Clinical trial efficacy: What does it really
tell you?
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The primary goal of most clinical trials is an evaluation of the

efficacy of the drug being evaluated. Therefore, it is important Abbreviations used

to understand if study outcomes are a true reflection of a BHR: Bronchial hyperresponsiveness

drug’s “real-life” effectiveness. Clinical trials generally evaluate BIS: Budesonide inhalation suspension

three types of outcomes: subjective, objective, and health-relat- CHSA: Parent-reported symptoms, healthcare utilizatign,
ed. Clinical trials that use subjective measures as endpoints and functional health status

usually evaluate outcomes such as symptom scores, the need for FEV,: Forced expiratory volume at one second

rescue medication, and quality-of-life measures. The majority FEV,%: Percent-predicted FEV

of clinical trials rely on objective measures to test the efficacy FP: Fluticasone propionate

of asthma medications. These include lung function (peak expi- PEFR: Peak expiratory flow rate

ratory flow rate, forced expiratory volume at one second

[FEV,]), level of bronchial hyperresponsiveness (methacholine mine what tion is being addr d. and more impor-
challenge or exercise challenge), and markers of inflammation N at question IS being addressed, a ore Impo

(exhaled nitric oxide, sputum eosinophils, bronchoalveolar tantly, how it is being addressed. Determining primary
lavage, and bronchial biopsy). FE remains the gold standard ~ @nd secondary outcomes is important, as is evaluating the
of efficacy measures; however, in pediatrics, where FEwalues ~ patient population to be sure it is appropriate for the

are often within the normal range, re-adjustment of what con- objective of the study. Finally, reviewers need to decide
stitutes various levels of asthma severity should occur. Occa- if the study is powered appropriately and if the duration
sionally, studies will include an assessment of health outcomes,  of the study is long enough to answer the guestion.

either as a primary or secondary measure, during the course of The primary message most clinicians want to take
the study. Commonly measured health outcomes include a away from a study is the efficacy of the drug being eval-

reduction in need for rescue systemic glucocorticoids, a reduc-

tion in the need for emergent asthma care, a reduction in asth- uated. Therefore, it is important to understand i study

ma hospitalizations, and a reduction in asthma deaths. Studies OUICO_mes are a .m.'le ref!ecuon of a drug's "real-life
designed to assess impact of treatment regimens on morbidity effectiveness. Clinical trials generally evaluate three

and mortality remain a high priority, as do studies designed to ~ types of outcomes: SUbj?Ctive, IObjec_:tivea and health-
predict response to current asthma therapies. (J Allergy Clin related. The following sections will review the measures
Immunol 2003;112:5102-6.) included in each of these outcomes, as well as the corre-

P . ) ) lation between these outcomes and real-world efficacy.
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hyperresponsiveness, FEV SUBJECTIVE MEASURES
Clinical research is vitally important for providing a
greater understanding of the history, pathogenesis, an Clinical trials that use subjective measures as end-
most effective therapies for asthma. Although the insighpoints usually evaluate outcomes such as symptom
gained from clinical research comes from a wide range cscores, the need for rescue medication, and quality-of-
trial types, some forms of clinical research carry morelife measures. Subjective measures are the primary end-
weight than others. In general, randomized, controllecpoint used in most studies of asthma in very young chil-
trials with a rich body of data are considered the golcdren because objective measures such as forced expirato-
standard of clinical research. Randomized, controlledry volume at one second (FEMor peak expiratory flow
trials with a limited body of data are usually ranked secrate (PEFR) are difficult to perform in this patient popu-
ond, with nonrandomized and observational studies, anlation1 However, assessmentf asthmasymptomsand
panel consensus guidelines following. quality-of-life measures present an additional set of
The process of evaluating a clinical research studyproblems: researchers need to rely on caregivers to report
raises multiple questions. First, reviewers need to detelasthmasymptomsand impact! The use of validated
instruments can help assure reliable capture of subjective
data. The following are examples of two placebo-con-
trolled trials of asthma controller therapy in very young
Maﬁonal Jewish Medical and Research Center, and University oph”dren; one StUdy evaluated nebulized bUdesonide' and
Colorado Health Sciences Center, Denver, Colorado. the other evaluated montelukast. Of importance, both
Reprint requests: Joseph Spahn, MD, Associate Professor of Pediatricgyere found to be superior to placebo_ However, the
National J_ewish Medical and Research Center, University of CoIoradomaC(;Jb0 effect |arge|y reinforces the need to perform
Health Sciences Center, 1400 Jackson St, Denver, CO 80206. . .
© 2003 American Academy of Allergy, Asthma and Immunology placebo-controlled stud!es to determ'lne.the real effect of
0091-6749/2003 $30.00 + 0 the drug studied, especially when objective measures can
doi:10.1067/mai.2003.1855 not be obtained.
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FIG 1. When data are presented as mean values, the variability in response is often lost. In a study by Zhang
et al, the within-patient FEV, variability was 13.7%. Patients with a 10% increase in FEV, at 3 weeks had
between a 50% decrease and a 75% increase in FEV, at week 12. (Adapted from Zhang et al, Eur Resp J
2002;20:1102-9.)

