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Abstract
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Missing data and non-compliance data questions are especially important in
evaluating locally acting generic drugs because primary equivalence analyses in
clinical endpoint bioequivalence (BE) studies are based on the per-protocol (PP)
population (generally, completers and compliers). However, no case studies have
been reported to address the status of missing data and non-compliance in clinical
endpoint BE studies. A case study using a clinical endpoint study for topical drugs
for treatment of acne vulgaris was used to illustrate the extent and pattern of
drop out and non-compliance reported in the Sun et al. meta-analysis results, and
whether drop out and non-compliance are random or not random, independent
or correlated with each other, balanced or not balanced between the generic
(TEST) and the innovator drug, i.e., the reference listed drug (RLD).
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Introduction
Missing data and non-compliance are very common in clinical
trials [1]. They are especially important in clinical endpoint
bioequivalence (BE) studies for evaluating locally acting generic
drugs because the primary equivalence analyses are usually
based on the per-protocol (PP) population (generally, completers
and compliers). Sun et al. [2] presented the results from a metaanalysis using six approved Abbreviated New Drug Application
(ANDA) based on clinical endpoint BE studies for topical drugs as
an example and reported the missing data and non-compliance
data status in these ANDA studies. In this paper, we give one
case study to illustrate the prevalence and breakdown categories
of drop out and non-compliance, and whether drop out and
non-compliance are random or not random, independent or
correlated with each other, balanced or not balanced between
the generic and the innovator drug.

Methods
Clinical endpoint BE studies aim to establish bioequivalence
between TEST and RLD [3]. A placebo or vehicle arm (VEH) is
usually included in these studies in order to test the sensitivity of
the study. The study design is usually a blinded, randomized 3-arm
parallel clinical trial. In our case study, there are four visits: baseline
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(Week 0), Week 4, Week 8, and Week 12 (the test of cure visit). The
co-primary endpoints are percent changes from baseline to Week
12 in inflammatory lesion count and in non-inflammatory lesion
count. According to the FDA guidance [4], in order to establish
bioequivalence between TEST and RLD, a study has to pass two
superiority tests (TEST vs. VEH: H 0t : µT ≤ µV , H1T : µT > µV ; and
RLD vs. VEH: H 0 R : µ R ≤ µV , H1R : µ R > µV ; for validation of the
sensitivity of the study, and an equivalence test [5] (TEST vs. RLD:
µ
µ
µ
H :
≤ 0.8 or
≥ 1.25, H :
< 1.25 for establishment of equivalence
µ
µ
µ
between TEST and RLD, where µT and µ R are the mean
percent changes from baseline to Week 12 in inflammatory
or non-inflammatory lesion count in TEST and RLD. Only when
all three null hypotheses ( H 0t , H 0 R , and H 0 ) are rejected, the
bioequivalence between TEST and RLD can be established. The
primary superiority tests are based on the modified intent-totreatment (ITT) population, which in general is defined as the
randomized subjects who took at least one dose of treatment.
The primary equivalence test is based on the per-protocol
(PP) population, which is usually composed of completers and
compliers. For treatment of acne vulgaris, those who dropped
out due to noted lack of efficacy are also included in the PP
population. In this paper, we focus on the equivalence evaluation.
0

T

T

R

R

1

T

R

© Under License of Creative Commons Attribution 3.0 License | Find this article in: http://biomedicine.imedpub.com/

