy-
mosis, silicone carries a risk of granuloma, especially if less than
medical grade silicone is used. Although the permanence can.be
an advantage of silicone, it is alsol one of its major drawbacks,
because facial aging is a dymnamic' process and as suchthe cor
rection may become less pleasing over time.

DISCUSSION

With the emergence of a wide variety of fillersgalmost everyas-
pect of the face (and even non-facial areas such as the dorsum
of the hands) can be reshaped, including the forehead, the peri-
orbital complex, malar region, nasolabial folds, perioral région,
chin and the jawline.

No single filler is ideal or appropriate for all locations.Thus, the
clinician must take care to use his or her knowledge of facial
attractiveness, the aging process and the properties of various
fillers to choose the appropriate filler, volume, plane of injec-
tion and injection technique in order to achieve the desired
effect. Often a combination of fillers can be used to offset the
advantages and disadvantages of each individual filler.”

Fillers are often more effective when combined with other
treatment modalities, especially botulinum toxin, because re-
peated muscle movements can decrease the durability of fillers
and increase the risk of migration. Additional treatment modali-
ties including peels, lasers, and in more advanced cases even
surgical treatment options, should be explored, employed or
referred-out if deemed necessary.

After determining the appropriate treatment, the patient must
be educated about realistic expectations, in that no matter
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which modalities are used to delay or partially restore youth-
ful appearance, no one can escape the aging process. The aging
process undoubtedly will cause further alterations in facial ap-
pearance over time. As mentioned throughout this article, the
physician must be aware of the complications and their treat-
ments (for a detailed discussion, the reader is directed to Hirsch
et al.® and Sclafani AP et al.?").

For a comparison of efficacy of individual filler products, the
reader is directed to Carruthers et al.5 and the primary litera-
ture, with the knowledge that rigorous studies in the field of
aesthetics are still lacking, as it yet remains a combination of
art and medicine/One must also keep in mind that the changes
associated with aging are dependent on intrinsic (e.g., genetic
makeup, hormones and gender), as well as extrinsic factors
(e.g., smoking, UV radiation and nutrition). Patients must be
educated to protect themselves from the harmful effects of UV
radiation by the regular use of sunscreens. In addition, topical
therapies in the form of retinoids or a host of other cosmeceu-
ticals should be utilized to slow the aging process and help
maintain augmentations.

The field of facial rejuvenation’using minimally invasive proce-
dures has expanded exponéntially over the last decade, and the
continual development of new technologies will provide the cli-
nician-and patientsiwith) additional exciting possibilities for face
and non-facial rejuvenation.
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