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Inhibition of the histamine-induced weal and flare response: a valid
surrogate measure for antihistamine clinical efficacy?
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Summary

Clinical and

Histamine plays a central role in allergic responses. Inhibition of the weal and flare response

Experimental
Allergy

to histamine is a traditional pharmacodynamic tool to measure the activity of H,-receptor
antagonists. The time course and duration of cutaneous weal and flare inhibition are often
used as surrogate measures of clinical efficacy. Pharmacodynamic differences among

antihistamines are often interpreted to indicate differences in clinical efficacy. A systematic
review of literature from 1980 to 2006 regarding the histamine induced weal and flare was
undertaken. Search terms included ‘histamine’, ‘skin test’, ‘weal’, ‘flare’, and ‘antihistamine’;
retrieved articles were searched for relevant studies not identified initially. Data from human
studies on the inhibition of the weal and flare by second-generation antihistamines were
extracted and assessed. A literature search from 1980 to 2006 was undertaken for comparative
studies of second-generation antihistamines in the clinical settings of allergic rhinitis (AR)
and chronic idiopathic urticaria; data extracted from these studies underwent systematic
review. Differences were noted among second-generation antihistamines in terms of their
ability to inhibit the histamine-induced weal and flare. Corresponding differences in terms of
clinical efficacy in AR and chronic urticaria were not identified following a systematic review.
The reasons for the disconnect between pharmacodynamic effects and clinical efficacy may
include differences between the route and concentration of histamine, the involvement of
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mediators other than histamine in the allergic response, and the short time course of
pharmacodynamic studies. The histamine-induced weal and flare response is a
pharmacodynamic test that should not be used to compare the clinical efficacy of different
antihistamines, and is not an adequate alternative to clinical end-point assessments in AR or
chronic idiopathic urticaria.

Introduction

Allergic rhinitis (AR) and chronic idiopathic urticaria
(CIU) are associated with a significant burden in terms of
symptoms, disease-related quality-of-life impairment,
and related costs [1-9]. While the symptomatology of AR
and CIU differs due to the organs affected, both conditions
involve activation of allergic cells, such as mast cells and
basophils, which subsequently release inflammatory med-
iators. Histamine plays an important role in the sympto-
matology of AR and CIU, particularly following the initial
degranulation of mast cells [7, 10]. However, histamine is
only one of a variety of preformed (e.g. tryptase) and
rapidly synthesized (eicosanoid) mediators, inflammatory
cytokines, chemokines, and adhesion molecules that are
involved in the initiation and propagation of allergic
inflammatory responses [11-15].

Given the relatively important role played by histamine
in the pathophysiology of AR and CIU, histamine H;-
receptor antagonists/inverse agonists are first-line ther-
apy for both conditions [7, 16]. First-generation oral H;-
antihistamines, although effective in symptom relief, have
been largely superseded by second-generation agents due
to their improved adverse event (AE) profile. Second-
generation antihistamines that have an AE profile similar
to placebo and that do not exhibit potentially harmful
interactions with concomitantly administered medica-
tions are now widely available [7]. The European Acad-
emy of Allergology and Clinical Immunology/Allergic
Rhinitis and its Impact on Asthma (EAACI/ARIA) criteria
for oral H,-antihistamines call for the use of clinical trial
data to assess the efficacy and safety of these compounds;
however, few adequately powered comparative studies
have been reported for newer agents [17]. Indeed, changes
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in subjectively rated symptom severity scores may not be
sufficiently sensitive to determine clinically relevant dif-
ferences between second-generation antihistamines. For
more recently developed antihistamines, methodologies
other than clinical efficacy estimates have been used to
compare their activities in the short-term. Among these
surrogate measures, the pharmacodynamic test of the
inhibition of the weal and flare response to histamine
administration has been used most frequently. The results
obtained from these histamine-induced weal and flare
studies are commonly used to ascribe potential benefits
to one agent over another. The validity of ascribing
clinical superiority to an antihistamine based on pharma-
codynamic data derived from histamine-induced weal and
flare studies remains unproven [18]. The purpose of this
review is to evaluate comprehensively the methodology
involved in histamine-induced weal and flare studies, and
to examine the role and validity of the histamine-induced
weal and flare response as a predictor of clinical outcomes
in patients with AR or CIU.

Histamine-induced weal and flare test: methodology

The histamine-induced weal and flare test is based on the
measurement of local swelling caused by plasma extra-
vasation (weal) and reflex vasodilatation (flare) after
histamine challenge [18]. The test is used in the study of
the pharmacodynamics of antihistamines, with responses
measured at intervals to evaluate suppression of the
response as a function of time and/or dose. Variables that
can be calculated include maximal suppression of the
weal and flare responses, the time to maximal suppres-
sion, and the onset and duration of weal and flare
suppression. These pharmacodynamic measurements
may be useful for assessing aspects of drug activity during
the early clinical development of a new antihistamine.
Correlations between plasma/cutaneous drug levels and
inhibition of histamine-induced skin reactions can be
undertaken, although description of pharmacokinetics
and pharmacodynamics requires adequate modelling to
be reliable [19-21].

The histamine-induced weal and flare test can be
performed by administering histamine via an intradermal
(ID) injection using a fine-gauge needle or epicutaneous
puncture/skin prick, or by direct skin iontophoresis [22,
23]. The resulting weal is a sign of the direct vascular
effects of histamine, namely increased vascular perme-
ability and skin blood flow, while the flare reflects
vasodilatation due to histamine-induced reflex neuropep-
tide release from local nerve terminals [22, 24, 25]. The
weal reaction is generally assessed 10 min after the test
and is measured as the mean diameter or by planimetry.
Weal size measurement is reproducible with a co-efficient
of variation of 8-22% depending on the device used [26].
In contrast, flare diameter may require more specialized
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methods to reduce the variability of the measure such as
thermography, telethermography, or laser Doppler flow,
although the reproducibility of these methods remains to
be determined [27-30]. Ideally, variability in histamine-
induced weal and flare skin test reactivity should be
minimized by the inclusion of a placebo arm; however, in
practice, many comparative histamine-induced weal and
flare trials between antihistamines do not.

