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I. INTRODUCTION16
17

This document has been developed to provide guidance in the design, conduct, and evaluation of18
clinical studies to assess the effects of orally inhaled and intranasal corticosteroids on linear19
growth.  This guidance is intended to provide recommendations for sponsors of orally inhaled and20
intranasal corticosteroids on study design and efficacy and safety issues for (1) approved drug21
products whose treatment effect on prepubescent growth has not been adequately characterized and22
(2) potential new drug products that could be used in the treatment of allergic rhinitis and/or23
asthma in children.  This guidance does not address study designs for comparison of active24
moieties or for two different products containing the same active moiety.25

26
Recommendations provided in this guidance are based on an in-depth review of issues raised by27
pediatric growth studies previously conducted with orally inhaled and intranasal corticosteroids. 28
The importance of these studies is reflected in the observation that changes in growth velocity are29
indicative of systemic corticosteroid effects, and many long-term adverse consequences of30
systemic activity cannot be readily measured.  An estimate of the growth effect of a drug, while31
important by itself, should also be considered an important sentinel of unmeasured systemic effects32
that can therefore provide additional safety information. 33

34
It should be noted that the recommendations for pediatric growth studies contained in this guidance35
reflect normative growth data gathered from healthy children in a U.S. population.  Sponsors36
planning to conduct international studies should take this into consideration and are strongly37
encouraged to contact DPADP for further guidance prior to the initiation of such trials. Although38
recommendations on patient selection, relevant inclusion/exclusion criteria, choice of primary and39
secondary endpoints, statistical analysis, and safety monitoring are not binding or mandatory for40

                                                
1 This guidance has been prepared by the Division of Pulmonary and Allergy Drug Products (DPADP), the Division of
Metabolic and Endocrine Drug Products (DMEDP), and the Division of Biometrics II (DBII) in the Center for Drug
Evaluation and Research (CDER) at the Food and Drug Administration.

This draft guidance, when finalized, will represent the Food and Drug Administration's  (FDA's) current
thinking on this topic.  It does not create or confer any rights for or on any person and does not operate
to bind FDA or the public.  An alternative approach may be used if such approach satisfies the
requirements of the applicable statutes and regulations.
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drug approval, sponsors are strongly encouraged to discuss details of study design and specific41
issues relating to individual drug products with the review division before conducting clinical42
trials that estimate growth effects. 43

44
II. BACKGROUND45

46
New information regarding the potential adverse effects of inhaled and intranasal corticosteroids47
on growth rates in children has become available in the past few years.  Correspondingly, the48
experience of both industry and FDA in the design, execution, and evaluation of growth studies in49
children has been markedly enhanced.  Studies recently submitted to the Agency have demonstrated50
reduced growth velocities that were statistically significant (in the range of approximately 151
centimenter (cm) per year) among active treatment groups exposed to inhaled or intranasal52
corticosteroids as compared to control groups (placebo or noncorticosteroid asthma treatments53
such as beta-agonists).  Several different active corticosteroid moieties have demonstrated this54
effect.  The recommendations in this guidance are specifically applicable to intranasal and orally55
inhaled corticosteroids; however, many of the recommendations can be extended to include56
evaluation of possible growth effects with other therapies for asthma and allergic rhinitis.57

58
Because the clinical relevance of the differences in prepubescent growth velocities on final adult59
height (as estimated by 1-year trials) is yet unknown, a clinically meaningful difference of 1-year60
growth velocities between treatment groups is difficult to define.  Therefore, the growth study61
recommendations described in this document do not fit into the usual framework of a superiority,62
inferiority, or equivalence study.  Rather, the objective of these growth studies is to characterize,63
as well as possible, the estimate of the difference in prepubescent growth velocities between64
treatment with an active moiety and a control group.  The sample size of the study should be based65
on the desired precision (width of a 95% confidence interval) for the treatment effect.66

67
Growth studies the Agency has previously reviewed have varied greatly in their designs.  While68
some studies have tended to focus on the question of potential differences in growth rates between69
treatment regimens that represent how children are actually treated in clinical practice, this70
approach has led to the introduction of confounders that limited the interpretation of the studies’71
results.  Specifically, some studies allowed for one or more of the following practices: titration of72
corticosteroid dose, generous use of oral corticosteroids as rescue medication, and inclusion of73
older children who could potentially enter the pubertal growth spurt during the trial. Measurement74
error and missing data further complicated the analyses and results.  The study design75
considerations suggested by this guidance are not intended to reproduce actual clinical practice. 76
Rather, this guidance outlines characteristics of study designs that can reduce the variability and/or77
potential bias of the estimates of differences in growth velocity between treatment groups.78