A double-blind, randomized, parallel-group study asthma, frequency of asthma attacks, number of
used asthma symptoms and use of rescue medication patients discontinued because of asthma, need for res-
endpoints to compare the efficacy and safety of four doscue medication, physician and caregiver global evalua-
ing regimens of budesonide inhalation suspension (BIStions of change, asthma-specific caregiver quality of
or placebo in 480 asthmatic infants and children, ages life, and peripheralblood eosinophilcounts! During
monthsto 8 years with moderatepersistentasthma2 the study, 689 children aged 2 to 5 years were random-
Efficacy was assessed by twice-daily recording of asthly assigned to 12 weeks of treatment with placebo (228
ma symptom scores at home and by use of rescue mepatients) or 4 mg of montelukast as a chewable tablet (461
ication? In addition peakflow measurementsvere patients}! Montelukastproducedsignificant improve-
recorded twice daily and spirometry was recorded at clinments compared with placebo in multiple pagtens of
ic visits for thosechildrenableto performthesetests? asthma control including daytime asthma symptoms,

Children enrolled in the study had a mean asthmeovernight asthma symptoms, the percentage of days
symptom score of approximately 1.3 (scale, 0-3). All with asthma symptoms, the percentage of days without
dosing regimens with BIS produced statistically signif- asthma, the need f@-agonist or oral corticosteroids,
icant improvement in daytime and night-time asthmaphysician global evaluations, and peripheral blood
symptomscorescomparedwith placebo? Separation  eosinophilst The clinical bendit of montelukastwas
between active treatment and placebo in daytime anevident within 1 day of starting therapy. Caregiver glob-
night-time symptom scores were observed by week Zl evaluations, the percentage of patients having asthma
of treatment for all BIS treatment regimens. In addi- attacks, and improvements in quality-of-life scores
tion, children receiving BIS showed a significantly favored montelukast, but were not significantly differ-
reduced number of days needing rescue medicatioentfrom placebo!
comparedwith childrenreceving placebo? A signffi-
cant increase in peak flow measurement was observeOBJECTIVE MEASURES
in most active treatment groups compared with place-
bo in the subset of children able to do pulmonary func- The majority of clinical trials rely on objective mea-
tion testing. All treatment groups showed numericalsures to test the efficacy of asthma medications. These
improvement in FEY.2 include lung function (PEFR, FRY, level of bronchial

