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Food and Drug Administration
Rockvilla MD 20657

NDA 20-528/S-001

Kfioll Pharmaceutical Company
Attention: Robert W. Ashwotth, Ph.D.
199 Cherry Hill Road
Parsippany, NJ 07054

Dear Dr. Ashworth:

Please refer to your May 6, 1996 supplemental new drug application (N DA) submitted under
section 505(b) of the Federal Food, Drug, and Cosmetic Act for Mavik (trandolapril) 1, 2, and
4 mg Tablets.

We acknowledge receipt of your amendment dated June 6, 1997.

The supplemental application provides for the use of Mavik Tablets in the treatment of patients
with post myocardial infarction left ventricular dysfunction or post myocardial infarction heart
failure.

We have completed the review of this supplemental application and have concluded that adequate
information has been presented to demonstrate that the drug is safe and effective for use as
recommended in the final printed labeling included in the June 6, 1997 submission.
Accordingly, the supplemental application is approved effective on the date of this letter.

We remind you that you must comply with the requirements for an approved NDA set forth
under 21 CFR 314.80 and 314.81.

If you have any questions, please contact

Ms. Kathleen Bongiovanni
Regulatory Health Project
(301 ) 594-5334

Sincerely

Manager

yours,

Robert Temple, M.D.
Director
Office of Drug Evaluation i
Center for Drug Evaluation and Research



Page 2 - NDA 20-528/S-001

cc:
Original NDA
HF-2/MedWatch (with labeling)
HFD-2/MLumpkin (efficacy supplements only)
HFD-92 (with labeling)

~101 (with labeling)
~

HFD-40 (with labeling)
HFD-613 (with labeling)
HFD-735 (with labeling)
DISTRICTOFFICE
HFD-810/New Drug Chemistry
HFD-110/Project Manager
HFD-l10/GBuehler/6/17/97
sb16f18f97;7flf97;712/97
R/D: NStockbridge/6/20/97

LCui/6/28/97
KMahjoob/6/30/97
NMorgenstern/6/30/97

Approval Date: 4/26/96

APPROVAL

Division Director
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CHEMIST ‘ S REVIEW 1. ORGANIZATION 2. NDA Number
HFD-11O 20-528

3. Name and Address of Applicant (City & State) 4. supplement(s)
~oll Pharmaceutical Company Number(s) Date (s)
Parsippany, NJ 07054 S- OOILR 6 May 96

5. Drug Name 6. Nonproprietary Name 7. Amendments & Other
Mavik Tablets Trandolapril (reports, etc) - Dates

Amendment 20 Dec 96

8. supplement Provides ~or: Amendment 25 Mar 97

The amendment of 6 Jun 97 provides Final Amendment 23 Apr 97

Printed Labeling (FPL) for a revised Package Amendment 6 Jun 97

Insert (PI).

9. Pharmacological Category 10. How Dispensed 11. Related IND(s)/
Antihypertensive

❑ RJc ❑ IOTC
NDA(s)/DMF(s)

12. Dosage Form(s) 13. Potency(iea)
TCM 1, 2, 4 mg

14. Chemical Name and St-cture 15. Records/Reports
Currant

❑ Ye= ❑No ‘-
Reviewed

❑ yes ❑No

16. Comments

S-001 provides for a new indication, tratment of post-infarction left
ventricular dysfunction, for Mavik. The revised PI is dated June, 1997
(0983000-3). The DESCRIPTION and HOW SUPPLIED sections are unchanged,

and remain satisfactory.

17. Conclusions and Recommen~tions

APPROVAL is recoxmnended as far as the technical aspects of the labeling
are concerned.

18. A

Name James H. Short Date Completed 13 Jun 97

Distribution:
= (-J D~v~$~onFile ❑ Cso

.. - . —.- — ?
JILs/6/13/97/N20-528.SOl

#Y
R/D init: RWolters/

G/ 1?[47



IABELING REVIEW

NDA 20-528/S-001 Mavik (trandolapril)

Sponsor: Knoll Pharmaceutical Company
199 Cherry Hill Road
Parsippany, NJ 07054

Date of Original Submission: May 6, 1996

JUL 2 “ Im

1,2, and 4 mg Tablets

.

‘-.

Date of FPL Submission: June 6, 1997

BACKGROUND

This supplemental application provides for the use of Mavik Tablets in the treatment of patients
with post myocardial infarction left ventricular dysfunction or post myocardial infarction heart
~ailure. On May 15, 1997 an approvable issued to Knoll requesting FPL to be submitted that
was identical to the enclosed marked-up draft On June 6, 1997 Knoll submitted FPL.

REVIEW

The FPL was reviewed and found to be in accordance with the marked-up draft included with the
May 15, 1997 approvable letter. An approval letter will be drafted for Dr. Temple’s signature.

&p-”
anager

Orig NDA
HFD-11O
HFD-110 KBongiovanni
HFD-110 SBenton
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DEPARTMENT OF HEALTH AND HUMAN SERVICES
FOOD AND DRUG ADMINISTRATION Public Health Service

Division of Cardio-Renal Drug Products

DATE :

FROM :

SUBJECT:

TO :

APR Z1 t997
Memorandum

+%

Director,Divisionof Cardio-Renal Drug Products,HFD-110
%

Approvalof NDA 20-528/S-001, trandolaprilfor left ventriculardysfunctionpost-myocardial
infarction,KnollPharmaceuticalCompany

Director,Office of Drug Evaluation1,HFD-101 \
.

As you remember, in September, 1996 we issued an approvable letter for this supplement, stating the
indicationwas approvable providedthat Knollsubmitfollow-upinformationfor patients not accounted for
in the TrandolaprilCardiac Evaluation(TRACE) trial,and as muchas they could regarding18 controlled
clinicaltrials related to the use of trandolaprilin congestiveheart failurethat were not part of the original
submission.

In March, 1997, Knollcompleted submissionof all items requested,along with a draft package insertthat
includes (except as noted on the draft label in the transmittalpackage) all suggestionsthat were included
in the September, 1996 approvable letter.

Your memorandumof September 9, 1996 (includedin this transmittalpackage) summarizesyour thoughts
at the time.

In the transmittalpackage, there is a medical reviewof the itemssubmitted. Nothingunusualwas seen
and these studies do not alter any aspect of the previousassessment related to the efficacy or safety of
trandolaprilwhen used for ventriculardysfunctionpost myocardialinfarction.

Knollhas responded to our inquiryabout follow-upstatus of patients lostto follow-upin the TRACE trial.
The data oame from Knoll’sinquiryto the Danish registry. There were, indeed, 5 new deaths, all in the
placebo group. So, it was worth findingout what happened to patients lost to follow-up. The original
finding is strengthened..

Dr. Stockbridge, having read your memorandumof September 9, 1996, stickswith his original
recommendations. I also stickwith mine and am in agreement withyour memorandumof September 9,
1996. I see no reason to amplify reasonsfor agreement or disagreement.

All concerned parties conclude that TRACE demonstrateda treatment effect and trandolapril,therefore,
should be approved.

Another approvable letter is attached for your signature. We could approve, on marked-up draft.
Consideringthat Knoll is currentlystill in administrativeturn-overand that they took 18 monthsto respond
to what appeared to be not very complicated requests, I suggestwe go the approvable route.

cc:
NDA 20-528/S-001

-o
HFD-llO/KBongiovanni



MAY 15s97

@

~.w>”%
I%Cui, Ph.D. & Norman Stockbridge, M. D., Ph.D.
Division of Cardio-Renal Drug Products, HFD-110

$

J

Food and Drug Administration 5600 Fishers Lune

$ RockviUe, MD 20857 Tel (301) 594-5329 FAX: (301) 594-5494

9 Memorandum“FIB”
+bm&T:;

DATE: 12May 1997
. \.

4

TO: Dr. Robert Temple, Director, OffIce of Drug Evaluation I

cc: Dr. Ray Lipicky, Director, Division of Cardio-Renal Drug Products =-

NDA 20-528/S001
-,

SUBJECT Office Director’s TRACE study memo, dated 5 May 1997.

With regard to the confusion over percentages of use of ~blockers, the clinicalreviewers note the following: the trial
description that is in the label was derived from the clinical review dated 26 July 1996, but apparently the sponsor
transcribed 6% instead of 16%. The clinical reviewers’ assessment of 16% came from the baseline usage of ~-blockers

~ (op cit. Table 5). The sponsor’s originally proposed label said 26%, likely derived from on-treatment usage of concomitant
~-blockers during the index hospitaliuition. This latter rate compares well with tbe usage rate you estimated for the active
treatment group ffom Table 28 in the clinical review (33% or, estimated tbe same way, 3090 on placebo). There was no
longer-term collection of data on concomitant medications.

With regard to the revised estimate of mortaMy reduction and statistical significance, the clinical reviewers present results
in Table 1 below.

lhble 1. Original and revised all-cause 2-year mortality analyses.

I I 1 i

I I Original analyses I Revised analyses I
Stratification

None

WMI, center

P

0.042

0.053

0.045

RR

0.843

0.850

0.842

95% CI

0.715 to0.994

0.721 to 1.002

0.712 to 0.997

In interpreting this table, note the following points: (A) The original protocol called for anrdysis strati~ing by baseline
WMI only. (B) Because of interim analyses, the results must be judged against tx==.045, not tx==.05. (C) one-sided p-
values appeared in the original review.

As can be seen, 5 additional deaths in the placebo group had the effect of increasing tbe p-value, rather than lowering it
as might intuitively have been expected. The reason for this is that these deaths increased the time period over which these
subjects were known to be alive. Previously, these subjects were censored at the time of their last visit (50 to 645 days
after randomization); now they are included up to the later time of their deaths (797 to 1312 days after randomization).

Your memo misrepresents the Medical Offker’s assessment of seeondaxy supportfor the major finding in the TRACE
study, based, one assumes, on his comments on page 7 of the medical review of 7 April 1997. The following comments
are intended to put the record straight. All parties appear to agree that studies other than TRACB were not helpful. The
original clinical review of 26 July 1996 presented a wordier assessment of the TRACE results (pages 30 and 33). That
assessment acknowledged treatment effects on the pre-specified end point of progression of heart failure, but it ignored,
with some reason, support from cause-specific mortrdity or hospitalizations (whether pre-specified or not), and it denied .
treatment effects on other pm-specified end points-re-infarction, exercise tolerance, NYHA class, and three others
witbout reported data or analyses. The clinical reviewers do not believe the TRACE mortality finding was wholly without
secondary suppom, the finding was weak, it was further weakened by the 5 newly reporteddeaths in the placebo group,
and, even if real, its applicability to the North American population is questionable.
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Food and Drug Administration
Rockville MD 20857

NDA 20-528/S-001
MAY15~

Kholl Pharmaceutical Company
Attention: Robert W. Ashworth, Ph.D.
199 Cherry Hill Road
Parsippany, NJ 07054

Dear Dr. Ashworth:

Please refer to your May 6, 1996 supplemental new drug application (N DA) submitted under
section 505(b) of the Federal Food, Drug, and Cosmetic Act for Mavik (trandolapril) 1, 2, and
4 mg Tablets.

We acknowledge receipt of your amendments dated December 20, 1996, March 25 and
April 23, 1997.

The supplemental application provides for the use of Mavik Tablets in the treatment of patients
with post myocardial infarction left ventricular dysfunction or post myocardial infarction heart
failure.

We have completed the review of this supplemental application as submitted with draft
labeling, and it is approvable. Before this supplement may be approved, however, it will be
necessary for you to submit final printed labeling (FPL). The labeling should be identical in
content to the enclosed marked-up draft. In addition, all previous revisions as reflected in the
most recently approved package insert must be included. To facilitate review of your
submission, please provide a highlighted or marked-up copy that shows the changes that are
being made.

If additional information relating to the safety or effectiveness of this drug becomes available,
revision of the FPL may be required.

Please submit sixteen copies of the printed labeling, ten of which are individually mounted on
heavy-weight paper or similar material.

Within 10 days after the date of this letter, you are required to amend this supplemental
application, notify us of your intent to file an amendment, or follow one of your other options
under 21 CFR 314.110. In the absence of such action, FDA may take action to withdraw this
supplemental application.

These changes may not be implemented until you have been notified in writing that this
supplemental application is approved.