79
Sponsors of both intranasal and inhaled corticosteroid products that contain the same active moiety80
may be able to use pharmacokinetic data to bridge the growth findings associated with one81
formulation to a second formulation.  Further consultation with the review division is82
recommended during the design of a bridging program.83

84
III. GENERAL STUDY DESIGN RECOMMENDATIONS FOR GROWTH STUDIES85

86
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The following are general recommendations on designing growth studies in children with asthma87
and/or allergic rhinitis.  However, it is important to point out that there are differences with regard88
to the comparator or control group selected for the two indications.  It is generally accepted that89
placebo-controlled studies can be ethically performed for the indication of allergic rhinitis.  Thus,90
for children with allergic rhinitis, a placebo control group is recommended.  For children with91
mild, persistent asthma, the control arm should include clinically appropriate, noncorticosteroid92
medication consistent with published guidelines in addition to the use of a drug product dummy93
(NIH pub no 97-4051, NAEPP Guidelines for the Diagnosis and Management of Asthma 1997).94

95

• For both the orally inhaled and the intranasal corticosteroids, assessment of growth effects96
should be based on adequate and well-controlled phase 3 or 4, double-blind, controlled,97
parallel group clinical trials.  There should be a single-blind (patient-blinded) baseline98
period to assess baseline growth velocity.  There should also be a follow-up period99
(preferably using a single-blind placebo or noncorticosteroid medication, as described100
above) to assess potential catch-up growth.  The duration of the baseline period should be101
at least 16 weeks, the treatment period should be at least 48 weeks, and the follow-up102
period should be at least 8 weeks.  Use of stadiometer data from office visits prior to103
randomization as baseline data in lieu of the baseline period may, under some104
circumstances, be appropriate.  However, the sponsor is encouraged to consult with the105
reviewing division concerning the recommendation of this approach because of its106
potential to introduce variability into baseline growth velocity estimates.107

108

• Measurements should be made using stadiometry and recorded to the nearest tenth of a109
centimeter.  If the stadiometer has not been calibrated in the previous 4 hours, it should be110
calibrated immediately prior to measurement of patient height.111

112

• The study design should incorporate practices that reduce measurement error.  The113
investigators or examiners should be trained in stadiometry and calibration procedures. 114
Ideally, the same person should measure the children at every visit and should be blinded115
to the patients’ status in the study (i.e., on-study, receiving double-blind treatment,116
discontinued, receiving open-label treatment).117

118

• The sponsor should make every effort to obtain growth measurements as planned,119
irrespective of whether patients discontinue the study medication.  The measurements made120
after the date of discontinuation can be used in a sensitivity analysis.  Although121
discontinued patients can take other medications that affect growth, continued measurement122
is useful for assessing the sensitivity of the analyses and results (see Secondary Analyses123
below).124

125

• The investigator, examiner, patient, caregiver, and study personnel should remain masked126
to the study treatment for patients who discontinue because of worsening symptoms, unless127
unblinding is important for safety or treatment decisions.128

129
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• For purposes of growth studies, it is not recommended to recruit children near the time of130
puberty because of the rapid increase in growth velocity that may occur over a relatively131
brief period (Tanner and Davies, 1985).  Although information concerning growth132
suppression during the pubertal growth spurt has clinical relevance, the goals of growth133
studies are, in many respects, pharmacodynamic in nature.  To detect a deceleration in134
growth velocity over the approximate 1-year course of these studies, it is important that the135
expected growth velocity be relatively constant. This determination will be confounded if a136
child’s growth velocity is undergoing the normal physiologic acceleration associated with137
puberty.  For this reason, prepubertal children are preferred, and the study design should138
minimize the likelihood of patients entering puberty during the study.139

140

• Tanner staging at baseline and during the treatment period may not identify all patients141
experiencing a growth spurt associated with puberty.  The first measurable sign of puberty142
in girls can be the beginning of the growth spurt, and it may precede the onset of secondary143
sexual characteristics by as much as 1 year (Current Pediatric Diagnosis and Treatment144
14th Edition, 1999, and Rudolph’s Pediatrics 20th Edition, 1996).  There are conflicting145
statements in the literature about the timing of the growth spurt in boys relative to the onset146
of secondary sexual characteristics.2  While randomization may ameliorate this problem,147
stratified randomization based on age and gender is recommended to help balance the148
percentage of patients whose pubertal growth spurt may have already begun during the149
baseline period or will begin during the treatment period.150

