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injectable penicillin for 48 h, and the sec- lecting an equivalence margin that is too otics would be inappropriate for children 

ondary hypothesis was that the 2 treat- small (a conservative strategy that would who had already taken antibiotics for >48 

ments would remain clinically equivalent waste resources) and discussion of the h and continued to have signs of severe 
through 5 and 14 days of follow-up. principle that the equivalence margin pneumonia. As a compromise, we elected 

should be smaller than a difference that to enroll children who had taken anti- 
CHALLENGES IN THE DESIGN would be acceptable for determining su- biotics for ~ 4 8  h and to evaluate the po- 
OF THE TRIAL periority of one treatment over another. tential impact of antibiotics received be- 

By means of a consensus process, a dif- fore study enrollment on study outcomes 
The challenges and complexities in de- 

ference in failure rates af S 5 %  between and conclusions. 
signing international studies in children 

treatment groups within 48 h after ini- With regard to the second eligibility 
are well recognized. To address the antic- 

tiating therapy was chosen as the equiv- criterion, specific risks of or lack of re- ipated challenges, the study's steering 
alence margin for the trial. We could not sponse to empirical treatment with 

committee, comprised of members from 
use a "superiority" design to assess equiv- amoxicillin or penicillin were recognized 9 international sites, the WHO, and the 
alence, because failure to demonstratesu- for 4 groups of children-those with Center for international Health at Boston 
periority does not establish equivalence bacterial pneumonia due to pathogens University (Boston), considered the fol- 
and because our study question was not resistant to penicillin or amoxicillin lowing study design issues during a 7-day 
whether penicillin or amoxicillin was (community acquired or nosocamidy protocol development workshop. 
superior in the treatment of severe acquired), those with Pneumocyrtir jiro- 
pneumonia. 

Appropriah Stsdy Design: Equivalence veci pneumonia 117, 181 as a result of 

or Superiority HIV infection, those with viral pneu- 
Threala to tha Validii of the Trial monia (primarily due to respiratory syn- 

Members of the steering committee 
Results and Approach to There Threats cytial virus [RSV]), and those with 

unanimously agreed that results from a 
randomized clinical trial would be Impan of patient selection. Standard- hyperreactive airway disease. Because 

needed to support any recommendation ized eligibility criteria were established to children who had been hospitalized 

to modify WHO standard case manage- ensure that children enrolled in the study within 2 weeh before screening were at 

ment guidelines for treatment of children met WHO criteria for severe pneumonia. risk of having nosocomial pneumonia 

with pneumonia. to this We considered 2 such criteria that were caused by pathogens not likely to & 

diwussion was whether the smdy should not part of the WHO definition because treatable by either regimen, they were ex- 

& deigned to assess the equivalence of of the equivalence design: prior history cluded from the study. We recognized 

both or the superiority of I of the study of antibiotic use and unlikeliness to re- that it was possible for children to have 

drug, We seleacd an equivalence design spond to amoxicillin or penicillin in community-acquired S taphylococcus au- 

hecause of its utility in settings in which reur pneumonia and even methicillin-re- 

the therapy (in this case, in- With regard to the first eligibility cri- sistant S. aureurpneumonia. However, at 

penicillin) has been shown to be tenon, in developing countries, children enrollment, it was not possible to obtain 

beneficial but be new (in this with pneumonia frequently receive out- an etiologic diagnosis or to treat accord- 

-, amoxicuin) is easier to use, has patient antimicrobial therapy before ing to the potential antimicrobial resis- 

fewer or is less costly. H ~ ~ .  seeking care at a health care facility 1151. tance pattern of respiratory pathogens, 

ever, me can never he es. Exclusion of children who had taken any because of the lack of rapid diagnostic 

tabtishebit is necessary to a antibiotic before enrollment would limit tests for most puhnonary pathogens and 

priori, how hrge a difference would still the generalizability of the study results, the difficulties of obtaining lung aspirates 

be considered equivalent (i.e., the equiv- xvbereas inclusion of children who had from children 119, 201. 

alence mugin) (12, 131. This margin was taken antibiotics would tend to bias the Although nasopharyngnl isolates do 

determined by members of the steering results toward equivalence, because the not necessarily predict the etiologic agent 

committee 1141 on the basis of an antic- study antibiotics might have less influ- of severe pneumonia, we elected to assess 

ipated treatment failure rate of 11% ence on study outcome. WHO standard the potential effect of antimicrobial re- 

among children treated with benzyl pen- case management guidelines recommend sistance of nasopharyngeal isolates of S. 

i d i n  161. Deliberations included com- reassessment at 48 hand advancement to pneumoniae and H. influenme on study 

paring the risk, of selecting an equiva- second-line antibiotics if there is evidence outcome 121-231. To minimize the num- 

l a c e  margin that is t w  large (to avoid of treatment failure 1161. The steering ber of children with I! jirovecipneumo- 

a meaningless result) with those of se- committee decided that first-line antihi- nia, we excluded children who had HIV 
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Unformnately, it is often impractical to 
power a study to detect equivalence for 

all components ofa composite end point. 
For this reason and to prevent misleading 
conclusions, it is particularly important 
that results of all components of the pri- 

mary end point are included in the pub- 
lished version of the article. The overall 
s t r a tw  for the APPlS was to obtain and 
report unbiased assessments of each 
component of the composite end point. 