Page 2 - NDA 20-528/S-001

Should you have any questions, please contact:

Ms. Kathleen Bongiovanni
Regulatory Health Project Manager
Telephone: (301 ) 594-5334

Sincerely yours,

Robert Temple, M.D.
Director
Office of Drug Evaluation I
Center for Drug Evaluation and Research

Enclosure
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cc:
Original NDA
HFD-2/MLumpkin (efficacy supplements only)
HFD-101 (efficacy supplements only). .
HF
HFD-11O

–DFTRic70FF@
HFD-40/DDMAC (with labeling)
HFD-1 10/KBongiovanni
sb14122197;4128197
R/D: NStockbridge/4/22 /97

JShort/4/22/97
RWolters/4/22/97
EBelair
ADeFelice/4/25/97
FZielinski/4/2/97
LCui/4/25/97
KMahjoob/4/25/97
AParekh/4/28/97
NMorgenstern/4/28 /97

Approval Date: 4/26/96

APPROVABLE



RHPM Review of Labeling

NDA 20-528/S-001 Mavik (trandolapril) Tablets

Date of submission: March 25, 1997

Date of receipt: March 31, 1997

Applicant: Knoll Pharmaceuticals

Background: We issued an approvable letter on September 18, 1996, for this ~upplament,
that asked for additional information on the 18% of subjects without mortality status for the
full prospectively-defined period of follow-up, and for information on all studies on the use of ‘
trandolapril in the treatment of patients with congestive heart failure and/or post-myocardial
infarction. The letter included language for the labeling that would be likely, following our
review of the additional data, and provided that the new information does not alter our current
thinking.

t

Knoll responded with a submission dated December 20, 1996, that included information on
additional studies and a partial response to the request for additional mortality data. We issued a
letter dated January 14, 1997, asking for the remainder of this information. Knoll responded
with a submission dated March 25, 1997, including additional follow-up data, debarment
certification, a request for exemption from the requirement for an Environmental Assessment,
and revised draft labeling.

Review:
The submitted draft labeling differs from the draft labeling included in the approvable letter as
follows:
INDICATIONS AND USAGE, Heart Failure or Left-Ventricular Dysfunction Post Myocardial
Infarction: The reference at the end of this subsection has been corrected to “(See CLINICAL
PHARMACOLOGY, Heart Failure or Left-Ventricular Dysfunction Post Myocardial Infarction for
details of the survival trial.)”

The rest of the revised labeling is identical to that included in the approvable letter.

Recommendation: The subheadings for the revisions under CLINICAL PHARMACOLOGY,
Pharmacodynamics and Clinical Effects, INDICATIONS AND USAGE, and DOSAGE AND
ADMINISTRATION are “Heart Failure or Left-Ventricular Dysfunction Post Myocardial
Infarction.” 1 recommend that this be changed to “Heart Failure Post Myocardial Infarction or
Left-Ventricular Dysfunction Post Myocardial Infarction” for clarity. In addition, I recommend
the inclusion of an additional subheading, Hypertension, under CLINICAL PHARMACOLOGY,
Pharmacodynamics and Clinical Effects.

1 will prepare an approvable letter for this supplement for Dr. Temple’s signature.

~_L~____
Kathleen F. Bongio~anni

4“28.77
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1. Introduction NDA 20-528
Trandolapril forpost-MI CHF ‘

1. Introduction

1.1. Background

Trandolapril is the pro-drug for a long-acting ACE inhibitor approved for the treatment
of hypertension. The results of the TRACE study were submitted by Knoll in May
1996 in support of a new indication in the treatment of heart failure post-my ocardial
infarction. An ‘approvable’ letter was issued pending the submission of two types of
data.

The clinical review noted that there were a number of studies in addition to TRACE
that had been conducted with trandolapril in the same or a related population. The
Agency requested a report of those studies.

The clinical review noted that a number of subjects had a last study visit significantly =
earlier than the date of last follow-up for mortality, the TR4CE study’s primary end
point. The sponsor indicated that all subjects had follow-up for the full prospective
period provided through the Danish central registry of vital statistics. The Agency
requested evidence that such an inquiry was made and asked for performance data or
other data indicative that the Danish registry would likely have had timely information
for this inquiry,

In response, Knoll submitted in December 1996,28 volumes intended to address these
issues. ‘l%k response included full study reports for 8 studies not previously submitted
to FDA. Reviews of these studies are contained in appendices to this document and are
summarized more concisely in section 2 on page 3.

The December 1996 submission also addressed the mortality follow-up in lTUCE, but
the information was substantially less than originally requested, necessitating a second
request of the sponsor. The sponsor’s second response was received in March 1997.
-The available follow-up information is summarized in seetion 3 on page 5.
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2. Additional studies

The sponsor has identified 21 study protocols (3 more than previously known to the
reviewer) with trandolapril in a population with myocardial infarction or heart failure,
as of a cut-off date of 15 September 1996. A summary of these studies, sorted by the
number of enrolled subjects, is given in Table 1 below.

Table 1. Reported MI/CHF studies with trandolapril.
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Discounting one 16-week study (UIU9 1/570/1 19, with n=292) said to be ongoing
(since 1991?), there are 19 studies completed with trandolapril in a population similar
to that in the TRACE study. Eight studies have now been reported by the sponsor, with
a total enrollment of 388 subjects, The 11 studies for which the study report is ‘in
progress’ have a total enrollment of 482 subjects. The unreported studies include 3 of
the 5 largest studies (after TRACE) in the target population. The expected exposure in
the one ongoing study is 32,704 subject-days, for the reported studies~it is
117,138 subject-days, and for the report-pending studies, it is 47,044 subject-days. B y
comparison, the expected follow-up in T’IWCE would be 1,276,770 subject-days.
Thus, the unreported experience of 79,748 subject-days represents <6% of the
potentially available exposure in the heart failure population.
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3. L.Qng-term follow-up in TRACE NDA 20-528
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3. Long-term follow-up in TRACE

3.1. Background

The reviewers analyzed mortality in the TRACE study by censoring a subject’s data at
the time of the last observation. The sponsor maintained that mortality status was
known for all randomized subjects for the full period of follow-up, thrrough inquiries
made to the Danish Civil Registration Service, which maintains vital data for all
Danish citizens. The difference in treatment affects 309 of 1749 subjects (18%)
randomized.

The ‘approvable’ letter to Knoll asked the fun to provide evidence of the query and
evidence that the Danish authorities would likely have provided accurate data on
mortality.

=

3.2. Danish Civil Registration Service

The sponsor’s submission of 20 December 1996 describes some aspects of he Civil
Registration Semite (CRS). Some of the descriptive information was provided by the
CRS. All Danish citizens are issued a unique Personal Identification Number (PIN),
which is used in tracking changes in status. Information maintained by CRS includes
name, address, marital status, kinship, disability, profession, membership in the
Lutheran Church of Denmark, voting rights, and vital status. The CRS data are not
publicly available, but there is a mechanism in place to allow researchers to determine
vital status through structured inquiries made using PINs.

From the information provided, it is not clear how all information is collected by CRS.
At least some vital status data are obtained from parish records. The document does
not mention whether hospitals directly report vital data.

The sponsor’s submission of March 1997 contains a statement by CRS that it takes an
average of 6 days for that agency to be notified of a death. There is no indication of the
lag between death and regishation of the event in the database.

3.3. Inquiries made to CRS

The sponsor provided to CRS a fixed format, line-per-subject, ASCII record
containing, among other things, a field containing the PIN and afield containing the
subject identification number used in the TRACE study. CRS returned to the sponsor
another fixed format, line-per-subject, ASCII dataset containing the PIN, the subject
identification number, a coded field indicating vital status, and (where applicable) the
date and time of death.

The sponsor has provided some of the cover letters pertaining to exchanges between
the CRS and the sponsor. The timing of 3 inquiries (June 1991, February 1992, and
July 1993) corresponded to planned interim analyses.

The final inquiry was apparently made in July 1994. A letter from the sponsor to CRS
indicates a target date of 15 July 1994 for the last follow-up, but there are no
documents from which one can determine exactly when the inquiry was actually made
or when was the effective date of the reply. The last subjeet was screened for TRACE
on 7 July 1992.

The actual datasets returned by CRS cannot legally he provided to FDA, because they
contain the subjects’ PINs. The Agency requested th-at the PIN be purged from the
dataset returned with the final inquiry made to the CRS and that dataset be submitted.
Such a dataset was sent in the submission of March 1997.
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3.4. Observed lags in mortality reporting

In the datasets returned by the Danish registry, there is apparently no field indicating
the date on which a death was registered, so there is no direct way to assess the lags in
reporting and registration.

The sponsor’s statistical consultant,
compared dates of death in the third interim analysls (June 1993)

and the final analysis (July 1994) and found two subjects whose deaths occurred prior
to the cut-off for the interim analysis but who were not registered until sometime later.
These two events occurred 2 and 3 days before the interim cut-off date.

The final CRS listing of vital status as of 15 July 1994 includes 5 deaths not previously
included in the sponsor’s analyses of mortality. This new listing appears to have been
generated sometime after the one used in the original mortality analyses, but there is =
no record of when this second ‘final’ inquiry was made. The 5 new events (all in the
placebo group) occurred 4,8,8,51, and 85 days prior to the final cut-off date. The
older ‘final’ analysis showed 12 deaths (6 on placebo and 6 on trandolapril) in the last
85 days of the study, ranging from31 to 85 days from the cut-off date.

The last 7 known deaths in the TRACE study were all in the placebo group, 4 to
51 days prior to the end of the study.

The final CRS listing of vital status as of 15 July 1994 includes 2 subjects whose vhal
status code is neither O (alive) nor dead (9). These subjects (one in each treatment
group) were assumed to be alive.
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4. Summary and recommendation

The original clinical review (dated 26 July 1996) recommended that the TRACE study
be described in the clinical pharmacology section only, because of concerns about the
applicability of the findings to the US population, the lack of support from other
studies or secondary end points in TRACE, and missing information about the status
of some subjects in TRACE and about other studies in a similar population.

The sponsor has now accounted for most of the clinical experience with trandolapril in
a similar population.

The newly-discovered mortal events in TRACE were all in the placebo group, so no
re-analysis was performed to confirm the statistical significance of the treatment
effect. There are some remaining ambiguities about TRACE follow-up, but it seems
unlikely than any further information will substantially change the results. %

TRACE was a single study conducted in a homogeneously Caucasian population
against a background of clinical practice distinctly different from that recommended
in the US. WM1e there was a statistically significant treatment benefit in mortality in
TRACE, there was little interpretive support obtained from secondary findings. Based
upon the data submitted by the sponsor in December 1996 and March 1997, there is no
reason to alter the above recommendation.
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A. Individual study reports

Al. Study Bf9115701141

All. Title Double-blind study comparing the efficacy of trandolapril (2 mg) and atenolol (50 mg)
in the reversal of Ieft ventricular hypertrophy associated with hypertension, following
a single-blind placebo run-in.

A1.2. Source documents Study report: VOI20.22, CRFS: none.

A1.3. Investigators This study was conducted at a single center in Belgium. The principal investigator was
Prof. Clement, Gent.

AL4. Sturly dates September 1993 to October 1994.

AL5. Study design This study description is based upon the ‘final’ protocol dated 18 May 1993.
Amendment 1 (25 June 1993) made numerous minor changes to study procedures and
inclusion and exclusion criteria. Amendment 2(4 October 1994) called for termination
of the study (because of poor recruitment) after 6 months of follow-up, rather than the
originally specified 1 year.

Subjects underwent an 8-week single-blind placebo withdrawal period and qualified
on the basis of stable blood pressure. Subjects were randomized to atenolol 50 mg or
trandolapril 2 mg and were to be followed for 52 weeks. If blood pressure was not
adequately controlled, the dose could be doubled at 4 weeks and HCTZ could be added
at 12 or 26 weeks. Follow-up was at 4,8, 12, 18,26,34,42, and 52 weeks. The primary
end point was LV mass index, assessed using echocardiography. The goal was to
enroll 30 subjects.