In another example, a double-blind, multicenter, hyperresponsiveness (methacholine challenge or exercise
multinational study at 93 centers worldwide evaluatedchallenge), and markers of inflammation (exhaled nitric
the effects of montelukast on daytime and overnightoxice, sputum eosinophils, bronchoalveolar lavage, and
asthma symptoms, daily use [®fagonist, days without bronchial biopsy).
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Lung function (PEFR, FEV,) lost. Two recent studies have demonstrated a variability
in response to treatment (as measured by FB¥Yd a
The vast majority of studies require children to have arunimodaldistribution for all treatmenigroups(Fig 1).6.7
FEV; of 60% to 80% of predicted as a prerequisite forThis suggests that patients cannot simply be divided into
enrollment. However, most children in clinical practice distinct responder and nonresponder treatment groups.
with asthma have FEWalues within the normal range Instead, patient response to treatment is somewhat
(80% to >100% predicte@d)Arguments for using children unique to that particular patient.
with relatively low lung function include that the Food and  Shareket al® soughtto assesselationshipsbetween
Drug Administration mandates using FE&s a primary  multiple parameters of asthma status in a cohort of inner-
outcome measure, and if children with normal lung func-city children. They looked at parent-reported symptoms,
tion are studied, one may not be able to demonstrate a sihealthcare utilization, functional health status (CHSA),
nificant improvement in FEycompared with placebo, or diary card data, and spirometry at baseline, 32, and 52
to demonstrate a difference between two active treatmentweeks. Parent-reported symptoms, parent-reported
Despite this issue, FEVhas become the “gold-stan- health care utilization, and CHSA correlated with each
dard” measure for assessing response to controller therother at baseline and throughout the study. They also
pies. The change in prB-agonist FEV is standard, found that FEV, PEFR, and diary card data did not cor-
although one of the leading cohort studies of childrerrelate with other measures at baseline, and were incon-
with asthma, the Childhood Asthma Management Prosistently correlated to other parameters during the 52
gram (CAMP), used posB-agonist FEV\ as its primary  weeksS They concludedhatthereis a cleardissociation
outcome# Medicationsthatimprove baselineFEV; val- between lung function and other asthma status measures,
ues, in general, are also associated with reductions iand that clinical trials should be designed to match inter-
symptoms, need for short-actifigagonists, reductions ventionswith outcomeghatbestmeasuresffectvenes$
in bronchial hyper-responsiveness (BHR), and reduc: A final problem with using FEYas a primary end-
tions in airway inflammation. Therefore most clinical tri- point is measuring efficacy in patients with normal lung
als use FEYas a primary endpoint. function. Fuhlbriggeet al® found that the majority of
Twenty asthmatics with mild-to-moderate diseaselung function measures were within the normal range.
were included in a single-blind study evaluating theFurthermore, having a normal FEMid not protect a
effectivenessof fluticasonepropionate(FP)> Baseline  patient from having subsequent asthma attacks. In the
data were compared with those from 26 normal subject<Childhood Asthma Management Program study, the
High-dose treatment with FP resulted in significantinvestigators found that long-term budesonide therapy
improvements in both lung function, as measured byimproved baseline FEVY but the change was clinically
FEV,, andBHR5 A reductionin airway inflammatory  insignificant (3%) andit failed to improve post{3-ago-
cells after treatment with FP suggested that improvemist FEV;.4 Onthe otherhand budesonidavaseffective
lung function is associated with a reduction in thein reducing BHR, the need for rescfieagonist and
inflammatoryprocessof asthmab symptoms, and was associated with significant reduc-
Fuhlbriggeetal3 exploredtherelationshigbetweerthe  tions in hospitalizations (43%), urgent care visits (45%),
percent-predicted FEM(FEV,%) and subsequent asth- and need for rescue prednisone (43%). This study clear-
ma attacks in a longitudinal study of pediatric lungly demonstrates the dissociation of lung function and
health. Data from a retrospective cohort of 13,842 chil-other clinical measures, in that significant improvements
dren seen annually over a 15-year interval were analyzein nearly every clinical parameter were noted during
for measurements of pulmonary function. In addition, along-term inhaled glucocorticoid therapy in the absence
standard questionnaire was completed by a parent of any meaningful change in lung function.
guardian until the child reached ninth grade; then the su1  What these studies suggest is that there is a significant
vey was completedby the child.3 For eachobsevation,  within-and-between-patient variability in FEWalues
the report of an attack during the past year was paireregardless of therapy. Also, the correlations between base-
with FEV; recorded at the field survey one year earlier.line FEV; values or changes in FE\and changes in
Results showed that a progressive decrease in the prsymptoms, quality-of-life measures, and patient global
portion of persons reporting an attack was associateevaluations are weak. Therefore, to truly evaluate efficacy,
with increasing FEY% predicte® Theauthorsconclud-  FEV; alone as an endpoint is not sufficient.
ed that the strong association between PhaVredicted
and risk of asthma attack over the subsiquent year su"e"eI of BHR
ports an emphasis on objective measures of lung functio Bronchial hyperresponsiveness is associated with
in assessmertf risk for adverseasthmaoutcomes asthma severity, airway inflammation, and basement
There are some issues with using RE&¢ a primary membrane thickness. Medications that decrease BHR are
variable. Clinical trials often present mean data. In geneffective asthma medications. Therefore, BHR is occa-
eral, the mean FEVresponse improves approximately sionally used as an endpoint in asthma efficacy studies.