Impocf of Jock of blinding on as-- 
molt of outcome. Although blinding 

to treatment assignment is an ideal way 
of minimizing bias in assessment of out- 
comes, administration of placebo injec- 

tions to children <5 years of age was 

considered to he unethical. Similar con- 
clusions have been made by investigators 
in other randomized clinical trials based 
in the United States and elsewhere [2& 
321. Tn reduce the risk of biased asses.. 
ment of subjective outcomes, we defined 
each outcome to minimize subjectivity 

and conducted intensive staff training in 
usc of study outcomes both on-site and 

via video recordings. To assess adherence 
to study and outcome definitions, inde- 

pendent monitors (D.M.T., S.Q., and 
O.F.) audited study procedures during 
rite visits. In addition, we expected that 

the most subjective outcome--switching 
to another antibiotic-would occur more 
frequently among children receiving oral 

therapy, leading to a bias away from 
equivalence. However, we recognize that 

our inability to blind treatment assign- 
ment was a limitation of the study. 

Impan of losses to follmr-up or ob- 
mu ofoutmnu infmmnth.  Partic- 
ipants who withdrew from the uial or 

left against medical advice tend to dilute 

any difference between the groups, which 
biases the results toward equivalence. To 

address the effect that absence of infor- 

mation has on outcomes for children 
who were lost to follow-up, we set the 

goal that no more than 1% of the study 
population could have a missing primary 

end point at 48 h because of losses to 

follow-up. We planned, a priori, to con- 

duct both an intent-to-treat analysis (that 
included all patients) and a per-protocol 
analysis (that excluded those who were 

lost to follow-up or were <3 months of 
age) to evaluate the impact on losses to 
follow-up on study conclusions. To en- 
able us to conduct an intent-to-treat 

analysis, we assigned an outcome of treat- 
ment failure to children who withdrew 
from the trial or who left against medical 
advice, recognizing that overall treatment 
failure in the trial would represent a 

worst-case scenario. 

Monitoring the Safety of an Eqoivalencs 
Trial 

The APPlS was monitored by an inde- 
pendent data safety monitoring board 
(DSMB) that was charged with evaluat- 
ing subject safety throughout the trial. 
Because the trial outcome was treatment 
failure, the DSMB focused on whether 
there was interim evidence that treatment 
failure was occurring more frequently in 
1 treatment arm, rather than on whether 
the treatments were equivalent. Because 

sample size calculations for equivalence 
studies are different from sample size cal- 

culation for detecting differences he- 
tween treatment groups, we calculated 
sample size requirements from both per- 

spectives, selecting the larger sample size 
for the study. This approach enabled the 
overall result to address equivalence and 
to provide the interim analyses of study 
safety with adequate power to detect sta- 

tistically important differences between 
treatment groups. The final sample size 
for the study was 1722 children (861 per 

group). We planned to evaluate whether 
the 2 treatments were equivalent using 

the two l-sided tests procedure and to 

calculate the risk differences and 95% Cls 
of the primary and secondary outcomes 

1331. If the 95% CI limits are within the 
range of -5% to 5%, the treatments are 

considered to he equivalent. We also 

planned to evaluate predictors of treat- 
ment failure at 48 h using a mixed-effects 

model (SAS Institute), with study site as 
a random effect and treatment as a fixed 

effect, and to assess whether baseline 

characteristics and results were consistent 
across study sites. A priori baseline co- 
variates to be included in the model as 
hxed effects were sex, age of<12 months, 

breast-feeding at onset of present illness, 
immunization status (current or not), 
use of antibiotics before admission to 
the hospital, presence of malnutrition 
(weight for age z score, less than -21, 
fever (temperature, >38"C), tachypnea. 
and oxygen saturation. 

CHALLENGES AND 
SOLUTIONS TO PROBLEMS 
DURING STUDY CONDUCT 

Mortality. The DSMB conducted its 
first interim analysis after 8 deaths had 
occurred at 2 study sites in which there 
was a high prevalence of H N  infection 
(Zambia and Durban). Seven of the 8 chil- 
dren who died were <12 months of age 
and were likely to have had I! j i rwea 

pneumonia. Even though the results did 
not approach statistical significance for a 

difference between treatment groups the 
DSMB recommended that the exclusion 
criteria for the study be revised to exdude 
children <I  year of age who were likely to 
be infected with HIV. Children <I year of 
age with hepatosplenomegaly, oral thrush, 
or known family member(s) with H N  in- 
fection were excluded. Only 1 additional 
death occurred at the Zambia or Durban 
sites benveen May 2000 and the comple- 

tion of the trial. 
DSMB o+rrummt of study powerdur- 

ing the study. The target sample size of 

1722 subjects was hased on anticipated 

treatment failure rate during or after 48 h 
of study treatment of 10% in both groups 
as described above. After 1034 children 

(60%) were enrolled in the study, the pro- 
portion of treatment failures was 18.6% 
in the amoxiciilin group and 19.9% in the 
penicillin group. The DSMB raised the 

concern that the equivalence margin for 
the study would likely be >5% at study 
completion, unless the sample size was in- 

creased, but did not recommend changing 
the sample size. Staff at the data co- 

Deign of Pediatric An itibiotic Trials . CID m 3 9  (15 AuguaO . 529 



onbating center rrnkuLrod sampk size 

rquircmmn without dun&? any ~r- 
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STUDY OUTCOME AND 
CONCLUSWN 
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