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ABSTRACT

In this article, the second part of a two-part series on rosacea, emphasis will be placed on persistent facial erythema.
Despite variations in the intensity of visible redness, persistent facial erythema is a very common and consistent finding
among patients with rosacea, including those with presentations classically defined as papulopustular rosacea,
erythematotelangiectatic rosacea, and in many patients with phymatous rosacea. The underlying mechanisms of rosacea and
their correlation with specific clinical features have been discussed in Part 1 and are referred to here where applicable. An
overview of cutaneous vasculature, role of alpha-adrenoreceptors, and a discussion of available medical therapies and
treatment selection are also presented, including emerging topical options for diffuse and persistent facial erythema of

rosacea. (J Clin Aesthet Dermatol. 2012;5(3):26-36.)

thorough update of the underlying patho-

physiological mechanisms related to clinical
presentations of rosacea, attempts to scientifically “connect
the dots” with discussion of the likely sequence of earlier
pathophysiological events, describes how clinical features
manifest over time, and explains how some mechanisms
may be modified by available therapies, with several
reference sources provided."® The relevant benefit to the
clinician of understanding these mechanisms is that many
correlate with specific clinical findings of rosacea, which are
present in patients with diffuse facial erythema without
inflammatory lesions  (classically  described as
erythematotelangiectatic rosacea [ETR] or subypte 1), and
in those with inflammatory lesions concomitant with diffuse
facial erythema (classically described as papulopustular
rosacea [PPR] or subypte 2).2#6131618202295 T gddition,
both of these presentations, especially PPR, may exhibit
concurrent phymatous changes (classic subtype 3) in a
subset of cases.*'® Ocular rosacea (subtype 4) may also be
present concurrently in up to one-third of patients affected
by either PPR or ETR, most often presenting as blepharitis,

The first part of this two-part series provides a

conjunctivitis, and/or “irritated, itchy eyes” that may be
misdiagnosed as ocular allergy.>'*® As patients with ocular
involvement often do not voluntarily mention eye-related
symptoms at a dermatology clinic, questioning the patient
about ocular symptoms and examining the eyelids and
conjunctiva assist in detecting the presence of ocular
rosacea.

MANIFESTATIONS OF FACIAL ERYTHEMA OF
ROSACEA IN CLINICAL PRACTICE

Any discussion of facial erythema in rosacea must first
differentiate perilesional erythema that is directly related to
contiguous inflammatory lesions from “background” facial
erythema that occurs independent of inflammatory lesions,
such as diffuse facial erythema.>'*'"¢! Perilesional erythema
is defined in more detail in Part 1 of this series and also in
Figure 1, which delineates perilesional erythema versus
diffuse facial erythema.

Despite variations in the intensity of facial redness,
diffuse facial erythema, often with persistence between
flares, is a very common and consistent finding among
patients with rosacea, including those with presentations
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classically described as PPR, ETR, and in
many cases of phymatous rosacea. Diffuse
facial erythema present during rosacea flares
and diffuse facial erythema that is persistent
between rosacea flares both present
similarly. The intensity of diffuse facial
erythema is more likely to be greater during
an exacerbation of rosacea as underlying
pathogenic mechanisms are more fully
operative during a flare episode. Facial
erythema of rosacea, either during a flare or
between periods of flaring, is most often
confluent and diffuse, hence the common
designation of “background erythema.”' In
the majority of cases, diffuse facial erythema
exhibits central accentuation involving the
inner cheeks, nose, chin, and/or mid-
forehead. However, involvement of the
peripheral face may also be present.

A very important clinical consideration in
rosacea is that patients may present with
different clinical manifestations at various
timepoints.?**1%7"  The classic subtype
designations of rosacea, although very helpful
in allowing clinicians to uniformly visualize
certain core visible features, do not
accurately define the presence and severity
of clinical man-ifestations present in an
individual patient at a given point in time. In
addition, a patient may present with an
overlap of man-ifestations that encompass
more than one subtype designation.>'666
Figure 2 depicts a patient with three
concurrent rosacea subtypes, PPR (subtype
2), ocular (subtype 4), and phymatous
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Figure 1: Perilesional Erythema vs Diffuse Facial Erythema
A Very Important Clinical Distinction

Perilesional Erythema
*Hare of erythema present around and
immediately contiguous with an inflammatory
kesion (ie. papule, pustule]
= Develops as the inflammatory fesion emerges
and resolves as the inflammatory lesion chears
*MNot persistent when papulopustular eruption is
inactive either by spontaneods resalution of
with topical therapy (ie. metronidazole, azelaic
acid) or aral therapy (ie. doxycycling)
=kultiple closely involved foci of perilesional
erythema may fuse due to proximity and
appear similar to diffuse facial erythema

Diffuse Facial Erythema
*Daffuse macular erythema
nat immediately contiguous with
o associated with an inflammatory lesion
sConfluence |5 characteristic
= Presence of associated edema is variable
=Alrmost always persistent after resolution
of inflammatory besions
{intensity of erythema may vary after
chearance of inflammatory lesions)
=Present with of withoul previoud or
concurrent inflammatory lesions

Figure 2. Concurrent Rosacea Subtypes
Papulopustular, Ocular, and Phymatous Rosacea in the Same Patient

*In this case the patient presented with three concurrent subtypes of rosacea:
papulopustular {subtype 2], scular [subtype 4), and early phymatous (subtype 3).