A variety of factors that can influence the results of the
histamine-induced weal and flare test need to be consid-
ered. The results can vary by skin-prick device [31] or
injection site (e.g. the forearm is less sensitive than the
back) [31, 32]. Studies have also shown that relevant
circadian and seasonal variations in histamine-induced
weal and flare response occur, while in females the
histamine-induced weal and flare response is governed in
part by hormonal changes across the menstrual cycle
[33-35]. Such variations appear to affect the flare compo-
nent to a greater extent than the weal component [22].
Studies also suggest that there are significant intra- and
inter-subject variations in skin reactivity in both healthy
volunteers and patients with allergies [36]. Finally, as
noted above, the methods used to quantify the hista-
mine-induced weal and flare response - particularly the
flare - as well as the dosage and duration of the anti-
histamine treatment, introduce variability that could
make comparisons among studies difficult [27-30, 32].

Another important area to be considered is the mechan-
istic differences between the introduction of exogenous
histamine during a histamine-induced weal and flare test
and the release of endogenous histamine following mast
cell degranulation. Of critical significance is the concen-
tration of histamine used in the histamine-induced weal
and flare test. The baseline level of histamine in unpro-
voked skin is approximately 20nwm [25]. Separate ID
injections of 50 um histamine and 10 SQ IU/mL of grass
pollen allergen provoked similar-sized weal responses;
however, the peak tissue histamine concentration follow-
ing ID histamine was almost four times that measured
after an ID allergen injection [14]. Histamine concentra-
tions in comparative histamine-induced weal and flare
studies of antihistamines were from 2- to 200-fold higher
than this level [37-48]. Such ID histamine injections
resulted in tissue histamine levels at least one order of
magnitude greater than that seen after allergen injections
[37]. Therefore, it appears that to produce an equivalent
weal size, exogenously administered histamine concen-
trations must be appreciably higher than those achieved
following allergen activation of mast cells. Given that
comparative histamine-induced weal and flare studies of
antihistamines commonly assess onset of action, potency,
and duration of action, it appears that future studies
should be designed to measure antihistaminic effects at
lower, more clinically relevant concentrations of adminis-
tered histamine.
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Most comparative studies of antihistamine have uti-
lized the skin-prick method. A skin prick test (SPT)
yielding a weal reaction comparable with an ID injection
requires, on average, a 300-fold higher concentration of
histamine [49, 50]. Based on this ratio, the threshold
concentration of histamine by the SPT is about 9 mwm (i.e.
1 mg/mL), which, by analogy with the above reasoning for
histamine ID injection, would correspond to a three- to
fourfold higher cutaneous exposure to histamine than
after allergen challenge. This value is similar to the
threshold concentrations reported by Frossard et al. [51],
Purohit et al. [52], and Town et al. [53]. However, most of
the skin-prick studies comparing the potencies of anti-
histamines used a 100-fold higher concentration of hista-
mine (100 mg/mL) [54-62]. As noted previously, not only
do such high concentrations of histamine limit the poten-
tial clinical significance of these studies, but they may
also interfere with the accuracy of evaluations of the
relative potencies of antihistamines.

The most accurate means to estimate the relative poten-
cies of antihistamines is to determine histamine concen-
tration-response curves for each agent, to calculate the
log/log relationship between changes in weal responses
and histamine concentrations, and to compare the linear
log/log response curves if parallelism is statistically accep-
table [49, 63]. Although this approach is considered the
standard method for determining the relative potency of
allergen preparations or drugs [63], it has been used in only
one study using SPTs [51] and in none using ID injection.
Histamine concentration-response curves provide a more
meaningful comparison of the relative potencies of anti-
histamines than the ratio of threshold histamine concen-
trations required to produce a positive weal response of
10mm?” [51, 53], as up to 50% of subjects receiving an
antihistamine do not reach the weal surface threshold when
tested with a single predetermined concentration of hista-
mine. In such cases, either the highest histamine concen-
tration tested is used to calculate the threshold [51], or
subjects in whom the weal threshold is not reached are
excluded from the potency evaluation of the agent con-
cerned [53], which may underestimate its relative potency.

Another approach to evaluating the relative potencies
of antihistamines is to compare their inhibition of the flare
reaction. In the great majority of studies (Table 1), such
comparisons have found similar orders of potency for the
antihistamines evaluated, regardless of the relative weal
responses [37-48, 51, 52, 54-62, 64-83]. However, in the
study by Frossard et al. [51], which used the concentra-
tion-response curve method, ebastine (10 and 20 mg) and
cetirizine inhibited flare response to a similar degree but
differed significantly in their inhibition of weal develop-
ment. Thus, differences may occur in the relative poten-
cies of agents as measured by their effects on weal vs. flare
reactions; however, the clinical significance of such
differences is doubtful.

In summary, the majority of comparative histamine-
induced weal and flare studies have used very high
histamine concentrations relative to the histamine levels
produced after allergen challenge. More reliable methods
of comparing antihistamine potencies using weal and
flare response (e.g. the calculation of histamine concen-
tration-response curves) have not been widely applied.
These observations, combined with other methodological
issues such as variations in skin sensitivity and intra-
individual variability [36], can affect the applicability of
the histamine-induced weal and flare to the clinical
setting of AR and CIU.