A1.6. Results

Subjects were to be males or females at low risk of pregnancy, with off-treatment
diastolic blood pressure 95 to 120 mmHg, and echocardiographic evidence of left
-ventricular hypertrophy indicated by LV mass index >134 g/m2 (men) or> 110 g/m2
(women). Exclusion criteria were (1) creatinine >1.5 mg/dL, (2) impaired liver
function, (3) any history of myocardial infarction, unstable angina, or heart failure, (4)
secondary causes of hypertension, (5) malignant hypertension, (6) stroke within
6 months, (7) clinically relevant valvular disease or cardiomyopathy, (8) valvular
surgery, (9) Potassium outside 3.2 to 5.2 mM or sodium outside 132 to 148 MM, (10)
WBC<4000/nL,(11) proteinuna> 1.2g/d, (12) atrial fibrillation within 3 months, (13)
contraindications to study drugs, (14) weight >130% ideal, (15) pacemaker, (16)
known non-response to either study drug, (17) blacks, (18) enzyme inducers, and (19)
metabolic disease requiring treatment.

Only 7 of the planned 30 subjects were enrolled. One subject was withdrawn at
8 weeks, The other 6 subjects completed 6 months, as specified in the amended
protocol. Four of the enrolled subjects did not meet enrollment criteria. The sponsor
performed no efficacy analyses. There were no serious adverse events.
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A2. Study CDN/89/S70f75

A2.1. Title

A2.2. Source documents

A2.3. Investigators

A2.4. Study dates

A2.5. Study design

A2.6. Eftlcacy results

A2.7. Safety

A2.8. Summary

An open study to measure the haemodynamic effects after oral administration of single
doses (0.25, 0.5, 1, 2, and 4 mg) of trandolapril in patients with congestive heart
failure.

Study report vol 20.6, CRFS: none.

Thk study was conducted at two centers in Canada. The investigators were WI Kostuk
(London, Ontario) and JW Warnica (Calgary, Alberta).

May 1991 to January 1992.

This study description was based upon the final study report dated, November 1995.

This was a single-dose escalation study, Five treatment groups of 6 subjects were to .“ =
undergo 24 hours of baseline hemodynamic studies following single-blind placebo
administration, followed by successively higher doses of trandolapril and a second day
of hemodynarnic study.

Subjects were to have heart failure NHYA class HI or early class IV, with LVEF cO.35
and PAWP >18 mmHg.

Only 2 subjects enrolled. Both were males, NYHA class III, recruited at the Ontario
site. Both received trandolapril 0.25 mg.

No adverse events were reported.

Thk was a pilot open dose-escalation study of hemodynarnics. Only 2 subjects were
recruited. There were no safety concerns.
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A3. Study F1881570134

A3.1. Title Acute and long-term systemic and renal haemodynamic effects of trandolapril in
patients with congestive heart failure.

A3.2. Source documents Study report: vol 20.2 to 20.5, CRFS: none.

A3.3. Investigators This study was conducted at a single center in the Netherlands. The ifivestigator was
WJ Remme, Rotterdam.

A3.4. Study dates May 1989 to May 1992.

A3.5. Study design This studydescription was based upon the protocol dated September 1988. There was
an amendment in 1990 which led to doubling the doses indicated below. Several other
amendments had less impact on the study. 5

This was an open-label study targeted for 15 subjects with NYHA class III or IV heart
failure. During the first 4 days, subjects were stabilized on a fixed dose of diuretics and
digoxin as necessary. This was followed by placebo-controlled studies of systemic and
renal hemodynarnics and neurohormones over a 4 day period in a coronary care unit.
Subjects were then discharged on trandolapril and followed up at 8 to 10 weeks. This
was followed by another 4-day period of assessment of hemodynamics and
neurohormones.

Subjects were to be males and post-menopausal or surgically sterilized females with
idiopathic, ischemic, or hypertensive cardiomyopathy, NYHA class III or IV, with
cardlothoracic ratio> 0.5, LVEF <0.35, PAWP >15 mmHg, and <130% of ideal body
weight. Exclusions were made for (1) rapid progression toward end-stage class IV, (2)
BP >170/100 or .@O/— mmHg, (3) clinically significant stenotic valvular disease, (4)
absolute need for long-acting nitrates, (5) severe hepatic disease, (6) severe metabolic
disorders, (7) inability to withdraw other cardiovascular medication or K-sparing
diuretics, (8) severe ventricular dysrhythmias, (9) Na+ S125 mEq/L, K+ 25,5 TOM,
creatinine 2250 plvf, and (10) leukopenia <2500/mm3.

During the hemodynamic studies, subjects received single-blind placebo on day 1,
trandolapril 0.5 mg on day 2, and, depending on the hemodynamic response observed,
trandolapril 0.25 to 1 mg on day 3. Subjects received trandolapril 0.25 to 1 mg
(determined from hemodynamic response) during the outpatient phase, and then the
same dose during the final in-hospital hemodynamic study.

Conventional cardiac catheterization data were obtained on heart rate, pulmonary
artery pressures, right atrial pressure, systemic pressures, cardiac output, and derived
measures. “Success” (during either the first or second assessments) was considered to
be a 20% decrease in PAWP, 20% increase in CL or 5% increase in EF (by MUGA
scan).

Safety assessments included 12-lead ECG, CBC with differential and platelet count,
and routine chemistry.

A3.6. Etllcacy results Five subjects received a maximum dose of 1 mg (prior to the dose-doubling
amendment) and 7 subjects received a maximum dose of 2 mg. The study was
terminated because of poor enrollment.

Four subjects discontinued. Reasons for discontinuation were (1) protocol violation,
(2) lack of efficacy and subsequent death, (3) lack of efficacy and exacerbation of
CHF, and (4) intercument illness.

Data from one subject (protocol violation) were excluded from analyses.
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A3.7. Safety

Demographics of the two treatment groups are shown in Table 2. below.

Table 2. Demographics and baseline characteristics (Study F/8S/570/34).

Low dose High dose Low dose High dose

n=5 n=? .“’ n=5’ ‘ n=7

Gender NYHA class
Male 3 7 III 5 6
Female 2 0 Iv o 1

Age-meankse 68+3.8 67320 Race
Caucasian 5 6
Other o 1

Prior medication Etiology
ACE irdibitor 2 5 Ischemic 4 5
Vasodilator 5 6 IdiopatMc 1 2

Some of the primary end-point data are shown in Table 3. below. These data give little
reason to believe there ase dose-related effects or that effects are sustained during long-
term treatment. Most of the remaining analyses performed by the sponsor involved
only the high-dose subjects “with complete data”. These subgroup analyses (not
reproduced here) appear to show sustained improvements in PAWP but not cardiac
index, and reductions in pulmonary artery pressure, but not most other hemodynamic
indices.

Table 3. Primary hemodynamic data (Study F/88/570/34).

Of the neurohormonal data, again analyzed only for 5 “completing” subjects in the
high-dose group, there were nominally statistically significant reductions in
angiotensin II and epinephrine, but no significant effect on renin, aldosterone,
norepinephrhe, and dopamine.

Of the renal hemodynamic data, again analyzed only for 5 “completing” subjects in the
high-dose group, there were no statistically significant effects on renal blood flow,
renal vascular resistance, or GFR. Filtration fraction was marginally significantly
decreased long-term.

Systolic and diastolic pressures generally fell during study, but the sponsor performed
no statistical analysis for all subjects.

There was one death during study: a 75-year old female subject died on day 14 of
probable respiratory infection and worsening heart failure. Relationship to treatment
was considered remote.

A second subject discontinued at one month with a skin rash, diagnosed as
leucocytoclastic vasculitis. He died one month later from worsening heart failure.

Other adverse events included dizziness which led to a dose reduction, worsening heart
failure which led to dkcontinuation and ventricular tachycardla.
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A3.8. Summary This was a small, open-label study of renal and cardiac hemodynamics. The results
should have given the sponsor little encouragement.

Medical Review
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ALLStudy Ff9115701155

A4.1. Title Double-blind placebo-controlled study of the dose-haemodynamic effect relationship
of trandolapril administered in a single oral dose to patients with congestive heart
failure.

A4.2. Source documents Study report VOI20.23, CR%: none.

A4.3. Investigators Thk study was conducted at 1 center in France. The investigator was E Aliot, Nance i,

A4.4. Study dates October 1993 to May 1994.

A4.5. Study design This study description was based upon the protocol dated 10 February 1993. There
appear to have been no amendments.

,.

This was a double-blind study of acute hemodynamics and pharmacokinetics among e
subjects with stable heart failure (PAWP >18 mmHg and cardiac index
~.2 LJmin/m2). Measurements were to be made at baseline and over 24 how-s
following a single dose of placebo or trandolapril 0.25, 1, and 4 mg. Planned
enrollment for 40 subjects (10 per treatment group).

A4.6. Results Four subjects (one in each treatment group) were enrolled and completed study. Two
subjects did not meet protocol-specified criteria for heart rate in the presence of atria]
fibrillation. Another subject did not meet protocol-specified criteria for stability and
did not have assessments made at planned times. There were no serious adverse events.

1.‘IIKm other French centers enrolkd no subjects.
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AS. Study FF/90/570/99

A5.1. Title Open, one-year multicenter study to evaluate the safety and efficacy of trandolapril in
patients with congestive heart failure (NYHA class II, III, and IV): a randomized study
with an enalapri} control group.

A5.2. Source documents Study report: vol 20.9 to 20,21, CRFS: none.

A5.3. Investigators This study was conducted at 38 centers in Europe and South Africa.

A5.4. Study dates 1992 to 1994.

A5.5. Study design This study description was based upon the amended protocol dated 29 April 1992.
Amendment 1 (3 February 1993) replaced the quality of life questionnaire with the
Minnesota Living with Heart Failure questionnaire. Amendment 2(7 July 1993)
allowed a sub-study of renal hemodynamics at one center. Amendment 3 (10 January =
1993) extended the period of enrollment of NYHA class IV subjects (who then had less
total follow-up) at 18 centers. Amendment 4 extended the period of enrollment of
subjects in the single-center sub-study of renal hemodynamics. Amendment 5
shortened the study by 2 months, to allow safety data to be evaluated at the same time
as the data from TRACE.

There was a pre-selection phase, lasting at least 2 weeks, during which subjects were
to be on stable doses of ACE inhibitor, diuretics, digoxin, and nitrates. Subjects were
then randomized to either trandolapril or enalapril and followed for 55 weeks. Subjects
not already on ACE inhibitor were up-titrated to the targeted dose of trandolapril 4 mg
over 5 weeks or enalapril 20 mg over 2 weeks. Post-titration follow-up was to occur at
weeks 7, 11, 15,23, 31, 39, 47, and 55. The goal was to recruit 300 subjects (200 on
trandolapril).

Subjects were to be males or post-menopausal or surgically sterilized females, with
NYHA class II to IV heart failure from left ventricular dysfunction (J3F <0.40), with
seated systolic pressure 2100 rnmHg, and weight between 50% and 150% of ideal.
Exclusion criteria were (1) non-cardiac causes of heart failure, (2) right heart failure
from pulmonary disease, (3) uncorrected valvular disease or outflow obstruction, (4)
myocardial infarction with 2 months, (5) unstable angina, (6) CVA within 6 months,
(7) uncontrolled life-threatening dysrhythmia, (8) renal impairment (creatinine
>200 PM), (9) liver function abnormalities, (10) digitalis toxicity, (11) potassium
outside 3.0 to 5.5 rnM, (12) neutropenia (<2500/nl), (13) other severe chronic disease,
(14) known hypersensitivity or lack of response to ACE inhibitors, (15) history of
angioneurotic edema, (16) solitary kidney, or (17) unilateral or bilateral renal artery
stenosis. Use of the following was discouraged: NSAIDS, antiarrhythrnics, enzyme
inducers, potassium-sparing diuretics. Use of other ACE inhibitors was prohibited.

Efficacy criteria were NYHA class, and clinical signs and symptoms of heart failure.
There were also plans to evaluate ejection fraction (2D echo or MUGA), cardio-
thoracic ratio, and, at some centers, exercise tolerance, neurohormonal levels, and
Helter monitoring. Also planned, but not listed as efficacy criteria were QOL
questionnaires, subject and investigator global assessments, mortality, and
hospitalization. No end point is identified as primary.

Safety assessments included 12-lead ECG, CBC with differential and platelet count,
and routine chemistry.

A5.6. Eflicacy results Two hundred ninety-two subjects were recruited and randomized. Twelve subjects
from one German center were excluded from analysis because of irregularities in
recording. Centers enrolled from 1 to 20 subjects.

