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Clinical trials in allergic rhinitis present several specific 
difficulties. In seasonal pollen-related disease, there are 
variations between subjects in the extent of pollen sensitization, 
individual variations in exposure to pollen even within a set 
area because of lifestyle differences, and variations between 
different areas in pollen counts and weather patterns. Thus, 
large patient numbers are needed in multicenter trials to 
account for such variations when the standard endpoint is 
symptom reporting. Furthermore, a pollen season may be 
relatively short (eg, lasting 6-8 weeks), and the pollen count is 
inconsistent during thi s period. Crossover study designs are 
thus inappropriate, and trials are usua lly conducted with 
a parallel-group design. This fur ther increases the tri al sample 
size as it reduces statistical power. These large patient numbers 
must be recruited over a very short period. Perennial house 
dust mite-sensitive allergic rhinitis presents other problems. 
Although there is less disease variation, it is appreciated that 
symptoms may be induced by nonallergic as well as allergic 
mechanisms because of the nasal hyperresponsiveness. The 
nonallergic symptoms may not be modified by treatments based 
on allergic disease mechanisms. Thus, symptom 
outcomes-although relevant to the patient-may not 
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adequately reflect the pharmacologic efficacy of the specific 
intervention. 
To control variability and focus on allergic di sease mechanisms, 
nasal allergen challenge has been used in drug development. 
Single-dose challenges in the labora tory or in a pollen chamber, 
which allow many volunteers to be studied a t the same time, 
have proven useful in the evaluation of drugs that afford acute 
symptom relief. However, such challenges incompletely model 
naturally occurring disease, in which the repeated daily 
exposure to allergen modifies the mucosal inflammatory cell 
profile and in particular promotes the epithelial accumulation 
of effector cells. This alters the response to allergen exposure. 
To model this, repeated low-dose daily allergen exposure has 
been used to generate these mucosal changes artificially, and 
early studies suggest that this may be a more valid model for 
the evaluation of anti-inflammatory therapy. However, little has 
been published with this model. 
Different disease groups are associated with their own specific 
issues in clinical trials. The pediatric population, in which 
allergic rhinitis is common, has different requirements for 
education, quality of life eva luation, and adverse-event 
monitoring; nasal polyposis, because of the nature of the 
disease, requires addi tional means of assessment, such as nasal 
endoscopy and imaging (eg, computerized tomography 
scanning), as well as attention to additional outcome measures 
( eg, the measurement of sense of smell). 
Within clinical trial design, there are important questions to be 
considered in relationship to the therapeutic intervention. 
Should this be given topically or systemically? What are the 
appropriate timing and frequency of medication? Does the 
disease itself modify the treatment efficacy, and does 
combination therapy afford better clinical outcome than single­
modality therapy? These issues are discussed, and the 
influences of current therapies on objective outcome measures 
in allergic rhinitis are reviewed. (J Allergy Clin Immunol 
2005;115:S460-82.) 

Key words: Clinical trial design, seasonal rhinitis, perennial 
rhinitis, inlermillenl rhinitis, persistenl rhinitis, nasal allergen 
challenge, pediatric rhinitis, nasal polyposis, Hrantihistamines, 
intranasal steroids, LTRAs 

The basic design components in clinical rhinitis trials 
may at a first glance seem fairly constant, but on closer 
inspection there are considerable variations. These reflect 
the need, under separate circumstances, to address 
different objectives, such as the effect of therapeutic 
interventions in preventing the development of seasonal 
allergic rhinitis (SAR) as opposed to reducing symptom 
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Abbreviations used 
CT: Computerized tomography 

LTRA: Leukotriene receptor antagonist 
NPIF: Nasal peak inspiratory flow 
OME: Otitis media with effusion 
PAR: Perennial allergic rhinitis 
SAR: Seasonal allergic rhinitis 

expression in established disease. The fmmer may be 
more suitable for the evaluation of a novel intervention 
that would be anticipated to modify tissue cell recruitment 
than as a therapy that has purely symptomatic benefit. The 
study design thus needs to be tailored to the questions to be 
addressed. For example, with an appropriate study design, 
it has been possible to demonstrate dose-efficacy relation­
ships for intranasal glucocorticoids in allergic rhinitis. 
Objective measurements can support the results acquired 
by subjective symptom scores and add value by increasing 
discriminative ability and confirming effects on inflam­
matory activity. Special considerations are necessary for 
different indications, and the existing classification of 
allergic rhinitis into seasonal and perennial is not always 
sufficiently helpful, whereas the classification of non­
allergic rhinitis is recognized to account for a range of 
different nasal disorders with separate underlying patho­
physiologic mechanisms. An awareness of the practical 
implications of clinical trial design and appropriate 
compromises between theory and clinical reality is 
necessary for a successful clinical trial performance. In 
this section, examples of considerations concerning the 
appropriateness of design in relation to the trial objectives 
and some related caveats are discussed. Specifically, this 
chapter starts with a discussion about general aspects 
of clinical trial design, progresses to challenge models, 
considers application in children, and finishes with a 
discussion about nasal outcomes in nasal polyposis and 
with different classes of medication used in the treatment 
of rhinitis. 

GENERAL ASPECTS OF CLINICAL TRIAL 
DESIGN FOR RHINITIS 

Patient populations 
Once a clinical hypothesis and the objective are 

established, an appropriate study population needs to be 
determined. The criteria for the population are key, 
because the appropriateness of the population determines 
the validity of the results. The population should be 
a representative sample ti-om a clinically relevant and 
identifiable population, typically identified by a common 
diagnosis. To achieve a conclusive result ti-om a trial 
effectively, the emollment criteria and the objective of 
the study need to be considered in concert. 

Characterization: diagnosis and classification 
The term rhinitis strictly refers to an inflammatory 

condition in the nasal mucosal lining. In daily practice, 
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however, rhinitis is often colloquially applied to a typical 
symptom constellation, characterized by bouts of sneezing 
and nose running, with or without nasal itch or obstruc­
tion, and as such represents a clinical syndrome rather than 
a specific disease entity. In a wider sense of the term, any 
nasal mucosal modifications caused by, for example, 
pharmacologic effects, endogenous hmmonal effects, or 
exaggerated physiological reactions, such as skier's nose, 
are also included under the te1m rhinitis. It is helpful to be 
aware of the shady overlapping borderline areas between 
nasal symptoms that are physiologically appropriate and 
those that cause discomfon and impair function, which 
constitute disease. 

Primarily, rhinitis is classified as allergic or nonallergic. 
Allergic rhinitis is subdivided into seasonal and perennial 
or inte1mittent and persistent, dependent on the duration of 
symptoms. 1 However, the classification into intermittent 
and persistent is relatively recent, and trials are only now 
being undertaken using this classification. It is probable, 
however, on the basis of standard entry criteria and run-in 
periods, that most patients who enter clinical trials 
investigating the effects of regular medication in either 
seasonal or perennial rhinitis have persistent rhinitis. The 
basis for the change in classification from seasonal and 
perennial to intermittent and persistent relates to the 
appreciation that seasonal allergies in some pans of the 
world may indeed be perennial allergens in others. 
Furthermore, many patients have multiple sensitizations 
(Fig I) and thus, although they are sensitized to seasonal 
allergens, their symptoms last longer than exposure to 
a single specific seasonal allergen. For example, there are 
perennial pollens, such as parietaria. ~ This makes a fmmal 
classification into seasonal or perennial rhinitis irrelevant, 
and recognition of intermittent and persistent allergic 
rhinitis is thus more re levant. 1 Secondary factors, such as 
severity of rhinitis, have been added to make the 
classification clinically useful for therapeutic guidance. 34 

Similar approaches can be made to identify appropriate 
patient populations for clinical trial purposes. 

Acquiring the population sample: 
confirmation of the diagnosis 

Seasonal allergic rhinitis is a well-defined class of 
rhinitis with a distinct history easily confirmed by tests 
(skin prick, RAST, or provocation tests). Symptoms can 
be related to exposure with pollen counts, and biochemical 
and cellular indices of allergic inflammation can be 
confirmed by intranasal sampling techniques ( eg, by nasal 
lavage or mucosal brushing). However, such an approach 
is not required to make the diagnosis, which is usually 
clear on the history. 

In perennial allergic rhinitis (PAR), the diagnosis is 
based on a history of symptoms after relevant exposure 
and tests to confirm allergic sensitization, but sampling 
to measure exposure is not feasible in large-scale trials. 
In addition, many patients with perennial rhinitis have 
a mixed basis for their disease, with both allergic and 
nonallergic factors, such as structural airway abnor­
malities, contributing to the symptoms. For example, 
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FIG 1. Seasonal changes in pollen count illustrating the potential 
effect of variation exposure on clinical t ria l outcome if studies are 
undertaken for 2 weeks at early in season (A), at peak season (B), 
and late in season as pollen count falls and symptoms spontane­
ously improve (C). 

a retrospective analysis of 975 rhinitis patients in the 
United States found that 23% could be classified as having 
pure nonallergic rhinitis, 43% pure allergic rhinitis, and 
34% mixed rhinitis.5 Accordingly, the magnitude of 
improvement with a therapeutic intervention in allergic 
rhinitis might be greater in those with pure disease than 
those with mixed disease. Thus, the majority of clinical 
trials of therapies in allergic rhinitis have focused on 
seasonal allergic disease. 

Perennial nonallergic rhinitis is a diagnosis in which 
positive diagnostic criteria are often lacking. Subgroups 
are often insufficiently characterized even if discrimina­
tive indicators can identify a distinctive subgroup. For 
example, the presence of eosinophilic inflammation on 
intranasal sampling can lead to a diagnosis of nonallergic 
rhinitis with eosinophilia syndrome in subjects with 
rhinitis without specific IgE to common aeroallergens. 
Sensitivity to specific agents, such as aspirin, can 
occasionally be confirmed by provocation tests. Still, 
regardless of extensive efforts, on numerous occasions, 
perennial nonallergic rhinitis will be diagnosed on the 
basis of presence of symptoms in the absence of positive 
allergy tests or conclusive history. 

Compromise between scientific theory 
and reality 

Design considerations may lead to conflict between 
scientific ambitions and realities in clinical practice and, 
therefore, a need for compromise. The real-life situation in 
a patient consultation should be applied if the objective is 
to study drug efficacy. Under these circumstances, the 
patient's need for treatment may be the only relevant 
inclusion criterion. In a clinical situation, the history, 
a set of symptoms, and physical signs are sufficient for 
a therapeutic decision. However, this approach is not 
satisfactory in a scientific context in which measurable and 
verifiable data are wanted, and the diagnosis must be 
unambiguously confirmed. Scientific stringency and study 
management according to good clinical practice demand 
more precise diagnostic criteria. 
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Assessment of efficacy in clinical trials 
Multiple factors contribute to variability in efficacy 

assessments. These include environmental factors such as 
allergen exposure, patient factors such as adherence, and 
treatment-related factors such as the intrinsic activity of 
the drug. Assessment of nasal symptoms is the mandatory 
clinical efficacy variable for evaluation of drug effects in 
rhinitis. 

Symptom severity assessment 

Assessment of efficacy in rhinitis is primarily based on 
subjective grading of symptom severity, as discussed in 
the section on clinical trial outcomes. Because symptom 
assessments are subjective, they are sensitive to factors 
that affect patients' experience of symptoms, including 
expectations, emotions, personality, personal perception, 
and basis of reference. Score step scales, such as rating 
scales or visual analogue scales, can be applied. Multiple 
symptoms are relevant and can be explored, but the mass­
significance phenomenon must be kept in mind-that is, 
the risk that an abundance of variables can lead to chance 
findings and incorrect conclusions. 