*The presentation of enythema in this case ks predominantly perilesional except on the distal
nose where diffuse erythema is also noted

(subtype 3), and contrasts clinical
descriptions using subtype designations
versus delineation of specific manifestations
present on examination of the patient.

From a clinical perspective, it is also

*Describing this patient from the standpoint of visible clinical features boyond just subtype
designations would apply as fallows:
= Central faclal inflammatory papules and pustules with perilesional erythema
= Diffuse erythema Involving the distal nose
# Distal nanal symmetric early rhinophyma
=Upper and bower eyeld blepharitis; eyelid and scleral conjunctivitis [note vasoular inpection]

important to differentiate between the initial

(baseline) presentation of rosacea and the follow-up
presentations during and after treatment. At a follow-up visit,
individual patients often demonstrate a good response of only
some clinical features of PPR to topical therapy C(i.e.,
metronidazole, azelaic acid) and/or oral therapy (i.e.,
tetracyclines, macrolides). Inflammatory lesions (i.e.,
papules, pustules) are often markedly reduced by proper use
of appropriate topical and oral agents, with perilesional
erythema also decreasing as the papular and pustular lesions
resolve. However, other visible manifestations persist at a
level that is bothersome to many patients, especially diffuse
facial erythema (Figure 3).

The scenario of diffuse and persistent facial erythema with
central accentuation is a common clinical challenge in
rosacea-affected patients who are already using recognized
medical therapies, and has been described as an “unmet
need” in rosacea therapy.” Diffuse facial erythema is often

persistent in patients with rosacea treated with United States
Food and Drug Administration (FDA) approved and/or other
recognized medical therapies where the inflammatory lesions
and perilesional erythema (PPR) have responded favorably.
Conventional medical therapies for rosacea, including agents
FDA approved primarily for their ability to reduce
inflammatory lesions in patients with PPR, also decrease
overall severity of facial erythema by reducing perilesional
erythema, but often have little-to-no effect on diffuse facial
erythema (background erythema) that is typically persistent
after inflammatory lesions clear (Figure 3).2%67

The current armamentarium of conventional medical
therapies that has been used to treat PPR, including FDA-
approved agents and other “off-label” therapies (i.e., oral
and topical macrolides, topical clindamycin, topical
calcineurin inhibitors), have not been adequately studied
and/or are generally ineffective in rosacea patients with
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with Persistence of Diffuse Central Facial Erythema

Figure 3. Change in Clinical Presentation at Follow-up

Response of Inflammatory Lesions and Perilesional Erythema

promoting vasodilatory, inflammatory, and
physiochemical changes, with other primary
and/or downstream mechanisms also
contributing to the clinical manifestations of

MOTE THE

Comventional Topécal andor Oral Therapy

® 2 1o 3 Motk ™

" Lorweriians Thaeapies iochdy agers FIA-app: oveel
B ey W 1511881 [ B s ETLar 4SS
rutinding fopcsl mrironidarmie; topisl sniss sid
1ogcal Bullaramece1uitie ] snTaramenEtory dass
oy |vwhastmkrotall: ol irirsoychnn
{anbatn diries] sech 5 Gawpiyches, lsEombae
misocyrhine: snd orsl macrobdes

the disease.2.-'1‘6713,18.23725,29\33,34.37,41,4547 A common
underlying response in patients presenting
with the visible features of PPR and ETR is
vasodilation, which is associated with
increased cutaneous blood flow at affected
sites and enhanced reactivity to noxious heat
stimuli; over time, larger-sized cutaneous
vessels and neovascularization occur which
lead to visibly apparent background facial
erythema, with angiogenesis and neo-
vascularization correlating clinically with the
presence of telangiectasias  (Figure
5).zrimiisz - A more detailed review of
pathophysiological mechanisms involved in
rosacea and their possible sequence and
correlation with clinical manifestations is

FIGURE 4
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PATHOGENIC MECHANISMS
DIFFUSE FACIAL
ERYTHEMA

CENTRAL FACE
MACULAR
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contained in Part 1 of this two-part series.
Figure 5 demonstrates the progression of
vascular changes and physical alterations of
cutaneous vasculature that develop over time
in rosacea and their correlation with visible
manifestations, including diffuse and
persistent facial erythema. The clinical
appearance of a given rosacea-affected
patient at any point in time along this
continuum is directly influenced by the rate
and magnitude of development of the
individual underlying changes. Table 1 depicts
the physical and structural changes in
cutaneous vasculature that develop in
rosacea, which account for the clinical feature
of diffuse facial erythema and its persistence
between flares of the disease.

