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This resubmission does not contain new efficacy information, thus there is no statistical review
for this cycle. In the resubmission, the sponsor updated the labeling. Following are the comments
from the statistical reviewer on section 14 clinical studies in the labeling.

1 (b) (4)

In both studies, the effects of KALBITOR were evaluated using the Mean Symptom
Complex Severity (MSC) score and the Treatment Outcome Score (TOS), which are
validated patient reported outcome measures for HAE. These measures evaluated the
severity of attack symptoms at all anatomic locations (MSCS score) and response to
therapy (TOS).

2. Suggest to add a sentence in the end of paragraph 4 to explain that an improvement in
symptoms from baseline is reflected by a positive TOS value.

3. Suggest to present a concise table 2. Cut off the section for integrated summary of
efficacy. For each study, only report N, mean, standard deviation, and P values on MSCS
and TOS. Take out median and inter-quartile range.

4. For the results on number of patients required medical intervention, only report the
numerical trend, do not discuss statistical significance.
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Secondary Statistical Review

1 INTRODUCTION

This is a secondary review considering the findings of Dongmei Liu, Ph.D., the primary

statistical reviewer, as well as discussion by the advisory committee. I have concurred with

Dr. Liw’s principal conclusion, “that there is a lack of consistent and substantial evidence to
- support the efficacy chim.” It may be useful, however, to elaborate my perspective a lictle.

The application relies for evidence of efficacy on two studies, EDEMA3 and EDEMA4. In
EDEMAS3, the apparent statistical significance is somewhat vitiated by a problem in defining
treatment groups for analysis. In EDEMAA, the problem is a remarkable difference in
outcomes before and after a protocol amendment. -In addition, Dr. Liu raises some issues in
regard to the imputation of data for patients who had certain emerging symptoms or* _
interventions after the administration of the treatment under study.

2 ALLOCATION ERROR IN EDEMA3}

Two patients in EDEMA3 had their treatments switched from what was assigned in the
randomization schedule. The Treatment Outcome Score was statistically significandy better
(p = 0.045) for ecallantide than for placebo if those patients were included in the group with
the treatment they actually received, but not (p = 0.14) if they were inchuded in the group to
‘which they had been assigned. - o o :

To me the issue here is not “robustness” but multiplicity. ‘While the analysis as treated is
sound and arguably better, there is little doubt that if the results had been reversed, with the
analysis as randomized significant, that analysis would have been considered primary. If we
accept these results as significant at level 0.05, and we also would have accepted those, we
~ would make a Type I error, if the treatment had no effect, whenever one or the other or
both tests were significant. The probability of such an error would be very slightly more
than 0.05, because each test would reject the null hypothesis with probability 0.05 and they
~would usually but not always agree. It s fair to suggest, therefore, that the nominally
significant result is not truly significant at level 0.05. It is also fair to point out, however, that
if l:s is not, it is nevertheless significant at some level between 0.05 and 0.1, and surelymuch
closer to 0.05. ' - :

3 INTERACTION IN EDEMA4

. EDEMA# was conducted under a Special Protocol Agreement. The protocol was amended,

“however, to change the sample size during the trial. At the time of the amendment, the
sponsor was advised to include in the study report an analysis of possible differerices in
outcomes before and after the amendment was in force. As Dr. Liu pointed out, a
remarkable difference was found: almost 4l the effect of the drug compared to placebo can
be attributed to the outcomes after the change. '
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Notwithstanding the Special Protocoi Agreement, I think this analysns is highly relevant.’
Indeed, Ishmkushouidhecmﬂemdpmofdwagfeedanal)sxs,asuwas mquestedatthe
nmethepromeolwas amended.

There are several possible i interpretations of ehis treatment- bytpenod interaction. One
~possibility is that the seeming interaction is a Type I ervor: there was no difference inthe
" real treatment effect before and after the change, only random variation. As Dr. Liu pointed

out, significance testing on the interaction suggests this is unlikely. Of course, there is some

fatent nnﬂnphaty here, though not a lot: Dr. Liu would have been bound to notice similar
 interactions of weatment with age, race or sex, for example. So, we cannot exclude the
possxbnhty that this apparent interaction is a chance occurrence.

" Naturally, we also cannot exclude the possnbxhtythat it is real. 'Ihe most likely explanatxon

for a difference in the effect of the test product before and after the change is a difference in - o

the patient populations. Dr. Liu reports several differences observed by the applicant, and
some members of the advisory committee speculated on others.

What if it is real? We then bave a product that was ineffective not only in some panents but
in the entire sample of patients originally intended 1o be recruited in EDEMA4. By the
same token, it was then definitely effective in another sample, the late-recruited patients.

‘The role such interactions should play in approval decisions is a difficult question. We can
approve a product that will fail to work for many patients, without a clear understanding of

- what patients it will succeed for. Akemauvely we can withhold a product that will work for
some patients. The decision must be based on benefits and risks: the benefits to the
pauents the pmduct works for, and the risks not onlyw them but to others uselessly treated.

4 IMPUTATION

‘Attacks of hereditary angioedema can be difficult to manage and sometimes life-threatening,
‘The protocols specified a primary measure of outcome, but sometimes interventions would

be necessary that would affect the interpretation of that measure.. It is not inconceivable that - -

~ abad treatment would improve symptoms by worsening patients’ conditions enough that
alternative therapies would have to be used. To obviate such a result, the protocols specified
 that certain emerging symptoms or interventions would require the assignment of an .
unfavorable score to patients regardless of what otherwise would have been the primary
measure. As it happens, more placebo patients had such artificial bad scores assigned. -

Dr. Liu points out that this procedure may exaggerate t.he effect of the test article. The =
- sense in which this is true must be considered carefully. Patients with artificially bad scores -

xgneddxdnotmfacthaveoumomesasbadasthcxrscoresmﬂdmdlcate,sothatthe .
numencal difference between active and placebo groups may indeed overstate the difference
in average outcomes. On the other hand, more emerging symptoms and interventions in the
placebo group are themselves evidence of a beneficial effect of the test article, over and -
above the difference in the pnmary outcome variable. . e




- BLA125277/002
Secondary Statistical Review

Dr. Liu suggested other possible analyses which have merit, especially for describing
. numerically the effect of the product. I do not think, however, that a finding of -
effectiveness requires these additional analyses. - . :




U.S. Department of Health and Human Services

Food and Deug Administration

Center for Drug Evaluation and Rescarch

Office of Pharmacoopidemiology and Statistical Science
Office of Biostatistics

STATISTICAL REVIEW AND EVALUATION

BLA/Serial Number:
Drug Name:
Indication(s):
Applicant:

Date(s):

Review Priority:

Biometrics Division:

Statistical Reviewer:
Com_:nrring Reviewers:

Medical Division:
Clinical Team:

Project Manager:

CLINICAL STUDIES

125277/0002

Kalbitor (ecallantide)

Treatment of hereditary angioedema (HAE) ‘
Dyax Corp.

Received Sep. 23, 2008

Priority

Divisjon of Biometrics Il / Office of Biostatistics
Dongmei Liu, Ph.D.

Qian H. Li, Sc.D., Team Leader

Thormas Permutt, Ph.D., Divisjon Director
TN ?-w:*g STRTIA

Division of Pulmonary and Allergy Products

Susan Limb, M.D., Medical Reviewer

Sally Seymour, M.D., Team Leader
Badrul A. Chowdhury, M D.PLD,, Medlcal Division Director

Colette Jackson

Keywords: BLA review, Clinical studies, Data imputation




‘Table of Contents

LIST OF IN-TEXT TABLES.