Demographics of the two treatment groups are shown in Table 4 below.
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Table 4. Demographics and baseline characteristics (Study FF1901570199).

A5.7. Safety

I

I

Male
Female

Age-meamksd

Prior medication
Diuretics
Digoxin
Antiarrhythmics
Vasodilator

NYHA class
II
m
Iv

Enal
n=93 n=187

I IKate
77 158 Caucasian
23 29 Other

63~1.1 62M17 Etiology
MI

73 156 Ischemic

42 99 Hypertension

19 39 Cardiomyopathy

43 93 Valvular
Other

44 89
Unknown

37 76
12 22

Enal Tran
n=93 n=187

84 178
9 9

48 95
7 16
13 23
20 36
I 6
2 0
2 11

At least 75% of subjects achieved titration to the 4 mg dose of trandolapril. The
proportion of enalapril subjects at the highest dose (20 mg) was somewhat higher,
There were few protocol violations of inclusion criteria. On-treatment compliance was
estimated to be >80% for 989o of subjects in each treatment group.

Reasons for withdrawal were similarly distributed for the two treatment groups. Early
study termination affected 27% of enrollment.

End point data are summarized in Table 5 below. The sponsor performed no statistical
analyses comparing treatment groups.

Table 5. End points (Study FF/90/570/99),

Dyspnea at rest
Dyspnea on daily activity
Orthopnea
Nocturnal dyspnea
Fatigue
Angina

-9
-14
-15
-8

-19
-3

m
4 0

1

-12
-11
-lo
-9

-11
+2

+16
-16
-0.5

0

Cyanosis
Edema
Neck vein distension
Third heart sound
Mitral regurg murmur
Other cardiac sound
Hepatic vase congestion

Ejection fraction (A)

Cardio-thoracic ratio (A)

Subjects hospitalized (%)

Death (%)
Cardiovascular

QOL score (A%)

-1.1 -2.2
-9.2 -8.7
-7.6 -9.3
-5.4 -8.2
-3.2 0.0
-5.5 0.5
-3.3 -6.0

T0.06 0.06

-0.01 -0.01

22 I 35

m
There were a total of 22 deaths during the study (6.5% on enalapril and 8.69?0on
trandolapril). Nineteen of these deaths were cardiovascular (7 progression of heart
failure, 6 myocardial infarctions, 4 arrhythmias, 1 stroke, and 1 ‘other’).

Forty-three subjeets withdrew from treatment because of treatment-emergent adverse
events, with a similar rate in the two treatment groups. About half of these events were
cardiovascular in nature.
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Treatment-emergent serious adverse events were reported by 37% of trandolapril
subjects vs. 26% of enalapril subjects. The events were generally of a type common in
the population at risk. The only event with at least a 5% incidence was heart failure,
reported for 10IZOof subjects in each group.

Adverse events with at least a 570 incidence in a treatment group are listed in Table 6
below. There was little difference between treatment groups.

Table 6. Adverse events (%) reported for >5% in a treatment group (Study FF/90/570/99).

A5.8. Summary This was a positive-controlled, open-label study of approximately one year duration.
No statistical analyses were performed, but the differences between treatment groups
were fairly small. The one-year mortality rate in this study was approximately one-
third of that observed in the TRACE study.

APPEARS THISWAY
ON ORIGUML

APPEARS THISWAY
ON ORIGINAL

APPEARS THISWAY
O/dORIGINAL

APPEARSTHISWAY
ON ORIGINAL
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A6. study FF19U5701154

A6.I. Title

A6.2. Source documents

A6.3. Investigators

A6.4. Study dates

A6.5. Study design

A6.6. Efficacy redts

NDA 20-528
Trandolapri[ for post-MI CHF ‘

Tolerance and pharrnacokinetics of trandolapril after oral administration of a repeated
dose of 1 mg/day for 10 days in patients with congestive heart failure.

Study report: vol 20.25 to 20.27, CRFS: none.

This study was conducted at 2 centers in Sweden and South Africa. The investigators
were D Marx, Bloemfontein and G Ulvenstam, Goteborg.

June 1992 to April 1993.

This study description was based upon the protocol dated April 1992. There was one
amendment (undated) which made minor changes in implementation at the Swedish
center.

=

This was an open-label, uncontrolled study. Subjects underwent a washout period of 7
to 14 days, which was optionally placebo-controlled. All study subjects were to take
t.rando]april 1 mg q.d. for 10 days. Trandolapril and trandolaprilat levels were assayed
several times on days I and 10, daily at trough on days 2 to 9, and then at intervals up
to 17 days after the hit dose. Timed urine collections were to be made at baseline, on
day 1, and for several days after the last dose. Blood pressure and plasma ACE activity
were to be measured at times of pharrnacokinetic sampling. The goal was to recruit
15 subjects.

Subjects were to males or females, Caucasian, within 25% of ideal weight, with a 3-
month history of heart failure, NYHA class III, on stable treatment for at least 8 weeks,
with LVEF <0.35, and systolic pressure> 100 mrnHg. Exclusion criteria were (1)
myocardial infarction or unstable angina within 3 months, (2) symptomatic ventricular
arrhythmia, (3) aortic stenosis or other symptomatic valvular disease, (4) potassium
outside 3.0 to 5.5 mM or sodium outside 127 to 150 mM, (5) creatinine >200 PM, (6)
chronic obstructive pulmonary disease leading to right ventricular failure, (7) CVA
within 3 months, and (8) abnormal liver function.

Safety assessments included 12-lead ECG, CBC with differential and platelet count,
and routine chemistry.

Nineteen subjects were enrolled (11 in South Africa and 8 in Sweden). All were
Caucasian.There were few significant deviations from enrollment criteria. One subject
was administratively terminated on day 2 because of failure to meet baseline
requirements for heart failure.

Pharmacokinetic data are summarized in Table 7 below.

Table 7. Pharmacokineticdata (Study FF/91f570/154).
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Table 7. Pharmacokinetic data (Study FF/91/570/154).(Continued)

Trandolapril Trandolaprdat ACE inhibition

Day 1 Day 10 Day 1 Day 10 Day 1 Day 10

(1,2 (h) 0.76N.06 0.59M106* — —

Aeo.zqh (mg) — — 6&k13 151H*

Cho-zqh (~) — — 1.8M3.4 2.5+0.2
AU cDay10 (38* 1.9*

AUCDayl

*xO.05for comtxirisonbetwecn &is ‘“”’“..::<x:z2&*.&~W-?@4;~>~-’:..l)-;:... ‘.~@Z& .’ <J;* “+-W%R
... ,

‘“’:<Y:.‘w , .,J+,.;:i:~ :,.:;,.

A6.7. Safety There were no deaths. Two subjeets developed atrial fibrillation which was treated by
cardloversion. There were no other serious adverse events. =

A6.8. Summary The pharmacokinetic parameters for trandolapnl and its active metabolize
trandolaprilat in a group of subjects with heart failure was similar to those in a
population of normal volunteers.

APPEARS THISWAY
(?yc~!~!~!?,,l

APPEARS THISWAY
OR ORIGINAL

APPEARS THISWAY
ON OR!GINAL
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A7. Study I/91/570/1391

A7.1. Title Efficacy and safety of trandolapril in heart failure: study of the antiarrhythmic effect
in patients with complex ventricular arrhythmias.

A7.2. Source documents Study report: vol 20.24, CRFS: none.

A7.3. Investigators This study was conducted at 1 center in Italy. The principal investigator was P. Rizzon.

A7.4. Study dates Not stated.

A7.5. Study design This study description was based upon the final protocol dated 3 November 1992.
There was one amendment (13 December 1993) to allow inclusion of subjects with
atrial fibrillation.

This was a double-blind, placebo-controlled, parallel-design study. Subjects
underwent a 15-day in-hospital stabilization period with single-blind administration of
placebo. Subjects were then randomized equally to placebo or trandolapnl, the dose of
which was force-titrated from 0.5 to 2 mg over 5 days, and followed for 90 days, the
first 6 days being in-hospital. Subjects were followed for an additional 30 days on
single-blind placebo. Planned enrollment was for 40 subjects.

Subjects were to men and women with adequate contraception with a 3-month history
of heart failure, NYHA class III, from idiopathic dilated cardiomyopathy, ischemic
heart disease, or hypertension, LVEF <0.40, VPBS >30ih but no runs >3 on 24-hour
Helter, normal sinus rhythm, and weight <13090 of ideal. Exclusion criteria included
(1) nonsustained or sustained venuicular tachycardia, (2) atrial fibrillation, (3)
unrepaired valvular disease, (4) hypertrophic or restrictive heart disease, (5) right
ventricular dysfunction from restrictive bronchopneumonia, (6) supine systolic
pressure outside 100 to 160 mmHg, (7) myocardial infarction or stroke within
4 months, (8) awaiting cardiac transplantation, (9) grade II or HI A-V block or sick
sinus syndrome, (10) pacemaker, (11) chronic obstructive pulmonary disease, (12)
neuwopenia, (13) potassium outside 3.6 to 5.5 mM, (14) dermatosis, (15) connective
tissue disease, (16) allergy or hypersensitivity to ACE inhibitors, and ( 17) other severe
chronic dkease.

The primary end point was a >7090 decrease in VPB rate on a 24-hour Helter monitor
or an improvement in Lown class if there are couples or runs at baseline. Monitoring
was to start 2 h after dosing. Secondary efficacy criteria included NYHA class,
exercise tolerance, cardio-thoracic ratio, plasma renin activity, and ACE inhibition.

Efficacy criteria were NYHA class, and clinical signs and symptoms of heart failure.
There were also plans to evaluate ejection fraction (2D echo or MUGA), cardio-
thoracic ratio, and, at some centers, exercise tolerance, neurohorrnonal levels, and
Hoher monitoring. Also planned, but not listed as efficacy criteria were QOL
questionnaires, subject and investigator global assessments, mortality, and
hospitalization. No end point is identified as primary.

Safety assessments included 12-lead ECG, CBC with differential and platelet count,
and routine chemistg.

A7.6. Results Fourteen subjects were screened and randomized (7 to placebo and 7 to trandolapril).
One subject on placebo withdrew during the double-blind treatment period. All
subjects were Caucasian and all but one was male.

‘-Also identified as study I/91/570/10,

Medical Review —19— 7April 1997



study 1/91/570/139

.

Medical Review

NDA 20-528
Trandolapril for post-MI CJ2F

Only limited safety data were reported. Holterdata were not reported. The only serious
adverse event was development of complete A-V block by one subject on trandolapril
after 90 days of treatment.

APPEARS THISWAY
ON ORIGINAL
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A8. Study UK89/570/70

A8.1. Title

A8.2. Source documents

A8.3. Investigators

A8.4. Study dates

A8.5. Study design

A8.6. Efllcacy results

A placebo-controlled dose ranging study of the efficacy and safety of trandolapril in
the treatment of patients with congestive heart failure (NYHA class II& III).

Study report: vol 20.7 to 20.8, CRFS: none.

This study was conducted at a single center in the UK. The investigator was WJ
McKenna, London.

Febmary 1990 to December 1993.

This study description was based upon the amended protocol dated 11 June 1990.
There were no substantial changes effected in amendments.

This was a double-blind, placebo-controlled, parallel-group design.’”There WaS a I-to- =
6-week pre-selection phase during which subjects underwent repeated exercise
tolerance testing until there was <10% variation in peak oxygen consumption. This
was followed by a l-week run-in phase during which baseline exercise and safety data
were obtained. Subjects were randomized to once-daily placebo or trandolapril 0.25,
1, or 4 mg, and followed for 16 weeks. Subjects randomized to 1 mg received 0.5 mg
for the first 2 weeks. Subjects randomized to 4 mg received 0.5 mg for 2 weeks and
1 mg for 2 weeks. Forty-eight subjects were to complete study, with replacement of
withdrawals.