151
IV. PROTOCOL DESIGN152

153
A. Inclusion Criteria154

155
Patients included in growth studies with orally inhaled corticosteroid products should have156
a history of mild, persistent asthma (NIH pub no 97-4051, NAEPP Guidelines for the157
Diagnosis and Management of Asthma 1997) for a minimum of 6 months prior to study158
entry.  Patients should also have a documented percentage predicted FEV1 ≥ 80 percent159
after withholding beta-agonist for ≥ 6 hours at both the screening and first baseline visits. 160
These patients are expected to have a limited need for oral corticosteroid use during the 1-161
year treatment period.3  Inclusion criteria may warrant modification if the sponsor is162

                                                
2 Adolescent Medicine, 3rd Edition (1997), states that, “The growth spurt [in males] usually begins at stage 3, reaches a peak
during stage 4 and is all but complete by stage 5” (p. 13).  Rudolph’s Pediatrics, 20th Edition (1996), section 22.9.1 states that,
“the initiation of the adolescent growth spurt precedes the onset of secondary sex characteristics by approximately 1 year in boys
and girls.”

3 Patients with mild, persistent asthma are the preferred population for ethical and clinical design reasons (see GENERAL
STUDY DESIGN RECOMMENDATIONS FOR GROWTH STUDIES).  Children with mild, persistent asthma are unlikely to
suffer serious consequences if randomized to noncorticosteroid maintenance therapy but are sufficiently ill to justify potential
randomization corticosteroid therapy that may suppress growth.  From a design standpoint, children with mild, persistent asthma
are expected to have no or limited need for oral corticosteroid use during the 1-year treatment period, and therefore the impact of
oral corticosteroid use on analyses of growth velocity will be minimized.
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conducting a study of the growth effects of noncorticosteroid drug products to be used in163
the treatment of asthma.164

165
The patient population for the intranasal products should have a history of persistent166
allergic rhinitis for a minimum of 2 years prior to study entry with expected symptoms167
during a majority of the treatment period.168

169
To minimize the potential for patients to reach the onset of puberty during the trial, the170
inclusion criteria should state that the age of the male subjects will be ≤ 10.5 years and the171
age of the female subjects will be ≤ 9.5 years at the end of the follow-up period.  The172
sponsor is encouraged to set the upper age limit inclusion criteria as low as feasible to173
minimize the likelihood of recruiting pubertal children, based on prior recruitment174
experiences and available normative data for the population under study.175

176
B. Exclusion Criteria177

178
Tanner staging should be performed at the end of each period (baseline, treatment, and179
follow-up) to help identify pubescent patients.  Patients with Tanner stage greater than 1180
during the baseline period should be excluded from the treatment period.  (Note that if181
patients become pubescent during the treatment or follow-up periods, they should remain in182
the trial, performing all visit procedures.)183

184
Other exclusion criteria include: 185

186

• Baseline growth velocity less than the 3rd percentile.4187
188

• Weight and Body Mass Index less than the 3rd or greater than the 97th percentiles.189
190

• Bone age greater than 1 year different from patient’s chronological age.  It is191
strongly recommended that the bone age be determined by a central reader for all192
patients in the study.5193

194

                                                
4 The purpose of this criterion is to exclude patients with growth disorders from studies in which they may receive a growth-
inhibiting drug.  Baseline growth velocity can be calculated as a difference between the first and last baseline measurements or as a
regression line using all the baseline measurements.
5 Children whose bone age is ≥ 2 years different from their chronological age are considered to be outside of the normal range for
this parameter.  On this basis, it can be argued that a 1-year upper limit is unduly restrictive and that an upper limit of < 2 years
would be more appropriate.  Sponsors considering modification of their protocols based on this exclusion criteria are strongly
urged to contact DPADP for advice.  In particular, the importance of a 2-year difference between bone age and chronological
age increases at the extremes of the pre-pubertal age range.  A 4-year-old child who has the bone age of a 2-year old is of
greater concern than an 8-year old with a bone age of 6 years and is more likely to have baseline growth abnormalities.  Similarly,
a 9-year-old child with a bone age of 11 years may be about to enter his or her pubertal growth spurt and ideally should not be
recruited into a growth study.  The importance of a close correlation between bone age and chronological age also increases if a
non-U.S. study is contemplated, since normative data based on U.S. children may not apply (see INTRODUCTION).
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• Use of inhaled, intranasal or high potency topical corticosteroids within 6 weeks195
and systemic corticosteroids within 3 months of the first baseline visit. 196