1

ARCHIVOS
DE MEDICINA
Insights
in Biomedicine
ISSN
1698-9465
ISSN
2572-5610

2017
Vol. 2 No. 3 : 14

Results
Figure 1 shows that among the 285 TEST and 283 RLD randomized
subjects, 79.7% of the TEST and 77.7% of the RLD subjects were
completers and compliers; 7.7% (TEST) vs. 6.4% (RLD) subjects
were both dropouts and non-compliers; 4.9% of the TEST vs.
5% of the RLD subjects dropped out of the study but complied
with the study protocol; and 7.7% of the TEST vs. 11% of the RLD
subjects completed the study but did not comply with the study
protocol. The latter three categories were excluded from the PP
population except those dropouts due to noted lack of efficacy
(LOE) (0.4% in TEST and 0% in RLD). Therefore, in total, 80.1% of
the TEST subjects and 77.7% of the RLD subjects were included in
the PP population and used in the primary equivalence analysis
between TEST and RLD. In this clinical endpoint BE study, the
equivalence of TEST and RLD was established in the co-primary
endpoints – both 90% CIs of the ratio of means were contained in
the BE margin [0.8, 1.25].
Breakdown of the dropout and non-compliance categories
(Figure 2) shows that among the non-PP population (TEST:
19.9%; RLD: 22.3%), 12.6% (TEST) vs. 11.3% (RLD) dropped out
of the study or were lost to follow up; 9.1% (TEST) vs. 8.8% (RLD)
missed three consecutive doses and were non-compliant; 6.3%
(TEST) vs. 7.4% (RLD) were out of window for the EOC visit; 6.3%
(TEST) vs. 6% (RLD) were either hyper-dosed or under-dosed
(i.e., treatment non-compliant); 0.7% (TEST) vs. 1.8% (RLD) took
restricted medication; and 0.4% (TEST) vs. 0% (RLD) had other
non-compliance. These categories are not mutually exclusive
because one subject could drop out and miss three consecutive
doses. For example, 2.5% of the TEST and RLD subjects had two
dropout and non-compliance categories, and 6.3% of the TEST vs.
5.3% of the RLD subjects had three dropout and non-compliance
categories.
Figure 3 reveals that among the 12.6% of the TEST dropouts and
11.3% of the RLD dropouts, most did not specify dropout reasons
(TEST: 8.4%; RLD: 7.1%), 2.5% (TEST) vs. 3.2% (RLD) were nonstudy related (e.g. move out of the town), 1.4% (TEST) vs. 1.1%
(RLD) were terminated by the sponsor due to non-compliance or
by the subject, and only 0.4% of the TEST subjects dropped out
due to noted adverse events (AE) or lack of efficacy (LOE).
In order to evaluate whether dropout (and non-compliance) was

Figure 2 Breakdown of the dropout and non-compliance
categories proportion among randomized subjects (%).

Figure 3 Breakdown of causes for dropout or loss to follow-up
and proportion among randomized subjects (%).

at random or not, a logistic regression was conducted to evaluate
the association between dropout (or non-compliance, as the
outcome) and treatment effect (as the risk factor), i.e., percent
change from baseline lesion count (average of inflammatory
and non-inflammatory) at the last visit (TOC for completers and
last measurement for those who drop out). It turns out that one
standard deviation (SD) (27) higher percent change from baseline
in lesion count at the last visit was associated with 38.7% (95% CI:
19.5-52.2%) of odds reduction in dropout (odds ratio (OR): 0.61,
95% CI: 0.48, 0.81, P=0.0003), and 35.3% (95% CI: 15-50.9%) of
odds reduction in non-compliance (odds ratio (OR): 0.65, 95% CI:
0.49, 0.85, P=0.0025). This means that a worse treatment effect
(i.e., lack of efficacy) was associated with a higher risk to drop out
and a higher risk to be non-compliance. Therefore, drop out and
non-compliance was not at random.
Further analysis shows that dropout and non-compliance were
correlated (Pearson Correlation = 0.64, P<0.0001). This means
that those who dropped out were more likely to be noncompliant, and those who did not comply with the study protocol
were more prone to drop out of the study.