3
LIST OF FIGURES 4
1. EXECUTIVE SUMMARY S
1. EXECUTIVE SUMMARY 5
1.1 CONCLUSIONS ...cccconererrncererressersessassarssesnsorssssnesssesssessesssestsssscssassnsonssstossssssosssosssnsonsosssssasssons 5
1.2 BRIEF OVERVIEW OF CLINICAL STUDIES ..................................................... 6
1.3 STATISTICAL ISSUES AND FINDINGS......cccceeurevensennisessosncssersesssssossssessnssees 6
2. INTRODUCTION 8
2.1 OVERVIEW ....ootuuruersenesssssessmssmesssssssssssssssssssssrsssssssssssnsasssssssssessessassasssssessassassasssessanssssssosioess 8
2.1.1  Class QNA IRAICALION ...........u.uueeeeeceieereereecrerererersssenssessesssessssssassssssssesissssssssssasassssass 8
2.1.2  History of Drug Development.................c.ecccouvvrussnecssseseesesesesssnssnsssssssssssssssssssnenes 8
2.1.3  Specific Studies RevVIieWed...................ceerveereinrenessscnsssssssnssesesssssssssssassssssssssrsssne 8
2.2 DATA SOURCES.....ccoceruerercrnsenrerseesssassassoesassessasssssssssassesssssassaossenssnses esessessessansaressessarseneranarses 8
3. STATISTICAL EVALUATION A 9
3.1 EVALUATION OF EFFICACY ...c.coverirnrreernsrersrssncssesasssecsesssesasssosesssssens : 9
3.1.1  Study Design of EDEMAS.........ereeeresiersrsssenessienssesessssssssssssassasnes cereseerernnnsane 9
3.1.2  Study Design of EDEMAA............vceveeesenrnrenssnssssssssssssssosssssosssasssssssssssssssssassons 11
3.1.3  StAlISHCAl MEIROAS.........cucoeeeeeieeererreerevrreensnsessssssisssssisssesssessssssssassesssssssssessnsasnsasns 14
3.1.4 Efficacy Results of EDEMA3 and EDEMAA..................ooeeerevnereeereesrsssseeserssssssenns 14
3.1.5 Comparison of the EDEMA4 eﬁ'icacy results between pre and post sample size
change ............ wieeesemetbe see on R e , Y
3.1.6  Data Imputatmn ............................... eeessestisaennnanens hevsesssesasssnisersaessesssesatssniresanennenes 21
3.2 EVALUATION OF SAFETY ..ccocveesuesssensnsssserssesnensassascassssassrasassensionses corererens 23
4. FINDINGS IN SPECIAL/SUBGROUP POPULATIONS veese 26
APPENDICES A 27

SIGNATURES/DISTRIBUTION LIST . ' 30




LIST OF IN-TEXT TABLES |
Table 1 Summary of patient disposition for EDEAMS3 R 1

Table 2 Patient demographics and baseline characteristics (ITT-as-randomized population) ..... 11 '
Table 3 Summary of patient disposition for EDEMA4 ................................................................ 13
Table 4 Patient demographics and baseline characteristics (ITT population) .......cceeverrenerssssenene 14

Table S Summary of analyses results on TOS at 4 hours post-dose for EDEMA3 and EDEMA4 .
(ITT-as treated POPUIBLION) c.ovvvevrairirnnerissesisssssssarssssssssnssassssssssissesssssssses - .15

Table 6 Summary of analyses results on change of MSCS at 4 hours post-dose from baseline for
both EDEMA3 and EDEMAG (ITT-as-treated population) ........c.coeueunennensscasasnenes 15

Table 7 Proportion of patients with successful responses based on change of MSCS at 4 hours
post—duse from baseline less than or equal to 1 (ITT-as-treated population) .......ccocveuerereacnnrenrenns 16

Table 8 Summary results of proportion of patient with successful response based on different
definitions (ITT-as-treated population)..........cvveeecrnisnsnnsiscsnssncnsnssinsrsnsncnns vesssssssesene 16

Table 9 Summary of change in MSCS at 4 hours post-dosc in EDEMA4 pre and post sample size
change enroliment (ITT PoPulation).........c.cceciseriseisnstssnsmnssnsnscssissanissssnisasssssnssssssssassssssssass 17

Table 10 Summary of TOS at 4 hours post-dose in EDEMA4 pre and post sample size change
enrollment (TTT POPULALIONS).......c.cocrverririmerirnsisnasetsssessssssssssssssasisssssssssnsessnssnassansssssrssssisstsssssns 17

~ Table 11 Summary of proportions of responders based on cut offs on TOS and change in MSCS
in EDEMAA4 pre and post sample size change enrollment (ITT poptﬂation) ............................... 18

Table 12 Summary of mteractwn between treatment effect and enrollment period in EDEMA4
(ITT population)...........cccennnnrnisneniennansenscasens feeresserrerensaeneneneasassssensbsasrase 20

Table 13 Summary of percentage of data imputed in EDEMA3 and EDEMA4 (ITT-as-treated
population).. reveseeesessesssessessrestestetobaerterte st eettesteRIteNtesTNIIS RN RS RSSO S SRS SRS SRR R AL L SRt bR s b n R b e 22

Table 14 Summary of P values resulted from different data imputations in EDEMA3 and
EDEMA4 (ITT-as-treated po;m!ahon. not treating patients with SUAC as treatment faxlure) .22

Table 15 P values using different approaches to data imputation .......... .23

Table 16 Summary of results on change of MSCS at 4 hours post-dose from baseline by age
group in EDEMA3 and EDEMA4 (ITT as treated population)........ccceresccivscssisuninnne 26 .

Table 17 Summary of results on TOS at 4 hours post-dose by age group in EDEMA3 and
EDEMAG (ITT as treated population) .........ccceeecvenencccssnsciscssnniseinsiisnsssssssenens crersenes 26




LIST OF FIGURES

Figure 1 Scattor plot of change in MSCS at 4 hours post-dose vs. enrollment date in EDEMA4
(ITT population).......cceverrererereerererecnens srersaesetesie st as e asas e sbore e rsansenes resstsrsassnessassnsasaonsasanns 20

Figure 2 Tllustration of an alternative efficacy end point -~ AUC. ...........crvverienerrncenncsnessnene, 25




1. EXECUTIVE SUMMARY
1.1 Conclusions

Dyax Corp. proposes ccallantide for the treatment of acute attacks of hereditary angioedema in
patients who are 10 years of age and older. Ecallantide is a plasama kallikrein inhibitor intended
for subcutaneous injection. The applicant conducted two phase 3 studies to support the efficacy
and safety of ecallantide and claimed that with the recommended dose of 30mg (3.0mL)
administered in three 1 mL injections, ecallantide eliminates or reduces signs and symptoms of
HARE attacks and offers a significant benefit over available treatments. Issues identified in the
phase 3 studies suggest that there is a lack of consistent and substantial evidence to support the
efficacy claim of ecallantide. From statistical stand point of view, there is weak evidence to

_ support the approval of this drug,

The issues in phase 3 studies are summarized below.

The main issue identified in one phase 3 study is the significant interaction between the .
treatment effect and enrollment pre and post sample size change. The efficacy result of this study
was largely driven by the enrollment afier the decision of sample size adjustment. In the other
phase 3 study, statistical significance is only confirmed for intention to treat (ITT) as treated
population and per protocol population, but not in ITT as randomized population. The difference
between ITT as randomized and ITT as tieated population is due to two patients who received

~ wrong drugs. o '

The primary efficacy end points used in the clinical studies are patient report outcome (PRO)
measures --- Treatment Outcome Score (TOS) and Mean Symptom Complex Severity (MSCS).
The endpoint using MSCS was changes at 4 hours post-dose from baseline. This change from
baseline uses the evaluation of MSCS at two time points (baseline and 4 hours post-dose) and
ignored the change pattern in between. We are concerned the adequacy of the endpoint as it does
not capture additional efficacy information such as how soon the change starts. For example, for
patients whose symptoms completely disappear before 4 hour post-dose, the recovery may occur
at 1 hour post-dese, or 2 hours post-dose. Therefore more frequent symptom assessments may
provide more complete efficacy information.

The data imputations used by the sponsor in this application are not conservative in assessing
treatment differences. The data imputations tend to favor ecallantide. Alternative imputation
rules or methods should be considered.

Another deficiency in this submission is the adequacy of number of patients in the age group

. between 10 to 18 years of age. The applicant proposes the treatment for patients who are 10
years of age and older. However, only 14 patients (8% of the sample size) in the study were less
than 18 years old, and of these, only 4 received ecallantide. There are not enough data to support
the efficacy and safety for pediatric group.