As noted above, currently available
medical therapies for the common
presentations of rosacea, including those

diffuse facial erythema in the absence of inflammatory
lesions (classic ETR).?663-7

At present, there are no topical or oral agents that are
FDA approved for the ETR subtype or for facial erythema of
rosacea in the absence of inflammatory lesions.

DIFFUSE AND PERSISTENT FACIAL ERYTHEMA: THE
COMMON DENOMINATOR AMONG CLINICAL
FEATURES IN ROSACEA

Several underlying pathogenic mech-anisms may
contribute to varying degrees in producing diffuse and
persistent facial erythema in patients with rosacea both with
and without inflammatory lesions (Figure 4). Current
research supports that augmented innate immune response
and neurovascular/ neuroimmune dysregulation are pivotal
components of erythema development in rosacea.”'**! Both
are involved early in the pathophysiological process of rosacea
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that are FDA approved and those used “off
label,” have been studied predominantly in patients with
inflammatory lesions. Reduction in overall erythema
severity in such patients relates primarily to a decrease in
perilesional erythema. Although some of these agents may
decrease background facial erythema that is not
perilesional, this activity is modest at best in most cases. As
aresult, the persistence of diffuse facial erythema continues
to be an “unmet need” in many patients with rosacea who
desire greater reduction in facial redness. Table 2 outlines
the underlying sources and clinical challenge of diffuse and
persistent facial erythema.

FOCUS ON CORRELATION OF CLINICAL FEATURES
WITH MANAGEMENT AND SELECTION OF MEDICAL
THERAPIES

The end result of these dysregulated cutaneous
functions and morphological changes that occur over time
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in patients with presentations consistent
with the ETR or PPR subtypes is a spectrum
of clinical features that is almost universally
characterized by the common denominator
of diffuse facial erythema.'>!"1%1"2 This

Figure 5. Pathophysiologic Vascular Changes
Operative Over Time in Rosacea'?

erythema is characteristically macular or Parmanent Dilation
slightly edematous, confluent and bilaterally cula N 5 _ of Superficial Vessels
. . . Oysregulation Increaa in VGEF stimulation
symmetric, and persistent, with ac- of vascutature R
K A " Skt e Fully Developed
centuated involvement of the inner cheeks, pssmngurveuimondll <RI e structural changes
nose, central forehead, and/or chin. e e tatin A L
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; ; 12,16 ; FrESCR Ftr g [P P with thickened walls,
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telangiectasias are present concurrently in e increased necangiogonesis

almost all cases, commonly involving the
inner cheeks, nose, and/or perinasal regions.
Facial edema of variable magnitude is also a
common finding, ranging from mild to
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severe based on disease activity and severity

at the time of evaluation.>'“*!” Inflammatory lesions,
although a common finding in many patients especially
during a flare, are not a mandatory clinical feature of
rosacea, and when present indicate the designation of PPR.
Phymatous changes in rosacea (subtype 3) are relatively
uncommon, develop most often in association with PPR,
occur more commonly in males, and exhibit a separate gene
array profile and other distinctive histological and
immunohistochemical features."” In occasional cases,
phymatous changes develop in the absence of visible
inflammation or clinical signs of PPR or ETR." Ocular
rosacea (subtype 4), most often presenting as blepharitis
and conjunctivitis, may be seen in association with
cutaneous rosacea, including PPR and ETR, with the timing
and severity of ocular and cutaneous flares independent of
one another 66263

Despite any attempts to diagnostically fit each rosacea
patient into an individual subtype based on objective
findings and symptomatology, overlap of clinical features
and associated symptoms among different rosacea subtypes
is relatively common. This is further confounded by
considerable interpatient and intrapatient variability
regarding the presence of and/or magnitude of both the
visible clinical features and associated symptoms of rosacea
at any given point in time. The clinician must ultimately
evaluate what is present clinically in a given patient rather
than force the patient to fit into a presumed diagnostic
category.