To minimize this risk, the number of efficacy variables 
should be kept at a minimum, preferably without com­
promising different aspects of the patient's experience. 
This can be accomplished by using a composite score 
which may consist of the 3 basic symptoms of rhinitis: (1) 
nasal blockage, (2) hypersecretion, and (3) the irritative 
sensory stimulus, presenting as nasal itch, or as its reflex 
response, sneezing. Typically, the 3 symptoms are given 
equal weight. Sometimes itch and sneeze are included 
separately, constituting a 4 basic composite symptoms 
score. With the latter approach, the iiTitati ve sensory 
symptom is weighed to at least 50% of the composite 
score, because rhinorrhea is also a symptom predomi­
nantly determined by sensory neural stimulation. The 
composites of the subjective assessments are not strictly 
independent variables; for instance, secretions may affect 
scoring for blockage. 

The grading of symptoms can be based on severity or 
duration (hours per day). Assessments can be either 
instantaneous or reflective over a defined period (eg, last 
12 hours). The former is necessary when precise time is 
relevant, as in onset or duration of action studies or with 
once-a-day medication, to verify 24-hour duration of 
therapy.6 For subjective symptom scores, the information 
will always originate from the patient. Assessments are 
made directly by the patient or by the physician, but the 
latter will add filtering to the information. 

It is also relevant to gather a more general assessment of 
efficacy. The global assessment of treatment efficacy and 
symptom relief by patients is a subjective assessment 
based on the patients' recollection and personal reference 
base. These are clinically relevant because they reflect the 
information clinicians use to evaluate efficacy of treatment 
at follow -up visits. The risk of recall bias and the lack of 
comparison with a baseline measure make this a less 
distinct variable. Nevertheless, it is a useful tool for 
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assessment of efficacy,7 as is health-related quality-of-life 
(see the section on clinical outcomes). 

Objective measurements 
The reliability of subjective assessments is enhanced if 

they can be confirmed objectively. Among the objective 
methods, nasal peak flow offers daily measurements by 
patients at home (see the section on objective monitoring 
of nasal patency). Nasal peak inspiratory flow (NPIF) is an 
objective measw·e of nasal patency that can be used for 
home monitoring to link to the patient 's experience of 
nasal congestion and gives a fair estimate of upper airway 
function with a coefficient of variation of around 10%8 

Differences in efficacy between doses and drugs within 
a narrow interval can be detected by NPIF.9 Other 
methods applicable in a large-scale situation are acoustic 
rhinometry and rhinomanometry (see chapter on nasal 
patency), but the added value of these more demanding 
methods over NPIF in large-scale trials has not been 
proven. The time of day and technique of measurement 
should be standardized and patients familiarized to 
procedures. 

Nasal inflammatory indices can confirm the anti­
inflammatory effects of an intervention (see section on 
objective monitoring of nasal inflammation). 

Pollen exposure 

An obvious external factor is exposure to allergen. 
Total absence of symptoms in pollen-sensitive patients 
with rhinitis out of season is followed by a priming period 
in which symptoms and reactivity to allergen gradually 
increase and continued exposure to allergen drives 
symptoms. Monitoring pollen counts in the areas where 
the study is ongoing gives only a very rough estimate of 
individual exposw·e . Pollen exposure can vary consider­
ably, not only from one season to another but also day by 
day and from one place to another. Exposure is largely 
dependent on the weather conditions during the pollina­
tion period but also on individual factors. Patient-related 
factors like frequency and duration of outdoor activities, 
ability to avoid exposure, and individual reactivity will 
affect symptom severity. For example, 2 individuals 
within the same area, with comparable degrees of seasonal 
aeroallergen sensitization, will have different symptom 
severity if one has an outdoor job and the other works 
indoors. Personal monitoring of exposure, although 
possible, is technically complicated and not feasible in 
full-scale trials. 

If the intrinsic efficacy of the drug under evaluation is 
a primary objective, as in dose-finding trials, it is helpful to 
control pollen exposure by only taking into account days 
with a minimum level of exposure. As an example, in 
a seasonal study where no difference between 2 nasal 
steroids was found in the overall analysis, an efficacy 
difference was detected on days with at least moderate 
exposure. 10 This indicates that sufficient exposure may 
enable detection of more subtle differences. The relevance 
of exposure is further illustrated by subanal yses in a trial 
conducted in 2 geographical regions. In one region, the 

HIGHLY CONFIDENTIAL-
SUBJECT TO STIPULATED PROTECTIVE ORDER 

Akerlund et al S463 

ragweed pollen season was trivial, as confirmed by daily 
monitoring, and in the other region met the anticipations 
of the triaL In the latter, a significant dose-response was 
found in the subpopulation with low allergen exposure, 
and no significant differences were found within a 4-fold 
range of doses. 11 

Patients receiving effective treatment have a heteroge­
nous response and could have decreasing, unchanged, or 
even increasing symptom severity, depending on circum­
stances and the starting point (Fig 1). Placebo is thus 
necessary to ensure relevant exposw·e. In the absence of 
placebo control, a lack of exposure can lead to fa lse 
conclusions regarding efficacy. 

Crossover versus parallel group design 
A crossover design has the advantage that patients act 

as their own conu·ols, and there is thus a need for fewer 
patients by eliminating interindividual variation, under the 
assumption that disease severity is comparable in all 
periods. This is suitable for studies in PAR with contin­
uous symptoms, but not for continuous treatment trials in 
seasonal disease. Although randomization will balance 
differences between periods and sequence effects can be 
dealt with statistically, confounding because of environ­
mental factors, mainly variations in pollen exposure in 
seasonal disease, can complicate interpretation of results 
and possibly eliminate the advantage of this design. The 
length of a crossover trial also introduces an added risk. A 
run-in period lasting from a few days to as long as a week 
is advisable to establish a solid baseline, followed by 
treatment periods lasting 2 to 3 weeks, separated by 
a washout period whose length is dependent on the drug 
under evaluation. Thus, even the simplest comparison of 
an active agent with its placebo will take 6 weeks and may 
endanger the comparability of treatment periods in a pollen 
season lasting 1 to 2 months. 

Treatment periods may be subject to rising or falling 
pollen counts and varying sensitivity to treatment because 
of different stages of inflammation. For all of these 
reasons, there are theoretical advantages to a parallel­
group design, making it preferable for most trials in SAR, 
with the caveat that larger numbers of patients are required 
compared with a crossover study. 

Dose-response 
If variation is minimized, the ability to detect the in­

trinsic efficacy of a drug and differences between doses is 
enhanced. PAR is a more heterogeneous population than 
SAR, and exposure to allergen can vary largely. Attempts 
to demonstrate a dose-response in PAR studies, in the 
sense that one dose is statistically significantly superior to 
another, often fail, 12 even if it is occasionally possible. 13 

Through the application of provocation models, such 
as the repeated nasal allergen challenge model to create 
a nasal allergen challenge artificial season, it has been 
possible not only to demonstrate dose responses 14 but 
also to compare efficacy between compounds. 15•16 Such 
models can be helpful to compare the clinical potency of 
different compounds. 
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Placebo effect and regression to the mean 
A baseline period before start of treatment will offer the 

best reference when the change induced by treatment is of 
interest. It is not unique that the mean symptom severity 
progressively increases the week before start of treatment. 
There is a risk of a filtered population sample. If inclusion 
in the trial requires minimum symptom severity, patients 
scoring high, having bad days could be favored for 
inclusion. Patients included at the peak of symptoms in 
a condition where symptoms may vary spontaneously 
over time are not likely to get worse. The result will be 
a population that will have preponderance toward im­
provement. This improvement, which could be interpreted 
as efficacy, will also be seen in the placebo group, and this 
accounts for some of the improvement seen in the placebo 
group. Thus, for the evaluation of efficacy, comparisons 
with placebo are essential. 

Rhinitis trials, in which primary efficacy variables are 
subjective, are especially sensitive to a placebo driven by 
expectations and bias. Clearly, there are effects of a nasal 
spray placebo, with as much as a 50% change from 
baseline with such therapy .17 An aqueous nasal spray in 
itself is likely to be an active treatment rather than a pure 
placebo, because the mere moisturizing or cleansing effect 
of a nasal spray will dilute or wash out mediators and 
relieve symptoms. However, even with an oral placebo, 
a >30% reduction in symptom scores has been found in 
some studies.1R A third factor that can contribute to 
efficacy in placebo groups is patients ' use of other effec­
tive medications, either supplied rescue medication or 
undetected use of over-the-counter remedies. 

Significance of findings 

The size of the population sample will dete1mine 
statistical ability to detect efficacy. Large and consistent 
clinical effects require smaller study numbers in compar­
ison with placebo than an intervention with a less con­
sistent effect. With appropriate! y large studies, small 
effects can be discerned statistically, but the clinical 
relevance of such therapy must be questioned. 
Regardless of whether the objective is to find out if 
a compound is effective at all or if efficacy can reach 
a certain threshold, the clinically relevant efficacy must be 
predetermined. This is a prerequisite for an adequate 
sample size calculation. The magnitude of efficacy-for 
example, nasal blockage changing 1 score step from 
moderate to mild-is easy to relate to an individual. The 
mean symptom score value of a population, however, is an 
abstract quantity, but can be translated to a clinically 
relevant quantity. The appreciation that a 0.5 mean score 
step improvement can be translated to, for example, an 
improvement of at least 1 score step in 50% of a population 
makes this easier to conceptualize. An alternative ap­
proach is to calculate the number needed to treat to achieve 
a particular outcome. Sadly, few clinical trials provide 
information in this format. 

A special requirement for drug registration is to 
determine a lowest effective dose. A common scenario 
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is that a drug has a defined dose response. Under the 
assumption of a sigmoidal dose-effect curve (Fig 2), any 
dose above the zero efficacy level can be found effective 
(statistically significant efficacy regardless of magnitude) 
given a large enough sample size. The discriminative 
capacity of the efficacy variable and the patient numbers 
will determine what magnitude of ditl'erence is statistically 
significant. The sample size must be driven by the 
magnitude of change seen as clinically relevant for the 
primary efficacy variable. Thus, there is relativity to 
the meaning of effeciive. 

Fortunately, in rhinitis, there is guidance from estab­
lished efficacious reference drugs. A ditJerence between 
u·eatments in conventional clinical rhinitis u·ials of a 0.5 
score step on a 0 to 9 scale (composite of blockage, 
secretion, and sneezing) can be detected with reasonable 
numbers of patients and has been considered a clinically 
relevant magnitude of efficacy. 12·1. 3 The clinical relevance 
will of co w·se depend on the starting reference symptom 
score, because a change from 1.0 to 0.5 might be con­
sidered a more relevant reduction than that from 8.0 
to 7.5, even if both were statistically significant. In­
sufficient attention has been given to the magnitude of 
change in relationship to the baseline scores in the 
presentation of results. This aside, nasal corticosteroids 
can achieve superior efficacy by more than 2 score steps 
compared with placebo. 1 0 

A minimum of 2 doses with statistically significant 
difference in efficacy is necessary to make any clinical 
potency comparison between 2 drugs. This means the 
doses must be on the slope of the dose-effect curve (Fig 2, 
example A) to be able to demonstrate a dose dependency. 
If the doses compared are above the flat top end of the 
curve (Fig 2, example B), any doses could be chosen and 
would still be found not statistically ditl'erent. Of course, 
"no statistical difference " between 2 medications cannot 
be interpreted as equal efficacy. To show equivalence, 
predetermined criteria for equality and a different statis­
tical algorithm are necessary, usually demanding far 
bigger sample sizes. 