Systematic review

A MEDLINE database search was undertaken in April
2006, using the basic terms ‘histamine and [skin test or
(wheal or weal) and flare]’. Nine hundred retrieved articles
were reviewed, and articles that were not relevant to the
methods or use of weal and flare skin tests in humans were
discarded. One hundred thirty-seven studies were then
analysed to identify relevant information. These studies
included comparative trials among antihistamines, and
incorporated studies that were placebo-controlled and
non-placebo-controlled in order to obtain a comprehen-
sive assessment of the comparative pharmacodynamics of
antihistamines using this test. Of this number, a total of 44
were found to consist of comparisons among orally
administered second-generation antihistamines. Supple-
mental MEDLINE searches were undertaken using the
terms antihistamine, cetirizine, desloratadine, fexofena-
dine, levocetirizine, loratadine, and mizolastine. A sepa-
rate  MEDLINE search was performed to identify
comparative studies of orally administered second-gen-
eration antihistamines (astemizole, cetirizine, deslorata-
dine, ebastine, fexofenadine, levocetirizine loratadine,
mizolastine, terfenadine) in patients with AR or CIU, and
57 were deemed relevant for inclusion. The reference lists
of articles and reviews were analysed for studies not
identified initially in the two searches outlined above.

Comparative studies of histamine-induced weal and flare

Numerous studies have compared the effects of a single
dose of different antihistamines on histamine-induced weal
and flare, with the majority enrolling healthy volunteers
(Table 1). Loratadine was included in 15 of the 28 studies of
healthy volunteers [37, 38, 40, 41, 44, 45, 55-57, 65-70]
and caused less suppression of weal and flare than other
second-generation antihistamines in all but three of the
studies, usually when antihistamines were studied within
24h after drug intake [37, 69, 70]. On the other hand,
cetirizine, included in 20 studies of healthy volunteers,
suppressed weal and flare to a greater extent than lorata-
dine (nine studies) [41, 44, 45, 55, 57, 67-70], terfenadine
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Table 1. Histamine-induced weal and flare reactions in subjects treated with antihistamines

Trial: duration

Reference Pts (n) and type Measure (method) Ranking (daily dose)
Healthy volunteers - PC
Purohit et al. [60] 18 1day Weal/flare (prick testing with histamine Weal and flare areas (AUCq_541)
DB, X, PC 100 mg/mL) Cetirizine (10 mg) > desloratadine (5 mg) > placebo
Takahashi et al. [64] 7 1 day Weal/flare [histamine (10 mg/mL) Weal areas (0-24h)
DB, X, PC challenge by iontophoresis 0.1 mA] Olopatadine (10 mg) = cetirizine (10 mg) > bepotastine
(20 mg) > fexofenadine (120 mg) > placebo
Flare areas (0-24h)
Olopatadine (10 mg) = cetirizine (10 mg) = bepotastine
(20 mg) = fexofenadine (120 mg) > placebo
Wang and Zhang [65] 90 1day Weal/flare (prick testing with histamine Weal and flare areas (AUC concentration-responses to
DB, para, 54.3, 20.0, 7.3, and 2.7 mmol/L) histamine)
PC Mizolastine (10 mg) > loratadine (10 mg) > placebo
Barbanoj et al. [43] 18 1-5days Weal/flare (ID injection with 0.05 mL Weal and flare areas: (AUCo_54p)
DB, X, PC solution of 100 pg/mL histamine) Ebastine (20 mg) > fexofenadine (120 mg)
Denham et al. [39] 12 1day Weal/flare/itch (ID injection with Weal/flare (laser Doppler imaging)
DB, X, PC histamine 20 pL, 100 uM) Levocetirizine (5 mg) > desloratadine (5 mg) > placebo
Kaliner et al. [66] 30 1day Weal/flare (prick testing with histamine Flare (2-7 and 10-12h)
DB, X, PC 1.8 mg/mlL) Fexofenadine (180 mg) > loratadine (10 mg)
Weal (1-12h)
Fexofenadine (180 mg) > loratadine (10 mg)
Purohit et al. [59] 18 1day Weal/flare (prick testing with histamine Weal and flare areas (AUCqy_,4 1)
DB, X, PC 100 mg/mlL) Levocetirizine (5 mg) > desloratadine (5 mg) > placebo
Carey et al. [37] 15  6days Weal (ID injection 0.1% histamine, 30 ~ Weal Ebastine (10 mg) = cetirizine (10 mg) >loratadine
DB, X, PC uL) (10 mg) > fexofenadine (120 mg) > placebo
Gispert et al. [44] 20  1-7 days Weal (ID injection with 0.05 mL, Weal and flare (4-8 h after first or last dose)
DB, X, PC histamine 100 pg/mL) Ebastine (20 mg) = cetirizine (10 mg) > loratadine
(10 mg) > placebo
Grant et al. [56] 18 1day Weal/flare (prick testing with histamine AUC,_,4,0f weal and flare areas
DB, X, PC 100 mg/mlL) Levocetirizine (5 mg) > ebastine (10 mg) = fexofenadine
(180 mg) = mizolastine (10 mg) > loratadine
(10 mg) > placebo
Purohit et al. [52] 36 1day Weal/flare (prick testing with histamine Weal and flare areas (AUC concentration - responses to
DB, X, PC 0, 5, 10, 20, 40, 80, and 160 mg/mL) histamine)
Cetirizine (10 mg) > mizolastine (10 mg) > placebo
Purohit et al. [58] 26 1day Weal/flare (prick testing with histamine Weal/flare area (0-24 h)
DB, X, PC 100 mg/mL) Cetirizine (10 mg) > fexofenadine
(180 mg) = fexofenadine (120 mg) > placebo
Hindmarch et al. [57] 20 1-4 days Weal/flare (prick testing with histamine AUC,_,,}, after first and last dose
DB, X, PC 100 mg/mL) Levocetirizine (5 mg) = cetirizine (10 mg) > loratadine
(10 mg) = promethazine (30 mg) > placebo
Frossard et al. [51] 24  6days Weal/flare (prick testing with histamine Weal (24 h after last dose)
DB, X, PC 0, 0.5, 1, 2.5, 5, 10, 20, 50, 100, and Ebastine (20 mg) > ebastine (10 mg) = cetirizine
200 mg/mL) (10 mg) > placebo
Flare (24 h after last dose)
Ebastine (20 mg) = ebastine (10 mg) = cetirizine
(10 mg) > placebo
Grant et al. [55] 14 1day Weal/flare (prick testing with histamine AUC, _,,1, of weal and flare areas
DB, X, PC 100 mg/mL) Cetirizine (10 mg) > epinastine (20 mg) > terfenadine
(60 mg) > ebastine (10 mg) > fexofenadine
(60 mg) > loratadine (10 mg) > placebo
Rosenzweig et al. [41] 15 1 day Weal and flare (ID injection of Weal and flare areas (0-24 h)
DB, X, PC histamine 2 pg in 100 pL) Mizolastine (10 mg) = terfenadine (120 mg) = cetirizine
(10 mg) > loratadine (10 mg) > placebo
Lever et al. [45] 12 1day Weal/flare (ID injection of histamine 20 Weal/flare area/weal thickness (0-24 h)
DB, X, PC ug in 100 pL) Terfenadine (120 mg) = cetirizine (10 mg) > loratadine
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Table 1. Continued