How are conventional medical therapies utilized to reduce
specific clinical features associated with common
presentations of rosacea, especially FDA-approved agents?
Topical metronidazole 0.75% gel, cream, and lotion twice
daily; topical metronidazole 1% gel and cream once daily;
azelaic acid 156% gel twice daily; and anti-inflammatory dose
doxycycline (40mg modified release capsule) once daily are
all FDA approved for the treatment of inflammatory lesions
of rosacea (i.e., PPR subtype).”™ These agents have been

evaluated in many studies inclusive of subjects with PPR, but
were not evaluated in patients without inflammatory lesions
(i.e., ETR) in pivotal trials and in essentially all other studies
published in the literature.?»* %757 (Qverall severity of
facial erythema, as determined by visual assessment using a
protocol-designated severity scale, has been shown to
decrease with all of the FDA-approved agents used to treat
PPR as well as with other agents used “off label” (i.e.,
antibiotic doses of tetracyclines), a finding related primarily
to reduction in perilesional erythema.*?"#107%7 However,
persistence of diffuse facial erythema is frequently noted
after clearance of the inflammatory lesions and associated
perilesional erythema, even in studies using combinations of
topical and oral therapies for PPR.55663-67.76-7880-62

Both topical metronidazole and azelaic acid have been
shown 47 wvitro to inhibit neutrophil functions and the
effects of reactive oxygen species (ROS), findings which
may correlate with their efficacy in treating PPR and
associated perilesional erythema.®*" Azelaic acid i vitro
(murine skin) has also been shown to decrease expression
of TLR-2, cathelicidin, and KLK-5, although the magnitude
of these effects with relevance to human skin awaits the
results of additional studies.” In a variety of n-vitro, ex-
viwo, and m-viwo studies, tetracyclines (including anti-
inflammatory dose doxycycline) have been shown to affect
several mechanisms that may correlate with therapeutic
efficacy in rosacea (i.e., PPR), such as inhibition of several
matrix metalloproteinases (MMPs) (i.e., MMP-1, MMP-2,
MMP-8, MMP-9, MMP-12, MMP-13), downregulation of
several proinflammatory cytokines (i.e., tumor necrosis
factor [TNF]-a, interleukin [IL]-1p, IL-8, IL-10, transforming
growth factor [TGF]-f1), inhibition of neutrophil
chemotaxis, inhibition of granuloma formation, inhibition of
ROS, and decreased expression of nitric oxide (NO)
synthases and activity of NO.*'#97088% In addition, the
inhibition of MMPs by doxycycline in human skin and
cultured keratinocytes has been shown to indirectly
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Table 1. Vascular Changes in Rosacea

networks in rosacea
= Telangiectasias are a consistent clinical feature in rosaceal?

videocapillaroscopy (n=30)"

{n=30)
® Erythematous background noted in rosacea

= Neovascularization noted in rosacea-affected facial skin
* Vascular changes independent of inflammatory lesions

for diffuse and persistent facial erythema

Physical/Structural Changes in Cutaneous Vasculature!?

* Permanent dilation of superficial cutaneous blood vessels and vascular
= Arterial side primarily affected; lymphatic and venous systems also affected

= Facial cheek skin of rosacea without inflammatory lesions evaluated by

= Compared with facial cheek skin in seborrheic dermatitis (n=30] and normal skin

= Vessel diameter, telanglectasia diameter, and vascular net (polygon) diameter
in rogacea > seborrheic dermatitis and normal skin (P<0.001 for all 3 paramaeters)

® Tortuosity of vessels a more consistent finding in seborrheic dermatitis

= The above underlying physical changes in rosacea-affected cheek skin are
consistent with development over time of vascular alterations that account

* Blood vessels in rosacea retain their ability to respond to vasoactive stimuli even
after fixed changes occur =* remain as targets for vasoactive therapy

= Telangiectasias not vasocactive as they lack an organized smooth muscle layer
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perilesional erythema, and in some cases
may provide some reduction in the diffuse
(background) facial erythema. Although
some of their modes of action might be
expected to result in a greater reduction in
diffuse and persistent facial erythema, this
has not been supported overall by available
studies and clinical experience to date
(Table 2). The following are some possible
explanations for the common observation of
inadequate response of diffuse and
persistent facial erythema to conventional
medical therapies for rosacea: (1) some of
the modes of action, although expected to
reduce background redness, may not
translate from in-vitro or ex-vivo
observations in research models to positive
therapeutic outcomes that are observable
clinically; (2) a given mode of action of a
drug may be operative in research models

macrolides):

diffuse (background) facial ergthema (including pertistence between Mares)

Table 2. Diffuse Persistent Facial Erythema of Rosacea

Poorly Addressed By Medical Therapies Which Predominantly
Reduce Inflammatory Lesions and Perilesional Erythema