• Use of corticosteroids by any route of administration likely to have a systemic197
effect during the baseline period. 198

• Treatment at any time prior to screening that might influence linear growth,199
including, but not limited to, methylphenidate hydrochloride, thyroid hormone,200
growth hormone, anabolic steroids, calcitonin, estrogens, progestins,201
biphosphonates, anticonvulsants, or phosphate-binding antacids.202

203
C. Assessment of Patient Adherence204

205
The study protocol should specify how adherence to medication use will be determined206
and documented throughout the trial.207

208
D.  Action Plan for Worsening Symptoms209

210
The study protocol should specify the course of action to be taken in the event of worsening211
asthma or allergic rhinitis and should include the types and doses of allowed rescue212
medication.  For worsening allergic rhinitis, an oral decongestant or antihistamine can be213
considered.  For safety reasons, standard-of-care guidelines should be followed in the214
management of all acute asthma exacerbations.  Asthma management can include repeat215
doses of beta-agonists and systemic corticosteroids, administered orally or parenterally, at216
the discretion of the primary investigator.  Worsening asthma control that is asymptomatic217
(e.g., when a patient is found to have a decline from baseline in peak expiratory flow rate218
or FEV1) can be managed less intensively.  Continued observation with no immediate219
change in therapy or the addition of (or increase in) an inhaled corticosteroid can be220
considered reasonable options.  In each of these cases, patients should be continued in the221
study, and the protocol should specify how rescue medication use will be analyzed222
between the treatment groups.  Analyses of outcomes under the various conditions of223
rescue medication use (dose and duration) should be provided in the clinical trial report224
(see Secondary Analyses).225

226
E. Dose and Dosage Regimens227

228
Sponsors should include the proposed to-be-marketed or labeled starting pediatric dose of229
drug in the growth study.  Ideally, a range of doses (multiple treatment arms) should be230
studied if a dose range is approved or proposed in the pediatric population.231

232
F. Data Quality233

234
The protocol should specify the manner in which physiologically improbable data points or235
sequences of data points will be assessed (i.e., data points that demonstrate a large236
increase or decrease in height between visits, or a sequence of data points that show a237
pattern of linear growth for a time, then a sharp increase in height, followed by a decrease238
and the original linear pattern).239
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240
G. Statistical Issues241

242
Although there is general agreement that a decrement in growth velocity over a 1-year243
period may have clinical relevance, there remains some disagreement about how much244
change is clinically relevant and what the impact may be on final adult height.  Further,245
regardless of any effect on adult height, growth effects seen in such a trial should be246
regarded as a sentinel for systemic effects (see INTRODUCTION).  Since a clinically247
meaningful difference of growth velocities between treatment groups is difficult to248
accurately define, interpreting inferential statistical testing may also be difficult.  If the249
sponsor plans to perform statistical tests comparing treatments, the study protocol should250
contain provisions for the statistical analyses and adjustments for multiple comparisons.251

252
H. Sample Size253

254
As stated above, a clinically meaningful difference of growth velocities between255
treatment groups is difficult to define.  Therefore, the sample size of the study should be256
based on the desired precision (width of a 95% confidence interval) of the estimate of the257
difference in mean growth velocities between active and control treatments.  Mean258
treatment effects seen in previous growth studies submitted to the Agency have been259
observed to be 0.5 cm per year and greater.  It is desirable that the growth studies provide260
an estimate of treatment effect with a high level of precision (e.g., total length of 95 percent261
confidence interval 0.5 cm).  This level of precision should be attainable with sample sizes262
on the order of ≥ 150 completed patients per treatment group, using the design263
characteristics outlined in this document, and based on an analysis that controls for264
baseline growth velocity, age, and gender in the model.  Sponsors should perform their265
own sample size calculations based on the expected standard deviation using their planned266
study design, patient population, and active moiety.  Studies with 95 percent confidence267
intervals considerably wider than 0.5 cm might not be interpretable due to the lack of268
precision in the estimate of treatment effect.269