Trial: duration

Reference Pts (n) and type Measure (method) Ranking (daily dose)
Shall et al. [67] 24  1day Weal/flare (ID injection of 20 pg Weal and flare areas (0-6 h)
SB, X, PC histamine in 0.05 mL) Cetirizine (10 mg) = terfenadine
(120 mg > 60 mg) > loratadine (10 mg) > placebo
Van Neste et al. [68] 9 1 day Weal/flare (prick testing with histamine Weal/flare (6 h post-dose)
DB, X, PC 8 mg/mL) Cetirizine (10 mg) > loratadine (10 mg) > placebo
Simons et al. [69] 20 1day Weal/flare (prick testing with histamine Weal areas (0-24 h)
DB, X, PC 1 mg/mL) Cetirizine (10 mg) > terfenadine
(120 mg) > terfenadine (60 mg) > loratadine
(10 mg) > astemizole (10 mg)chlorpheniramine
(4 mg) > placebo
Flare areas (0-24h)
Cetirizine (10 mg) = terfenadine (120 mg) = terfenadine
(60 mg) > loratadine (10 mg) > astemizole
(10 mg) > chlorpheniramine (4 mg) = placebo
Roman et al. [40] 60 4 weeks Weal (ID with histamine solution of 20 © Weal areas (0-12 h)
DB, para, g/mL; 100 pL) Loratadine
PC (40 mg > 20 mg > 10 mg) = chlorpheniramine
(12 mg) > placebo
Healthy volunteers - non-PC
Purohit et al. [61] 42 1 day Weal/flare (prick testing with histamine Weal and flare areas (time to, and frequency of, 95%
DB, X 100 mg/mlL) inhibition)
Fexofenadine (180 mg) = cetirizine (10 mg)
Clough et al. [38] 1 1 day Weal/flare (ID injection with histamine Weal/flare (laser Doppler imaging)/itch
DB, X 20 pL, 100 pm) Levocetirizine (5 mg) > loratadine (10 mg) = placebo
Devalia et al. [54] 18 1day Weal/flare (prick testing with histamine Weal and flare (AUCy_3,1,)
DB, X 100 mg/mlL) Levocetirizine (2.5 mg) = cetirizine (5 mg) > ucb 28557
(S-enantiomer of cetirizine, 2.5 mg)
Bayramgiirler et al. [70] 60 1day Weal/flare (prick testing with 1% Weal (90 min, 4, 6, 24 h)
SB histamine solution) Cetirizine (10 mg) > acrivastine (8 mg) and loratadine
(10 mg)
Flare At 30 min: acrivastine (8 mg) > cetirizine (10 mg)
and loratadine (10 mg)
At 90 min: acrivastine (8 mg) = cetirizine
(10 mg) > loratadine (10 mg)
At 4 h: cetirizine (10 mg) > acrivastine
(8 mg) > loratadine (10 mg)
At 6 h: cetirizine (10 mg) > acrivastine
(8 mg) =loratadine (10 mg)
At 24 h: cetirizine (10 mg) > loratadine
(10 mg) > acrivastine (8 mg)
Leroy et al. [71] 18  1day Weal/flare (iontophoresis 30s, 1.4mA/ Weal/flare (2-7 h)
DB, X cm? of histamine 10%) Cetirizine (10 mg) > ebastine (10 mg)
Rihoux and Van Neste 10 3 weeks Weal/flare [ID with histamine solution =~ Weal/flare areas on days 7, 14, and 21 of drug
[47] DB, X (10 L containing 1 pg) and Phazet®™ administration
dry prick test with histamine powder]  Cetirizine (10 mg) > terfenadine (120 mg)
Pechadre et al. [46] 9 1 day Weal/flare (ID histamine 1pgin 10uL) Weal/flare At 2 h: cetirizine (10 mg) > terfenadine
DB, X (60 mg) = placebo

Patients with AR and/or asthma - PC

Roongapinun et al. [72] 31

1 day
0, para, PC

Weal and flare (prick testing with
histamine 1 mg/mL)