Subjects were to be males and post-menopausal or surgically sterilized females with at
least a 3-month history of stable CHF, NYHA class II or III. Exclusions were made for
(1) blood pressure < 90/50 mmHg, (2) >140% ideal body weight, (3) peak V02 >80%
predicted or>15% variation between last 2 measurements, (4) ejection fraction outside
20 to 40%, (5) clinically significant renal dysfunction, (6) neutropenia~500/mm3, (7)
clinically significant stenotic valvular disease, (8) pacemaker-limited exercise
tolerance, (9) myocardial infarction within 4 months, (10) sustained or symptomatic
‘arrhythmias on 24-hour Helter monitoring, (11) significant chronic obstructive
pulmonary disease, (12) other significant systemic disease, (13) modified-Bruce
exercise tolerance outside stage 0.5 to 41,(14) angina-limited exercise, ( 14) significant
hepatic dysfunction unrelated to CHF, (15) Na+ S130 mEq/L, K+ 25,5 mM or
<3.0 mM, ( 16) evidence of digoxin toxicity, ( 17) hypersensitivity to ACE inhibitors or
history of angioneurotic edema, (18) need for concomitant vasodilators, enzyme
inhibitors or inducers, NSAIDS, glucocorticosteroids, estrogen or progesterone, ~-
blockers, or K-sparing diuretics.

The primary end point was exercise duration. Peak oxygen consumption was a
secondary end point.

Safety assessments included 12-lead ECG, CBC with differential and platelet count,
and routine chemistry.

Because of recruitment problems, the study was terminated with 50 subjects enrolled,
8 withdrawn, and 42 completed. Subjects were not assigned treatments in the
originally allocated order, thk was, in part, a deliberate attempt to redress an
imbalance in the number of subjects per group. Two subjects were not included in the
ITT analysis; one withdrew at the randomization visit and the other at 14 days.

Sixty to 92% of subjects in each treatment group had at least one major deviation in
adherence to protocol specified inclusion or exclusion criteria. These deviations
included ejection fraction >409i0 or missing (n= 18), ‘cardio-thoracic ratio cO.5 or
missing (n=20), exercise duration <3 or> 12 minutes or peak V02 >80Y0 predicted

1“3 to 12 minutes
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(n=4), no diuretic (n=13), and no exercise test post-baseline (n=2). “Minor” violations
in enrollment are described for another 8 subjects.

Demographics of the two treatment groups are shown in Table 8 below.

Table 8. Demograp

xw

A8.7. Safety

A8.8. Summary

lies and baseline characteristics (Study UK89/570/70).

1 ,q-lg‘ 4 mg Plcbo. ., 0.25 mg 1 mg 4 mg
n=l 3., .n=13. .<,V ;;. n=Io”, n=14 n=13 n=13

NYHA CkiSS

10 12 II 8 12 10 10
3 1 111 2 2 3 3

61+7.3 6~7.9 Race

Caucasian 9 11 12 11
Other 1 3 1“ 2

=

Etiology
3 1 Ischemic 8 12 10 .9
1 2 Idiopathic 2 2 3 4

Changes from baseline in exercise time are shown in Table 9 below. These data give
little reason to believe there are dose-related effects.

Table 9. Changes in exercise tolerance (Study UK89/570/70).

A variety of signs and symptoms were analyzed for dose-dependent effects from
baseline to the end of study (orthopnea, dyspnea, NYHA class, JVP, gallop, rales, liver
size, edema). Treatment effects were generally not observed.

There was one death during study: a subject in the placebo group had a sudden death
on study day 55.

Two subjects were withdrawn because of dizziness (on 0.25 and 1 mg). One subject
withdrew with angina, considered possibly related to treatment (1 mg) and one subject
withdrew with a TIA, considered unlikely to be related to treatment (0.25 mg). The
only other serious adverse event was one case of hemoptysis, considered unlikely to
be related to treatment.

Forty-three treatment-emergent adverse events were reported by 25 subjects, with
little to suggest dose-relatedness. No specific event was reported by more than
2 subjects in a treatment group. In general the observed events were common to the at-
risk population.

l%is was a pilot double-blind, placebo-controlled study evaluating multiple dose levels
of trandolapnl in an appropriate target population. The study was marred by a high
incidence of inappropriately randomized subjects, but in no way suggestive of bias.
The results provide scant evidence of a beneficial effect of trandolapnl on subjects
with heart failure.
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Trandolapril post-myocardial infarction -.

1. Submission
---

—----- -
..

The original submission consists of a single volume containing the study protocol and -- -:-=
amendments, blank case report forms, the publication which describes the study
results, and a SAS data tape.

----

1.1. Study protoco~

The description of the study is based upon the ‘final’ study protocol, dated 17 April
1990 and 4 amendments. The formal name of the study was “Study of trandolapril in
patients with reduced left ventricular function after acute myocardial infarction”,
DIU891570157.

1.1.1. Enrollment

This was a multi-center, double-blind, parallel-group, placebo-controlled study of
mortality at 1 year (amended to 2 years) in 1500 subjects (planned) with left
ventricular systolic dysfunction 1 to 5 days after myocardial infarction.

Subjects were to be men and women> 18 years old with a myocardial infarction and - -‘
left ventricular systolic dysfunction.

The definition of myocardial infarction included elevated enzymes plus typical
symptoms, ECG changes, or both. Symptoms included severe discomfort in the
anterior chest, back, jaw, neck, or shoulder, lasting more than 30 minutes, unless
relieved by morphine or meperidine. Any of the following were considered
electrocardiographic evidence of myocardial infarction: (1) new abnormal Q-waves,
without bundle branch block, lasting 30 ms in 2 contiguous leads not including V 1 and
aVR or R/S ratio>l in V 1 or V2, (2) >5090 reduction in R-waves, without bundle
branch block, in 2 contiguous leads, (3) ST elevation, without bundle branch block,
20.1 mV 80 ms after the J-point (20.2 mV in V1 or V2) or upright T-wave 20.5 mV
(21 mV in V1 orV2) where R-wave <1 mV, (4) ST depression, without bundle branch
block, 20.1 mV 80 ms after the J-point, (5) with right bundle branch block, Q-wave
~30 ms in 2 contiguous leads, ST elevation or upright T-wave 20.2 mV, or (6) with left
bundle branch block, Q-wave 240 ms in leads other than VI, V2, and aVR, or ST
elevation 20.2 mV in leads with a predominant R-wave.

Enzymatic evidence of myocardial infarction was to exclude subjects with other
causes for enzyme elevation (such as rhabdomyelitis, muscular dystrophy, trauma,
seizures, hypothyroidism, or multiple defibrillation). Elevation in CKMB was
preferred, unfractionated CK next, then SCOT or LDH if neither of the first two were
available. The threshold was, in all cases, twice upper limit of normal for the local
laboratory, within 48 hours of symptom onset.

Left ventricular systolic dysfunction was indicated by wall motion index (wMI) <1.2
1 to 5 days after infarction. Wall motion index is calculated from the average
qualitative echocardiographic assessment of wall motion in 9 areas of the left
ventricle, where each area is scored as -1=pronounced paradoxical motion, -0.5=slight
paradoxical motion, O=aklnesia, 0.5=pronounced hypokinesia, l=moderate

1.Amend~en[1 (]0 September1990) made minor changes to the f71T sub-study Protocol and named the ‘vents

Committee.
Amendment 2 (undated) made minor changes in the follow-up during up-titration.
Amendment 3 (23 September 1992) called for minimum follow-up of 24 months, rather than 12 months, and shifted
the time of the third interim analysis to the time when all subjects had completed 12 months (about 9 months from the
date of the amendment).
Amendment 4(5 April 1994) established a Reinfarction Committee, provided details concerning the Hotter
monitoring sub-study, and altered the secondary end-points so there would be separate analyses of cardiovascular
mortafity, sudden death, recurrent infarction, and severe or resistant heart failure. Non-cardiovascular mortality was
dropped as a seeondary end-point.

-. —-. —. —
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1.1.2. Procedures

1.1.2.1. Concomitant med-
ication

1.1.2.2. Screening

1.1.2.3. Randomization

1.1.2.4. Dosing

1.1.2.5. Fol]ow-up

1.1.3. Organization

hypokinesia, 1.5=slight hypoklnesia, 2=normokinesia, 2.5=slight hyperkinesia, and _ -_-.C~ -
3=pronounced hyperkinesia. This method is said to show very little inter-observer .
variability and to have a high inverse correlation with survival after myocardial - - :-~”
infarction. ----

Exclusion criteria were (1) intolerance of a test dose of trandolapril 0.5 mg, (2) need -
for an ACE inhibitor, (3) clinical shock—systolic pressure <80 mmHg for 30 minutes,
peripheral vascular contraction, and low urinary output within 24 hours of
randomization, (4) ketoacidosis from uncontrolled diabetes mellitus at time of
randomization, (5) sodium c 125 mM, (6) serum creatinine >0.2 mM, (7) pregnancy,
lactation, or lack of approved method of contraception, (8) acute pu~monary embolism, -
(9) intolerance of ACE inhibitors or history of angioneurotic edema, (10) collagen
vascular disease, (11 ) significant non-ischemic obstructive heart disease, (12) solitary
kidney, (13) unstable angina leading to acute procedure or transfer, (14) uncontrolled
hypertension->220/l 30 mmHg, ( 15) severe liver disease, ( 16) neutropenia, ( 17) need
for immunosuppressive or rmtineoplastic therapy or expectation. of death from other
causes during study, (18) alcohol or drug abuse or other conditions apt to interfere with .

study participation, and (19) chronic treatment with an investigational drug, including
unapproved uses.

Prior to randomization, “unnecessary” treatment with an ACE inhibitor or other
cardiovascular and non-cardiovascular medications was to be discontinued. Heart
failure was to be treated with digoxin and diuretics. Shock was to be treated with
vasodilators, vasoconstrictors, inotropic drugs, or fluid as deemed indicated. Pain was
to be treated with opiates, angina] pain with nitrates or dihiazem. Hypertension was to
be treated with diuretics, vasodilators, and ~-blockers.

After randomization, heart failure was to be treated with study drug or vasodilators.
Absolute need for an ACE inhibitor required withdrawal from the study. Shock,
angina, and hypertension were to be treated without the use of other ACE inhibitors.

Data to be collected were medical history, physical exam, ECG, echocardiography,
and cardiac enzymes. Subject eligibility was to be ascertained no later than 5 days after
myocardial infarction.

All subjects were to receive a single dose of open-label trandolapril 0.5 mg prior to
randomization. This dose was considered tolerated if it did not lead to “annoying”
symptoms or to inability to stand or walk.

Subjects were stratified according to WMI (<0.8 and 0.8 to 1.2) and then randomized
1:1 (fixed blocks of 4) to active drug or matching placebo.

Active treatment group subjects received trandolapril 1 mg on study days 1 and 2, to
be administered with breakfast. Subjects not tolerating this dose were withdrawn from
the study. Subjects not withdrawn received 2 mg on days 3 to 28. If tolerated, subjects
were subsequently to receive 4 tng q.d. The first 100 subjects titrated to 4 mg were to
have blood pressure monitored in the clinic for 4 hours after the first dose and to have
serum creatinine checked at 2 days.

Study drug could be reduced (but not below 1 mg) in the presence of elevated serum
creatinine. Study drug could be interrupted for up to 2 weeks if deemed clinically
indicated.

After hospital discharge, subjects were to seen in the clinic at 1,3,6,9, and 12 months,
and then at intervals of 3 months thereafter.

Up to 24 centers were to participate. The recruitment period was 15 months. With a
minimum follow-up period of 12 months, the total study time was expected to be
27 months.

2. Amendment 3 increasd the minimum (end-point) follow-up to 24 months.
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1.1.4. End-points

There was an 8-member Steering Committee responsible for ongoing study -
---

- -----
management.

.=-t

There was a 3-member Safety Committee, whose members were not otherwise

.

associated with the conduct of the study. Prior to the start of the study, they were to -- ‘“
establish stopping rules. They were to meet regularly and review unblinded results.

There was a 3-member Events Committee charged with setting cause for deaths.

The primary study end-point was all-cause mortality at 24 months. Cardiovascular and
non-cardiovascular deaths were to be separately analyzed.

Morbidity (any hospitalization or contact with physician) was to be monitored, Causes
were to be categorized as cardiovascular or non-cardiovascular.

Specific secondary end-points pre-specified were(1) cardiovascular mortality and
sudden death, (2) reinfarction, (3) morbidity attributed to heart failure, (4) exercise
tolerance, and (5) arrhythmias.

.

The analysis plan named other secondary end-points: (6) WMI and left ventricular
diameter, (7) NYHA class, and (8) Killip class.

In some centers, there were sub-studies conducted+xercise tolerance, Helter
monitoring, and radionuclide cardiographs.