Diffuse persistent facial erythema is the primary feature in the majority of clinical
presentations of rosacea with telangiectasias also observed in most cases
«  These fieed changes predominantly reflect chronic and progressive stimulation of
wasodiation, chronkc inflammation, angiogenesis, and necvascularization ower years

Medications that are FDA-approved for the treatment of inflammatory lesions of
rosacea and others that are commaonly used (ie. oral tetracyclines [antibiotic doses), oral

Thase thorapies studied almost exclusieely in patients with papulopustular subtype
= Alpng with reduction in inflammatory lesions these agents produce congurment reduction in
overall erythema severity by decreasing perilesional erythema with little to no effect on

There is no FDA-approved [or non-approved) medical therapy indicated for rosacea that
provides adequate or consistent efficacy for diffuse facial erythema that is not perilesional

Diffuse (background) erythema is believed to result from dysregulation in the cutaneous
vasomotor response and inflammation signaled by augmented innate immunity

Chronic intermittent vasodilation of the superficial facial vasculature

Fized changes of cutaneous vasculature with erythema and telangiectasia

and in humans with rosacea; however, the
potency of effect is not adequate to produce
a visible clinical benefit, including when
different agents are used in combination;
and (3) some of the physical and structural
vascular changes noted in rosacea-affected
skin (i.e., enlarged vessels, thickened
vessels, dilated vessels, new vessels) are
already fixed before the above-mentioned
medical therapies are initiated. At this point,
those fixed changes in vasculature which
cause diffuse and persistent facial erythema
are not responsive to the modes of action of
the conventional therapies discussed above.

Nevertheless, diffuse and persistent facial
erythema associated with rosacea remains as
a very apparent unmet medical need.
Importantly, the smooth muscle-containing
facial vasculature in patients with rosacea
remains responsive to vasoactive stimuli,

decrease serine protease (KLK-5) activity.” This indirect
reduction of serine protease activity that occurs secondary
to MMP inhibition by doxycycline results in downstream
prevention of the activation of the cathelicidin cascade with
subsequent decrease in the breakdown of cathelicidin
into its derived proinflammatory and vasoactive peptides
(i.e., LL-37).7818%

POSSIBLE EXPLANATIONS FOR THE INADEQUATE
RESPONSE OF DIFFUSE AND PERSISTENT FACIAL
ERYTHEMA TO CONVENTIONAL MEDICAL
THERAPIES FOR ROSACEA

Due to a variety of potential modes of action, agents such
as topical metronidazole, topical azelaic acid, and oral
tetracyclines are capable of reducing some of the clinical
features of rosacea, such as inflammatory lesions and

@ clinitalﬁneslhetic [March 2012 e Volume 5
Drermatodagy

which constrict or dilate peripheral

resistance vessels even when fixed
structurally.**™™ As a result, a major focus of research
related to this area is studies evaluating cutaneous vascular
physiology and patho-physiology, adrenergic receptors, and
alpha-adrenergic receptor agonists.

STRUCTURE, FUNCTION, AND PHYSIOLOGICAL
RECEPTOR MODULATION OF CUTANEOUS
VASCULATURE

Structure. The detailed structural network of the cuta-
neous vasculature varies among different body locations;
however, the basic vessel components remain relatively
constant. The vasculature of the dermis is composed of a
superficial horizontal network (subpapillary plexus) located
at the juncture of the papillary and reticular dermis and a
deep horizontal plexus located at the juncture of the deep
reticular dermis and panniculus. The superficial and deep
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plexuses are connected by vertically
arranged vessels that course through the
dermis.” Periadnexal vasculature tends to
be well developed and is usually supplied via
the deep horizontal plexus, with networks
forming around hair follicles and sweat
glands. Cutaneous nerves and lymphatics
are closely associated with the vessels of
this entire network. The subpapillary plexus
contains a network of smaller vessels,
including post-capillary venules, end arteri-

Mascular "f-".' f
Smoath
uscle

Figure 6. Mode of Action in Cutaneous Vasculature

of a-Adrenergic Receptor Agonists

Senall Distal Resbstance Arterial Vessels (e, arteriolis)
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sg-andrenadgic recepions present in vascular smaoth mucle [JEER
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oles, and capillaries, which supply the der-
mal papillae. The deep horizontal plexus
contains vessels of larger caliber than the
subpapillary plexus, including distal resist-
ance vessels that are primarily modulated
by peripheral sympathetic (adrenergic)
innervation.”