At 6 h: cetirizine (10 mg) = terfenadine
(60 mg) > placebo

Weal areas (30-240 min)
Cetirizine (10 mg) = fexofenadine (60 mg) > loratadine
(10 mg) > placebo
Flare areas (30-240 min) Cetirizine
(10 mg) = fexofenadine (60 mg) = loratadine
(10 mg) > placebo
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Table 1. Continued

Trial: duration

Reference Pts (n) and type Measure (method) Ranking (daily dose)
Wang and Zhang [65] 60 1day Weal/flare (prick testing with histamine Weal and flare areas (AUC concentration-responses to
DB, para, 54.3, 20.0, 7.3, and 2.7 mmol/L) histamine)
PC Mizolastine (10 mg) > loratadine (10 mg) > placebo
Simons et al. [73] 15 1day Weal/flare (prick testing with histamine Weal and flare areas (0-24 h)
DB, X, PC 1 mg/mL) Cetirizine (10 mg) > fexofenadine (30 mg) > placebo
van Steekelenburg et al. 12 1 day Weal (ID with histamine) Weal diameters (4-8 h after drug intake)
[74] SB, X, PC Cetirizine (10 mg) > ebastine (10 mg) = fexofenadine

(120 mg) = mizolastine (10 mg) = loratadine
(10 mg) > placebo

Simons et al. [75] 15 1day Weal/flare (prick testing with histamine Weal areas (0.25-1 h)

DB, X, PC 1 mg/mL) Cetirizine (10 mg) > loratadine (10 mg)

Weal areas (2-24h)
Cetirizine (10 mg) = loratadine (10 mg)
Flare areas (0.5-24h)
Cetirizine (10 mg) > loratadine (10 mg)

Persi et al. [76] 24 1 week Weal/flare (prick testing with histamine Weal and flare areas (2 h after last dose)

DB, X, PC 10 mg/mL) Cetirizine (10 mg) > loratadine (10 mg) > placebo
Bousquet et al. [77] 38 1 week Weal and flare (prick testing with Weal diameters

DB, para, histamine 10 mg/mL) Astemizole (10 mg) > loratadine (10 mg)

PC
Hamilton et al. [78] 15 1 week Weal and flare (prick testing: 1, 10, 50, Weal

DB, X, PC and 100 mg/L) Olopatadine (5, 10, 20 mg) > terfenadine

(120 mg) > placebo

Fadel et al. [62] 7 1 day Weal/flare (prick testing with histamine Weal/flare (4 h after drug intake)

DB, X, PC 100 mg/mlL) Cetirizine (10 mg) > loratadine (10 mg) = placebo
Kontou-Fili et al. [48] 10 1dayDB, X, Weal/flare at 10 min (ID injection of Weal (2-6 h) Cetirizine (10 mg) > loratadine

PC histamine 100 pg/mL, 0.02 mL) (10 mg) = placebo Flare (2-6 h) Cetirizine

(10 mg) > loratadine (10 mg) > placebo

Patients with AR and/or asthma - non-PC

Passalacqua et al. [79] 23 1day Weal/flare (prick testing with histamine Flare areas (2 and 24 h)

DB, X 0.1% solution) Levocetirizine (5 mg) > desloratadine (5 mg)

Weal areas (2 h)
Levocetirizine (5 mg) > desloratadine (5 mg)
Weal areas (24 h)
Levocetirizine (5 mg) = desloratadine (5 mg)

Sienra-Monge et al. [80] 80 4 weeks Weal (prick testing with histamine) Weal areas
DB, para Cetirizine > loratadine (both 0.2 mg/kg/day)
Berkowitz et al. [81] 39 2 weeks Weal and flare (prick testing with Weal and flare areas (day 14)
DB, para histamine 0.1 and 1.8 mg/mL) Cetirizine (10 mg = 5 mg) > astemizole (10 mg)
Humphreys and Hunter 10 1 week Weal/flare (ID histamine, 4 pg in 0.1 mL) % inhibition of weal and flare areas
[42] 0, X Weal: cetirizine (10 mg) > astemizole

(10 mg) >1loratadine (10 mg)
Flare: cetirizine (10 mg) = astemizole
(10 mg) > loratadine (10 mg)

Patients with CIU

Leynadier et al. [82] 61 4 weeks Weal/flare (prick testing with histamine Flare area
DB, para 1.25, 2.5, 5, and 10 mg/mL on days 0O,  Mizolastine (10 mg) > loratadine (10 mg) (on day 14
14, and 28 of drug administration) with 2.5 mg/mL histamine, and on day 28 with 10 mg/

mL histamine)
Patients with acquired cold urticaria
Villas et al. [83] 7 2 weeks Weal (prick testing with histamine Weal areas
SB, X 10 mg/mL) Cyproheptadine (12 mg) > cetirizine (10 mg) > ketotifen
(20 mg) >loratadine (10 mg)

Pts, patients; DB, double-blind; X, crossover; PC, placebo-controlled; AUC, area-under-the-curve; para, parallel; SB, single-blind; O, open-label;
AR, allergic rhinitis; CIU, chronic idiopathic urticaria.
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(four studies) [46, 47, 55, 69], and desloratadine (one study)
[60]. Cetirizine was also found in four studies to suppress
weal and flare to a greater extent than fexofenadine [37,
55, 58, 64]; however, similar levels of suppression were
found in a further study [61]. In addition, cetirizine was
found to suppress weal and flare responses to a similar
extent as ebastine 20 or 10 mg in three studies [37, 44, 51],
but better than ebastine (10 mg) in two other studies [55,
71]. Levocetirizine reduced weal and flare to a greater
extent than loratadine (three studies) [38, 56, 57], and
desloratadine (two studies) [39, 59], as well as ebastine,
fexofenadine, and mizolastine (one study each) [56].