1.2 Brie_f Overview of Clinical Studies

The applicant conducted two phase 3, double-blinded, placebo-controlled, parallel arm, multi-
center studies comparing ecallantide to placebo. The studies were similar in design. The first
phase 3 study (EDEMA3) has a sample size of 72 with patient randomized into the two arms in
'1:1 ratio. The second study (EDEMAA4) has a larger sample size, 96, with the same
randomization ratio. In both studies, patients recruited were age of 10 years old or above. At
enrollment, patient presented to the study center within.8 hours of recognition of an acute attack
of HAE with symptom complexes assessed as moderate or severe. After initial dosing, responses
to the treatment were recorded through either an electronic diary or paper diary. Symptom
complex severity assessment was performed by patients at enrollment (baseline) and at 4 and 24
hours post-dose. Response assessment for the individual symptom complexes was performed by
patients at 1, 2, 3, 4, and 24 hours post-dose. Patients were discharged at 4 hours post-dose.
Follow up visit or phone calls were scheduled durmg the study participation. In EDEMA3, after
double blind phase, all patients including the ones in the placebo arm advanced to open label
repeat dosmg phase.

The primary efficacy endpoint for EDEMA3 was Treatment Outcome Score (TOS). The
secondary efficacy endpoints for EDEMA3 included change of Mean Symptom Complex
Severity (MSCS) at 4 hours post-dose from baseline and time to report of significant
improvement in overall responses. Followed by the recommendation of FDA, the primary
efficacy end point for EDMA4 changed to change of MSCS at 4 hours post-dose from baseline.
Except TOS at 4 hours post-dose and time to report of significant improvement in overall
responses, there were two additional secondary efficacy end points for EDEMA4 --- proportion
of patients maintaining a significant improvement in overall response and proportion of
responders at 4 hours based on change from baseline in MSCS.

1.3  Statistical Issues and Findings

Majority of the patients completed the study. Only one patient in the ecallantide arm in each of
the two phase 3 studies was lost to follow up. In both studies, most of the demographic and
baseline characteristics were balanced in the two study arms. The only exceptions were gender
ratio and the percentage of patients with the primary HAE attack locations classified as
cutaneous and GI/abdominal in EDEMA4. The results from analyses based on ITT as treated
populations in both studies showed patients in the ecallantide arm had statistically significantly
greater reduction in MSCS at 4 hours post-dose from baseline, as well as higher TOS at 4 hours
post-dose compared to patients in the placebo arm. In both studies, patients treated with
ecallantide reached significant improvement earlier than the placebo group, but there was no
statistically significant difference. The difference in proportions of patients with response, based
on change of MSCS at 4 hours post-dose from baseline <= -1, was only 16% in EDEMAS3, while
as the difference was 30% in EDEMAAJ. The difference in EDEMA4 is statistically significant,

~ but the difference in EDEMA3 is not.




The main statistical issues for this application are the interaction between treatment effect and
enrollment period (pre and post sample size change) in one of the efficacy study and data
imputation in both studies.

In the study which has confirmed statistical significance, there was significant interaction
between the treatment effect and enroliment period (pre and post sample size change). If the trial
was conducted the same way before and after sample size change, the chance to see such an
interaction is very small. The statistical significance of the study was driven by the post sample
size change enrollment. Without replicated study to demonstrate the same large treatment effect
observed in the post sample size change enrollment, it is hard to accept the evidence in efficacy
results due to the small probability to make this observation.

For data 1mputatxon, since there were more emerging symptom complexes and medical
interventions in the placebo arm than in the ecallantide arm, more data were imputed in the
placebo arm than in the ecallantide arm. The imputation rules proposed by the sponsor increased
the difference of treatment effect between the ecallantide arm and the placebo arm. To have a
balanced assessment of the treatment robustness, alternative imputation rules that are relatively
conservative in assessing treatment differences are explored in this review.

After the advisory committee meeting, a few additional issues were identified. We sent out
enquiry on these issues to the applicant and are waiting for responses. The questions include a).
clarification on data imputation in EDEMA3 with and without severe upper airway compromise
(SUAC) failure; b). analysis to show whether the primary efficacy end point depends on the
mean lowest historical functional C1-INH level or the mean lowest historical C4 level; c).
change in MSCS recalculated as the arithmetic mean for 3 possible symptom complexes instead
of 5. The 3 complexes are abdominal/Gl, internal head/neck, and peripheral (external head/neck,
genital/buttocks, and cutaneous grouped together); d). change in MSCS recalculated as the area
under the curve measure (detail is available in section 3.1.6 Data Imputation).




2. INTRODUCTION
2.1 Overview

2.1.1 Class and Indication

Ecallantide is a plasma kallikrein inhibitor. The applicant is requesting approval for use of
ecallantide to treat patients who are 10 years of age and older with acute attacks of heredntary
engipoedema (HAE). The proposed dose is 30mg (3.0mL) administered in three 1 mL by
subcutaneous injections. HAE is a rare and sometimes life-threatening disease. There is
presently no marketed or approved treatment for acute attacks or cure for HAE in the United
States. - . ;

2.1.2 History of Drug Development

BBIND 10426 (CBER) opened for the drug development on ecallantide as intended treatment for
HAE on April 30, 2002. On February 4, 2003, orphan drug designation was granted. On June 26,
2003, initial application for fast track designation was submitted and denied by CBER on the
grounds that the application did not focus on severe, life-threatening aspects of HAE attacks nor
addressed unmet medical needs. In the meeting with sponsor on April 5, 2006, dosing, efficacy’
endpoints, long-term safety data requirement, and cotrection on indications were discussed. In
the end of phase 2 meeting with sponsor on August 29, 2006, agreement on efficacy end points
was reached. There was further discussion on study design and number of clinical trials needed
for the efficacy and safety evaluation. On October 13, 2006, request for Special Protocol
Assessment (SPA) was made for EDEMAA4. FDA recommended change of the primary efficacy
end point. Fast track designation was granted on November 17, 2006. The original protocol for
EDEMA4 was submitted on February 21, 2007. Protocol amendment was made on December 3,
2007 to increase sample size and to allow use of paper diaries. Rolling review was granted on
January 15, 2008. The final rolling portion of BLA was submitted on September 23, 2008. An
advisory committee meeting was held on February 4, 2009,

2.1.3 Speclific Studies Reviewed

The summary of all clinical studies the applicant submitted to support this application was given
in section 5.2 (Tabular listing of all clinical studies) of the study report. My statistical review
focuses on the double blind part of the two phase 3 studies designed for efficacy evaluation ---
EDEMA3 and EDEMA4. EDEMA3 was conducted in US, Canada, Europe and Israel. EDEMA4
was conducted only in North America.

2.2 Data Sources

All data was supplied by the applicant to the CBER electronic data room in SAS transport
format. The data and final study report for the electronic submission were archived under the

network path location <\\cbsap58\M\eCTD_Submissions\STN125277\125277.enx>. The
information needed for this review was contained in modules 1, 2.5, 2.7, and 5.3.5.




3. STA“SHCAL EVALUATION
3.1 Evaluation of Efficacy
341 Study Design of EDEMA3

General Design

EDEMA3 is a phase 3, double-blinded, placebo-controlled, parallel arm, multi-center study
followed by an open-label repeat dosing phase. The objective of the study was to assess the
efficacy and safety of ecallantide (30mg liquid administered by subcutaneous injection) for the
treatment of acute attacks of hereditary angioedema (HAE). The study was conducted in 25 sites
~in US, Canada, Europe, and Israel. The double blinded part was done from December 2005 to
February 2007. The open label repeat dosing phase was completed in September 2007.

At enrollment, eligible patients who presented to the study center within 8 hours of recognition
of an acute attack of HAE with symptom complexes assessed as moderate or severe were
randomized in a 1:1 ratio to receive either a treatment of ecallantide or a matching placebo by
subcutaneous injection. Randomization followed a block design, stratified according to prior use
of ecallantide and attack locations (laryngeal vs. abdominal vs. peripheral). After initial dosing,
responses to the treatment were recorded through an eDiary. Symptom complex severity
assessment was performed by patients at enrollment (baseline) and at 4 and 24 hours post-dose.
Response assessment for the individual symptom complexes wasperfonnedhypatlentat 1,2,3,
4, and 24 hours post-dose. Patients were discharged at 4 hours after receiving the injections, with
3 follow-up visits planned. After a minimum of 1 follow-up visit, patients continued to the open
iabel stage. In special circumstances, i.e. after the initial dosing with study drug if the patient was
at risk for severe upper airway compromise (SUAC), a single dose of ccallantide 30mg SC
(referred to as a SUAC dose) could have been administered within 0 to 4 hours of the study drug
treatment. Total duration of study participation was up to 97 days including the follow-up visits.