10% to 15% with inhaled corticosteroids and 5% to 7.5%However, it is possible to have BHR and not have asth-
with leukotriene receptor antagonists. When data are prema. Furthermore, patients in asthma remission will often
sented as mean values, the variability of response is oftecontinue to display symptoms of BHR. An important
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restriction to measuring BHR in clinical studies is that Cl, 0.7-0.9)? In contrast increasingB-agonistusewas
methacholine challenges are time-consuming and requirassociated with increasing hospitalization risk, even after
expertise to perform. adjustmentfor other factors and medications The
. . steroid-associated protection was most marked among
Markers of inflammation persons who received the largest amounB-ajonist.
Because asthma is an inflammatory disease, endpoinThe authors concluded that inhaled corticosteroids and,
that measure levels of inflammation can be useful in clin-to a lesser extent, cromolyn, confer significant protection
ical trials. Exhaled nitric oxide is easily measured and isagainst exacerbations of asthma leading to hospitaliza-
noninvasive. In addition, levels of nitric oxide correlate tion.® Theseresultssupportthe use of inhaled cortico-
with several clinical parameters and, therefore, may be isteroids by persons who require more than occasfnal
predictor for response to therapy. However, these correagonist use to control asthma symptoms.
lations are modest at best. Therefore, using nitric oxide Suissaet all® assessethe efficacy of inhaledcortico-
exhalation as the only endpoint is not a practical measursteroids in preventing death from asthma. Using the
of efficacy. Saskatchewan Health databases to form a cohort consist-
Sputum can be obtained and evaluated for the presing of 30,569 subjects, they found that of the 562 reported
ence of airway inflammatory cells and mediators. Asdeaths, 77 were classified as as the result of asthma. After
with nitric oxide exhalation, this is a noninvasive, direct matching the 66 subjects who died of asthma for whom
measurement of airway inflammation. Also, eosinophil- there were complete data with 2681 controls, they found
ia/eosinophil cationic protein is less affected by inhaledthat 53% of the case patients and 46% of the control
corticosteroid therapy and can be utilized in these studpatients had used inhaled corticosteroids in the previous
ies. However, this evaluation is time-consuming (2-3yea, mostcommonlylow-dosebeclomethason® The
hours), and analysis is difficult to perform and interpret.rate of death from asthma during the first three months
Also, some patients cannot produce sufficient sputumafter discontinuation of inhaled corticosteroids was higher
Finally, safety may be an issue, because the procedure than the rate among patients who continued to use the
gather sputum can induce bronchospasm deBgago-  drugs. On the basis of the results, the authors concluded
nist treatment. that regular use of low-dose inhaled corticosteroids is
associateavith a decreasedsk of deathfrom asthmal©®
HEALTH OUTCOMES
CONCLUSIONS
Occasionally, studies will include an assessment of
health outcomes, either as a primary or secondary mee Asthma is a complex disease. Just as multiple genes
sure, during the course of the study. Although these meeare involved in asthma pathogenesis, there is no single
sures alone cannot be used to determine efficacy, theclinical parameter that provides a global assessment of
can further support real-world efficacy of a drug that hasdisease severity or response to treatment. However, FEV
already undergone trials using objective outcomes. Comremains the gold standard by historic precedent and
monly measured health outcomes include a reduction ilbbecause it provides an objective, relatively easily per-
need for rescue systemic glucocorticoids, a reduction irfformed measure of airflow obstruction.
need for emergent asthma care, a reduction in asthm In pediatrics, where FE\Walues are often within nor-
hospitalizations, and a reduction in asthma deaths. mal values, re-adjustment of what constitutes various
Approximately 2 million emergency department visits levels of asthma severity should occur. For example, the
and 500,000 hospitalizations are attributed to asthm{FEV,/forced vital capacity ratio $-agonist—reversibili-
each year. A major goal for asthma research is to reducty, independent of baseline FE¥ould be utilized as
health care utilization in relation to acute asthma. Toentry criteria for clinical research studies.
accurately measure the effect asthma medications hav Finally, studies designed to assess impact of treatment
on emergency department visits and hospitalizationsregimens on morbidity and mortality remain a high pri-
long-term studies with large cohorts are required. ority, as do studies designed to predict response to cur-
Donahueet al° attemptedo determinef anti-inflam- rent asthma therapies.
matory t_reaFmel_wt for asthma rgduces the risk of asthm | thank Maria Bavishi for her assistance in preparing and editing
hospitalization in a retrospective cohort study. Of they,is manuscript.
16,941 eligible persons, 742 (4.4%) were hospitalized fol
asthma. The overall relative risk (RR) of hospitalization
among those who received inhaled corticosteroids WaRrgrerences
0.5 (95% Cl, 0'4'0'6) after adeStment B}agoniSt dis- 1. Knorr B, Franchi LM, Bisgaard H, Vermeulen JH, LeSouef P, Santanello
penSing‘? Additional adjustmentor age race otherasth- N, et al. Montelukast, a leukotriene receptor antagonist, for the treatment
ma medications, and amount and type of ambulatory car of persistent asthma in children aged 2 to 5 years. Pediatrics
for asthma did not substantially affect the inverse rela-  2001;108:E48. ,
tionship between use of inhaled corticosteroids and hos * Ea/'ier JW, Mellon M, Wald J, Welch M, Cruz-Rivera M, Walton-Bowen
o . . A . . A multiple-dosing, placebo-controlled study of budesonide inhalation
p|ta“2at|0n- Cromolyn was Slm”arly associated with suspension given once or twice daily for treatment of persistent asthma
reduced risk, especially among children (RR, 0.8; 95% in young children and infants. Pediatrics 1999;103:414-21.
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