Sixteen studies have compared the effects of different
antihistamines on histamine-induced weal and flare in
patients with allergic diseases [42, 48, 62, 65, 72-83]. In
nine studies, cetirizine caused a greater suppression of
weal and flare than fexofenadine (two studies) [73, 74]
and loratadine (seven studies) [42, 48, 62, 72, 75, 76, 80].
In addition, fexofenadine was found to induce greater
suppressive effects than loratadine in one study [72], but
similar suppressive effects to loratadine in another study
[74]. In a study of patients with AR, levocetirizine sup-
pressed histamine-induced weal and flare more effectively
than desloratadine, although there was no significant
difference in weal measurements 24 h after treatment [79].

The major differences between antihistamines were ob-
served following ingestion of a single dose of medication
and the greatest differences mainly within the 4 h following
drug intake [58]. Most of these results were obtained when
studying the suppressive effects of cetirizine or its active
enantiomer, levocetirizine, on histamine-induced weal or
flare. Indeed, in the 24 comparative studies of healthy
volunteers incorporating cetirizine and/or levocetirizine,
these two antihistamines have had the shortest onset of
action when compared with loratadine (14 studies) [38, 41,
44, 48, 55-57, 67, 68, 70, 72, 74, 75], desloratadine (three
studies) [39, 59, 60], fexofenadine (six studies) [55, 58, 64,
72-74], and acrivastine (one study) [70]. Two studies found
a similar onset of action for cetirizine or levocetirizine
when compared with mizolastine and fexofenadine [56,
61]. In one study, mizolastine had a shorter onset of action
compared with cetirizine [41].

Relationship between histamine-induced weal and flare
and clinical efficacy

Measurements of the response to histamine in the skin do
not necessarily accurately reflect the effects of antihista-
mines in other tissues, such as that of the upper respira-
tory tract. Numerous factors may confound the
relationship between the suppression of histamine-in-
duced weal and flare and clinical efficacy in patients with
allergic conditions. These include differences in drug
distribution to the target organ and in the relative role of
histamine and other allergic inflammatory mediators in

the clinical expression of allergic diseases in different
organs [84]. For example, it has been shown that cetirizine
blocks eosinophils in the skin [85-87] but not in the nose
[88], which suggests that effects in the skin may not be
adequate predictors of nasal effects. Therefore, it is of
interest to assess whether a relationship exists between the
inhibition of histamine-induced weal and flare and the
control of symptoms of allergy in the clinical setting if
this is to be used as a surrogate measure to compare and
contrast antihistamines. To explore whether such a corre-
lation exists, the results for clinical efficacy in compara-
tive studies of second-generation antihistamines were
examined systematically.

Allergic rhinitis

Since 1985, 48 studies have compared the effects of
different second-generation antihistamines in controlling
the nasal symptoms of patients with AR (Table 2) [77, 79,
80, 89-133]. The duration of treatment ranged from 2
days to 8 weeks, which reflects the length of study
recommended by regulatory authorities for the assess-
ment of symptom control in AR in the clinical setting. This
duration of treatment and assessment, measured in weeks,
is in contrast to the short duration of assessment utilized
in histamine-induced weal and flare studies as outlined in
Table 1. Overall, 33/48 studies (69%) in AR demonstrated
that the antihistamines studied were equivalent to one
another in terms of the control of symptoms over the
duration of the study. There was no consistent pattern of
one antihistamine showing superiority over other anti-
histamines [142]. Notably, the greater magnitude of effect
of cetirizine/levocetirizine over other antihistamines in
histamine-induced weal and flare studies did not translate
into a measurable benefit in terms of symptom control in
the clinical setting.

Chronic idiopathic urticaria

The search strategy highlighted a total of nine compara-
tive studies involving second-generation antihistamines
in the treatment of CIU. The duration of treatment in these
trials ranged from 4 to 6 weeks, reflecting the fact that the
natural duration of symptoms in CIU is prolonged. Over-
all, 5/9 studies (56%) demonstrated no statistically sig-
nificant difference between the antihistamines studied in
terms of the primary end-points.

Discussion

The histamine-induced weal and flare response after a
single-dose administration of an antihistamine is fre-
quently used in studies of the pharmacodynamics of
antihistamines and provides a readily obtained measure
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Table 2. Comparative tabulation of second-generation antihistamines in patients with AR or CIU