Practical considerations 
Time constraints typically apply to trials in rhinitis. If 

PAR is being studied, seasonal allergens or postseasonal 
hyperreactivity could influence the symptoms. It is 
necessary to time trials with a sufficient margin to a void 
the major pollen season. In contrast, it is crucial to hit the 
season for SAR (Fig 1 ). The ambition is to include patients 
with comparable state of priming, duration of symptoms, 
and allergic inflammation. Start of treatment for all 
patients within a week or less, and within area region, is 
a way to make the disease under study more consistent. In 
multicenter studies, this may or may not be applicable 
depending on the geographic dispersion of the centers and 
the seasonal pattern of pollen exposure at those sites. 

There is a risk of unfavorable weather conditions with 
low airborne concentrations of pollen. This will lead to 
lack of symptoms or very mild symptoms and reduce the 
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potential to demonstrate any etlicacy. Including regions 
with reliable and predictable pollen seasons is thus pre­
ferable. 

Preventive treatment is in principle different from 
a situation in which the stmt of treatment is driven by 
presence of symptoms. This distinction can be very 
delicate. Pollen forecasts and day-by-day monitoring of 
counts can help predict factors beyond human control to 
allow fine -tuning of time for start of treatment. To ensure 
that a symptomatic population is enrolled, minimum 
symptom criteria can be applied. 

There are high demands on study management and 
logistics. Recruitment and enrollment of large numbers of 
patients within few days, at short notice, in a lm·ge number 
of geographically spread centers may be necessary. 
Scientific stringency must be weighed against practical 
feasibility. How far this compromise should be taken must 
be driven by the objectives. A ve1y regulated and su·ict 
protocol with an effect on a patient' s daily life can actually 
have an effect opposite the intended stringency. Re­
cruitment will be ditlicult and will lead to a biased 
population s3lllple, and there is a risk that lack of 
compliance will be concealed because of unwillingness 
to report divergence. As with most endeavors, experience 
and planning are key to success. 

DISEASE MODELS OF ALLERGIC RHINITIS 

One further step toward the study of efficacy of drugs in 
rhinitis is to standardize by controlling multiple factors , 
similar to a classical laboratory experiment. 

Artificial seasonal models can achieve this, as in the 
nasal allergen challenge artificial season developed at 
Lund University, which is a daily repeat challenge model 
that produces low-grade symptoms. 1" In this setting, 
individual variation is minimized through a crossover 
design and by adjusting the challenge dose to the patient's 
reactivity through a challenge threshold procedure. 

Nasal allergen provocation testing 

Different techniques have been used to induce nasal 
responses in experimental challenge models. Allergens 
have been delivered by dripping, 19 pipettes,20 or by paper 
discs. 21 Paper discs are helpful not only for challenge but 
also to enable the recovery of mucosal surface fluids and 
the measurement of solutes present in low concentrations, 
because of their absorptive properties/1 but are potentially 
irritating and may induce exudative inflaJllmation by 
themselves. 22 A disadvantage with these 3 methods is 
that they only challenge a localized area of the nasal 
mucosa. Nasal pump sprays containing allergen deliver the 
solution over a larger area of the nasal mucosa, mimicking 
the natural exposure of allergens to nasal mucosa. 
Nebulized pollen inhaled via the nose has also been used 
for nasal allergen challenge23 and may give a better 
distribution of the allergens, but pump sprays are simpler. 
The allergens delivered by pump sprays or nebulizers are 
given in water-based formulations, in contrast with the 
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FIG 2. An imagined sigmoidal dose-efficacy curve ill ust rat ing 
t he differences in efficacy between different doses at different 
parts of the curve: small dose difference and significant efficacy 
difference at the steep slope (A), large dose difference and 
nonsignificant efficacy difference at the flat top end plateau (B) . 
NS, Nonsignif icant. 

solid fmm ofnatw·al allergen exposure. Dry powder, in the 
form of whole pollen grains, has also been applied 
topically to the nose24 but results in an uneven distribution 
of the pollen. An additional technique is the nasal pool 
device, a compressible plastic container that can be 
loaded with challenge agents?5 The patients can per­
form the challenges by themselves, and the fluid can 
be kept in contact with the nasal mucosa for a specific 
period. The nasal pool device method is easy to handle 
even in children?6 However, a larger amount of allergen 
is needed to induce the allergic response, which increases 
the costs. 

Several kinds of allergens can be used. The most 
commonly used allergens are pollens delivered in the 
form of grains or extracts. The stability and purity of the 
extracts are crucial, however,27 and extracts should be 
kept cool between challenges. 

Acute allergen challenge model 
A nasal challenge with appropriate allergen in a sensi­

tized individual induces almost immediate nasal symp­
toms with itching, followed by sneezing watery discharge, 
and some minutes later by nasal congestion.n Acute 
provocation protocols, with measurement of acute symp­
toms and nasal lavage, provide insight into the acute 
disease process (see section on the objective monitoring of 
nasal airway inflaJllmation). The acute provocations and 
corresponding responses are reproducible as long as 
enough time has elapsed between provocations. Because 
the nasal mucosal processes must return to a stable 
nonsymptomatic baseline, at least 7 days between pro­
vocations is recommended to minimize the priming 
effect29 when symptoms are the main outcome. To 
achieve stable baseline symptoms between each provoca­
tion, the patients must be nonsymptomatic and out of their 
pollen season. 

Similarly to nasal symptoms in natural allergic disease, 
an allergic individual's acute nasal response after 1 single 
allergen provocation depends on individual sensitivity 
and the aJllount of delivered pollen. Too high a dose 
of allergen may result in total nasal blockage, which 
limits the ability to perform nasal lavage in the absence 
of a decongestant. An allergen dose-response evaluation 
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is necessary either as the challenge protocol, or as 
a preliminary study to enable the selection of a single 
allergen concentration for administration. The adminis­
tration of a nasal decongestant limits the ability to monitor 
indices of nasal patency and should be avoided if this is 
an outcome variable of importance. The titration of the 
allergen challenge concentration to achieve a predeter­
mined ballpark response is important in pharmacologic 
intervention studies, because if the given response is too 
strong, any phrumacologic treatment effect may not be 
discerned. COITespondingly, if the response is too weak, it 
may be difficult to identify real therapeutic etiects. 

Predictive value of the acute nasal allergen 
challenge model 

The acute response depends on mast cell degranulation 
with mediator release and the end-organ responses. The 
H ,-antihistamines modify the acute challenge response 
ru1d have a profi le similm to that described in naturally 
occurring disease, with some differences in magnitude. 
The effect of H1-antihistamines in the challenge model 
on nasal itching and sneezing is greater than that seen 
in naturally occurring disease.30 Surprisingly, hmdly any 
published studies exist regmding the effects ofleukotriene 
receptor antagonists (LTRAs) on the acute nasal allergen 
challenge model, despite several studies being undertak~n 
with such a challenge model within the lower airways." 1 

Although corticosteroids administered immediately be­
fore nasal allergen challenge have no effect, pretreatment 
with topical corticosteroids for a week reduces the acute 
nasal symptom response by about 50%?2•33 This effect of 
intranasal steroid therapy has been attributed to depletion 
of the epithelial/superficial mucosal mast cell population 
with continued therapy. Consistent with this, 2-week 
treatment with intranasal mometasone has been shown 
to reduce the nasal response to AMP, a mast cell 
secretagogue, but to have no effect on nasal histamine 
challenge.34 With AMP challenge, both the antihistamine 
fexofenadine and the LTRA montelukastmodify the nasal 
obstructive response, consistent with the release of both 
histamine and sulfidopeptide leukotrienes with this stim­
ulus.35 Although the outcome measures were different in 
the studies investigating the receptor antagonists and the 
intranasal steroid intervention with AMP challenge, the 
magnitude of the response with the intranasal steroid was 
more substantial, consistent with the clinical differences 
between these different modes of therapy. However, both 
the nasal allergen and, in particular, the AMP challenge 
are mast cell-dependent models, and not all results with 
single-dose pretreatment translate to multiple-dose treat­
ment in clinical disease:lli,'l"l It also seems difficult to 
assess any potency differences between nasal cortico­
steroids in acute challenge protocols. It could be that nasal 
mucosal inflammatory changes induced in chronic allergic 
inflammation are not reproduced by acute challenge 
protocols. In other words, the well-known clinical efficacy 
of topical corticosteroid therapy is not as clear! y de­
monstrable in acute provocation protocols as in real 
allergic life. 
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Predictive value of the nasal late-phase 
response to allergen challenge 

A second phase of bronchial obstruction after allergen 
inhalation in allergic asthma has been termed the !ale­
phase response. 3 p, This late-ph.ase response, which occurs 
in many subjects with asthma/ 9 is considered a reflection 
of the type of airway inflammation that occurs in naturally 
occurring disease. 

However, the nose is different ti·om the lower airways in 
that all of the allergen is delivered to nasal mucosa with 
aerosol application, whereas with inhalation allergen 
challenge, only 10% to 15% of the aerosolized dose 
reaches the lower airways, and it is spread over a m uch 
lru·ger surface ru·ea. As such, the local concentration 
of allergen per unit mea of the nose is likely to be 
considerably higher than that within the lower airways, 
and the response is thus different. This may explain why 
no clearly defined early and late obstructive response is 
evident within the nose. Instead, there is a protracted 
obstructive response within the upper airway, as if the late 
response merges with the inlmediate response to produce 
a continuous phenomenon that may take several hours to 
subside.40 The obstructive effect in the nose is vascular, 
whereas that in the lower airway is dominated by smooth 
muscle constriction. There is, however, a biphasic cellular 
response in the nose with later accumulation of eosinophils 
and basophils. These cells do not have any clinical 
consequences, in that there is no consistent late nasal 
itch, sneeze, or discharge response. Although small 
symptomatic changes have been described in some studies 
in selected individuals, this is far from a consistent 
finding. 32•4n-4:; This cellular late-phase nasal response is 
similar to the lower airway late-phase and is sensitive to the 
inhibitory effects of corticosteroids.'12 • ' ~2.44 The so-called 
nasal late-phase response, however, is a poorly defined 
period from somewhere between a few hours after the 
acute reaction as long as 24 to 48 hours later. The ongoing 
inflanmwtory reaction in the nasal mucosa can be identi­
fied by increased mucosal output of inflammatory markers, 
ongoing plasma exudation, signs oflocal cell activation on 
the mucosal surface,45 and increased mucosal output of 
cytokines;'6 and is sensitive to anti-inflammatory treat­
ment. 46A 7 Both oral and topical glucocorticos teroids ( GCS) 
have been demonstrated to reduce late-phase inflmatory 
responses.32,42 However, the relevance of the effects of 
anti-inflammatory drugs on the late-phase cellular re­
sponse as a predictor of the drug effect in allergic rhinitis 
is uncertain, because most studies have been performed 
with steroids that intervene at multiple junctions in the 
process and thus influence many cellulru· pathways. 

Relevance of repeated challenge responses 
Connelr~~ first described increased responsiveness of 

the nose after daily repeated allergen provocations, 
in which individuals with allergy develop a stronger 
response to the same pollen dose when exposed to that 
dose for several days, termed a priming phenomenon. This 
priming phenomenon, in contrast with the acute response, 
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is reproducible and very sensitive to topical corticoste­
roids.32·33·49 Whether the priming phenomenon or aller­
gen-induced hypen·eactivity can be used for assessment of 
dose-response efficacy of corticosteroids or to compare the 
potency between different corticosteroids is unknown. 