Efficacy Endpoints

The efficacy was measured by patient reported outcomes (PRO). The applicant stated that the
motivation of using PRO measures was due to the highly variable constellation of HAE
symptoms. PRO instruments developed in this study evaluate all signs and symptoms of an HAE
attack at any anatomical site, as well as capture severity and change in severity of each symptom
across anatomical sites in response to treatment for the full constellation of symptoms. The
primary end point of this study was the Treatment Outeome Score (TQOS) at 4 hours pose-dosing.
The definition of TOS is as follows:

108 xsymptom complex score X symptom complex wetght
»
zsymptom oomplax weight

where symptom complex score was recorded on a 5-category scale (significant improvement
{100}, improvement {50}, same [0}, worsening [-50], and significant worsening [-100]) and




symptom complex weight was recorded on a 4-category scale (normal {0}, mild [1], moderate
[2], severe [3]). In this study, applicant defined that a clinically meaningful 1mprovement was
indicated by a TOS of 30 or above.

One secondary end point was the change of Mean Symptom Complex Seventy (MSCS) at4
hours post-dose from baseline. MSCS is defined as

MSCS ¥ symptom complex severity
i = i

umber of symptom complexes

MSCS score is a point-in-time global measure of symptom severity. Patient’s assessment of
severity on each individual symptom complex was recorded on a 0 to 3 categorical scale (normal
[0], mild [1], moderate [2], and severe {3]) for 5 symptom complexes (Oropharyngeal
Head/Neck, GI/Abdominal, Genital/Buttocks, Non-oropharyngeal head/Neck, and Cutaneous). A
deécrease in score reflects improvement in symptoms. In this study, applicant defined that a
clinically meaningful improvement was indicated by a reduction of 0.3 or greater.

Another secondary endpoint is the time to report of significant improvement in overall responses.
It was defined as the first time (in minutes) post-dose that the patient reported the overall
assessment as “a lot better or resolved.” Patients not reporting the overall assessment as “a lot
better or resolved” from 15 minutes through 4 hours post-dose were censored at 240 minutes.
Patients who received additional HAE therapy within 4 hours were censored at the time of the
medical intervention.

Analysis Populations

Analysis of the primary and secondary efficacy endpoints was conducted on Intent-to-Treat

~ (ITT) population and the Per Protocol (PP) population. The ITT population consisted of all
patients who received any amount of study drug and who completed their 4 hour follow-up
assessment. This included patients receiving open-label ecallantide treatment for SUAC. Since
two patients received the wrong study drug (one patient randomized to ecallantide received
placebo and one patient randomized to placebo received ecallantide), ITT population was further
defined as ITT-as-randomized and ITT-as-treated. The Per Protocol population consisted of all
patients who received a complete dose of study drug and completed their 4 hour follow-up
assessment with no major protocol deviations.

‘Patient Disposition
A total of 72 patients were randomized in a 1:1 ratio to the two arms. Only one patient didn’t

complete the double-blinded study and it was due to lost to follow-up The summary of patient
d1spos1tlon is given in Table 1.
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Table 1 Summs

Randomized ' 36 36
ITT as randomized populati 36 36
ITT as treated population ' 36 36
Per Protocol population 35 .36

*

Discontinued after study drug was administered 1
* Due to lost to follow-up. |
- Patient Demographics and Baseline Characteristics

The patient demographics and baseline characteristics are summarized for the ITT-as-
randomized population in Table 2. The two study arms were well balanced with respect to age,
gender, race, and the stratification factors (prior use of ecallantide and attack locations) applied
in randomization. Majority of symptom complexes reported at bascline were stomach/Gl
symptoms and cutaneous symptoms.

Table 2 Patient demographics and baseline characteristics
_ : o Ecallantide Placebo

, . =36) (N=36)
-Age Mean ' ' 39 32
' : Median 37 30
Std. Dev. ' 15 14
v . ___Range (Min, Max) (18,77 (11,57
Gender Male 12 (33%) 13 (36%)
, _ Female , .24 (67%) C 23 (64%) . .
Race White | — 33(92%) 32 (89%)
' Black 1 (3%) 4(11%)
. Hispanic 2 (6%) ___0(0%)
Prior use of ecallantide Yes S 8(22%) = 11.(31%)
. , No o _ 28(78%) - 25(69%)
Attack location Oropharyngeal Head/Neck 9 (25%) 4 (11%)
GI/Abdominal , 20 (77%) 21 (58%)
Genital/Buttocks - - 2(6%) 4 (11%)
Non-oropharyngeal head/Neck 4 (11%) 9 (25%)
Cutaneous . 21 (58%) _14(39%)

342 Study Design of EDEMA4

General Design
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The design of EDEMA4 was similar to the design of EDEMA3 with a few exceptions. EDEMA4
was conducted in 30 sites in US and Canada. The study period of EDEMA4 was from April 2007 ,
to June 2008. There was no open label repeat dosing phase in EDEMAA4.

There were six majog differences in the design of the two studies. Firstly, randomization in
EDEMAA4 was stratified based on prior use of ecallantide and anatomic locations of HAE attack
categorized in 2 strata, laryngeal vs. all other locations; while in EDEMAS3, randomization was
stratified based on prior use of ecallantide and attack locations categorized in 3 strata, laryngeal
vs. abdominal vs. peripheral.

Secondly, in addition to the SUAC dose, in EDEMA4, if patient’s symptoms failed to improve or
resolve incompletely at 4 hours after initial dosing, or if an attack relapsed within 24 hours after
initial dosing, a single open-label dose of 30 mg SC ecallantide (referred to as Dose B) or
standard care was administered. Patients were discharged at 4 hours after the initial dosing as
well. Total duration of the study participation in EDEMA4 was up to 7 days mcludmg the
follow-up visits.

Thirdly, the primary efficacy end point in EDEMA4 was the change of MSCS at 4 hours post-
dose from baseline. The primary efficacy end point in EDEMA3, TOS at 4 hours post-dose, was
used as the secondary efficacy end point in EDEMA4. This change was recommended by FDA,
because MSCS was considered a more straightforward measure of response to treatment than
TOS. Two more secondary efficacy endpoints, proportion of patients maintaining a significant
improvement in overall response and proportion of patients with successful response at 4 hours
post-dose based on change from baseline in MSCS, were added to EDEMA4 by a special
protocol assessment (SPA). Maintenance of significant improvement was defined as achieving
and maintaining a significant improvement in overall response (i.e. maintaining an assessment of
“a lot better or resolved”) through 24 hours after dosing. A successful response was defined as
improvement in existing laryngeal symptom complex, stabilization of an existing peripheral
symptorn complex, or a charige from baseline in the MSCS score at 4 hours of at least -1.0.

Fourthly, no data imputations were employed for the primary and secondary analyses in
EDEMAA4. In EDEMA3, TOS and MSCS were imputed for emerging symptom complexes and
medical interventions that may have an effect on drug assessment. In both studies, sensitivity
analyses were performed using imputations for emerging symptoms and medical interventions to
test the robustness of the study conclusions. In this review, to make comparison between the two
studies on consistent basis, all the analysis, except the results presented in section of data

" imputation, were based on unimputed data.

Fifthly, in EDEMAA4, no patient received wrong drug, so there was no further classification of
ITT-as-randomized and ITT-as-treated. Prior to unblinding, the statistical analysis plan was
amended with new definitions of ITT and PP populations. ITT population for EDEMA4 was
redefined as patients who received any amount of drug regardless of whether there was a 4-hour
assessment. Per Protocol population was defined as all patients who received a complete dose of
study drug with no major protocol deviation.
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Lastly, a protocol amendment was made on Dec. 3, 2008 to increase the sample size of 52 in the
.original protocol to 96. Another modification of the protocol was allowing the use  of paper
diaries.

Patient Dispaosition
A total of 96 patients enrolled in EDEMAA4. Ninety-five patients completed the study with only
one patient in the placebo group withdrew from the study after enrollment. The patient

voluntarily left the study site against medical advice. The summary of patient disposition for
EDEMAAJ is given in Table 3.