# of patients

Reference randomized Trial: duration and type Primary efficacy outcome
AR - PC
Raphael et al. [89] 610 1 week Diphenhydramine (50 mg) > desloratadine (5 mg) > placebo
DB, para, PC
Ciprandi et al. [90] 30 4 weeks Desloratadine (5 mg) = levocetirizine (5 mg) > placebo
DB, para, PC
Hyo et al. [91] 113 2 days Cetirizine (10 mg) > fexofenadine (120 mg) > loratadine (10 mg) > placebo
DB, PC
Stiibner et al. [92] 110 16 days Levocetirizine (5 mg) = loratadine (10 mg) > placebo
DB, PC
Hampel et al. [93] 749 4 weeks Ebastine (20 mg) > loratadine (10 mg) > placebo
DB, para, PC Ebastine (10 mg) = loratadine (10 mg) > placebo
Ratner et al. [94] 703 4 weeks Ebastine (20 mg) > loratadine (10 mg) = placebo
DB, para, PC
Crampton [95] 82 4 weeks Ketotifen fumarate solution (0.025%)+desloratadine (5 mg) = ketotifen
DB, PC fumarate solution (0.025%) > desloratadine (5 mg)
Wilson et al. [96] 49 2 weeks Fexofenadine (180 mg) = desloratadine (5 mg) > placebo
DB, X, PC
Freche et al. [97] 428 4 weeks Mizolastine (10 mg) > loratadine (10 mg)
DB, para, PC Mizolastine (10 mg) > placebo
Loratadine (10 mg) = placebo
Ratner et al. [98] 565 4 weeks Ebastine (20 mg) > loratadine (10 mg) > placebo
DB, para, PC Ebastine (10 mg) = loratadine (10 mg) > placebo
Nunes and Ladeira [99] 90 4 weeks Cetirizine (10 mg) = loratadine (10 mg) > placebo
DB, para, PC
van Cauwenberge and 688 2 weeks Fexofenadine (120 mg) = loratadine (10 mg) > placebo
Juniper [100] DB, PC, para
Howarth et al. [101] 821 2 weeks Fexofenadine (120 and 180 mg) = cetirizine (10 mg) > placebo
DB, para, PC
Sabbah et al. [102] 375 4 weeks Cetirizine (10 mg) = mizolastine (10 mg) > placebo
DB, DD, para, PC
Bousquet et al. [77] 38 1 week Loratadine (10 mg) = astemizole (10 mg) > placebo
DB, para, PC
Druce et al. [103] 338 1 week Brompheniramine (24 mg) > loratadine (10 mg) > placebo
DB, para, PC
Lockey et al. [104] 311 2 weeks Cetirizine (10 mg) > terfenadine (120 mg)
DB, para, PC Cetirizine > placebo; Terfenadine = placebo
Del Carpio et al. [105] 317 2 weeks Loratadine (10 mg) = terfenadine (120 mg) > placebo
DB, para, PC
Horak et al. [106] 256 2 weeks Loratadine (10 mg) = terfenadine (120 mg) > placebo
DB, para, PC
Skassia-Brociek et al. 69 2 weeks Loratadine (10 mg) = mequitazine (10 mg) > placebo
[107] DB, para, PC
Buckley et al. [108] 244 1 week Terfenadine (120 mg) = chlorpheniramine (12 mg) > placebo
DB, para, PC
Oei [109] 65 2 weeks Loratadine (10 mg) > astemizole (10 mg)
DB, para, PC Loratadine > placebo; Astemizole = placebo
Dockhorn et al. [110] 330 2 weeks Loratadine (10 mg) = clemastine (2 mg) > placebo
DB, para, PC
Kemp et al. [111] 313 2 weeks Loratadine (10 mg) = clemastine (2 mg) > placebo
DB, para, PC
Kemp et al. [112] 397 1 week Terfenadine (120 mg) = chlorpheniramine (12 mg) > placebo
DB, para, PC
AR - non-PC
Corren et al. [113] 306 2 weeks Azelastine nasal spray > cetirizine (10 mg)
DB, para
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Table 2. Continued

Reference

# of patients

randomized Trial: duration and type

Primary efficacy outcome

Martinez-Cdcera et al.

[114]
Horak et al. [115]

Passalacqua et al. [79]

Saint-Martin et al.
[116]

Hampel et al. [117]

Prenner et al. [118]

Sienra-Monge et al.
[80]

Murris-Espin et al.
[119]
Crawford et al. [120]
Al-Muhaimeed [121]
Bellioni et al. [122]
Gehanno et al. [123]
Harcup et al. [124]
Lockey et al. [125]
Olsen et al. [126]
Caiaffa et al. [127]
Davies [128]
Katelaris [129]
Backhouse et al. [130]
Rijntjes et al. [131]
Davies et al. [132]

Backhouse and
Rosenberg [133]

CIU - PC
Morita et al. [134]

Dubertret et al. [135]
Breneman [136]

Belaich et al. [137]

249

120

23

339

495

659

80

214

14

84

68

343

158

160

105

142

487

28

285

105

487

121

10

247

188

180

2 weeks

DB, para
2 weeks

DB, para
1 day

DB, X
2 weeks

DB, para
2 weeks

DB, para
2 weeks

DB, DD, para
4 weeks

DB, para, pediatric

study (2-6 years)
4 weeks

DB, para
2 weeks

open label, X
1 week

DB, para
4 weeks

DB, para
2 weeks

DB, para
4 weeks

DB, DD, para
1 week

SB, para
3 weeks

DB, para
1 week

DB, DD, para
16 days

DB, para
2 weeks

DB, para
1 week

DB, DD, para
2 weeks

DB, para/X
8 weeks

DB, DD, para
6 weeks

DB, DD, para

4 weeks
DB, X, PC
4 weeks
DB, para, PC
4 weeks
DB, DD, para, PC
4 weeks
DB, para, PC

Rupatadine (10 mg) = cetirizine (10 mg)

Emedastine (4 mg) = cetirizine (10 mg)

Desloratadine (5 mg) = levocetirizine (5 mg)

Rupatadine (20 mg) > rupatadine (10 mg) > loratadine (10 mg)
Cetirizine (10 mg) = fexofenadine (180 mg)

Loratadine (10 mg) > fexofenadine (120 mg)

Cetirizine (0.2 mg/kg) > loratadine (0.2 mg/kg)

Cetirizine (10 mg) = ebastine (10 mg)

Terfenadine (10 mg) = loratadine (10 mg) = astemizole (10 mg)
Loratadine (10 mg) = azelastine (10 mg)

Loratadine 10 mg = mizolastine (10 mg)

Ebastine (20 mg) > ebastine (10 mg) > cetirizine (10 mg)
Cetirizine (10 mg) = astemizole (10 mg)

Cetirizine (10 mg) = terfenadine (120 mg)

Loratadine (10 mg) = terfenadine (120 mg)

Cetirizine (10 mg) = terfenadine (120 mg)

Cetirizine (10 mg) = terfenadine (120 mg)

Loratadine (10 mg) = azatadine (2 mg)

Cetirizine (10 mg) = terfenadine (120 mg)

Cetirizine (10 mg) > astemizole (10 mg)

Cetirizine (10 mg) = terfenadine (120 mg)