Chamber studies 
Exposure chambers ha ve been developed to reduce 

some negative features of clinical pollen studies, like the 
unpredictable levels of pollen, and weather conditions 
during the study period. Exposure chambers now also 
ensure even distribution of the pollen to the patticipants in 
the chamber, whereas early chambers did not do so.50 

Horak and Jager5 1 first described the Vienna Chamber, in 
which as many as 7 patients could be exposed for several 
hours under conu·olled conditions at the same time. Other 
exposure chambers now can expose as many as 160 
patients at the same time, which makes chamber provo­
cations very convenient once tl1e patients have been 
recruited :"2 

The exposure chamber delivers a controlled pollen 
exposure over a certain period and allows assessment of 
responses at any time point throughout the challenge 
process. Air flows into the room at a certain rate, and 
pollens are introduced into the ventilation system. Fans are 
then arranged throughout the room so that the allergens are 
evenly distributed, and, at the same time, the pollen levels 
in the room can be measured continuously. Hence, the 
amount of pollens can be controlled and adjusted to 
provide a similar density of exposure as in the ambient air 
during natural peak pollen days, reproducing many of the 
study conditions of an outdoor allergy study. Different 
allergens can be given in the chambers, like house dust 
mite53 and cat allergens,54·55 but the most commonly used 
allergens are pollens.55 Onset of allergic symptoms has 
been investigated in the chambers, and the efficacy of 
different antiallergic treatments has been investigated. The 
chamber provocations seem especially useful for studies 
to evaluate the onset time of antiallergic drugs.56 •57 

Antihistamines can reduce nasal symptoms within 1 to 
1.5 hours after intake of the drug compared with placebo in 
the exposure chamber. 56 Topical triamcinolone reduced 
nasal symptoms 10 hours after spraying/6 and nasal 
symptoms were reduced 7 hours after topical budeso­
nide.=n An even earlier effect was evident 3 hours after 
budesonide administration when nasal obstruction was 
measured objectively (nasal peak flow meter) rather than 
subjectively by symptoms reporting. 

Park studies 

In park studies, patients are exposed to natural pollen 
under natural but conuulled settings. Park studies have the 
advantage that the interindividual variability of the pollen 
exposure can be minimized. The exposure time can be 
well controlled, and the patients can be monitored very 
often and at regular intervals over the whole day. Park 
studies were first described by Connell5R and have been 
used since then predominantly with therapies such as 
antihistamines, which would be expected to have a rapid 
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onset of effect. The major limitation is that in park studies, 
patients can be observed only over 1 day, so longer 
observation periods as in natural pollen disease cannot be 
performed. The weather pattern and the natural pollen 
exposw·e cannot be guaranteed. Furthermore, it is time­
consuming to organize a park study, but subjects can be 
monitored closely, and food intake can be standardized. 
The subjects should be in close vicinity to the locations 
where the pollen u·aps are situated so that the exposure of 
relevance can be measured. Park studies have also been 
performed in multiple centers,59 and in contrast with ex­
posw·e chambers, parks can be found in almost any city. 
Similar to chamber studies, patients can assess their 
symptoms at regular times over a whole day. Onset time 
for antihistamines has been demonstrated to occw· within 2 
hours after dosing. This onset time is similar to the onset 
time for antihistamines in chamber studies.59-6 1 Dose­
response relationships with new therapies may sometimes 
be difficult to interpret.62 

Repeated pollen exposure 

Daily repeated pollen provocations over a week, under 
well-controlled conditions, have been shown to induce 
similar inflammatory changes and symptoms, as can be 
seen in natural disease.63 These changes can also be 
reduced by topical corticosteroids to a similar extent as in 
the natural pollen season. Repeated daily provocations 
can be performed outside the pollen season, and when 
a crossover design is used, the number of participating 
patients can be reduced. Repeated pollen provocations 
were described initially by Blackley as long ago as 187364 

and have since been performed to observe and understand 
cellular and pathophysiological changes without the 
variability of the onset of the pollen season and the 
weather conditions, which are important drawbacks in 
natural pollen disease studies.65-67 Some features of the 
natural allergic disease may not be well studied, because 
the repeated provocations have not been given for longer 
than 2 weeks (because of practical considerations). 
Furthermore, the daily repeated challenges have been 
undertaken with soluble allergens, which, as with single or 
repeat challenge provocations, are not the true type of 
pollens that patients are exposed to in real life. Whether 
challenges with aqueous solutions do elicit a different 
wmatural response not seen in natural pollen disease is not 
known. However, this model has been able to provide 
valid data with respect to nasal corticosteroids. 

In a repeated allergen challenge model, in which once­
daily repeated individualized pollen challenges were 
performed over 8 days, it was possible to assess a dose­
response relationship for intranasal steroids. 14 The in­
dividual dose of allergen was titrated to elicit only 
moderate nasal symptoms and was then administered 
once every morning over the whole challenge period. 
At the end of the week when symptoms were stable, a dose­
response effect of the topical corticosteroid budesonide 
was seen, because budesonide 256 j-Lg/d was superior to 64 
j-Lg/d. 14 The same artificial pollen season has also been used 
to evaluate and compare equipotent dose effects with other 
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currently available or potential topical corticosteroids. 15•16 

Interestingly, the placebo curves for nasal symptoms for the 
last 3 days in each mtificial pollen season have an almost 
identical appearance in 3 different studies (with different 
patients and in 3 consecutive winter seasons), indicating 
that the artificial pollen season is a very stable and 
reproducible method. 14-16 

ASSESSMENT OF RHINITIS IN THE 
PEDIATRIC PATIENT 

Rhinitis is a frequent cause of morbidity in children, 
affecting as many as 40% of children in the United States 
and 20% of children worldwide. 1 ,f,x,!\9 In adulthood, the 
sex ratio is approximately equal, whereas in childhood, 
males outnumber females. 70 ·71 First-bam children are at 
a higher risk for allergic rhinitis , as are children with early 
inu·od uction of food or formula feeds . Other risk factors 
include heavy maternal cigarette smoking in the first year 
of life, exposure to indoor allergens including animals 
or dust mites, serum IgE levels > 100 IU/mL before age 
6 years, and a family history of atopy.72 It is now 
appreciated that there may not be a linear relationship 
between allergen exposure and the subsequent expression 
of sensitization or allergic disease expression.73 

The effect of allergic rhinitis on children is substantial, 
yet parents and physicians are often unaware of the scope 
of its symptoms.74 Nasal symptoms (eg, rhinorrhea, nasal 
congestion, sneezing, and itching of the nose), associated 
symptoms (eg, headache and fatigue), and side effects 
of u·eatment can all have pronounced effects on quality of 
life in children with rhinitis that differ from those in 
adults. 75•7ti Adolescents frequently report nasal and ocular 
symptoms, with associated thirst, headache, fatigue, and 
irritability. 75 Other difficulties include poor concentration 
and an inability to do school work effectively, in addition 
to limitations in outside activities. 75 Children aged 6 to 
12 years with rhinitis tend to be bothered by nasal, ocular, 
and systemic symptoms, but less by emotional problems 
and activity limitations.77 

In addition to the> 2 million school days lost annually in 
the United States because ofrhinitis:10 impaired learning in 
children7"·79 and cognitive difficulties (slower cognitive 
processing and difficulties in working memory) are 
associated with symptoms of allergic rhinitis, suggesting 
an effect of the disease on school performance.80 

Additional studies demonstrate a greater reduction in 
learning ability in children with rhinitis who are treated 
with diphenhydramine, a sedating antihistarnine, ' 8•79 

suggesting that some u·eatments may fw·ther compromise 
school performance. 

Associations with rhinitis 
Extensive epidemiologic, clinical, and laboratory stud­

ies demonstrate a link between rhinitis and asthma. 1 Both 
allergic rhinitis and allergic asthma are IgE-mediated 
diseases that are triggered by many of the same allergens 
(eg, grass, dust mites, cat dander). The incidence of 

HIGHLY CONFIDENTIAL-
SUBJECT TO STIPULATED PROTECTIVE ORDER 

J ALLERGY CLIN IMMUNOL 

MARCH 2005 

allergic rhinitis and asthma in atopic children varies but 
has been estimated to be 50% to 60%.s1 Epidemiologic 
studies show that rhinitis and asthma frequently coexist, 
with asthma diagnosed in as many as 58% of patients 
with rhinitis and rhinitis diagnosed in as many as 78% 
of patients with asthma.74 The combination of allergic 
rhinitis and asthma is the most frequently reported disease 
combination in persons younger than 18 years. ~2 The 
presence of bronchial hypen·esponsiveness has been well 
established in patients with allergic rhinitis and no 
symptoms of clinical asthma. In one study, 73 of 197 
patients with seasonal rhinitis during allergy season and 
128 of 192 patients with perennial rhinitis were docu­
mented with bronchial hypen·esponsi veness. E3 Increased 
bronchial hypen·esponsiveness generally precedes the 
development of asthma and may be a risk factor for 
developing asthma.E4•85 

Sinusitis and otitis media are common in children with 
allergic rhinitis. The association between rhinitis a11d 
sinusitis is supported by a high incidence of atopy in 
children with chronic sinusitis. 86·"' Abnormal sinus radio­
graphs have been reported in children with allergic 
rhinitis; in some studies, as many as 70% of children 
with allergy and chronic rhinitis have abnormal findings 
on sinus radiograph studies. 88 Common pathophysiologic 
features of rhinitis and sinusitis include decreased muco­
ciliary clearance, tissue edema, and increased mucous 
production?" 

Approximately 35% of children with recurrent otitis 
media with effusion (OME) have allergic rhinitis. "9 

These epidemiologic links, as well as a greater suscep­
tibility of atopic children in general to both acute otitis 
media and clu·onic OME, suggest that IgE-mediated 
allergies may be involved in the pathogenesis of 
OME. The findings of histamine and other infl=atory 
mediators in middle ear effusions of children with OME 
support this pathogenesis, although this is not an invari­
able finding. Otitis media and OME can thus result from 
nasal infl=ation because of allergy, causing sub­
sequent obstruction, fluid accumulation, and bacterial 
infection,90 although other factors such as viral infection 
are also causes of OME. 

Children with rhinitis are mouth breathers and are at 
risk for abnormal facial development, with lengthened 
facial features (including a narrower maxillary arch, 
greater palatal height, and greater anterior facial height). 
They also have a higher prevalence of posterior dental 
cross bite compared with controls without allergy 91 ·92 

Diagnosis of rhinitis in children 
Diagnostic featw·es of pediatric and adult rhinitis are 

very similar; however, differences do exist. The differen­
tial diagnosis of allergic rhinitis in children, shown in 
Table I, includes diagnoses that are particularly relevant to 
the pediatric population.'° Facial features and mannerisms 
characteristic of pediatric allergic rhinitis that may help to 
identify rhinitis in children include the allergic salute, 
allergic crease, allergic shiner, and Dennie Morgan 
lines. 93 
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Accurate diagnosis of rhinitis depends on a comprehen­
sive history and thorough physical examination with 
supplemental laboratory tests. A comprehensive history 
should contain information pertaining to (1) symptoms 
onset (ie, infancy vs childhood, after viral upper re­
spiratory infection, trauma, or acquisition of a new pet 
or home); (2) frequency, duration, seasonality, and 
severity of symptoms; (3) character and color of secre­
tions; (4) precipitating (eg, allergens, climate conditions) 
and associated (eg, atopic disorders or infection) factors; 
and (5) previous u·eatment/medication responses.70 

Because otitis media and OME are ti·equent pediau·ic 
complications of rhinitis, physical examination should 
include the ears (evaluating for infection, fluid, eustachian 
tube dysfunction, with additional use of a pneumatic 
otoscope or impedance tympanometer).94 In addition, the 
nasal pharynx should be examined for evidence of 
tonsillar and adenoid hyperu-ophy, and the chest for 
asthma or bronchitis.94 