Table 3 Summary of patient disposition for EDEMA4

Ecallantide Placebo

Randomized 48 48
Intent-to-treat population 48 48
Per protocol population 47 48
Patients withdrew fromstudy 1° 0

* Left study site against medical advice.
Patient Demagraphics and Baseline Characteristics

In EDEMAJ, the demographic and baseline characteristics were similar in the ecallantide and the
placebo arms except for gender ratio and attack locations. A higher proportion of females (77%)
were in the ecallantide group than in the placebo group (58%). A higher proportion of patients in
the ecallantide group (71%) entered the study with cutancous symptom complexes compared to
patients in the placebo group (44%), whereas a higher proportion of patients in the placebo group
entered with GI/abdominal symptom complexes (56%) compared to patients in the ecallandtide
group (38%). The summary of patient dmnograpmcs and baseline characteristics is given in
Table 4. Considering the study had a small sample size, it is not unusual to observe that some
baseline characteristics are unbalanced.
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Table 4 Patient demographics and baseline characteristics (ITT population) . .

Ecallantide Placebo

- . _(N=48) (N=48)
Age Mean 31 38
Median 35 39
Std. Dev. 13 12
Range (Min, Max) (16, 73) (14, 72)
Gender Male 11(23%) 20 (42%)
Female 37(77%) - 28 (58%)
Race White _ 39(81%) 43 (90%)
Black _ '3 (6%) + 3 (6%)
Hispanic 4 (8%) 1 2%)
Asian 1 (2%) 1 (2%)
Other 1 2%) 0(0%)
Prior use of ecallantide Yes ' 17 (53%) 19 (40%)
No 31 (65%) 29 (60%)
Attack location Oropharyngeal Head/Neck 8(17%) = - 13Q27%)
GI/Abdominal 18 (38%) 27 (56%)
Genital/Buttocks ‘ 6 (13%) 5 (10%)
Non-oropharyngeal head/Neck 14 (29%) 9(19%)
Cutaneous ~ 34.(71%) 21 (44%)

3.1.3 Statistical Methiods

Non-parametric Wilcoxon rank sum test was applied to analyses of Treatment Outcome Score
(TOS) and change of Mean Symptom Complex Severity (MSCS). Log-rank test was used to
compare the time to report of significant improvement in overall responses. Logistic regression
was applied to analysis of proportion of patients with responses.

3.1.4 Efficacy Resuits of EDEMA3 and EDEMA4

The summary of analysis on TOS and MSCS are given in Table 5 and Table 6 respectively. The
results reported in this section were from analysis based on ITT-as-treated population. The
results show that patients in the ecallantide arm had statistically significant greater reduction in
MSCS at 4 hours post-dose from baseline, as well as higher TOS at 4 hours post-dose, compared
to patients in the placebo arm. However, the analysis result of EDEAM3 based on ITT-as-
randomized population doesn’t give a significant P value (p=0.138). The treatment difference
measured by TOS between the ecallantide arm and the placebo arm changed from 26 by analysis
based on ITT as treated population to 31 by analysis based on ITT as randomized population. By
sponsor’s definition, TOS of 30 or above indicates meaningful improvement. The difference
between ITT-as-randomized and ITT-as-treated population is only due to two patients who
received wrong drugs, one patient who was randomized to the placebo arm received ecallantide
and the other patient who was randomized to the ecallantide arm received placebo. Data from
two patients are enough to change the study conclusion indicates that the treatment difference
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was not robust in EDEMAS3. This is one of the concerns this reviewer has on the efficacy results
of EDEMAS3. This issue was discussed at the advisory committee meeting. The statistician on the
committee thought this result was reasonable in orphan drug studies. It is not unusual to observe
this outcome due to the swap of two patients, because the sample size of the study was only big
enough to detect the expected effect size, but not much room for fiddling with data. :

There was some minor update on data from EDEMA3 after the application was submitted. The
efficacy results of EDEMA23 based on updated data are slightly different from the reported
results in submission. Data from EDEMA4 remain the same.

Table 5 Summary of analyses results on TOS at 4 hours post-dose for EDEMA3 and EDEMA4
(ITT-as treated population) : :

EDEMA3 EDEMA4
Ecallantide Placebo Ecallantide Placebo
(N=36) (N=36) (N=48) _(N=48)
Mean 63 B 36 : 53 8
Std. Dev. 39 54 50 63
Median - 50 50 50 0
IQR (50, 100) (0, 160) (0, 100) (-50, 50)
P value 0.045 , 0.003

Table 6 Summmy of analyses results on change of MSCS at 4 hours post-dose from baseline for

both EDEMA3 and EDEMA4 (ITT-as-treated population)

EDEMA3 'EDEMA4

- Ecallantide Placebo Ecallantide Placebo

(N=36) (N=36) ____(N=48) (N=48)
Mean -1 06 0.8 -0.4
Std. Dev. 0.9 0.6 0.6 0.8
Median -1 -1 -1 0
IQR (-1.5,-0.5) (-1,0) -1,0) (-1,0)
P value ' 0.04 . 001

Since both TOS and MSCS were analyzed by non-parametric Wilcoxon rank sum test, the
reviewer has the concern on difference between statistical significance and meaningful clinical
difference. Since Wilcoxon rank sum test does not provide descriptive statistics to summarize the
distribution, alternative test that better describes the effect size is desired. Particular attention
was paid to a secondary efficacy end point, proportion of patients with successful responses at 4
hours post-dose based on change of MSCS <=-1. This secondary efficacy end point was only in
the statistical analysis plan for EDEMAG. The reviewer applied similar analysis to EDEMA3 and
compared the results from the two studies. The summary is given in Table 7. As shown in Table
7, the difference in proportion of patients with response at 4 hours was only 16% in EDEMA3,
“while the difference was 30% in EDEMAA4. .
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Table 7 Proportion of patients with successful responsm based on change of MSCS at 4 hours
post-dose from basehne less than or equal to -1 (ITT-as-treated population)

EDEMA3 EDEMA4
Ecallantide  Placebo Ecallantide Placebo
: (n=36) (n=36) (n=48) (n=48)
Yes 22 (66%) 18 (50%) 29 (60%) 14 (29%)
No 14 (39%) 18 (50%) 19(40%) 34 (71%)
P value 0.3 0.003

To gain better understanding in the treatment difference, the reviewer conducted additional
analysis based on different definitions of responder. The definition used for this analysis was
only based on cut offs of TOS and change in MSCS regardless of HAE attack locations. The
results are summarized in Table 8. Results of EDEAM4 are consistent with various cut-offs.
Regardless of cut offs applied to the definition of successful responses, significant difference
between the placebo arm and the ecallantide arm are confirmed by all tests. The results of
EDEMAS3 are variable. The treatment differences for all the responder definitions were relatively
small. .

Table 8 Summary results of proportion of patient with successful response based on different
definitions (ITT-as-treated population)

‘EDEMA3 - EDEMA4
- _Ecallantide Placebo = Difference Ecallantide Placebo Difference
TOS 270 44% 31% 13% 46% 19% 27%
>50 75% - 50% 25% 69% 27% 42%
230 75% 500  25% 69% 27% 42%
MSCS <1 61% 50% 11% 60% 29% . 31%
03 78% 61%  17% = 69% 38% 31%

3.1.5 Comparison of the EDEMAA efficacy results between pre and post sample size change

The study period of EDEMA4 was from April 2007 to June 2008. The original protocol for
EDEMAA4 was submitted on February 21, 2007. Protocol amendment was made on December 3,
2007 to increase sample size and allow use of paper diaries. Before the protocol amendment, -
electronic diaries had been required. No change on patient selection or conduction of study was
made.

The sponsor provided the summary of baseline and disease characteristics for patients who
enrolled before and after sample size change. The detail is given in the appendices. In a brief
summary, the proportion of females in the pre sample size change enrollment was lower than the
proportion of female in the post sample size change enrollment; there was also a difference in the
relative distribution of patients with primary attack locations at laryngeal, abdominal, and
peripheral sites between the pre and post sample size change enroliment.
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. To assess whether sample size change had impact on treatment effect, comparison of the efficacy
results between pre and post sample size change enroliment was conducted. The results are
summarized in Table 9, Table 10, and Table 11.