Study amendment 4 added an end-point of severe or resistant heart failure, described
as (a) death attributed by the Mortality Committee to heart failure and in the absence
of a recurrent myocardial infarction in the preceding 7 days, (b) hospitalization for
heart failure, according to the investigator, or (c) withdrawal to permit open-label ACE
inhibitor for treatment of heart failure. The analysis plan called for a log-rank test of
time to first qualified event with stratification by center and baseline WMI. Deaths or
withdrawals for other reasons were to be considered censoring events.

1.1.5. Statistical analysis plan

1.1.5.1. Sample size Sample size was based upon a one-year placebo mortality rate of 30% and a reduction
of 25% in the trandolapril group. The planned 1500 subjects gave the study 9070
power.

1.1.5.3. Final analysis

1.1.5.2. Interim analyses The expectation was that enrollment would proceed at about 100 subjects per month.
Three interim analyses were planned, at 9, 15, and 21 months. The plan was to perform
a stratified log-rank analysis of all-cause mortality at these times. The proposal was to
calculate two one-sided p-values and compare them against the Bonfemoni-type
boundaries shown in Table 1 below.

The protocol called for overall, cardiovascular, and non-cardiovascular mortality each
to be compared. A significant treatment effect in favor of trandolapril required an
overall one-sided p-value <0.025. A significant treatment effect in favor of placebo
required an overall p-value <0.25. Both comparisons were made after adjustment for
interim analyses.

3.The ~ro[oco] ~alled for ~onitoflng maximal exercise tolerance at months ], 3, 6,9, and 12. SamPle size was not

indicated.
4.me ~rotocol cal]ed for monitoring ventricular arrhythmias (PVCS, pairs or runs of PWS, ventricular tachycardia, or

ventricular fibrillation), supraventricular arrhythmias (premature depolarizations, atrial fibrillation, and atrial flutter),
conduction defects (atno-ventricular or sino-atrial block), silent ischernia, or ST segment elevation or depression
during 24-hour recordings at baseline, and after 1,3,6, and 12 months. The planned sample size was 400 subjects.

5 The protocol called for one center to compare left ventricular ejection fraction as estimated by radionuclide
cardiography with WMI in 100 subjects.

------ —. —
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Table 1. Interim and final statistical analysis boundaries for all-cause mortality. -

P-value in

Month favor of

Tran Plcbo

9 0.0000 0.025

15 0.0001 0.050

21 0.0024 0.075

27 0.0225 0.100

Sum 0.0250 0.250

--
----- -.

.. .7+.

----

The primary basis of assessing efficacy was to bean intent-to-treat log-rank analysis
of overall mortality, stratified by center and WMI.

1.1.5.4. Supportive analy- Supportive analyses of Kaplan-Meier survival rates at 1, 3, 6, and 12 months were
ses planned. Exploratory analyses were planned to investigate effects of previous

.

infarctions, sex, age, smoking history and dose of trandolapril.

1.2. Publication

The only narrative description of the study results is the publication “A clinical trial of
the angiotensin-converting-enzyme inhibitor trandolapril in patients with left
ventricular dysfunction after myocardial infarction”, K@er L. et al., New Eng J &fed
(1995) 333:1670-1676.

The publication indicates that the decision to increase the duration of the study from
12 months to 24 months was made by the Steering Committee on the basis of the
published results in the SAVE study and without knowledge of interim results in this
study .

APPMRS THISWAY
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2. Results
.s-
------

Except where noted, all results are from the reviewers’ analyses, based upon the - .. ..=-s

electronic datasets submitted. ----

2.1. Trial management

The TRACE study was conducted at 27 centers in Denmark. Screening took place
between 1 May 1990 and 7 July 1992. Seven thousand and one consecutive myocardial
infarctions were screened (involving 6676 patients), from which 2606 subjects were
deemed eligible for trial participation and 1749 subjects were enrolled, as shown in
Table 2 below. Individual centers randomized from21 to 140 subjects.

Table 2. Enrollment.

Screening N=7001 Eligibility N=2606 Enrollment N=1749

Disqualification Exclusions Randomized to placebo 873
WMI%-1.2 3920 Mandatory ACE inhibitor 150 Randomized to trandolapril 876
WMI not done 475 Cardiogenic shock 101

Remaining 2606 Death prior to randomization 70
Renal failure or solitary kidney 65
Intolerance to trandolapril 39
Not consenting 218
Other 216

Remaining 1749

a. Wall motion index; see definition on page 1.

Three interim analyses of mortality were performed with enrollment at 673, 1209, and
1745. There was no submitted documentation for the Safety Committee, but analyses
are said to have not met stopping criteria.

2.2. Baseline comparability

As expected for a trial of this size, the two treatment groups were generally well
matched for demographic and baseline disease factors, as shown in Table 3 to Table 6
below, and for maximum screening laboratory values, as shown in Table 7 below.

Table 3. Comparability of demographks.

Placebo Trandol
N=873 N=876

Age—% subjects
<40 1.1 0.8
40 to 50 4.7 3.5
50 to 60 17 16
60 to 70 32 33
70 to 80 36 36

Female 29 28

BMIa—mean~SD 25.6k3.9 25.8*3.7

Placebo Trandol
N=873 N=876

./ace—% subjects
Caucasian 99.7 99.9
Black 0.1 0
Oriental 0.1 0.1
Eskimo o 0
Other 0.1 0

Weight—% subjects
<60 kg 12 9.7
60 to 70 22 21
70 to 80 31 31
>80 35 39

a. Body mass (kg) divided by square of height (m).

Joint Clinical Review

Data concerning revascularization procedures do not appear [o have been collected.
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Table 4. Comparability of clinical h~tory (% subjects).
.s-

- -----

Placebo Trandol Placebo
N=873 N=876 N=873

Hypertension 23 23 Intermittent claudication 9.9
Diabetes 14 13 CVA or transient ischemia 7.8
Angina pectoris 44 47 Renal disease 1.3
Previous MI 34 37 Conduction or rhythm disorder 1.7
Heart failure 23 21 Pacemaker 0.5
Current/previous smoker 75 73 Ventricular arrhythmia 1.9
COPD or asthma 14 12 Supraventrictdar arrhythmia 8.8
Hyperlipidemia 4.6 5.3

Table 5. Comparability of history and treatment of index infarction.

infarct location-% subjects
Anterior Q-wave
Inferior Q-wave
Non-Q-wave
Other or mixed

3CG abnormal ities-% subjects
Intraventricular block
>1 st degree A-V block
Signs of ischemia
ST elevation
ST depression
Pathological Q-wave
Pathological R-wave
Pathological T-wave

Placebo
N=873

47
18
15
11

17
0.2
62
59
34
78
55
70

Trandol
N=876

47
19
14
13

14
1.5
64
60
38
79
57
72

N=876

8.2
9.7
0.8
1.9
0.7
1.7
7.6

—
Placebi
N=87:

~rombolysis—% subjects
None -55
Streptokinase 41
tPA 2.7
APSAC

3aseline medications—f% subiects
Aspirin
~-blocker
Calcium antagonist
Diuretic
Nitrates
Digoxin

0.3

90
15
28
68
50
29

‘rando
~=876

55
43
1.8
0.3

92
17
28
64
56
26

2.3. Compliance and protocol violations

Most subjects were titrated to and maintained on the protocol-specified 4-mg dose of
study drug or placebo, as shown in Figure 1 below6, although a lower percentage of
subjects were maintained on the target dose of the active drug. For this fiwre, subiects

--”

who died or withdrew from treatment were placed in the censored category.

Two subjects were enrolled with WMI>l.27. -

2.4. Subject disposition

The disposition of subjects through the course of the first 12 months of follow-up is
shown in Figure 2 below.

----

.

6 This graph can be described as a continuous stacked bar chart. All subjects are, at each point in time, characterized by
a unique category in a finite set. The number of subjeets in a category at any moment in time is given by the height of
a region between two boundary lines. In the first 30 to 45 days, most subjects were on 2 mg. After that time, most
subjects are either on 4 mg or they are censored. After the first few days, a higher proportion of subjeets were in O, 1,
or 2 mg categories in the trandolapril treatment groups than were in those categories in the placebo group, but these
categories remained small for both treatment groups throughout the first year.

7 Subject 07-159 with WM1=l .6, assigned to trandolapnl, and subject 19-164 with WMI=l .5, assigned to placebo.

----- -. —
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Figure 2. Deposition of subjects.

Table 6. Comparability of clinical status at randomization.

Placebo
N=873,

Time from MI—% subiects
<2 days
2t03
3t04
4t05
5t06
>6

20
35
20
10
8
7

Symptoms—70 subjects
Dyspnea 36
Orthopnea 5.1
Paroxysmal nocturnal dyspnea 4.0
Cough 11
Angina 19
Dizziness 6.6
Fatigue 65

Killip class—% subjects
1 79
2 20
3 1.2
4 0

Vital signs (meatiSD)
Systolic pressure 121*18
Dhstolic pressure 75*1 1
Heart rate- 81+14

Trandol
N=876

20
33
21
10
7
8

35
4.5
2.3
11
20
7.9
61

80
19
1.1
0

12M18
76*1 1

81+13

iacebo
i=873

Wall motion index—% subjects
<0.8
0.8 to 0.9
0.9 to 1.0
I.otol.l
1.ltol.2
>1.2

Symptoms—% subjects.
Pulmonary congestion or edem:
Peripheral edema
Neck vein distension
Ventricular gallop
Cyanosis
Hepatomegaly

NYHA class-% subjects
I
H
III
IV

—7—

18
12
17
27
26
0.1

20
3.4
1.8
1.9
0.3
1.2

39
42
13

4.8

‘rando’
~=876

17
11
17
31
24
0.1

19
2.8
1.6
1.9
0.7
0.7

42
42
12

4.1

..___

—
---

—----:-
.--.

.. .=+*

----

.

.- —
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Table 7. Maximum screening laboratory values.
--

-- -- -

Placebo
.

Tmndolapril Placebo Trandolapril .=+%

N=873 N=876 N=873 N=876 ----

n f&SD n ~~SD n Y*SD n .tk SD

SGOT 77 247+238 78 242M168 CK 304 1811+1755 297 1813*1567

LDH 76 1456*803 84 1602+940 CKMB 43 65M9 44 67*67

LD1 177 95%753 181 846M1O CKB 699 97*122 697 98B4

CRE 873 106H8 876 105H6

2.5. Blood pressure control

Interpretation of a treatment-related difference in mortality would be’affected as well
by differences in blood pressure control post-randomizati~n. Data from periodic
measurements of blood pressure and heart rate are shown in Figure 3 belowg. The
fraction of subjects whose blood pressure as a function of time was 2140 mmHg
systolic or 295 mmHg diastolic is shown in Figure 4 below. These data suggest that

2.6. Efficacy assessments

2.6.1. Mortality

2.6.1.1. Primary efficacy Survival status for TRACE was determined through the Danish Home Office which
analyses maintains vital data on all Danish citizens. The TRACE study final report (dated July

8 his not clear whereon the case report forms there was an opportunity to collect these data, but they were in the SAS
datasets.

------
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1995), only a portion of which was submitted to the agency in the submission of 16
July 1996, indicates that all subjects had mortal status ascertained as of the closing date
of the study (30 June 1994), but what was entered into the database and available, in
some sense, for verification by the reviewer were dates of death and not a separate
indicator of survival as of the study closing date. Therefore, the reviewers’ analyses
described below were based upon censoring observations at the time of the last
ascertainable follow-up.

The Kapian-Meier survival curve for mortality is shown in Figure 5 below. A subject’s
data were censored at the time of the last known dose of study drug, the last follow-up
visit, or at the closing date of the study. Differences between treatment groups were
assessed with a log-rank test. Statistical analyses were performed for the full period of
available follow-up and for the protocol-specified (24 month) period of follow-up.
Differences in event rates at 24 months were also assessed using a X2 test. Results of
statistical analyses are shown in Table 8 below.

1.0

/<

‘!.
0.8 ‘-------

-------. ...
2 . . . ..-
. TranddaprII. . . . . . . . .
f -----
E - -; ,-a-c-&. .

5
g

0.2

0 1,
1 1 1 i

o 1
Y.a%-s

3 4

Figure 5. Total mortality.

Table 8. Statistieal analyses of mortality.