The laboratory work-up for children with rhinitis is 
similar to that for adults and includes allergy testing for 
potential food allergens, seasonal allergens, and perennial 
inhalant allergens. Allergy testing for seasonal allergens 
can be performed in children who are at least 2 years of age 
but is commonly not done before 5 years of age.95 ·96 

Testing for potential food allergens can be performed in 
children younger than 5 years when indicated. When 
interpreting the results of skin prick tests in pediatric 
rhinitis, it is important to realize that positive allergen­
induced tests generate smaller wheals in infants and young 
children than in older children and adults97 because of 
lower specific-IgE levels and reduced skin reactivity, 
especially in infants. Use of a multihead puncture device 
may facilitate testing in uncooperative infants and young 
children.70 

Other tests that may be indicated on a case-by-case 
basis include nasal cytology (to help differentiate allergic 
rhinitis and nonallergic, noninfectious rhinitis with eosin­
ophilia from other forms of rhinitis) and specific diag­
nostic tests performed to rule out alternate diagnoses 
(eg, sweat test for suspected cystic fibrosis). In children 
with suspected sinus disease, computerized tomography 
(CT) scans are more sensitive than standard radiographs. 70 

Total serum IgE levels should not be routinely determined 
in children with allergic rhinitis because they may have 
low levels of serum IgE (<50 IU/mL) despite a signifi­
cantly positive skin test and correlating history 9 " 

Treatment trials of allergic rhinitis in children 

The considerations relating to trial design and the 
conduct of clinical trials in children are essentially the 
same as in adults, although specific endpoints are of 
relevance to children. As such, specific quality-of-life 
questionnaires have been developed for children of 
different ages to focus on the different effects of rhinitis 
and associated conditions in different age groups, and 
monitoring of growth is a specific issue in relationship to 
intranasal steroid therapy in children (see section on 
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TABLE I. Differential diagnosis of pediatric allergic rhinitis 

Viral rhinitis: average of 6 episodes per year in children 2-6 y old 
Foreign body: typically presents as unilateral purulent rhinorrhea 
Food allergy: nasal and ocular symptoms occur during 30% of 

allergic reactions to food 
Pharyngonasal reflux: resu lts from prematurity, cleft palate, 

neuromuscular disease 
Nasal obstruction: structural defects or adenoid hypertrophy 
Nonallergic, noninfectious rhinitis with eosinophilia and 

na~al polyps: rarely diagnosed in children 

clinical outcome measures and adverse etl'ect monitoring 
in rhinitis). 

An important aspect of any pharmacologic treatment is 
patient compliance. Steps that can be taken to increase 
medication compliance and ensure optimal therapeutic 
benefit in children with rhinitis include the use of aqueous 
versus aerosol formulations and liquid formulations 
versus tablets/capsules, when available. Sprays with 
smaller nasal applicators also should be selected for 
pediatric patients. Adequate instruction on the proper 
use of devices is also critical and should be provided in 
a way that children can easily understand. 

NASAL ASSESSMENT IN NASAL POLYPOSIS 

Nasal polyps are fluid-filled sacks formed in the upper 
part of the nasal cavity98 consisting of protrusions of nasal 
mucosa with a loose connective tissue with a character­
istic eosinophilic infiltration, similar to that of bronchial 
asthmaY9 This represents an inflammation of the nose and 
the sinuses, rhinosinusitis, the initial treatment of which is 
medical, 1 O(H02 whereas surgery is used when such in­
tervention is inadequate to control the disease. 103- 105 

Corticosteroids administered either intranasally or 
orally have the best evidence for use in the management 
of nasal polyposis, whereas little has been published on 
drug types frequently used in other types of rhinitis, such 
as antihistamines or cromoglycate. Wo,JITI Consequently, 
experience from clinical research using corticosteroids is 
the main basis for the understanding of the value of 
outcome measures in the evaluation of drug intervention 
in nasal polyposis, although other trials, such as those 
evaluating antifungal therapy, have also been instruc­
tive.103 Outcome measures vary and may relate to patient 
symptom reporting, the subjective and objective scoring 
of polyp size and extent, the need for additional medica­
tion such as oral steroids, evaluation of the effect of polyps 
on nasal airflow, sense of smell and mucociliary clearance, 
and evaluation of markers of nasal mucosal inflamma­
tion. !llS-I JO Such outcome evaluation suggests that in­
tranasal steroids with low systemic bioavailability, 
although they improve nasal polyposis, may be insuffi­
cient as a sole therapy to prevent recurrence in those in 
whom the disease was sufficiently severe to necessitate 
surgery. 109•1 10 The reported beneficial effects on recur­
rence rate in open studies with some other steroids could 
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relate to differences in the severity of the underlying 
disease being treated but may also relate to a systemic 
effect, with such therapy contributing to their efficacy. 111 

This notion is supported by the open observation that 
depot steroid injection in conjunction with surgery im­
proves the sense of smell. 11 2 

Confounding factors for nasal polyp 
assessments 

Nasal polyps may be part of several different underlying 
disease processes. The association with asthma is most 
common 11 3 and may be linked to aspirin sensitivity. In 
general, the prognosis for a good treatment outcome is 
poorer the more clinically manifest are the associated 
diseases, as seen in the triad of asthma, aspirin intolerance, 
and nasal polyps. 114 Objective monitoring of the outcome 
after endoscopic sinus surgery has identified that both the 
extent of the sinus disease and a history of previous sinus 
surgery are factors associated with a poorer long-term 
outcome. 115 CT scanning did not appear to be a positive 
predictor in this study for either the extent of surgery or the 
healing outcome. CT scans of the sinuses show partial or 
total occlusion of the sinuses by soft tissue in many 
patients. 110 No reports of controlled studies documenting 
efficacy of antibiotic treatment exist, although there is 
considerable interest in the role of infections, such as 
Staphylococcus aureus, in driving the formation of polyps, 
as a result of IgE directed against their enterotoxins. 1 17- 119 

Significant treatment efficacy 

The pathogenesis of nasal polyps 1s incompletely 
understood, and at present, treatment is symptomatic. 
The most important judge of efficacy is the patient, who 
consults the physician to relieve symptoms. Basically, 
this should be supported by objective documentation 
of efficacy by randomized and controlled studies. 120 

Unfortunately, this is weakened because the interindivid­
ual variation discussed diffuses the ideal covariation 
between objective measures. Some indicators of patient 
satisfaction are the use of rescue medication and the 
surgical procedures required. Accordingly, treatment 
efficacy is estimated by combining the patient's opinion, 
including appropriate indicators and the results of the 
various objective measures. This requires that improve­
ment is statistically significant but also clinically relevant, 
which is only vaguely defined. In most cases, statistically 
significant improvements in objective measures are 
associated with patient satisfaction. In general, statisti­
cally significant improvement denotes clinical relevance, 
but whether the patients are satisfied is still highly sub­
jective. 

Outcome measurements in nasal 
polyp assessment 

Outcome measurements in nasal polyp assessment will 
be rated below for ease of performance and repeatability in 
the ear, nose, and throat (ENT) department (0 = difficult to 
+ + + =easy), based on the personal experience of the 
author and the literature. 12 l-l2:i 
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Considerable sources of variation are apparent from 
comparison of the results from seemingly similar studies. 
In addition, as discussed in the clinical trial design section, 
placebo-controlled studies consistently show placebo 
efficacy. The basis for such effects in nasal polyposis 
has been little investigated. 

Diaries 

Ease of performance ( + + + ). Patients ' structured 
notes of symptom scores, treatment satisfaction, and use 
of escape medication. Initially as daily recordings, and 
weekly or monthly during the later phases of long-term 
follow -up. 

Repeatability ( + + + ). Detailed infmmation may be 
obtained that con·elates well with objective measures. 
Provided the layout and contents of the diaries have been 
well composed, this requires good patient discipline and 
compliance. This may be facilitated by motivation and 
involvement via appropriate information delivered at all 
levels of the study organization. 

Nasal endoscopy 

Ease of peTformance ( + + + ). Nasal endoscopy can 
exclude anatomical deformities and to categorize the size 
of polyps according to various scoring systems. 12" The use 
of flexible or rigid endoscopes means that this is part of 
specialist routine, which also includes the sampling of 
a biopsy or cytology specimen. 

Repeatability ( + + ). Despite the advanced technical 
equipment available, the scoring system for endoscopy 
is simple and the results are subjective, influenced by 
the experience of the investigator. Nevertheless, the 4-
category system relating the size of the polyps to the inferior 
turbinate provides stable results that vary simultaneously 
with other measures and appear more sensitive than the 
patient 's subjective evaluation of their degree of nasal 
obstruction. 124 .. 126 

Nasal peak flow 

Ease of peTformance ( + + ). This measure was 
developed for monitoring lung function but has similar 
qualities for measuring relative changes in nasal pas­
sage. 127- 130 Because the driving force originates from the 
lungs, this is supposed to be constant. 131 In case of 
suspected or documented concurrent changes, 132 this may 
be compensated by recording the nasal peak flow index­
that is, nasal peak flow/oral peak flow. 133 This may be 
relevant in nasal polyposis because many patients show 
abnormal bronchial reactivity or clinically express asthma. 
In contrast with measmement during expiration, hygienic 
concerns related to secretions being blown into the 
equipment dming expiration have led to the development 
of a reverse system for measurement of NPIF. 13~· 135 

However, collapsing of the distal nose during the in­
spiration may hamper the results in some patients. 

Repeatability ( + + + ). The correct technique must be 
learned from instruction, which in most patients takes 5 to 
10 minutes. In general, clinic measurement has been used 
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for monitoring in nasal polyps rather than home monitor­
ing, although home monitoring has a good track record in 
other disease areas such as asthma. 136 The most important 
source of variation is the occun·ence of upper respiratory 
infections influencing both lung function and nasal 
passage. Because of overlapping symptomatology with 
nasal polyps, it may be difficult to define the time of onset 
and resolution. In addition, infection may worsen pre­
existing asthma and thereby modify NPIF independent of 
any nasal effects. 

Sense of smell 

Ease of pe!formance ( + + ). Increasing evidence 
indicates that decreased or absent sense of smell has 
a major influence on a patient's quality of life. 137 The 
measurement of smell discrimination- that is, the ability 
to distinguish between different odors at suprathreshold 
concentrations- has been developed and validated in 
various systems such as the University of Pennsylvania 
Smell Identification Test13 ' (see section on clinical out­
come measures). The corresponding measurement of 
smell thresholds-that is, the ability to measure the lowest 
concentration at which an odor can be sensed or identi­
fied-is difficult for clinical use. 139 In principle, it is 
similar to a hearing test by an audiometer, in which the test 
stimulus can be precisely delivered. This is very compli­
cated for the smell stimulus, and the corresponding 
equipment (olfactometer) is only available in specialized 
laboratories. 140·141 Simpler systems for clinical use have 
been developed, but their precision is difficult to as­
sess.142·1 'n Unfortunately, this is relevant for the evalua­
tion of treatment efficacy in nasal polyposis because nasal 
polyps may block the passage to the olfactory area and 
cause elevation or absence of thresholds, whereas little 
is known of their influence on discrimination. 144 For the 
evaluation of nasal polyps, it is not known whether 
sensitivity of the systems for semiquantitative threshold 
measurement is favorable compared with a patient ' s sub­
jective reporting. It seems that the most sensitive measure 
so far is the patient's scoring of smell ability in diaries. 

Repeatability ( + ). Despite its importance to the 
patient, changes in the ability to smell are difficult to 
record satisfactorily. Furthermore, the considerable varia­
tions in such measures seem to exceed those of other 
variables. This may be a result of the anatomy of the 
olfactory system, in which both the degree and localiza­
tion of mucosal swelling/nasal polyps influence quantita­
tion.145 In general, sense of smell varies with changes in 
nasal obstruction. 