Figure 1 Dropout and non-compliance status in a clinical
endpoint is study and proportion among randomized
subjects (%).
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Discussion
Missing data and non-compliance data are very important to
clinical endpoint BE studies because they directly affect the
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statistical conclusion of equivalence, which is based on the PP
population (completers and compliers in general). However, no
case study has been reported to address the status of missing
data and non-compliance in clinical endpoint BE studies. The
case study in this paper revealed some interesting findings that
will help regulators better understand the extent and pattern
of drop out and non-compliance in clinical endpoint BE studies.
Although this meta-analysis was conducted for clinical endpoint
BE studies for treatment of acne vulgaris, similar conclusions can
be generalized to clinical endpoint BE studies for other locally
acting drugs.
The study result shows that the prevalence of PP population
and breakdown of non-compliance and dropout were generally
balanced between TEST and RLD. However, as discussed in Sun
et al. [1], those who dropped out with no specified reasons and
those terminated by the sponsor due to non-compliance or
withdrawn can be a mixture of missing completely at random
(MCAR), missing at random (MAR), missing not at random (MNAT)
[6,7], or nonexistent data, as defined by LaVange and Permutt
[8]: “Drug trials, though, often have to cope with observations
that are not missing in this narrow sense but never would have
been collected because they do not exist”. For example, a subject
would drop out of the study due to intolerance of the study drug.
Based on the results from the Logistic regression, drop out was
not missing completely at random (MCAR) in this study. It was
either MAR or MNAR or a combination of MAR and MNAR.
However, based on the observed data, we cannot distinguish
between MAR and MNAR because the two missing-data
mechanisms are not testable unless in the context of certain
distributional assumptions [9]. Likewise, non-compliance was
not completely at random either. This is concerning because the
primary equivalence analysis is usually based on some missing
data mechanism, for example, ANOVA is based on MCAR; linear
mixed model is based on MAR. The uncertainty of the missing
data mechanism requires sensitivity analysis to verify the
robustness of the conclusion of the primary equivalence analysis.
On the other hand, the fact that drop out and non-compliance
were associated with treatment effect means that drop out and
non-compliance contained the outcome information. Therefore,
naively excluding those who drop out or non-compliers from the
PP population may create bias when evaluating equivalence. We
may need to re-evaluate the study population and estimands
needed for equivalence, which will be a subject of our future
research.
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Ciccone et al. reported a feasibility study called Project Leonardo,
which aims to evaluate the impact of a disease and care
management model and of the introduction of “care manager”
nurses, trained in this specialized role, into the primary health
care system. Results show that Leonardo was feasible and
highly effective in increasing patient health knowledge, selfmanagement skills, and readiness to make changes in health
behaviors. The “care manager” model may be a good option to
prevent missing data and non-compliance in clinical studies.
Findings from this case study confirmed the results of Sun et
al. meta-analysis [10]. The case study highlights the impact of
missing data and non-compliance data on statistical conclusions
of equivalence. It can help in choosing appropriate analysis
population, endpoints and estimands, as well as appropriate
primary statistical methods and sensitivity methods for evaluating
equivalence in clinical endpoint BE studies in presence of missing
data and non-compliance data.

Conclusions
Based on this case study of a clinical endpoint bioequivalence
study for treatment of acne vulgaris, we find that:
1) Among all of the randomized subjects, 80.1% of the TEST
subjects and 77.7% of the RLD subjects were included in the
PP population and used in the primary equivalence analysis
between TEST and RLD;19.9% of the subjects were noncompliant and/or dropped out (due to reasons other than lack
of efficacy) hence are excluded from the primary equivalence
analysis.
2) Among the non-PP population, more than half (12.6% out of
19.9% for TEST vs. 11.3% out of 22.3% RLD) were dropouts or
lost to follow up; Of the latter, most not specify their drop out
reasons (TEST: 8.4%; RLD: 7.1%).
3) Dropout and non-compliance were not at random. They were
significantly associated with the treatment effect, i.e., those
who dropped out or did not comply were more likely to have
poor treatment effect (P<0.05). Furthermore, dropout and
non-compliance were correlated with each other (P<0.0001) –
those who dropped out were more likely to be non-compliant
and vice versa.
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