I Log-rank pa

2 year All

All-cause mortality 0,0188* 0.0028*

Stratified by WMI 0.0245 0.0034

Stratified by WMI, center 0.021 I* 0.0029*

Cardiovascular mortality 0.0165* 0.0058*

Stratitied by WMI 0.0218* 0.0076*

Sudden death 0.0746 0.0254

Stratitied by WMI 0.0901 0.0304

.-

Relative risk (95% CI) I Events over 24 months

2 year All
Placebo (%) Trandol (%) Two-sided

N=873 N=876 #p

0.840 0.807 308 (35) 261 (30) 0.014
(0.712 to 0.990) (0.693 to 0.939)

0.847 I 0.811 I I I
(0.719 to 0.999) (0.697 to 0.944)

0.840 0.803
(0.710 to 0.994) (0.688 to 0.939) .

0.811 0.793 230 (26) 188 (22) 0.017
(0.669 to 0.984) fo.661 to 0.950)

0.820 0.799
(0.676 to 0.994) (0.667 to 0.958)

0.817 0.775 113(13) 93(11) 0.131
(0.621 to 1.075) (0.600 to 1.002)

0.829 0.783
(0.630 to 1.091) (0.606 to 1.011)

a. One-sided p-value for active treatment better than placebo. *Statistically significant at a=O.0225 for all-cause mortality

.-. - .<-.
-—

-,
—

—------- -
..-,

-..7**

----

or a=O.025 for other comparisons.

The result for all-cause mortality was statistically significant compared with the
threshold for significance given in Table 1 on page 4.
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Because of the lack of the usual supporting documentation for subjects believed to _. -_-.~~ .

have survived to the end of the study, the reviewers also analyzed time to death or ‘]OSS ...

to follow-up’, based upon dates in the dataset. When mofla]ity plUS 10SS to follow-uP9 . -..=~%.
was analyzed, there was no statistical significance to the difference between treatment
groups. ----

2.6.1.2. Cardiovwcular The Kaplan-Meier survival curve for cardiovmcula deaths (causality classified by the “
mortality investigator) is shown in Figure 6 below. A subject’s data were censored at the time of

the last known dose, the last follow-up visit, the date of death from non-cardiovasculm

2.6.1.3. Sudden death

2.6.1.4. Risk factors

]ses, or the closing date of the study.

‘“Ol\

0.21o.+
I

o
I1 1

Yeis
f

3 4

~.’igure 6. Cardiovmcular death-free survival.

The Kaplan-Meier survival curve for sudden deaths (protocol-specified as death within
1 hour of onset of symptoms) is shown in Figure 7 below. A subject’s data were
censored at the time of the last known dose, the last follow-up visit, the date of death
>1 hour after symptoms, or the closing date of thes

1
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. . . . . . ..- --
-------------
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~

~

;

:

0 ~,
1

0
11 1
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t
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~dy.

I Figure 7. Sudden death-free survival.

Subjects who died were compared with the randomized population with respect to
some potential risk factors, as shown in Table 9 below. The two treatment groups did
not differ significantly with respect to these factors. Compared with the randomized
population, the subjects who died were, on average, a few years older, a little more
likely to have had a previous myoeardial infarction, a little less likely to have had an
antenor myocardial infarction, and they were substantially less likely to have received
thrombolytic therapy.

The estimated death rate and relative risk (based on the proportional hazards m~el)
were calculated separately for males and females, as shown in Table 10 below. The
data show a numerically higher mortality rate in women; the power is perhaps
inadequate to determine if a clinically significant difference exists in the benefit of
treatment.

9-This is less conservative than the usual test which is applied to mortality analysis—i.e., assume lost control group
subjects lived to the closing date and lost active group subjects died at the time of loss to follow-up.

.

----
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Table 9. Potential risk factors for mortality
. s-
-------

All Deaths

rand Plcbo Trand All
N=1749 pJ=3(j9 N=304 N=673

Age (kSD) fjg*l 1 70+12 72*IO 71*11

Weight (*SD) 75*13 74*I4 74-!-13 74*]4

Male (%) 71 69 67 68

Previous MI (%) 36 40 43 41

Q-wave MI (%) 65 60 57 58

Anterior MI (9o) 46 41 36 39

ThromboIysis (%) 44 33 34 33

WMI (ASD) 1.02M.22 0.95M. 19 0,97+0.36 0.96ti.28

Table 10. Estimated death rate and relative risk by sex.

Placebo ,Trandolapril
Proportional Hazard;

Deaths Deaths Relative Risk
N N

n % n %
(95% Confidence)

Males 621 256 41 627 203 32 0.776 (0.645 to 0.933)

‘Females 252 113 45 249 101 41 0.890 (0.680 to 1.164)

The estimated death rate and relative risk (based on the proportional hazards model)
were calculated separately for different age groups, as shown in Table 11 below. The
data show a numerical increase in mortality in older subjects, and suggest that the
benefit of treatment maybe less in older subjects.

Table 11. Estimated death rate and relative risk by age.

Placebo Trandolapril
Proportional Hazards

Deaths Deaths Relative Risk
N N

n % n 70
(95% Confidence)

Age<65 321 90 28 305 57 19 0.645 (0.463 to 0.899)

655Age<75 299 134 45 335 115 34 0.725 (0.565 to 0.930;

Age275 250 142 57 235 131 56 1.042 (0.822 to 1.322;

.-.
. .=+*

----

_..
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Females had a higher death rat? and less of a treatment effect than did males. Older
subjects also had a higher death rate and less of a treatment effect. To see if the effect
of sex could be explained by differences in age, the age distribution by gender and
treatment was calculated, as shown in Figure 8 below. It seems likely that much of the
apparent effect of sex is actually a result of females being somewhat older at the time
of their index myocardial infarction.

Randomization was stratified on the basis of baseline WMI. The estimated death rate
and relative risk (based on the proportional hazards model) were calculated separately
for the two WMI strata, as shown in Table 12 below. The data show a numerical
increase in mortality in subjects with lower WMI, but the estimated magnitude of
treatment effect is similar in the two strata.

The estimated death rate and relative risk (based on the proportional hazards model)
were calculated separately for sub-groups based upon the use of thrombolytics, as

------ --- —
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Figure 8. Age distribution by sex and treatment group.

Table 12. Estimated death rate and relative risk by baseline WMI.

Placebo

Deaths
N

n %

IWMI<O.8 159 104 65

WM120.8 711 262 37

,Trandolapril
Proportional Hazards

Deaths Relative Risk
N

n %
(95% Confidence)

146 82 56 0.803 (0.601 to 1.073)

729 221 30 0.819 (0.684 to 0.979>

shown in Table 13 below. The data show an increase in mortality in subjects whose
index infarction was not treated with thrombolysis, but the estimated magnitude of
treatment effect is similar in the two sub-groups.

Table 13. Estimated death rate and relative risk by use of streptokinase.

Placebo Trandolapnl
Proportional Hazards

Deaths Deaths Relative Risk
N N

n 70 n %
(95% Confidence)

No thrombolysis 477 245 51 472 200 42 0.794 (0.658 to 0.957)

Streptokinase 359 110 31 376 96 26 0.847 (0.644 to 1. 113)

The estimated death rate and relative risk (based on the proportional hazards model)
were calculated separately for sub-groups based upon whether the index infarction was
Q-wave or non-Q-wave, as shown in Table 14 below. The data show an increase in
mortality in subjects whose indkx infarction was non-Q-wave, and the estimated
magnitude of treatment effect is numerically smaller for non-Q-wave infarctions.

Table 14. Estimated death rate and relative risk’by Q-wave.

LNon-Q-wave

Q-wave

Joitrt Clinical Re~~ie\\

Placebo ] Trandolapril I

Deaths Deaths
N N

n % n %

302 145 48 298 128 43

564 220 39 571 172 30

—12—

‘1Proportional Hazards
Relative Risk

(95% Confidence)

m

---
— ------ -

.
.=a-

----

.
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The estimated death rate and relative risk (based on the proportional hazards model)
were calculated separately for sub-groups based upon baseline NYHA class, as shown
in Table 15 below. The data show an increase in mortality in subjects whose NYI-IA
class was high, but the estimated magnitudes of the treatment effects cannot be reliably
distinguished.

Table 15. Estimated death rate and relative risk by NYHA class.

-- .- ----
--

-,
—

---
- -------

.---
.=+*

----

Placebo Trandolapril
Proportional Hazards

Deaths Deaths Relative Risk
N N

n % n %
(95% Confidence)

NYHA I 345 100 29 366 92 25 0.863 (0.650 to 1. 146)

NYHA II 367 167 46 361 141 39 0.826 (0.660 to 1.033)

NYHA III 108 63 58 107 52 49 0.870 (0.602 to 1.257)

NYHA IV 41 32 78 36 16 44 0.561 (0.308 to 1.023)
---

Because a substantial blood pressure difference develops between treatment groups
during the course of treatment, the reviewers analyzed crude mortality by the blood
pressure at the 90-ciay visit. The results are shown in Table 16 below. In each stratum
of diastolic or systolic pressure, there was a numerically lower death rate on active
treatment than on placebo, suggesting that the effects of trandolapril may not be
entirely attributable to effects on blood pressure. There is a numerical trend towards a
reduction in mortality with increases diastolic pressure at 90 days; the basis for this
finding is unknown.

Table 16. Deaths 290 days by blood pressure at 90 days.

Dimtolic Placebo Trandolapril Systolic Placebo Trandolapril

pressure N n % N n % pressure N n % N n 90

570 146 48 33 241 51 21 <115 112 36 32 215 43 20

71 to80 239 63 26 220 50 23 116to 130 207 51 25 204 47 23

81 to 89 77 20 26 53 11 21 131 to 145 112 29 26 118 21 18

290 18440 22 142 24 17 2146 215 58 27 123 27 22

2.6.2. Hospitalization

2.6.2.1. Index event The distribution of times from onset of symptoms to hospital admission is shown in
Figure 10 below (not separated by treatment group). -As shown in Table 6 on page 7,
subjects in the two treatment groups had a similar distribution of time from index
myocardial infarction to randomization. The times from randomization to hospital
discharge were compared in Figure 10 below, for subjects who survived until
discharge. The dashed curves are for the placebo group.

There appears to have been no effect of treatment on the duration of the original
hospitalization.

2.6.2.2. Subsequent hospi- Although any hospitalization or contact with a physician was a pre-defined secondary
talizations end-point, the case report forms solicited information with regard to hospitalization

only for the index myocardial infarction. The only information collected with regard
to subsequent hospitalization was whether adverse events were treated by
hospitalization. A total of 1722 adverse events in the placebo roup and 1691 events

6in the trandolapril group were associated with hospitalization . The number of

‘o.This is a mean of 1.97 events per subjee[ associated with hospitalization in the placebo group and 1.93 events per
subject in the trandolapril group.

------ -—. —
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Figure 9. Distribution of delays from onset of symptoms to the original hospitalizations.
LEFT: Histogram of times from onset of symptoms to hospitalization.

RIGHT: Cumulative distribution of times from onset of symptoms to hospitalization.
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F@re 10. Distribution of durations of original hospitalizations.
LEIT: Histogram of times from randomization to hospital discharge by treatment group.

RIGHT: Cumulative distribution of time from randomization to hospital dscharge.
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trandolapril (6070). Neither the number of unique hospitalizations nor the duration of
hospitalizations could be determined; the dates of the onset and resolution of the
adverse events were collected, but the dates of hospitalization were not. What data
there are do not suggest a significant benefit of trandolapril on hospitalization.

2.6.3. Recurrent myo- Recurrent myoeardial infarctions are described in Table 17 and Figure 11 below. Most
cardial infarc- of the myocardial infarctions reported by investigators were validated by the
tion Reinfarction Committee. More than 5070 of recurren~ infarctions were not typed as Q-

wave or non-Q-wave infarctions, and only about 25V0 were characterized as to
location. Somewhat fewer recurrent infarctions were reported in the trandolapril
treatment group, but the risk of.reinfarction showed no consistent treatment effect
(one-sided log-rank p=O.18; relative risk= 0.874 with 959’0confidence limits 0.655 to
1.1661 l). The figure shows the re-infarction-free survival time (censored at time of
death, last dose, or last known visit) for the placebo group (dashed line) and the
trandolapril group (solid line).