Table 9 summarizes the efficacy results on change of MSCS at 4 hours post-dose pre and post
sample size change. The results show that the treatment difference between the ecallantide arm
and the placebo arm was -0.09 with P value of 0.826 in pre sample size change enrollment and
was -0.88 with P value less than 0.001 in post sample size change enrollment. Before sample size
change, there was merely no difference between the two arms; after sample size change, the
treatment dnﬁ'ermce was enlarged significantly.

Table 9 Summary of change in MSCS at 4 hours post-dose in EDEMA4 pre and post sample size

change enroliment (ITT population)
Pre sample size change " Post sample size change
Ecallantide .~ Placebo Ecallantide - Placebo

(N=28) _(N=24) (N=20) _ (N=24).
Mean R Y A -0.6 -0.9 ~ -0.06
Std. Dev. . 0.6 . 08 0.7 0.8
Median ' 4 -1 0.3 -1 0
IQR -1,0) -1,0) (-1.3,-0.3) (-0.5,0.3)
Pvalue - 0.826 . o <0.001 o

The results on TOS at 4 hours post-dose in Table 10 are similar to the results on change of
MSCS. Again, the treatment difference between the two arms was 24.08 with P value of 0.24
before the sample size change; it increased to 72.39 with P value of 0.006 afier sample size
change.

Table 10 Summary of TOS at 4 hours post-dose in EDEMA4 pre and post sample size change
enrolhnent (ITT populations)

Pre sample size change Post sample size change
Ecallantide Placebo Ecallantide Placebo
(N=28) (N=24) (N=20) (N=24)
Mean 43 19 671 -5
Std. Dev. 47 58 1 | 68
Median 50 0.00 . 100 0
IQR ~ (0,100) (-28.57,100) (50,100) (-67,50)
Pvalue A 024 — _ 0.006 .

The propomon of responders based on different cut offs on TOS and change in MSCS in Table
11 gives the similar conclusions to Table 9 and Table 10.
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Table 11 Summafy of prdportions of responders based on cut offs on TOS and change in MSCS
in EDEMA4 pre and post sample size change enrollment (ITT population)

Pre sample size change : Post sample size change
Ecallantide Placebo  Difference Ecallantide Placebo  Difference
(N=28) (N=24) (N=20) (N=24)
TOS >70 32% 25% 7% 65% 13% 52%
>50 57% 33% 24% 85% 21% 64%
>30 57% "33% 24% 85% 25% 60%
MSCS - <1 54% 46% 8% 70% 13% 57%
<03 64% 54% 10% 75% 21%  54%

- To further clarify the problem, the reviewer made scatter plot on change of MSCS at 4 hours
‘post-dose vs. enrollment time (Figuré 1). Each point indicates a patient. Y axis is change of
MSCS at 4 hours post-dose; X axis is the enrollment date; the red dots indicate patients in the
ecallantide arm; the black dots indicate patients in the placebo arm; the green dotted line shows
when the protocol amendment was granted; the black dotted line shows where the population
was split into pre and post sample size change enrollment. Six patients in the placebo arm
enrolled after sample size change performed very poorly, i.e. change of MSCS at 4 hours post- . -
dose from baseline was greater than 0; while no patients enrolled before sample size change
performed the same. The pattern observed before sample size change is similar to the pattern
observed in EDEMA3 where change of MSCS at 4 hours post-dose from baseline for all patients
were negative except one patient in the ecallantide arm (whose change of MSCS at 4 hours post-
dose was 0.5). :

This raised the reviewer’s concern on an interaction between treatment effect and enroliment
period in EDEMA4. The reviewer conducted logistic regression on proportion of responders
based on change of MSCS <=-1 with treatment effect, enrollment period (categorized as pre and
post sample size change), and the interaction between treatment effect and enrollment period as
covariates. The model is .

Responder = By + ﬁ) treatment + B, enrollment.period + B; * treatment:enrollment.period. -

The results are summarized in Table 12. Significant interaction effect was detected with P value
of 0.04. The null hypothesis of the test is that the treatment difference between the two study
arms is the same before and after sample size increment. P value of 0.04 indicates that the chance
to observe such inconsistency is rare. What we can conclude is that the treatment differences
changed substantially after sample size adjustment. There is no treatment difference before
sample size adjustment, but large treatment difference after sample size adjustment.

Based on the sponsor’s analysis, excluding the placebo outliers, the significant result of pnmary
efficacy analysis disappeared (p=0.085). This means the efficacy observed in EDEMA4 was
mainly due to the placebo patients performed poorly in the later part of the study.

In addition to that, there is another concern. Although the overall efficacy was observed in
- EDEMAA4, when extrapolating the study result to target population, the inconsistency between
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the two study periods in EDEMA4 means that in some HAE patients, ecallantide would have
some effect; while in other HAE patients, ecallantide would have no effect. At the finalization of
this review, the sponsor has not been able to figure out what made the patients in the two study
periods performed so differently, it is not predictable what type of patients could benefit from
this dug.

Based on the latest response from the sponsor, this inconsistency was partially explained by the
differences in response of placebo patients with abdominal attacks and ecallantide patients with
peripheral attacks treated before and after sample size change. For the ecallantide patients with

peripheral attacks, the fesponse to treatment was substantially better for those who enrolled the
study after sample size increment than the ones who enrolled before sample size increment. For
placebo patients with an abdominal attack, the response to treatment was substantially better for .
those who enrolled early in the study compared to those who enrolled later in the study. Among
the 5 placebo outliers recruited afier sample size change, 3 of them entered the study with an
abdominal attack. There was no indication that baseline characteristics could predict a poor or
good response. This only explained what caused the mconsnstency, but it still can not explain
why patients performed so differently before and after sample size change. The sponsor proposed
further analysis to explore the issue. However, the new analysis reached similar conclusion. With
Wilcoxon rank sum test blocked by participation in prior EDEMA studies and primary attack
locations, again no treatment difference was observed between the two study arms before sample
size change and substantial treatment difference was observed after sample sxze change.

This issue was discussed at the advisory committee meeting. One of the voting questions was
whether data provided substantial and convincing evidence that ecallantide provides a clinically
meaningful beneficial effect on acute attack of HAE. Four out of 13 committee members voted
yes; 8 of 13 committee members voted no; and one abstained. The committee suggested
-additional analysis to study the inconsistency between the two study periods in EDEMA4. Two
analyses were thought to be useful for further understand of the issue: a). the analysis to show
whether the primary efficacy end point depends on the mean lowest historical functional C1-INH
level or the mean lowest historical C4 level; b). change in MSCS recalculated as the arithmetic
mean for 3 possible symptom complexes instead of 5. The 3 complexes are abdominal/GI,
internal head/neck, and peripheral (external head/neck, genital/buttocks, and cutaneous grouped
together). The agency already sent out information request to the sponsor for data that are
necessary for these analyses, but it is not available yet. The committee also commented that
although the efficacy results were not consistent, efficacy was confirmed at least in some patients.
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Figure 1 Scatter plot of change in MSCS at 4 hours post-dose vs. enrollment date in EDEMA4
(ITT population)

Table 12 Summary of interaction between treatment effect and enrollment period in EDEMA4
(ITT population) '

Estimate Std. Error P value
Intercept -1 0.5 0.02
Treatment 2 ’ 0.6 0.01
Enrollment period -2 1 0.07
Interaction 3 1 0.04
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3.1.6 Data imputation

The occurrence of emerging symptom complexes (i.e. any new symptom complex that occurred
after dosing with study drug and was classified outside of symptom complexes identified at
bascline) and medical interventions during an attack affects the evaluation of Treatment
Outcome Score (TOS) and change of Mean Symptom Complex Severity (MSCS) at 4-hour and
'24-hour post-dose. In the BLA submission, data used for the primary and secondary analyses in
EDEMA3 were imputed, data used for the primary and secondary analyses in EDEMA4 were
not. Sensitivity analysis on data with and without imputation was conducted for TOS and change
in MSCS in EDEMA3, EDEMAA4, and integrated summary of efficacy (ISE) to check the
rebustness of results.

~ The detail rules for data imputation proposed by the sponsor are availabl¢ in appendices. Here is
a brief summary of it. When there was emerging symptom complex, the baseline severity for the
emerging symptom was classified as “normal”. If the emerging symptom was still present at 4/24
hours post-dose, its severity was used to calculate the MSCS at these time points. If the emerging
symptom was not present at the evaluation time point, its severity was classified as “normal”.