Function. In healthy skin under normal
physiological conditions, in addition to
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a-Adrenergic Agonists Under Evaluation
for Erythema in Rosacea

Owymetaroline: a,,- and a,,-adrenergic receptor agonist

Brimonidine: selective a adrenergic receptor agonist

providing oxygen and nutrients, the
cutaneous vasculature serves a very
important homeostatic role in temperature
regulation, acting as a radiator (vasodilation)
or insulator (vasoconstriction) in order to
maintain proper core body temperature.”
Modification and distribution of blood flow is
influenced by several factors, including
response to postural changes, chemo-
reception, and baroreflex response. However,
central temperature exerts a dominant
influence on reflex alterations of blood flow
both centrally and peripherally (reflex
thermoregulatory control), with both the
arterial and venous systems under the
influence of sympathetic adrenergic
modulation.™ In addition to thermo-
regulatory reflex control, local changes in
temperature are capable of inducing maximal
vasodilation  or  vasoconstriction via

L

.
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Figure 7. Mode of Action in Cutaneous Vasculature of

Topical a,-Adrenergic Receptor Agonist in Rosacea
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adrenergic, endothelial, and sensory mech-
anisms, including via modifications of NO-
induced vasodilation and a,-adrenoreceptor upregulation.”
Adrenergic receptors (adrenoreceptors). Regula-
tion of the cutaneous vascular system is highly complex and
is mediated primarily by the sympathetic nervous system.
Based primarily on animal research, the current model of
adrenoreceptors that modulate vasculature include six a-
receptor subtypes and three B-receptor subtypes, with two
conformational variants also noted.™™*% Contraction of
peripheral vascular smooth muscle is primarily mediated by
a-receptor subtypes, with specific receptor subtypes
sometimes differing in distribution, function, and affinities for
specific stimuli or exogenous agonists.” " Also, contracture
of smooth muscle, such as in small peripheral arteriolar
resistance vessels and venules, is mediated by more than one
a-adrenoreceptor subtype, with the majority of ligands
capable of recognizing multiple receptor subtypes.”

Although there may be variability among different anatomic
regions, multiple studies in several species have
demonstrated contraction of peripheral vasculature
(vasoconstriction) mediated by a,,- and o, -adrenoreceptor
subtypes. Other studies have shown vasoconstriction of small
distal resistance arteries via postsynaptic o,-adrenoreceptor
stimulation of wvascular smooth muscle, with some
experimental models noting the importance of o, - and o,p-
adrenoreceptor subtypes in the arterial compartment and
asp- and ayg-adrenoreceptor subtypes in the venular
compartment of the vascular network.™* In addition,
vasoconstriction related to local skin cooling appears to be
induced at least partially by postsynaptic a,.-adrenoreceptor
upregulation.” With both ;- and o,-adrenoreceptor
stimulation inducing contraction of vascular smooth muscle,
the potential for variability in anatomic distribution of
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receptors, and the ability of multiple adrenoreceptor
subtypes to induce a specific function, it is not clear whether
or not selective stimulation or inhibition of individual
adrenoreceptor subtypes will produce clinically relevant or
predictable outcomes.

EMERGING TOPICAL APPROACHES TO DIFFUSE
PERSISTENT FACIAL ERYTHEMA IN ROSACEA

As explained above, persistent facial erythema,
especially when diffuse (background erythema), is a
significant unmet need among the currently available
conventional topical and systemic medical options for the
treatment of rosacea, especially the common
presentations.® In fact, discussions in the literature of the
FDA-approved agents and non-FDA-approved medical
therapies (i.e., topical pimecrolimus, topical tacrolimus,
topical retinoids, antibiotic doses of oral tetracycline
agents, oral macrolides, oral metronidazole, oral
isotretinoin) for rosacea rarely address any recognized
treatment for the background erythema that persists
after inflammatory lesions and perilesional erythema
resolve ?#m@B6680-2990T The hottom line is that there is a
conspicuous absence of medical therapeutic options for the
treatment of diffuse and persistent erythema of rosacea.

a-Adrenoreceptor agonists. Most recently, o-
adrenoreceptor agonists (a-agonists) are under evaluation
for treatment of diffuse facial erythema associated with
rosacea due to their involvement in neurovascular
regulation and their ability to reversibly constrict peripheral
vasculature (Figure 6)."%%97 Topical application of
oxymetazoline 0.05% solution once daily or xylometazoline
0.05% solution once daily have both been shown in case
reports to reduce diffuse facial erythema in adult patients
with ETR that were unresponsive to several topical
therapies and oral antibiotics.”™™ The primary mechanism of
diffuse facial erythema reduction with these two agents
when applied topically appears to be vasocontriction of
peripheral cutaneous arterial vessels primarily through
their o;-agonist activity.”” Xylometazoline and
oxymetazoline (a structural derivative of xylometazoline)
are reported to be highly selective for the o,
adrenoreceptor and partially selective for the oy,
adrenoreceptor.™™