Quality of life estimates 

Ease of measurement ( + ). Recent developments of 
questionnaires and appropriate validation of both general 
and disease-specific variants have shown major effect 
from nasal polyps on quality of life. Generic question­
naires such as the Medical Outcomes Survey Short Form 
36 (SF-36) and the more specific Sinonasal Outcome Test-
20 have been used. WR,l09•146•147 Improvement has been 
associated with both medical and surgical treatment. !il9,J 46 
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Repeatability. No data are available. 

Nasal lavage 

Ease of measurement (0 to + ). Fluid from nasal 
washing may be analyzed for biochemical markers 
reflecting the degree and type of inflammation present 148 

This has been incorporated in some clinical trials for 
monitoring treatment efficacy (see section on nasal in­
flanunation assessment). 1 os, 14:'' i 49 

Repeatability. No data are available. 

CT scanning 

Ease of measurement (0 to + ). Resources and x-ray 
exposure may be minimized by using special protocols 
that calculate the volume of soft tissue in the sinuses and 
the nasal cavity .150 Only a weak correlation has been 
reported between the CT scan score and either the 
symptom severity score or the endoscopic evaluation of 
severity .1''7 Variations in volume seem to correlate poorly 
with those of other measures, and some sources of error, 
such as secretions, are difficult to control for. 151 •1 52 How­
ever, CT scanning has been used as the primary outcome 
measure in some studies. 108 

Repeatability. No data are available. 

Acoustic rhinometry 

Ease of measurement (0 to + ). Nasal cavity volume 
may be measured, and variations in the decongested nose 
will reflect changes in nasal polyp size. 1 53•154 

Repeatability. No data are available. 

Measurement of patient satisfaction 

Measuring patient satisfaction may be the focus in 
future clinical research, and suitable techniques are being 
developed. This is achieved by condensing and refining the 
cumbersome procedures for interview and questionnaire 
investigation-that is, separating estimates of quality of 
life into global and disease-specific qualities. With further 
validation and development, patient satisfaction measures 
are applicable to busy clinicians and may become superior 
measures of drug intervention in nasal polyposis. Out­
comes such as the sinonasal outcome test-20 have been 
used and have been shown to provide valid information. 109 

PHARMACOLOGIC INTERVENTION IN 
CLINICAL TRIALS 

The 2 major classes of drug used in the treatment of 
rhinitis are corticosteroids and antihistamines, which can 
be administered locally and systemically. LTRA, vaso­
constrictors, and anticholinergics play a smaller role. This 
section is divided into (1) general considerations, (2) 
factors leading to variability, and (3) a review of the 
different nasal outcomes for each drug class. 

General considerations 

Local versus systemic drug administration. Rhinitis 
is a disease confined to a small organ, about 0.1% of the 

CIP _DYM_00202275 

PTX0053-00012 
CIPLA LTD. EXHIBIT 2018 PAGE 12



S472 Akerlund et al 

total body mass. Reaching this small amount of diseased 
tissue by local treatment is, in principle, preferable to 
systemic treatment, which reaches about 70 kg of 
completely normal tissue. The con·ectness of this principle 
was illustrated some years ago when it was realized that 
the oral antihistamines tetfenadine and astemizole can 
induce serious cardiac adverse events and even deaths 
when administered with therapy that modifies their 
metabolism, eg, ketokonazole.155 

Advantages of local drug administration 
CoRTICOSTEROIDS. The side effects of systemic corti­

costeroids are well known. There is overwhelming 
evidence ii·om a substantial number of placebo-contmlled 
studies that nasal corticosteroid treatment is highly 
effective and very safe in the treatment of allergic 
rhinitis. 1 •4 •156· 157 Although contmlled-drug comparative 
studies are few, they have indicated that local treatment is 
at least as effective as systemic low-dose treatment. 1511 

ANTIHISTAMINES. Several comparative studies have 
shown that local treatment with an antihistamine is at least 
as effective as oral treatment. 159.162 A quicker onset of 
action is an advantage of local treatment. 163 This is a 
definite advantage in the eye, where the relief is obtained 
within minutes. It takes 1 hour for an oral preparation to 
work. 163 Within this period, a patient with itchy eyes 
cannot avoid rubbing the eyes, causing further irritation 
and redness. In addition, local treatment is completely 
devoid of systemic side effects. 

VASOCONSTRICTORS. The effect of a local vasocon­
strictor starts within minutes, whereas it takes l hour 
before an oral compound is effective. The decongestant 
effect is more pronounced with a nasal vasoconstrictor 
than with a tablet. 164 In addition, an oral vasoconstrictor, 
acting on all blood vessels in the body, has a low 
therapeutic index with regard to systemic side effects, 
and there are several contraindications to oral treat­
ment.164 

ANTICHOLINERGIC DRUGS. When watery rhinorrhea 
is a major problem, intranasal ipratropium bromide can 
significantly reduce this symptom. 165 Systemic use of this 
type of medication will cause intolerable side effects, such 
as mouth dryness,165 and for this reason, systemic 
anticholinergics are not used for the treatment of rhinor­
rhea. 

Disadvantages of local drug administration 
INTRANASAL DRUG DISTRIBUTION. Studies have 

shown that the intranasal distribution of a locally admin­
istered drug is not optimal. Only 20% of a pressurized 
aerosol and 50% of an aqueous spray will reach the target, 
the ciliated mucous membrane.166 In addition, there is no 
reason to believe that intranasal medication will reach the 
ostiomeatal complex, which is the origin of nasal polyps 
and of decisive importance for the development of 
pathology in the paranasal sinuses. 

IRRITANCY FROM ADDED PRESERVATIVES. It is nec­
essary to add a preservative to an aqueous nasal spray. The 
preservative can cause some immediate nasal irritation, 
which is in part a sign of the rhinitis-induced hyper-
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responsiveness, and will diminish with time when an 
intranasal corticosteroid is used. 167 However, the com­
monly used antimicrobial preservative benzalkonium 
chloride can add to nasal hyperresponsiveness. 16s It is 
cytotoxic, and in vitro studies have clearly shown that it 
damages cilia and impairs mucociliary transport. 168 

However, not all studies have shown this adverse effect 
to be of clinical significance. 169 

LOCAL SIDE EFFECTS. Intranasal COiticosteroids fre­
quently cause blood-tinged nasal secretions, occasionally 
nose bleeding, and in the rare case, a septal perforation. 170 

Prolonged use of an intranasal vasoconstrictor causes 
rhinitis medicamentosa. The use of intranasal ipratropium 
bromide can cause a sensation of nasal dryness. 170 

Effect on nasal inflammation 
It is a generally accepted concept that rhinitis is an 

inflammatory disease of the nasal mucosa and that inflam­
mation is the basic cause of the nasal symptoms.1.4·171 

CoRTICOSTEROIDS. Corticosteroids have a broad anti­
inflammatory activity and are often considered to be 
effective in all types of rhinitis, but that is not correct. 
Although corticosteroids are highly effective in allergic 
rhinitis, they have little or no effect in the common coldY72 

It seems that corticosteroid treatment is effective when the 
inflammation is eosinophil-dominated but not when it is 
neutrophil-dominated. Nonallergic, noninfectious rhinitis 
is a disease of unknown etiology (idiopathic rhinitis), and 
many but not all of these patients will respond to cortico­
steroids. 156 It is believed but not proven that corticosteroid 
responsiveness in these patients parallels the occurrence of 
eosinophils in a nasal smear. 

ANTIHISTAM INES. A series of studies has shown that 
the second-generation antihistamines possess a series of 
anti-inflammatory effects in addition to their antagonism 
of histamine at the H 1-receptor. 173 To make any particular 
antihistamine stand out therapeutically or commercially 
from the other, it is often claimed that these experimental 
findings are of clinical importance. Such claims with the 
second-generation antihistamines should indeed be con­
sidered within the clinical sphere, and clear added benefit 
should be evident in relationship to symptomatic outcome 
measures if such purported anti-inflammatory activity is of 
relevance. It has been argued that if these claims were 
clinically relevant, the second-generation antihistamines 
should be effective on nasal blockage, measured by 
objective tests, in improving sense of smell, in modifying 
nasal hyperresponsiveness, in inhibiting the late-phase 
nasal response to allergen challenge, in reducing nasal 
metachromatic cellular inflammation, and in improving 
nasal polyposis. These are all effects that might be 
anticipated from a nasal steroid. However, it is unrealistic 
to anticipate such a broad profile of effect, and indeed, if 
H1-antihistamines had such properties, they would be 
anticipated to be clinically as effective as an intranasal 
steroid, which they are not. This does not mean, however, 
that such drugs do not modify to a lesser extent some 
selective aspects of the inflammatory process. Some have 
been shown to modify, in some but not all studies, the 
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nasal eosinophil recruitment. i74 -176 However, such action 
is now appreciated to be largely irrelevant as far as 
symptomatic clinical disease expression is concerned in 
allergic rhinitis. Eosinophils are a marker of the allergic 
inflammatmy process, but there is no relationship between 
subjects in the extent of eosinophilic inflammation, or 
indeed the extent of eosinophil activation, and the severity 
of symptom expression. However, several newer H 1-

antihistamines have been identified as having an effect in 
modifying, to a small extent, nasal obstruction, and this 
clinical benefit could indeed relate to an additional 
clinically relevant anti-inflammatory effect over and 
above pure H 1-receptor antagonism. Such effects are at 
present small and are insufficient to categorize such 
therapies as a distinct therapeutic group. These consid­
erations are also compounded by the appreciation that 
some receptor antagonists per se may have additional 
properties if acting as an in verse agonist rather than as 
a simple neutral antagonist. The receptor antagonists in 
both these circumstances will antagonize the exogenous 
effects of receptor stimulation by an agonist, but the 
inverse agonist may potentially have additional activities 
linked to its binding to the H 1-receptor. Suffice it to say 
that at present, it is most appropriate to consider second­
generation antihistamines as H 1-antihistamines in the 
treatment of symptomatic rhinitis. Two consistent obser­
vations are in favor of this statement. First, controlled 
clinical studies have uniformly shown intranasal cortico­
steroids to be more effective on all nasal symptoms, in 
particular nasal blockage, than antihistamines. 177•178 

Second, companies claiming anti-inflammatory effects 
of their antihistamine have often added an oral vasocon­
st:rictor to the antihistamine, which improves the efficacy 
on nasal blockage.179- 181 This addition is a reflection of 
the lack of effect of the antihistamine as a sole therapy. 

LEUKOTRIENE RECEPTOR ANTAGONISTS. The effect of 
leukotriene receptor antagonism is discussed below in the 
section relating to these agents. 

Factors leading to variability of drug efficacy 

Sneezing, discharge, and congestion. When intrana­
sal medication is used in a sneezing nose, a runny nose, or 
a blocked nose, it is reasonable to assume that the drug 
may not reach all nasal receptors and that the efficacy of 
the treatment is therefore reduced. This issue has not been 
sufficiently addressed in controlled clinical studies. A 
single study has shown that rhinorrhea does not reduce 
the efficacy of the local antihistamine levocabastine. 1s2 

Obviously, intranasal medication cannot be given in 
a completely blocked nose or nostril, but its effect in 
a partially blocked nose has not been investigated. One 
study has shown that pretreatment with a systemic 
corticosteroid, which will open a blocked nose, can 
significantly increase the subsequent response to an 
intranasal corticosteroid in perennial rhinitis. 1 ~3 

Patient compliance. When a patient has symptoms in 
the eyes, the nose, and perhaps the skin, it is easier to treat 
all symptoms with a single medication. In such patients, 
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oral treatment may therefore have a better patient compli­
ance than local treatment of each diseased organ . The high 
sales figures of oral antihistamines support this statement. 
However, the marked ditierences in the use of oral and 
of local treatment between countries indicates that the 
doctor's opinion and recommendation is important for 
the patient's choice of therapy. Probably, infmmation 
on the advantages of local treatment will increase the 
compliance and the usage of this type of therapy. 