For TOS, the emerging symptom complex was weighted according to its peak severity
assessment. If the emerging symptom was still present at 4/24 hours post-dose, the response
assessment was assigned as “significant worsening”, otherwise “normal”. When there was
medical intervention during an attack before unblinding, for MSCS, symptom complexes that
were potentially affected were given a severity assessment of “severe”; for TOS, symptom
complexes that were potentially affected were given a response assessment of “significant
worsening”. If medical intervention was not clearly directed to a specific symptom complex, all
symptom complexes were affected in MSCS and TOS calculations.

The imputation rules proposed by the sponsor were designed for a conservative measure on TOS
and MSCS. However, it does not guarantee the treatment differences on imputed data lead to a
conservative conclusion on efficacy of the study drug. Because there were more emerging

~ symptom complexes and medical interventions in the placebo arm than in the ecallantide arm,
moredatamthep!acehoarmwereunputedtbanmtbeecaliamdem This increased the
difference in treatment effect between the two arms. Thus the imputation favored the study drug.

Table 13 summarizes the percentage of data imputed in each study. Table 14 gives the
corresponding P values from the test on various imputed data. We see that the higher percentage
of data was imputed in the placebo arm than in the ecallantide arm, the more significant the

- result became.
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. Table 13 Summary of percentage of data imputed in EDEMA3 and EDEMA4 (ITT-as-treated
population)

EDEAM3 _ R . EDEMA4
. TOS MSCS . TOS MSCS
Ecallantide Placebo Ecallantide Placebo Ecallantide Placebo’ Ecallantide Placebo

Unimputed 0%. 0% 0% 0% 0% 0% 0% 0%
Imputed for 0% 3% 0% 6% 8% '15% 0% 15%
Emg. Symp. .

Imputed for 3% 11% 3% - 11% 8% 21% 0% 21%
Emg. Symp. o '

+ Med. Inv

Table 14 Summary of P values resulted from different data imputations in EDEMA3 and

EDEMA4 (ITT-as-treated populatton, not treating patients with SUAC as treatment failure)

EDEMA3 EDEMA4
o _ TOS MSCS TOS MSCS
Unimputed : 0.045 0041 0003 0.01
Imputed for emerging symptom complexes 0.033 0.027 0002 0.001
Imputed for emerging symptom complexes and 0.017 0016 <0.001 <0.001

medical intervention

This raises the concern that data imputation rules proposed by the sponsor may exaggerate the
treatment difference.

The so-called unimputed data are in fact imputed as well, since it ignored the information from
emerging symptom complex and potential effect on treatment outcome by medical intervention.

Because the imputation rules proposed by the sponsor favored the study drug, altemative
_ imputation rules that are expected to lead to conservative results are necessary to assess the
robustness of the study results. Considering there were more emerging symptoms and medical
interventions in the placebo arm than in the ecallantide arm, this reviewer suggests reversing the-
imputation rules proposed by the sponsor and see if statistical significance can still be confirmed
by analysis based on data imputed according to the new rules. For example, instead of assigning
significant worsen (-100) to emerging symptom in TOS calculation, assign significant
improvement (100) to it. The detail of imputation rules proposed by this review is available in
appendices. This new, imputation rule is not reasonable in the sense of estimating single
‘treatment outcome. It is only proposed to check how big effect the imputation rule could have on
estimation of treatment difference between ecallantide and placebo. Because the imputation rule
proposed by the sponsor is not conservative, it is desirable to see what the result would be 1f the
opposite imputation rule is applied.

The summary of analysis results based on data imputed according to both imputation rules are

given in Table 15. The unfilled cells are the analysis we requested from sponsor but not available
yet. We see that the primary efficacy end point is highly sensitive to imputation. These analyses
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can be considered extreme imputation rules, which may not be reasonable in estimating
treatment difference, but provide information in assessing treatment robustness.

In addition, the result based on data including imputation due to SUAC failure is very different
from the result based on data not including imputation due to SUAC failure in EDEMAS3. The p
values for unimputed data in EDEMA3 analyzed based on ITT as treated population was 0.041
and 0.045 for change of MSCS and TOS respectively, when not treating patients with SUAC as
treatment failure; the same p values was 0.096 and 0.092 for change of MSCS and TOS
respectively, when treating patients with SUAC as treatment failure. There were 2 patients in the
ecallantide arm in EDEMAZ3 with SUAC failure, one patient in the placebo arm in EDEMA3
with SUAC failure. These patients were included in the ITT population in EDEMAS3. In
EDEMAG, there were one patient in the ecallantide arm with SUAC failure and 3 patients in the
placebo arm with SUAC failure. Because in EDEMAA4 the primary analysis was done based on
data without imputation, patients with SUAC failure did not have their 4 hour post-dose
evaluation and thus not included in the primary analysis, but included in the sensitivity analysis.

Table 15 P values using different approaches to data imputation

Treating patients with SUAC Not treating patients with SUAC
as treatment failure _ " as treatment failure '
Basedonrule2ain Basedonrule2bin  Based onrule 2ain Based on rule 2b in
appendices = appendices . appendices __appendices

E3- E3- E4 E3- E3- E4 E3- E3- E4  E3- E3- F4
As HIT ITT As . ITT ITT As ITT ITT As IT IT
TX | TX TX X

Change from baseline in MSCS score at 4 hours _

Umwd 0.006 — — 0096 — -— 0041 0096 001 0041 009 00]
Imputed for  0.069 - --- - me= e= 0027 - 0001 - - 0.006
emerging
symptom

lexes '
Imputed for  0.044 - --- - .- e 0.016 --- <0.001 --- - 0.372.
emerging :

symptom

complexes

and medical

intervention —
— TOS at 4 hours

Unimputed 0,092 -  --- 0092 - - 0.045 0.138 0.003 0045 0.138 0.003
Impum for 0071 - - e 0.033 --- 0.002 - - 0.002
emerging :
symptom

complexes . _

Imputed for  0.037 --- --- - .- e 0017 -- <0.001 --- = 0.143
. emerging . : :
‘symptom

. complexes

and medical

_intervention
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As the efficacy assessments were only made at baseline and 4 hours post-dose, MSCS was only
evaluated at two time points, It only captures the change between the two time points, but
ignores the pathway of changing. The shortcomings of this approach are illustrated in the
examples below. In the following discussion, we also discuss the advantages of an alternative
efficacy end point for consideration in future studies, which requires more frequent
measurements of MSCS and calculates the area under the curve. This efficacy end point will
have less issue with emerging symptom complexes.

As an example, in Figure 2, the patient in case 1 starts with a single severe symptom at baseline
and gets improved at 3 hours post-dose, the symptom severity reduces to mild. The change of
MSCS at 4 hours post-dose from baseline in case 1 is -2. The patient in case 2 also starts with a
single severe symptom at baseline, but gets improved at 0.5 hour post-dose, which is much
earlier than that in case 1. The severity of symptom also reduces to mild. The change of MSCS at
4 hours post-dose from baseline in case 2 is -2 as well, the same as that in case 1. However,
clinically case 2 is much better than case 1, because the treatment shows benefit more quickly.
This difference is not captured by change in MSCS at 4 hours post-dose from baseline. A better
measure would be proportion of area under the curve (i.e. AUC --- the area labeled in red) of

‘severity path. In case 1, the AUC is 10. Compare to the total area of 12 which we consider as the
maximum potential suffering the patient could experience, the proportion of suffering over the
period is 10/12=83.3% of the maximum potential suffering. The treatment helps to reduce the
suffering by 16.7%. In case 2, the AUC is 5, the proportion is 5/12=41.7%, the treatment helps to
reduce the potential suffering by 48.3%. The difference of 16.7% and 41.7% reflects the
difference in the treatment effect of the two cases. This measure could be applied to case 3 and
case 4 in the same way. In the two cases with emerging symptom complexes, case 3 and case 4,
the change of MSCS is 1. However, the patient in case 3 is in a worse case than the patient in
case 4. In case 3, the AUC is 6.5, the proportion of AUC is 6.5/12=54.2%, which is the measure
of failure of the treatment. In case 4, the AUC is 0.5, the proportion of AUC is 0.5/12=4.2%. The
difference of 54.2% and 4.2% reflects the treatment difference in two cases. If we assign the
primary end points of the four cases to be -0.167, -0.417, 0.542, and 0.42 respectively, it reflects
the idea of change in MSCS, but in a much more effective way.