Both oxymetazoline 0.056% solution and xylometazoline
0.056% solution are not currently FDA approved for
treatment of rosacea, including for any symptoms or signs
(i.e., erythema), but are commercially available as nasal
decongestant formulations that were applied by patients
treated for ETR in published case reports.””™ Large-scale
randomized controlled trials are needed in order to fully
evaluate dose-response patterns, efficacy, tolerability, and
safety with the use of oxymetazoline or xylometazoline for
the topical treatment of diffuse facial erythema of rosacea,
including evaluation of possible tachyphylaxis, and/or
rebound. The latter two assessment parameters are
important as tachyphylaxis and rebound (rhinitis
medicamentosa) have been associated with the use of a-
adrenergic nasal decongestant formulations prompting
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cautious recommendations to avoid overuse with multiple
applications each day and repeated use beyond three
consecutive days to nasal mucosa.'%!%

The clinical relevance to rosacea therapy of tachyphylaxis
and nasal mucosal rebound reported with the use of a-
agonist nasal decongestants for rhinitis (such as
xylometazoline and oxymetazoline) is not currently known.
In the three patients with ETR treated topically with
oxymetazoline 0.05% solution once daily (N=2) and
xylometazoline 0.05% solution once daily (N=1), reduction in
facial erythema was observed within 1 to 8 hours, persisted
throughout the day, and continued to remain effective with
use over eight months (2 patients, 1 oxymetazoline, 1
xylometazoline) and 17 months (1 patient, oxymetazoline).
However, whether or not there is a potential for
tachyphylaxis or rebound to occur after controlled repeated
application of selective o,;-agonists to human skin awaits
results from large-scale clinical trials, especially in subjects
with rosacea who exhibit diffuse facial erythema. In addition,
dose-response patterns need to be determined to assess
optimal concentration and frequency of application. At
present, topical oxymetazoline is currently undergoing
controlled studies evaluating its use in subjects with rosacea.

Another a-agonist that is currently under study for the
treatment of facial erythema of rosacea is brimonidine
tartrate. Brimonidine tartrate is a highly selective o-
adrenoreceptor agonist that is also not currently FDA
approved for the treatment of rosacea, though it is FDA
approved as an ophthalmic solution (0.1% and 0.15%) for
the treatment of increased intraocular pressure in patients
with open angle glaucoma.' Peripheral vasoconstriction
induced by topical application of brimonidine tartrate is
reported to occur due to highly selective a,-adrenoreceptor
agonist activity (Figure 7)."** Two randomized, double-
blind, vehicle-controlled Phase 2 studies (Study A and
Study B) have been completed evaluating primarily once-
daily application of brimonidine tartrate gel for moderate-
to-severe facial erythema in adults with rosacea (Figure
7). In both studies, patients with rosacea and diffuse facial
erythema were enrolled; however, those with >3
inflammatory lesions were excluded to avoid the influence
of perilesional erythema as a confounding variable.

In the Phase 2a dose-response study (Study A, N=122),
it was found that a single application of brimonidine tartrate
gel (0.5% vs. 0.18% vs. 0.07% vs. vehicle) reduced diffuse
facial erythema in a dose-dependent manner over 12 hours
as compared to vehicle based on investigator assessments,
subject assessments, and chromameter examinations.'!
Brimonidine tartrate 0.5% gel exhibited the greatest
magnitude of erythema reduction at all time points over 12
hours, which was statistically significant versus vehicle in
achieving a 2-grade improvement in erythema by both
investigator and subject assessments and by median change
in chromameter values (P<0.001). The onset of reduction
in erythema occurred within 30 minutes. The peak effect
lasted for 4 to 6 hours, covering a duration of peak activity
from two hours through eight hours after a single
application. As the peak effect started to wane, the
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erythema progressively reappeared but did not return to
the baseline level even at the last time point of evaluation
(12 hours). Exacerbation of rosacea (i.e., increase in facial
erythema, increase in inflammatory lesions, increase in
telangiectasia severity) was not observed and the safety and
skin tolerability profile of brimonidine tartrate gel (up to
0.5%) was favorable."

A Phase 2b dose-response study (Study B, N=269)
evaluated application of brimonidine tartrate gel once daily
(0.5%, 0.18%, vehicle) and twice daily (0.18%, vehicle) for
four weeks, followed by a four-week post-treatment phase.™
As in Study A, adult patients with rosacea defined as
moderate-to-severe facial erythema and <2 inflammatory
lesions were enrolled. The greatest efficacy in erythema
reduction based on both physician and subject assessments
was with brimonidine 0.5% gel once daily, which
demonstrated efficacy results consistent with what was
observed in Study A. Importantly, erythema reduction after
28 days of daily use of brimonidine tartrate 0.5% gel was the
same or better than what was achieved on Day 1 of the study,
with results significantly superior to vehicle (P<0.001).""
Thus, tachyphylaxis was not observed over at least 28 days of
daily use, and worsening of inflammatory lesion counts or
telangiectasia severity did not occur over the course of the
study. Over the four-week post-treatment phase, clinically
relevant rebound (aggravation of facial erythema) was not
noted. Safety assessments completed during the course of
the study indicated that brimonidine tartrate at all
concentrations and application frequencies studied, was safe
and well tolerated, including assessments of skin tolerability,
intraocular pressure, blood pressure, and heart rate.