Specific medications and nasal assessment 

Intranasal corticosteroids 
N ASAL SYMPTOMS. In allergic rhinitis, intranasal 

corticosteroids have a marked effect on nasal itching, 
sneezing, rhinorrhea, and nasal blockage. In clinical trials, 
recording of symptoms usually uses a simple score system 
(- , + , + +, + + + ). Apparently, this gives the same 
distinction between active and placebo treatment as a more 
detailed symptom recording (hours per day with symp­
toms, number of sneezes and of nose blowing). 1114 

However, the latter offers a better characteristic of the 
severity of the disease in the individual patient. In 
addition, improvement in one symptom (eg, sneezing) 
may have an influence on another symptom (eg, blockage) 
when an ordinary diary card is completed in the evening. 
This may offer a potential explanation for why antihist­
amines have some effect on blockage scores and why 
intranasal corticosteroids, in several studies, appear to 
have an etiect on eye symptoms. 177.tn However, alter­
native pharmacologic explanations are more likely to 
account for these findings. 

ONSET AND DURATION OF ACTION. The effect on 
nasal symptoms can already be detected 3 hours after start 
of medication 5 7 The effect will reach a maximum level 
after a few days in seasonal rhinitis1R5 and atler a fe w 
weeks in perennial rhinitis and nasal polyposis. 186 

Although this anti-inflammatory treatment has a longer 
lasting etiect than antihistamines, 187 there are no data to 
suggest a disease-modifying effect in rhinitis, 187 in con­
trast with inhaled corticosteroid in asthma. 1 RR Intranasal 
corticosteroid treatment can inhibit the seasonal increase 
in specific IgE antibodies in the blood, 189 but the clinical 
significance of this observation remains unclear. 

OLFACTION. A reduced sense of smell is an annoying 
symptom for many patients, especially patients with nasal 
polyps, and it is rarely recorded as an outcome measure in 
clinical trials. Although some studies have indicated 
a moderate effect of intranasal corticosteroids in perennial 
rhinitis, the effect in nasal polyposis is marginal. 190 

M EASUREMENT OF NASAL PATENCY. Studies have 
shown a clear effect of intranasal corticosteroids on nasal 
airway patency.19 1 However, an objective measurement of 
nasal obstruction is rarely used in clinical trials, although it 
can simply and reliably be recorded by nasal peak flow 
measurement. 

NASAL CYTOLOGY. A nasal smear or a scrape biopsy is 
a simple way to record inflammation and anti-inflamma­
tory activity of treatment, shown by a reduced number of 
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mast cells and eosinophils. Such an effect has been proven 
in several corticosteroid studies, 1 92• 193 but it is rarely used 
in clinical trials. 

CT SCAN OF PARANASAL SINUSES. Lack of effect on 
sinus pathology is probably a limiting factor for the use­
fulness of intranasal medication, but apparently this has 
not been studied in controlled trials. 

NASAL RESPONSIVENESS. A few studies have shown 
that intranasal corticosteroid treatment can reduce 
nasal hyperresponsi veness in SAR and in perennial 
rhinitis. 194- 196 However, this issue is far less widely 
studied in rhinitis than in asthma. 

EYE SYMPTOMS/ITCHING . Two meta-analyses of in­
tranasal corticosteroids have shown them to be equally 
effective on eye symptoms as oral antihistamines.4·1n 
This surprising observation may be explained by impre­
cise symptom recording, although it should be noted that 
the majority of these studies are with intranasal beclome­
thasone, which has a significant systemic bioavailability 
(see section on adverse effects of intranasal steroids 
and effects of intranasal beclomethasone on growth in 
children). As such, it is probable that the effect on eye 
symptoms is a reflection of a systemic effect after intra­
nasal therapy. 

ASTHMA SYMPTOMS AND LUNG FUNCTION. A mild 
effect of intranasal corticosteroid on asthma symptoms 
and on lung function has been shown in some stud­
ies.197·198 This is of considerable theoretical and of some 
practical interest. 

COMPLIANCE: THE PROBLEM OF CONTINUOUS TREAT­

MENT. Patients are pleased with the obvious effect on 
their nasal complaints, but they will often dislike the 
idea of continuous treatment. However, a study per­
formed in Helsinki 187 has indicated that intermittent 
treatment with an intranasal corticosteroid for 2-week 
periods, given about 5 times a year, can reduce rhinitis 
symptoms as efficiently as daily treatment with an anti­
histamine in PAR. This as-needed, periodic treatment 
may make the use of intranasal corticosteroids more 
acceptable to the patients and increase patient compli­
ance. 

SIDE EFFECTS. Usage for 30 years without a single 
report of death or of a serious side effect has shown that 
intranasal corticosteroids are not only highly effective but 
also very safe. Atrophic rhinitis does not develop, but 
dryness, crusting, and bleeding in the anterior part of the 
nose can be a problem. In the rare case, a septal perforation 
can develop. 170 It is still debated whether long-term use in 
children can reduce growth. 157'199 This has been sug­
gested by a study of beclomethasone dipropionate used 
twice daily. 199 However, a twice-daily medication is not 
necessary to obtain a full antirhinitis effect, and it is more 
likely to have an effect on growth. This risk can probably 
be eliminated by using the lowest dose that can control the 
symptoms by giving the treatment once-daily in the 
morning and, when disease is controlled, considering the 
use of intranasal corticosteroids for as-needed, periodic 
treatment, as described. 
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N ASAL SYMPTOMS. It is recommended that the use of 
systemic corticosteroids for rhinitis be restricted to short 
periods of2 to 3 weeks and that these agents be used only 
in adults. There are very few controlled studies, 4 with 
depot injections and only 1 with oral treatment. 200 More 
clinical trials are needed to define the dose-response 
relationship. Although systemic treatment is highly effec­
tive on nasal blockage, 184 limited data have indicated that 
local treatment is more effective on itching, sneezing, and 
rhinon·hea. 158 Systemic treatment can be given orally or as 
a depot injection. Consensus reports recommend oral 
treatment, 1•4 but there is no reason to assume that the 
therapeutic index is different. 200 It is a disadvantage of 
oral treatment that there are no studies to show what is the 
optimal dosage. 

OLFACTION. Undoubtedly, systemic administration is 
more effective than local administration of corticosteroids 
on the reduced sense of smell and on sinus pathology in 
patients with nasal polyposis, but the effect is short­
lasting. However, the effect on a reduced sense of smell 
has been documented only by objective measurements of 
olfaction in a few studies of nasal polyposis. 121 

OTHER OUTCOME MEASURES. Surprisingly, the effect 
on nasal cytology and other measures of inflammatory 
parameters, nasal responsiveness, and sinus pathology has 
apparently not been studied. 121 Nasal responsiveness has 
apparently not been studied. A single study has shown an 
effect on eye symptoms in SAR. 184 

SIDE EFFECTS. Although the side effects of long-term 
systemic corticosteroid treatment are well known, there is 
little evidence that treatment of 2 to 3 weeks a few times 
a year is associated with any significant side effects.200 

Antihistamines 
N ASAL SYMPTOMS. The effect of antihistamine treat­

ment is good on sneezing, moderate on rhinorrhea, and 
poor on blockage.201 Symptom scoring, attempting to 
make a precise distinction between these symptoms, is 
important in clinical trials. 

OLFACTION. No studies have shown an effect on this 
outcome measure, but it is a relevant parameter, consid­
ering the claim of an anti-inflammatory effect of second­
generation antihistamines. 

MEASUREMENT OF NASAL PATENCY. In general, 
allergen-challenge studies have failed to show any effect 
of antihistamine pretreatment on nasal blockage when 
measured objectively?02-204 On the other hand, Horak 
et aeos found some effect after controlled allergen expo­
sure. Objective measures of nasal airway patency have 
rarely been used in placebo-controlled clinical antihista­
mine trials, and these published results are negative with 
regard to nasal airway resistence206 However, one recent 
study with monitoring of nasal airways resistance by 
active anterior rhinomanometry has shown objective 
improvement with levocetirizine but not with either 
desloratadine or placebo. 175 

NASAL CYTOLOGY. Cytology studies are needed to 
support the claim of an anti-inflammatory action of 
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antihistamines. There have been several negative studies 
in this respect, 1 74•206-208 although 2 recent studies have 
reported some effects on both inflammatory cell recruit­
ment and cell activation, as reflected by cytokine measures 
in nasallavage. 175•170 

NASAL RESPONSIVENESS. One study failed to show any 
antihistamine effect on allergen-induced nasal hyperres­
ponsiveness_?M This important parameter has apparently 
not been studied in other clinical trials. 

E YE SYMPTOMS/ITCHING. Several studies have shown 
efficacy of antihistamines, and eye drops have a quicker 
onset of action than tablets. 159- 161 

SIDE EFFECTS. Serious cardiac arrhythmias have been 
described for terfenadine and astemizole, 155 but not for 
other preparations.2 10 Although second-generation H 1-

antihistamines have considerably reduced central nervous 
system effects at standard doses in comparison with first­
generation agents (see H1-antihistamine component in 
clinical outcomes section), cetirizine can be associated 
with mild sedation? 11 However, drug-comparative stud­
ies have also indicated that cetirizine 10 mg/d is a highly 
effective antihistamine. In one report, astemizole caused 
a significant increase in weight. 212 Although weighing 
patients is simple, controlled studies do not seem to exist 
for other second-generation antihistamines. 

Leukotriene receptor antagonists 
NASAL SYMPTOMS. Intranasal spraying of cysteinyl 

leukotrienes can induce nasal blockage, but not itching, 
sneezing, and rhinorrhea, 213 although leukotrienes are 
known secretagogues.214 Consequently, LTRAs can be 
expected to have only a partial effect on the total 
symptoms of allergic rhinitis. A study of patients with 
asthma intolerant to acetylsalicylic acid has shown that 
inhibition of leukotriene synthesis by a 5-lipoxygenase 
inhibitor has some effect on nasal blockage and perhaps on 
the reduced sense of smell in patients who also have nasal 
polyps. 215 However, the effect of this type of intervention 
will be more extensive than that achieved with blockade of 
cysteinylleukotriene receptors. However, an initial study 
of treatment with an L TRA in allergic rhinitis with 
recording of nasal symptoms was disappointing, because 
no clinical benefit was found with a LTRA as sole 
therapy?16 Subsequent, much larger studies have found 
a statistically significant benefit over placebo, although the 
magnitude of these effects was not large.217-220 These 
studies reported treatment group numbers of between 300 
and 1000 patients receiving montelukast or placebo; the 
substantial study sizes are a reflection of the relative lack 
of effect of L TRA therapy in the treatment of allergic 
rhinitis and the large numbers required to discern a small 
effect over placebo. This contrasts with positive clinical 
studies in allergic rhinitis with the intranasal corticosteroid 
budesonide, in which a study group as small as 16has been 
able to discern differences from placebo.221 Consistent 
with the greater efficacy of intranasal steroids, head-to­
head comparisons show significantly greater symptom 
relief with intranasal steroid therapy in comparison with 
LTRA therapy.222 What has been surprising, however, is 
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that these large studies of LTRA therapy have reported 
improvement not only in nasal obstruction but also in itch, 
sneeze, and rhinorrhea. Because leukotriene insufflation 
within the nose does not induce itch or sneeze, these 
results suggest either that there is a bystander benefit of 
these symptoms, with improvement repmted because 
other symptoms improve, or that leukot:rienes within the 
nose are having an effect not appreciated by single-dose 
intranasal challenge studies that influence symptom 
expression in an indirect manner. This could arise if 
leukotrienes alter sensory neural stimulation thresholds or 
modify mast cell activation, both potential explanations 
for these clinical findings. 

