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JOINT CLINICAL/STATISTICAL REVIEW

(ADDENDUM)
NDA #: 203,496
Applicant: United Therapeutics
Name of Drug: Treprostrinil tablets
I ndication: Pulmonary arterial hypertension
Date of submission: October 23, 2011
Statistical Reviewer : John Lawrence, Ph.D. (HFD—-710)
Medical Reviewer: Maryann Gordon, M.D. (HFD-110)

The purpose of this addendum is to provide some additional analyses of the pivotal Phase
3 efficacy study TDE-PH-302. As noted on p. 24 of the original review, at the end of
study (Week 12), the estimated placebo-subtracted change in 6-minute walking distance
was 25.5 m (p=0.0001) using the sponsor's single imputation method and their
adjudication of reasons for dropout. However, 59 subjects (25%) in the UT-15C group
did not have the week 12 walk test compared to 18 subjects (11%) in the placebo group.
When the 59 UT-15C subjects are given worst rank, the p-value becomes 0.92. When the
missing placebo subjects are assigned worst rank as well, the p-value becomes 0.21. It is
of great concern that UT-15C had more than double dropout rate than placebo.

14 (6%) subjectsin the treprostinil group and 9 (8%) subjects in the placebo group died
during the course of the study before the walking distance could be measured at Week 12
(10 and 6 deaths respectively were listed as the reason for discontinuation but others died
after discontinuation during 12 week period). Because of the 2:1 randomization, the
percentage of deaths was approximately balanced between the two groups. There were an
additional 45 (19%) subjects with missing data at week 12 in the treprostinil group and
an additional 9 (8%) in the placebo group. Only 3 subjects total had missing data for the
reason "In study, tooill to walk". 100% of the subjects that did not die and were not too
ill to walk should have had aweek 12 followup visit where the walking distance should
have been measured and this value should have been used inthe ITT analysis regardless
of whether the subject took their randomized treatment.

The primary analysis was complicated, but essentially all subjects were assigned a score
between 0 and 1 based on their change from baseline walking distance. Higher scores
indicate better change in walking distance. The average imputed score for the 59
treprostinil subjects with missing Week 12 datais 0.36 while the average score for the 18
placebo subjectsis 0.11. From this, it is seen that there was a large amount of missing
data and the way it was handled seemed to substantially favor showing a treatment effect
(i.e,, 0.36 vs. 0.11). Sinceit is preferable to make decisions based on observed data rather
than made up data and there was a substantial amount of missing data in this study with
twice as much missing in the treatment group, it seems worthwhile to consider other
ways of handling the missing data that do not favor showing a treatment effect.
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In this addendum, three additional analyses are considered:

1. Analysis of change from baseline to Week 4 (earlier time point than used in the
primary analysis) using other imputation methods; giving worst rank to all subjects
(treprostinil and placebo) with missing data or only to all subjectsin the trepostinil group.

In the sponsor's ITT analysis of change from baseline to Week 4, the estimated placebo
subtracted change from baseline is 14 m with a p-value of 0.0025. 25 subjectsin the
treprostinil group and 8 in the placebo group had missing value sat Week 4. In the
sponsor's analysis, the imputed scores for these 25 subjects with missing values had a
mean of 0.34 while the mean score for the 8 placebo subjects was 0.08. Again, the
sponsor’ s imputation seemed to substantially favor the treprostinil group.

When these 25 subjects in the treprostinil group are all given the worst score, the point
estimate of the placebo subtracted change from baseline is 10 m and the p-value is 0.063.
If, in addition, the 8 placebo subjects are also given the worst score, then the p-value
remains 0.063 (note: 7 of them already had the worst rank, so it only changes the rank for
1 placebo subject).

2. Analysis of change from baseline to Week 12 giving fewer subjects from treprostinil
group the worst rank (i.e. not all 59 are given worst rank).

When all 59 subjects in the treprostinil group are given the worst score, the p-valueis
0.92. If only the top 23 of these 59 are given the worst score and the remaining 36 scores
areleft "asis", the average score for all 59 treprostinil subjects with missing datais 0.13
compared to an average score of 0.11 for the placebo subjects with missing data. The p-
value for the analysis with thisimputation is 0.051. 23 is the smallest number of subjects
in the treprostinil group with missing data who were not already given the worst rank that
would have to be given the worst rank to make the p-value above 0.05.

The reasons given for missing data at Week 12 for these 23 subjects were: Adverse event
(14), Consent withdrawn (2), Discontinued for other reasons (1), In study, unblinded or
other (3), Lost to follow-up (3).

3. Multiple imputation method for missing values at Week 12.

Another approach isto use multiple imputation to impute the missing data. For each
imputed dataset, the worst rank was given to subjects who died as was done in the
original single imputation analysis. For subjects with missing value who did not die, a
random score was chosen uniformly between 0 and 0.25; thisis based on the concept that
anyone with missing data would have fallen in the lowest quartile had they been coerced
into actually doing the walk test at Week 12. Note that there are 45 subjectsin the
treatment group who have missing data at Week 12 for reason other than death and 9 in
the placebo group. The average score in the sponsor's analysis for the 45 subjects was
0.45 and the average score for the 9 placebo subjects was 0.16. From this imputed
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dataset, the stratified treatment effect was estimated and then combined using a multiple
imputation formula (Rubin, D.B. (1987) Multiple Imputation for Nonresponse in Surveys.
J. Wiley & Sons, New Y ork.). The multiple imputation analysis will have two important
differences from the original single imputation. First, the imputed scores will have the
same average value in both groups (namely, 0.125). Second, the uncertainty in imputing a
value will be reflected in the variance. This uncertainty is not factored in when asingle
imputation is used and treated like afixed value. The result of the multiple imputation
analysis done thisway is a p-value of 0.056. However, the validity of multiple imputation
anaysisrelies on model assumptions including the assumption that the values are
missing at random. This assumption implies that the large imbalance in the rate of
missing data between the two treatment groups does not matter in statistical analysis,
which can be very problematic in my view.

There are other ways of imputing the missing values as part of the multiple imputation
analysis. In general, those imputation schemes that tend to give better values to subjects
with missing datawill tend to favor showing a treatment effect because the number of
subjects affected by these better imputed valuesis higher in the treprostinil group
compared to the placebo group and vice versa. For example, if the missing datafrom the
patients who did not die or too ill to walk are imputed by a random score smaller than
0.125 on average, then the treatment difference will likely not be statistically significant.

In summary, the robustness of the efficacy results depends heavily on how the missing
data are treated in statistical analysis; the p-value can range from 0.0001 (from the
sponsor's analysis) to 0.92 (from analysis giving all treatment subjects with missing data
the worst score). So in my opinion, the efficacy of the treprostrinil tablets has not been
convincingly demonstrated, based on this study.
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