 270
V. DATA ANALYSIS271

272
A. Primary Analysis273

274
The preferred measure of growth effects is the difference in growth velocity during the275
treatment period between active and placebo treatments.  Individual patient growth276
velocities during the baseline, treatment, and follow-up periods could be calculated using277
change from baseline in height or estimated using linear regression models.  An ANCOVA278
model involving all randomized patients with at least three recorded height measurements279
during the double-blind treatment period is recommended to estimate the mean difference280
between treatment groups in growth velocity over the treatment period.  Appropriate281
predefined factors and covariates should be used in the model as explanatory variables.  A282
95 percent confidence interval around the mean difference in growth velocities between the283
control group and the active treatment group should be constructed.284

285
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B. Secondary Analyses286
287

The sponsor should also consider performing the following secondary analyses:288
289

• Subset analysis excluding any patient who exhibited ≥ Tanner Stage 2290
characteristics at the end of the treatment period.291

• Analysis of the percent of children who are below a certain percentile of growth292
velocity (e.g., 3rd percentile) or percent of children whose percentile for height293
decreases during the treatment period.294

295

• Categorical or “shift” analysis showing change in growth velocity percentile for296
each child from baseline to endpoint (by quartiles, for example).297

298

• Subset analysis excluding children who received “rescue” systemic corticosteroids299
during the double-blind treatment period.300

301

• Summary of growth velocities during the follow-up period.302
303

• Descriptive comparison of the growth velocities between boys and girls.304

• Analyses of efficacy (see Efficacy Variables).305
306
307

C. Other Safety Variables308
309

All routine laboratory tests (chemistry, hematology, liver function, and urinalysis) should310
be obtained in study patients at least four times:  at screening and at the last visit of each311
phase of the study (baseline, treatment, and follow-up).  Also, assessment of adrenal312
response using a sensitive test (e.g., through 24-hour urinary free cortisol level313
measurements, or 24-hour plasma cortisol AUC pretreatment, at study endpoint, and 6314
weeks post-study) should be conducted in studies of corticosteroids. 315

316
D. Efficacy Variables317

318
Assessment of efficacy variables in these studies would serve to help identify319
nonadherence and/or poorly controlled asthma or allergic rhinitis.  Therefore, for the320
asthma studies, it is recommended that pulmonary function tests be performed at every321
office visit.  Also, peak flow rates, asthma symptom scores, and use of rescue medication322
should be recorded in daily diaries.  For allergic rhinitis studies, efficacy can be assessed323
when the following data are used:  nasal symptom scores and use of rescue medication324
recorded in subject diaries.  The sponsor should summarize these data for each phase of325
the study (baseline, treatment, and follow-up periods) for each treatment group.326



Draft - Not for Implementation

J:\!GUIDANC\3787dft.doc

11/06/01
9

327
REFERENCES328

329
330

Berkey, Catherine S., “Longitudinal Height Velocity Standards for U.S. Adolescents,” Statistics in331
Medicine, 12 (1993): 403-414.332

333
Herman-Giddens M.E., E.J. Slora, R.C. Wasserman, C.J. Bourdony, M.V. Bhapkar, G.G. Koch,334
and C.M. Hassemeier, “Secondary Sexual Characteristics and Menses in Young Girls Seen in335
Office Practice:  A Study From the Pediatric Research in Office Settings Network,” Pediatrics, 4336
(1997): 505-512.337

338
Hoffmann, A.D. and D.E. Greydanus, Adolescent Medicine, 3rd Edition, Appleton and Lange,339
1997.340

341
Kaplan, David and Kathleen Mammel, “Adolescence,” Chap. 4 in Current Pediatric Diagnosis342
and Treatment, 14th Edition, Appleton and Lange, 1999.343

344
Kulin, Howard E., “Normal Pubertal Development,” Section 22.9 in Rudolph’s Pediatrics, 20th345
Edition, Appleton and Lange, 1996.346

347
National Heart, Lung, and Blood Institute, National Institutes of Health, pub no 97-4051, NAEPP348
Guidelines for the Diagnosis and Management of Asthma 1997.349

350
Tanner, J.M. and P.S. Davies, “Clinical longitudinal standards for height and Height Velocity for351
North American Children” Journal of Pediatrics, 107 (1985): 317-329.352

353
Voss, L.D., B.J. Bailey, K. Cumming, T.J. Wilkin, and P.R. Betts, “The Reliability of Height354
Measurement (The Wessex Growth Study),” Archives of Disease in Childhood, 65 (1990): 1340-355
1344.356

357
358
359

360