OTHER OUTCOME MEASURES. It is not known whether 
LTRAs have an effect on eosinophil or mast cell 
accumulation in the nose compared with placebo. An 
effect on eosinophil recruitment has been shown in the 
lower airways of patients with asthma? ''' One open study 
with the LTRA pranlukast has reported a reduction in 
a range of inflammatory markers in nasal lavage with 
therapy, but such a study is difficult to interpret and 
requires appropriate examination.223 A study of these 
objective outcome measures is important to find out 
whether LTRAs possess an anti-inflammatory activity in 
the nasal mucosa. Histamine does not induce nasal 
hyperresponsiveness,224 and it is possible that leuko­
trienes are important in this respect.216 Therefore, mea­
surement of nasal responsiveness is relevant in clinical 
studies of L TRA. 

Vasoconstrictors 
Isolated vasoconstrictors are not suitable for the 

treatment of allergic rhinitis, but an oral vasoconstrictor 
is often used in combination with an antihistamine. 

N ASAL SYMPTOMS. Vasoconstrictors have a mono­
symptomatic effect on nasal blockage. The effect of 
topical treatment is marked, whereas systemic medication 
has a considerably lower efficacy. 164 A vasoconstrictor 
spray is very useful in the common cold. 

NASAL PATENCY. The need for objective measures of 
the nasal airway patency is obvious, but nasal patency 
often is not measured in clinical trials. 164 

SIDE EFFECTS. The risk of development of rhinitis 
medicamentosa from topical vasoconstrictors is well 
known, and it limits the treatment to just a few weeks. 
Systemic vasoconstrictors have a poor therapeutic 
index, and there are several contraindications to this 
treatment. 164 It is not elegant pharmacotherapy to con­
strict every blood vessel in the body to open a blocked 
nose. 

Olfaction and CT scan of paranasal sinuses have not 
been studied. 

Anticholinergic drugs 
NASAL SYMPTOMS. Ipratropium bromide has a marked 

monosymptomatic effect on watery rhinorrhea. 165 Symp­
tom scoring and counting of paper handkerchiefs are 
the only outcome measures of relevance. Isolated anti­
cholinergics are not suitable for the treatment of allergic 
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TABLE II. Symptom profiles of major drug types used 
for allergic rhinitis 

Local Oral Nasal Systemic 
antihist imine antihistimine steroid steroid 

Sneezing ++ ++ +++ ++ 
Rhinorrhea ++ ++ +++ ++ 
Blockage + + +++ +++ 
Hyposmia + +++ 
Eye symptoms +++ ++ + ++ 
Onset of action Minutes 1 h 3-12 h 12 h 

rhinitis, but they are useful in patients with isolated 
watery rhinorrhea and in the common cold. 

SIDE EFFECTS. A feeling of nasal dryness can occur 
when the dose of ipratropiwn bromide is high compared 
with the secretory activity. 165 This happens regularly 
because rhinorrhea tends to be intermittent and not 
continuous. 

Combinations of medications 
In some severe cases of allergic rhinitis, and in other 

types of rhinitis, the effect of a single drug, used at the 
recommended dose, may not be sufficient, and combined 
drug treatment may be considered. In addition, different 
drugs have different symptom profiles (Table II). There 
are surprisingly few controlled clinical studies of com­
bined drug treatment. 

Oral antihistamines and vasoconstrictors. Several 
studies have shown that oral antihistamines are effective 
on sneezing and rhinorrhea but less effective or not 
effective on blockage, whereas oral vasoconstrictors 
have the opposite effect profile. 179 .. : 8 1 Therefore, added 
trea~e!'lt .has an improved effect on total nasal symp­
toms,' 19- 1" 1 and it is often used, although the therapeutic 
index can be questioned. 

Oral antihistamine and LTRA. A combined tablet is 
a consideration for the simultaneous treatment of rhinitis 
and asthma. In rhinitis, the antihistamine improves itch­
ing, sneezing, and rhinorrhea, and the LTRA may 
counteract nasal blockage, and perhaps hyperresponsive­
ness21'' In asthma, the LTRA inhibits the leukotriene­
induced bronchoconstriction, and the antihistamine may 
have a small additive effect. A placebo-controlled study in 
SAR has shown an additive effect of the antihistamine, 
loratadine, and the LTRA montelukast on nasal and, 
unexpectedly, eye symptoms.:'16 However, studies with 
LTRA/antihistamine combinations have not shown effi­
cacy comparable with intranasal steroid therapy,22·' ·226 

and in one study, these combinations could not be dif­
ferentiated from antihistamine therapy alone.35 

Intranasal antihistamine, anticholinergic, and vaso­
constrictor. Surprisingly, there are no reports on this 
combined treatment. It should be useful both in the 
common cold and in mild cases of allergic rhinitis with 
occasional symptoms. The vasoconstrictor component 
will preclude prolonged treatment. 
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Intranasal corticosteroid and oral antihistamine. It 
is well documented that intranasal corticosteroids have 
a better effect on all nasal symptoms than antihist­
amines.177•178 However, some highly allergic patients do 
not obtain adequate nasal symptom control from an 
intranasal corticosteroid alone at the peak of the pollen 
season. :m'Jb¢$¢ ¢)<\@@ffitMMtiM@ ¢¢ti~¢ji@~ XM¢id$ 

~:~~~~ll'l:ci ~~~;~,*~~~~~~~~~~~~~~,:=~ 
fu¢MM~6b $¢¢At~ lMi¢@ b®~@W (ij¢ Mit!hl$til®M 
®mM~Mt~ m~ ¢}iiiY8Pml~¢ ~i~l~iMHri~¢i:UlMW @¢MM 
t®¢&qiJ:t ®~ m¢ ®ffi¢¢$~¢t¢t~L ®:1~1@$ ffi¢ J~~MPbW¢ 
miMfum*i#&i~M¢m:iWWiNi¢M#W@i¢Mmlli¢@#~!M@ 
ti¢~ $®t!Pt@t1QY ®iiii9U¢4 ¢~IDI¢1H \t~~t~>E94t 4¢tJ:~lM 
~1#'@@¢@l*l84HY !X!iW#t m$GP@¢pt$WJm~n¢M~¢ 
tm~m~ hM\~f~U¢\:! ~9 ~Mw MY $~gq~@~iWi:!m¥rM¢~ Qlt 

:'· ;::: :;-: ··: :·::·;·,.; .. ;: .. ·:;: , .. : :;·:. ·:·:·:··, ., A further recent 

stud;has~~nfi;;ed th~~e ft~dings in SAR.2?.fi TMW~Hbl$ 
recoiriri'ieMationJs raliaWed;itWiHiMffiase me cost of 
t!:l¢ ffim@¢.t\tWJtM\M i:l:l!& pfgy@ M9M ¢fnM¢Y 9ti ):JM~t 
i6ifuP'WfuM Studies need to be performed in those 
individuals who, despite intranasal steroid therapy admin­
istered for sufficiently long to have achieved its maximum 
benefit, still have residual nasal symptoms to address 
whether the addition of antihistamines in these patients 
confers any additional benefit. It is this group that the 
guidelines refer to, and no data exist to support or refute 
the use of combination therapy under such circumstances. 

Nasal and systemic corticosteroid. For safety rea­
sons, intranasal corticosteroids are preferred to systemic 
corticosteroids as first-line therapy for allergic rhinitis. 
When inu·anasal cmticosteroids carmot control the symp­
toms at the peak of the pollen season in highly allergic 
patients, systemic corticosteroids are often added. How­
ever, there are no controlled clinical data to support this 
practice. A doubling of the dose of intranasal cortico­
steroid may be just as effective. 

SUMMARY 

Clinical trial design is critical if valid information is 
to be obtained from studies on treatment intervention. 
Rhinitis carries some confounding variables in addition 
to those classically considered in therapeutic studies 
because of the variability in the environmental triggers 
leading to disease expression. Thus, although randomiza­
tion and placebo control are standard for assessments of 
novel intervention, the majority of clinical studies are of 
a parallel group design rather than crossover design. There 
is no single objective measurement to define the disease; 
thus, recruitment for studies is based on the subjective 
reporting of symptoms by patients. These symptoms are 
not specific for allergic rhinitis but are also expressed in 
nonallergic rhinitis, which has a different pathophysio­
logic basis. On account of this, the variation in allergen 
exposure between individuals, the intersubject variation in 
allergenic sensitisation, and the individual subjective 
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evaluation of symptom severity are considerable sources 
of variation other than the treatment or placebo in clinical 
trials. Thus, in general, there is a requirement for large 
patient populations in studies of natw·ally occurring 
disease. Although there is no substitute for these for 
drug-regulatory purposes, exploration has been made of 
laboratory allergen challenge models or challenge cham­
ber exposures to help in early drug development in vivo, 
to define therapeutic dose, onset of action, and duration 
of action, before more definitive clinical studies. These 
models are based on early or late nasal responses to single 
intranasal challenge or to repeated nasal allergen chal­
lenge in an attempt to mimic the pliming and inflam­
matory mucosal changes that would be acquired in 
association with repeated daily allergen exposure in 
naturally occmTing disease. Such daily repeated allergen 
provocations seem to be a sensitive method to assess dose­
response effects of both current available topical cm·tico­
steroids and ne w compom1ds. The outcome ti·mn these 
studies can be clinical, physiologic, or cellular. 

Studies of new therapies are initially undertaken in 
adults, but it is appreciated that rhinitis is particularly 
common in children and that appropriate treatment is 
mandatory in this population. One in 5 children worldwide 
has allergic rhinitis, a disease that significant! y affects 
health, school performance, and quality of life in children. 
Failure to manage allergic rhinitis effectively in children 
can lead to complications such as worsening of asthma, 
sinusitis, and otitis media. Accurate diagnosis of allergic 
rhinitis in children depends on a thorough history. This 
includes an assessment of the onset, nature, and duration 
of symptoms, as well as the presence of specific pre­
cipitating factors. Compliance with prescribed therapy is 
critical to manage allergic rhinitis effectively, with special 
considerations regarding therapies and educational needs 
of children and their caregivers. Specific issues arise in 
children in relation to adverse event monitoring as a result 
of the additional potential for effects on growth and 
development. 

Subjects with more extensive sinus disease associated 
with nasal polyposis comprises another specific disease 
group. This may be part of a more systemic process and 
rna y require surgical intervention on account of the extent 
of the effect of the disease on the normal nasal function 
and sinus drainage. However, the initial treatment is 
medical, with intranasal steroids, and a range of outcome 
measures have shown significant benefit. In addition to the 
evaluations used for rhinitis is the use of imaging, such as 
sinus CT scans, and the need for the more invasive direct 
evaluation by endoscopy. 

Finally, there are clinical trial decisions when investi­
gating pharmacologic therapy in naturally occurring 
allergic rhinitis. Should the therapy be administered 
prophylactically, or is it most appropriate for symptom 
relief? Is therapy better administered intranasally or 
systemically? How does such a decision influence the 
adverse potential as well as the beneficial clinical re­
sponse? Should a therapy be given as a sole treatment, or 
are better results derived from combination therapy? Does 
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the treatment affect the underlying infimatory process 
or purely the end -organ symptom response? These and 
other considerations have been explored in relation to 
currently available therapies for allergic rhinitis and 
illustrate the relevance of these considerations to the 
exploration of novel therapies in this disease area. 

We thank Lennart Greiff, Christer Svensson, and Carl Persson 
for their contributions to this chapter. 
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