. Furthermore, because AUC is a continuous measure, we can apply test on continuous variables,
which is usually better at describing the effect size, to it. It also solves the problem with
imputation due to emerging symptom complexes, because it doesn’t require arbitrary symptom
severities to be assigned to emerging symptom complexes. If the new efficacy end point is
available, there will be less problems in data imputation.

We sent out request to the sponsor on recalculation of MSCS by AUC approach and re-analyzing

data based on the recalculated MSCS. The result is not available yet at the finalization of this
review,
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Figure 2 Hiustration of an alternative efficacy end point --- AUC.

3.2 Evaluation of Safety

The evaluation of safety was conducted by Dr. Susan Limb. No special analysis on safety
evaluation was requested by the clinical review team. Reader is referred to Dr. Susan Limb’s
review for this section.
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4. FINDINGS IN SPECIAL/SUBGROUP POPULATIONS

Subgroup analysis on efficacy end points was done for age, gender, race, prior use of ecallantide,
and attack locations of HAE. However, due to the small sample size and majority of patients
coming from a single stratum in subgroups, no meaningful conclusions could be drawn from
subgroup analysis. : )

Because the applicant proposes ecallantide for the treatment of acute attacks of hereditary
angioedema in patiénts who are 10 years of age and older, the results of subgroup analysis on age
are summarized in Table 16 and Table 17 to show that there were no enough data on pediatric
group to support efficacy in patients who are younger than 18 years of age. :

Table 16 Summary of results on change of MSCS at 4 hours post-dose from baseline by age
_group in EDEMA3 and EDEMA9 (ITT as treated population) _
EDEMA3 EDEMA4

Pediatric (<18yr) Adult (>=18yr) Pediatric (<18yr) Adult (>=18yr)
Ecallantide Placebo Ecallantide Placebo Ecallantide Placebo Ecallantide Placebo
N 2 7 32 28 2 3 45 39
. Mean -1 -0.6 -1 0.5 -1.1 -1 08 -0.3
Std. Dev. 0 0.5 1 0.7 0.2 0 06 08
Median -1 -1 -1 -0.2 -1.1 -1 -1 0
IQR - (-1,-1) -1,0) (-1.8-05 (-10) (-1.3,1) (1,1 (-1,0) (-1,0)
P value 0.4 0.02 o 0.5 o 0.005

Table 17 Summary of results on TOS at 4 hours post-dosé by age group in EDEMA3 and
EDEMAG (ITT as treated population)

) EDEMA3 ' EDEMA4
Pediatric (<18yr) Adult (>=18yr) Pediatric (<18yr) Adult (>=18yr)
Ecallantide Placebo Ecallantide Placebo Ecallantide Placebo Ecallantide Placebo
N 2 7 - 34 29 - 2 3 45 39
Mean 75 36 48 14 100 58 51 4
Std. Dev. 35 43 60 72 0 38 50 63
Median = 75 0 50 0 100 50 50 0
IQR (50,100)  (0,100)  (0,100)  (-25,100) (100,100) (25,100) (0,100)  (-50,50)
0.4 . ' v

P vah;e_v 10.05 , . 04 A 0001
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APPENDICES

1. Demographic and baseline characteristics in the patients enrolled pre and post sample size
change.

Quotation from study report DX-88/20(EDEMAA4).

‘I'ablo 12. Sumnwy of Baseline and Disease Characteristics for the Pirst §2
and Last 44 Paﬂonh Treated in lblMM

Mean age at informed consent (y) 379 v 35.8
Femaale,n (%) . 20M49 17(85.0)
Caucasian, n (%) 25(89.3) 14(70.0)
Mean age at first HAE symptom oaset (yr) 13.6 132
Mean lowest historical functional C1 INH level (%) 3ot 354
Mean lowest antigenic C1 INH lavel (ng/dl.) I 150
Mean lowest historical C4 leve! (mg/dL) 6.2 129
. : 3@0mn 5(25.0)
7(25.0) 6(30.0)
4(143) 2(10.0)
6 (214 4(20.0)
 18(64.3) A . 14(100) o
362 398
12(50.0) 16(66.7)
' ] poXi i ;) 21 (875
Munm a ﬁm attack (v) 107 . 153
Mean lowest historical functional C1 INH level (%) 24 134
Mmmmcn INH fevel (mg/dl) 148 108
Mean lowest historical C4 level (mg/dL) ‘ 99 10.1
Moderale’Severe Internal Head/Neck, n (%) 283 5(20.8)
Moderate/Severe Stomach/GL, n (%) . T 16(66.7) 10(41.D
W&mma(%) 4(16.D 0
mmm a%e 3129 650

Sm My'l‘n&su.l.‘ll 14.2‘.1.2.““01{ 1411&12,14.2.111 14.2.1 1.2
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2.- Data imputation rules.

a. Rules for data Imputation proposed by the sponsor.
Quotation from clinical study report: DX-88/20 (EDEMA4)
EMERGING SYMPTOM COMPLEXES

Per the SAP, the occurrence of an émerging symptom complex (i.e. any new symptom complex
that occurred after dosing with study drug and was classified outside of symptom complexes
identified at baseline) affected the MSCS score and the TOS calculations in the sensitivity

analyses as follows:

e MSCS score

* An emerging symptom complex was included in the baseline MSCS score calculanon
with its baseline severity classified as “normal.”
* An emerging symptom complex was included in the 4-hour and/or 24-hour calculations.

If the emerging symptom complex was still present at 4 hours and/or 24 hours, its

severity was used to calculate the MSCS score at these times. If the emerging symptom

complex was not present at 4 hours and/or 24 hours, its severity was classrf ed as
“normal.”

«TOS
* An emerging symptom complex was weighted according to its peak .§everity assessment.

* An emerging symptom complex that was still present at 4 hours and/or 24 hours was
assigned a response assessment of “significant worsening.” An emerging symptom
complex that was not present at 4 hours and/or 24 hours was assigned a response
assessment of “same.”

MEDICAL INTERVENTION

Per the SAP, patients receiving medical intervention during an attack were to be identified

before unblinding, and a medical determination was to be made as to whether the intervention
had the potential to affect treatment outcome. Medical intervention that was clearly directed to a .
specific symptom complex affected only that specific symptom complex in the MSCS score and

the TOS calculations; medical intervention that was not clearly directed to a specific symptom
complex, as well as open-label dosing with ecallantide for SUAC or as Dose B, affected all
symptom complexes in the MSCS score and the TOS calculations. The following was applied to
the MSCS score, the TOS, and the overall response assessment calculations:

* For the MSCS score, symptom complexes that were potentially affected were given a
severity assessment of “severe” at 4 hours and/or 24 hours.

28




¢ For the TOS, symptom complexes that were potentially affected were given a response
assessment of “significant worsening” and a severity assessment of “severe” at 4 hours
and/or 24 howrs.

* The overall response assessment was classified as “significant worsening” and a
severity assessment of “severe” at 4 hours and/or 24 hour.

b. Rules for data imputation proposed by the reviewer. -

EMERGING SYMPTOM COMPLEXES

* MSCS score _
¢ An emerging symptom complex was included in the baseline MSCS score calculation,
with its baseline severity classified as peak severity before the evaluation timepoint.

* An emerging symptom complex was included in the 4-hour and/or 24-hour calculations.

If the emerging symptom complex was still present at 4 hours and/or 24 hours, its
severity was used to calculate the MSCS score at these times. If the emerging symptom
complex was not present at 4 hours and/or 24 hours, its severity was classified as

“normal.”
«TOS
. * An emerging symptom complex was weighted according to it sevérity assessment at the
Jirst appearance of the symptom. ‘ .
¢ An emerging symptom complex that was still present at 4 hours and/or 24 hours was

assigned a response assessment of “significant improvement."” An emerging symptom
complex. that was not present at 4 hours and/or 24 hours was assigned a response

assessment of “normal”
MEDICAL INTERVENTION

o For the MSCS score, symptom camplexe& that were potehti‘ally affected were given a
severity assessment of “normal” at 4 hours and/or 24 hours. ‘
« For the TOS, symptom complexes that were potentially affected were given a response
assessment of “significant improvement” and a severity assessment of “normal” at 4
hours and/or 24 hours, '
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