Terfenadine (120 mg) = chlorpheniramine (12 mg)

Cetirizine (10 mg) = olopatadine (5 mg) > placebo
Loratadine (10 mg) = mizolastine (10 mg) > placebo
Cetirizine (10 mg) = hydroxyzine (75 mg) > placebo

Loratadine (10 mg) = terfenadine (120 mg) > placebo
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Table 2. Continued

# of patients

Reference randomized Trial: duration and type

Primary efficacy outcome

Grant et al. [138] 136 6 weeks Terfenadine (120 mg) > chlorpheniramine (12 mg)
DB, para, PC Terfenadine > placebo
Chlorpheniramine = placebo
CIU - non-PC
Handa et al. [139] 116 4 weeks Cetirizine (10 mg) > fexofenadine (180 mg)
DB
La Rosa et al. [140] 62 4 weeks Cetirizine (5 mg) > oxatomide (25 mg)
DB
Leynardier et al. [82] 61 4 weeks Loratadine (10 mg) = mizolastine (10 mg)
DB, para
Alomar et al. [141] 47 4 weeks Cetirizine (10 mg) > astemizole (10 mg)
DB, para
»
5 - (a) - (b)
g 25 . 0.45
5o NE 0.40 e—& Placebo
24 90 o -
83 5 9357 [~ Cetirizine
5 E,;,’ 15+ 3 0.30 7 /= Loratadine
5= % 0.25 -
a2 o 4
ET 10- #—e Placebo £ 020
2 c i 3 0.15
cc [~ Cetirizine c U
[} 8 8 0.10 -
2. 51 /~/\Loratadine @
% o) = 0.05 -
£ o — T T T T 1 0 T T T T T 1
3 0 1 2 3 4 5 (] 1 2 3 4 5 6

Logs grass pollen grains

Allergen (logs dilution)

Fig. 1. Similarity of nasal (a) and skin (b) responses to allergen challenge in patients with allergic rhinitis receiving cetirizine or loratadine [76].
Copyright 1999, with permission from the American Academy of Allergy Asthma & Immunology.

of histamine H;-receptor blockade. Histamine-induced
skin reactions, as well as allergen-induced reactions, are
also useful to assess the washout period required after
cessation of antihistamine treatment for correct allergy
skin testing [51]. In addition to these roles, however,
histamine-induced weal and flare is often applied to the
comparison of antihistamines for the purpose of attribut-
ing greater clinical efficacy to one compound over an-
other. Pharmacological tests of antihistamine potency,
such as the histamine-induced weal and flare, should be
distinguished from tests of clinical efficacy as they do not
mirror one another in terms of fundamental methodology.
Differences in antihistaminic potency, whether measured
as weal and flare inhibition or as in vitro H, receptor
antagonism, do not directly translate into the clinical
realm. In reality, multiple intervening factors including
dose, metabolism, duration of treatment, and fundamental
disease pathophysiology play vital roles in determining
the true clinical efficacy of an antihistamine. The implica-
tion that an agent that provides greater suppression of
skin reactivity to histamine would be expected to provide
greater clinical efficacy is invalid. This systematic review
indicates that a superior effect in terms of the histamine-

© 2007 The Authors

induced weal and flare pharmacodynamic response does
not translate into similar efficacy in studies of patients
with clinically active disease.

The results of this systematic review echo the findings
of the very few studies that have been performed prospec-
tively to assess both histamine-induced weal and flare and
allergen-induced weal and flare suppression with various
antihistamines and their subsequent clinical activity dur-
ing the allergy season [76, 77]. For instance, Persi et al.
[76] demonstrated that H;-antihistamine effects differ
according to whether the skin or nasal mucosa was
challenged. In that placebo-controlled study, patients
(n=22) who received 7 days’ treatment with either lor-
atadine or cetirizine underwent nasal pollen challenge
and pollen/histamine skin tests. Both drugs improved skin
and nasal responses to pollen challenge as compared with
placebo (Fig. 1). Only in terms of histamine-induced weal
and flare was a difference noted that favoured cetirizine.
In another double-blind, placebo-controlled, parallel-
group study, Bousquet et al. [77] compared the effects of
loratadine and astemizole treatment for 7 days on clinical
symptoms of allergy in SAR patients during the pollen
season. The responses of patients to skin testing with
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pollen and the histamine-induced weal and flare response
were also assessed. While both loratadine and astemizole
significantly decreased allergic symptoms from baseline,
the histamine-induced weal and flare and allergen-in-
duced cutaneous responses were suppressed with a greater
magnitude with astemizole. On the basis of these studies,
it can be concluded that skin-test reactivity — in particular
the histamine-induced weal and flare - may have an
entirely different profile among second-generation anti-
histamines as compared with clinical control of symptoms
following everyday exposure to allergens. It may be that
regular administration of antihistamines in the clinical
setting is sufficient to suppress histamine that is generated
endogenously by activated mast cells and other sources,
although experimental evidence to support this sugges-
tion is lacking,.

Furthermore, histamine-induced weal and flare skin
studies appear to have no predictive value for determining
the clinical superiority of one antihistamine over another
in the field of CIU. The discrepancies between effects on
histamine-induced weal and flare reactions and clinical
efficacy could be due to several factors, including differ-
ences in the mechanisms of reactions caused by histamine
or allergen, the use of supra-physiological histamine
concentrations during skin testing, and the inability of
histamine-induced weal and flare to model the effects of
other allergic mediators, such as eicosanoids and inflam-
matory cytokines. Taken together, these results suggest
that histamine-induced weal and flare testing should
remain a standard pharmacodynamic tool for the study
of antihistamines, but that the clinical superiority of one
agent over another should be determined on the basis of
more clinically relevant end-points.
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