The results from the Phase 2a and Phase 2b studies with
brimonidine tartrate gel for facial erythema of rosacea are
promising; however, additional studies (i.e., Phase 3) will
assist in gathering additional information on the efficacy
and safety of this agent in rosacea.

PHYSICAL MODALITIES FOR DIFFUSE AND
PERSISTENT FACIAL ERYTHEMA AND
TELANGIECTASIAS OF ROSACEA

Although this article emphasizes medical therapy
options, a variety of physical modalities have been used
with success for the treatment of diffuse facial erythema of
rosacea in patients with very few or no inflammatory
lesions (i.e., ETR) and for facial telangiectasias. The
commonly used description, “physical modalities,” is
very general and refers to a wide variety of laser and light-
based therapies as well as other technologies. Published
studies have incorporated intense pulsed light, pulsed
dye laser, and nonpurpuragenic pulsed dye laser for
the treatment of facial erythema and telangiectasias
in patients with ETR, with reduction in facial
erythema, decrease in telangiectasias, improvement in
symptomatology, and a favorable impact on quality-of-life
parameters reported."*'* Interestingly, a small study
(N=10) of patients with PPR demonstrated that use of the
flashlamp pulsed dye laser was of limited value for
treatment of papulopustular lesions."
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CONCLUDING REMARKS

In this two-part article series, several underlying
pathophysiological mechanisms were correlated with
common clinical manifestations of rosacea, with early
mechanisms defined by several more recent research
findings. Both augmented innate immune response and
neurovascular/neuroimmune dysregulation appear to work in
concert in signaling into motion the underlying vasodilation
and cascades of inflammation, which produce intermittent
flares of diffuse facial erythema. In some cases, inflammatory
lesions develop, likely related at least partially to the
chemoattractant effects of IL.-8 and LL-37. Over time, several
factors including MMP upregulation with dermal matrix
degradation, chronic vascular inflammation with perivascular
edema, and downstream cascades signaled by cathelicidin-
derived peptides (i.e., long form LL-37) stimulate structural
changes in cutaneous vasculature. These structural changes
progress to become fixed, characterized by larger and more
dilated superficial cutaneous vessels and arborizing
networks, leading to persistence of facial erythema, which is
usually diffuse and central facial in accentuation.
Telangiectasias also develop due to neovascularization. These
changes occur in varying degrees with regard to magnitude
and time course of development. Nevertheless, the diffuse
facial erythema transcends from being almost entirely
intermittent to a persistent baseline level of background
erythema, which may still be intermittently exacerbated by
episodic flares of rosacea.

Other factors appear to contribute to facial erythema of
rosacea, including stratum corneum permeability barrier
impairment and depletion of cutaneous antioxidant reserve
by ROS, the latter induced in some cases by ultraviolet-
related photodamage. As a result, proper skin care (gentle
cleanser use, moisturization) and photoprotection are
integral components of the management of rosacea.

As some of the available conventional medical therapies
for rosacea are capable of counteracting augmented innate
immune response by inhibiting steps involved in
cathelicidin processing, it is not entirely clear why these
agents would not reduce diffuse facial erythema. It may be
because these agents are initiated after structural changes
in cutaneous vasculature have already become fixed. Is it
possible that very early use of conventional agents, such as
topical metronidazole, topical azelaic acid, and/or anti-
inflammatory-dose doxycycline could mitigate the
development of fixed vascular changes if these therapies
were used long term? The answer is hard to determine
without substantiation through well-designed -clinical
studies. Nevertheless, several currently available therapies
are effective in decreasing inflammatory lesions and
perilesional erythema.

The a-agonists provide hope that a topical therapy may
soon be available for reduction of diffuse facial erythema of
rosacea. Early results are favorable; however, additional
data are needed with more studies ongoing. If any of these
agents achieve FDA approval for rosacea, additional
information from clinical studies should help clinicians
better understand the optimal application of these agents

[March 2012 » Volume 5 » Number 3] ETii!ICZIAESIhE“C @
Erermatodogy

o



DelRosso_Rosacea Part2.gxp 3/7/12 1:39 PM Page 34 $

for diffuse facial erythema and how to incorporate them into
the overall management of rosacea based on the clinical
features present in each case.
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