2.6.4. Progression of The reviewers’ analysis began with selection of qualified events for each component
heart failure of the combined end-point. Hospitalizations for heart failure were determined from the

adverse events dataset (ADVERSE), with selection of subjects with adverse events
Iabelled ‘heart failure’, ‘left ventricular dysfunction’, ‘congestive heart failure’, or
‘cardiogenic shock’, together with a treatment code indicative of hospitalizat ion.
Mortality from progression of heart failure was determined from the mortality dataset

11 After stratification for WM1: log-rank pd. 172; relative risk=O.870 with confidence limits 0.652 to 1.161. Both
analyses are based upon the available period of follow-up.

------ —. —
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?igure 11. Recurrent m yocardial infarctions.

Table 17. Recurrent myocardial infarctions.

Events Subjects

Placebo Trandol Placebo Trandol

N=873 N=876 N=873 N=876

~ontlrrnation Type
Suspected 204 173 143 133 Q-wave
No confirmation 96 74 — — Non-Q-wave
Symptoms + enzymes onIy 62 53 — — Not determined
ECG changes+ enzymes only 1 2 — — Locationsa
New Q-wave + symptoms only 3 0 — — Anterior
Any confirmation 108 99 96 89 Lateral

Postero-inferior
Not determined

___
------- ‘

..
_ “..=+<

~ontirmed events

T

?la~ebo Trandol

N=873 N=876

19 18
58 54
31 27

14 19
28 27
11 12
60 46

---

a. Events could be associated with more than one location.

(DEATH), with selection of subiects with either an immediate cause of death or a
precipitating cause of death co~ed as heart failure, where a re-infarction within 7 days
was not indicated. Need for ACE inhibitor was determined from two sources: the

. concomitant medications dataset (CONMED) was searched for subjects taking an
ACE inhibitor12 for the specific indication of heart failure, and the adverse events
dataset (ADVERSE) was searched for subjects with event code 0922, generally labelled
as ‘need for ACE inhibitor’. The breakdown of subjects located by these criteria is
shown in Table 18 Mow.

Table 18. Progression of heart failure by component end-point.

. Events

Plcbo Trand
N=873 N=876

Hospitalizations for heart failure 199 176

Death from heart failure 116 94

ACE inhibitor for heart failure (CONMED) 108 67

ACE inhibitor for heart failure (ADVERSE) 50 I 38

Any event —

Sub

Plcbo

N=873

199

116

108

50

211 4
ects

Trand
N=876

168

94

66

38

175a

—..

a. Two-sided X2p=O.035.

‘2” From the list of medications, the following drugs were used by at least one subject: captopril or capoten, enalapril or
renitec, ramipril or ramace, and Iisinopril or zestril.

----- —. —
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Trarddapril pos~-myoeardial infarction ‘–.
—

The time to first event analysis is shown in Figure 12 and Table 19 below. When
analyzed with stratification by WMI, the treatment benefit was significant at 2 Years -

—----- -

and quite significant at the study end 13.

IJJ
I I I f

o 1
A-S

3 4

Figure 12. Time to first progression event.

.-
. .=-?

---

Table 19. Progression of heart failure statistical analysis.

Log-rank pa “ Relative risk (95% CI)

2 year All 2 year All

Without stratification 0.0253 0.0104 0.819 (0.670 to 1.001) 0.800 (0.662 to 0.967)

Stratification by WMI 0.0238 0.0093 0.817 (0.668 to 0.998) 0.796 (0.659 to 0.963)

a. One-sided p-value for active treatment better than placebo.

2.6.5. Exercise toler- Exercise tolerance data were reported for 675 sessions involving 267 subjects at
ante 9 centers. Total exercise tolerance times are shown in Table 20 below, by treatment

group and time after randomization. There was, of course, no baseline assessment.
Around 75% of subjects in this sub-study had measurements at around 30 days and
then again at around 1 year. The last measurements of subjects were compared
between treatment groups, and the result was not statistically significantly different.

Table 20. Exercise tolerance times.

At 72 to 147 days 109 540++24 107 554S21

At 169 to 198 days 4 592k273 3 475ti20

At 338 to 466 days 104 58H229 92 5924217

2.6.6. Arrhythmia Helter monitoring was performed on subjects enrolled at some centers. These data do
not appear in the submitted SAS datasets.

2.6.7. Wall motion in- Data from serial echocardiographic assessments of wall motion index are shown in
dex Table 20 below. The last measurements of subjects were compared between treatment

groups, and the result was not statistically significantly different.

2.6.8. Ventricular di- Data from serial echocardiographic assessments of ventricular dimensions-+nd
ameter systolic volume (ESD) and end diastolic volume (EDD)-are shown in Table 22

13 Similar results were obtained when subjects with a ‘progression’ event at randomization were treated as having the
event on day I or when these subjeets were excluded from analyses.

----- —-
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Table 21. Wall motion index.

NDA TO-528; S-OOl-
Trandolaprii post-myocardial infarction

Placebo Trandolapril

n WMEMD n WIVWSD

At baseline 873 1.&kO.2 876 1.&kO.2

At< llOdays 550 1.MO.2 573 1.1+0.2

At llOto 139 days 33 1.UO.3 28 1.2W3

At 140 to 243 days 517 1.lM.3 540 1.2M).2

At >243 days 474 1.2W.3 474 1.2M3.2

below. The amount of follow-up was inadequate to assess the effect of treatment on
ventricular dimensions.

Table 22. Ventricular dimensions.

lEnd systolic diameter (mrrMD)lEnd diastolic diameter (mmHD)

Placebo Trandolapril Placebo Trandolapril

n ESD n ESD n EDD n EDD

At baseline 141 30. M-22.9 125 30.l&23.6 141 36.l&27.O 126 36.6ti7.8

At< 110 days 78 42.5k8.9 60 41.5*8.2 78 53.2*7.2 60 52.0+7.8

At 110 to 243 days 34 42.3*7.7 39 42.1A8.7 34 52.9*6.7 39 52.5+8.7

At >243 days 29 40.7Y15.6 20 43.7+9.2 29 50.4%16.6 20 53.5+7.7

2.6.9. NYHA class NYHA class was apparently collected at scheduled followed-up visits, and the data
appear in the VITALS dataset, although there was no interim visit case report form
submitted. Table 23 below shows percentages of subjects in each class at quarter]y
visits over the first 2 years. When the improvement rates were compared between
treatment groups using the Cochran-Mantel-Haenszel method controlling by WMI, the
result was not statistically significant at a=O.05.

Table 23. NYHA class (% of subjects) by 90-day period.

O-89 90-179 180-269 270-359 360-449 450-539 540-629 730-719

class Plcb Tran Plcb Tran Plcb Tran Plcb Tran Plcb Tran P]cb Tran plcb Tran P]cb Tr~

1 40 42 42 42 42 44 48 48 47 47 49 53 51 50 5] 53

2 45 45 49 49 48 48 44 46 46 45 44 41 45 45 43 40

3 11 10 8.4 7.8 8.5 6.6 7.1 6.1 6.0 6.9 6.5 6.1 4.1 5.3 5.1 6.()

4 3.2 2.7 1.2 0.6 0.7 0.7 0.4 0.4 .0.2 0.6 0.5 0.4 0.2 0.7 0.5 ().2

2.6.10. Killip class Killip class was apparently collected at scheduled followed-up visits, and the data
appear in the VITALS dataset, although there was no interim visit case report form
submitted. Table 23 below shows percentages of subjects in each class at quarterly
visits over the first 2 years. Although no formal analysis was performed by the
reviewers, there does not appear to have been any effect of treatment on Killip class.

2.7. Safety

2.7.1. Non-cardiac Few details were recorded for subjects said to have died from non-cardiovascular
deaths causes, as shown in Table 25 below,

2.7.2. Adverse events Characteristics of the adverse events are shown in Table 26 below. Events were not
rated by seriousness.

... - ----
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—

Table 24. Killip class (% of subjects) by 90-day period.
---

----- -..

fillip O-89 90-179 180-269 270-359 360-449 450-539 540-629 730-719. ..::<”

class Plcb Tran Plcb Tran Plcb Tran Plcb Tran Plcb Tran Plcb Tran Plcb Tran Plcb Trim -.* -.

1 84 86 93 94 96 97 96 97 96 97 96 98 97 98 97 98

2 15 13 6.6 5.4 4.1 3.2 4.2 3.0 3.7 2.7 3.4 1.5 2.3 1.8 2.5 1.7

3 0.8 0.7 0.3 0.2 0.2 0.2 0 0 0 0 0 0 0 0 0 0.2

4 0 0 0.2 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 25. ‘Non-cardiovascular’ deaths.

Trandolapril I
I

E
Subject

02-143

02-198

04-181

Age Precip cause Immed cause

81 — —

74 — —

Subject

01-189

04-012

Precip cause Immed cause

— —

— Pulmonary embolus

731 — I Cerebral dama~e 04-160 81

1=
05-190

06-172

07-189

06-192

07-168

07-190

— — I —
67 IHeart failure I —

Heart failure I Pneumonia I

107-194 69 — Pneumonia

78 — Pneumonia

82 — —

07-195

09-122

09-130

13-155

— —

— —

— —
t-iim
F11-001

11-167
! 1

73 IHeart failure I Pneumonia — I — I

112-184 13-176

13-185

15-193

— I —
— —

1=
13-159

13-170

15-010

— I Aortic aneuwsmrupture I

641 — I GI hemorrhage 16-172 70 — Mesenteric artery thrombus
— —

— —
I16-166

4-$==79 Heart failure Pulmonary embolus

20-138

Z

22-148

t=

21-182

21-193

22-140

— I — I

791 — I — 23-008 75 Heart failure Uremia

k
22-156

22-511

27-187

Adverse events reported by at lqast 2% of subjects in the trandolapril treatment group
are listed in Table 27 below. Differences between groups in the incidence of cough,
dizziness, hypotension, syncope, hyperkalemia, hypertension, and reduced renal
function (elevation in BUN and creatinine) are plausibly attributable to known
properties of trandolapril or other ACE inhibitors.

2.7.3. Concomitant
medications

Concomitant medications were captured on a case report form, apparently only
through the period of the initial hospitalization. These were evaluated by treatment
group and 12-digit drug code, and sorted by frequency. Table 28 below shows counts
of subjects receiving specific drugs, where the drug was used by >57c of subjects in a
treatment group.

The only diuretic in common use was furosemide. Its rate of usage was about 8%
higher in the placebo group. The number of subjects on at least one drug for a given
indication is shown in Table 29 below.

-—. - —-
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Table 26. Characteristics of adverse events.

t

Picbo
N=873

everity
Mild 5277
Moderate 6781
Severe 1514
Uncharacterized 3023
Total events 16595

~ction taken
None 12362
Decreased dose 150
Dose interruption 243
Discontinuation 688
Uncharacterized 3152
Total events 16595

Trand

N=876

5820
7346
1430
2991
17585

13253
314
316
579

3125
17585

Plcbo

N=873,
Drug relatedness I

Reiated 80
Not related 10386
Uncharacterized 6129
Total events 16595

Trand

N=876

222
10270
7095
17585

Outcome
Recovery 3303
Sequelae 3747
Continuing 6052
Disabling 34
Deatha 451
Uncharacterized 3008
Total events 16595

3438
3850
6928

22
362

2987
17585

—
---
-- -.——

.. ..=--

-----

a. Subjects could have more than one adverse event ongoing at the
time of death.

Table 27. Adverse events (>2% in the active treatment group).

Plcbo Trand Plcbo Trand P1cbo Trand
N=873 N=876 N=873 N=876 N=873 N=876

Heart failure 536 511 -JCalcium 34 41 Gout 34 28

Angina 389 389 Myalgia 27 41 Nausea 25 27

Cough 196 305 TCreatinine 21 41 Fever 24 26

Dizziness 151 204 Bronchitis 61 40 COPD 38 25

Myocardial infarction 192 180 Diabetes 42 40 Pain 23 25

Pneumonia 210 162 ~Albumin 40 40 TIA <2’%0 25

Turic acid 116 127 Pulmonary edema 44 38 Rash 22 24

Atrial fibrillation 132 116 Anemia 37 37 Gastric ulcer 23 24

Hypotension 59 99 Gastritis 31 37 Prostate disease <270 23

?BuN 66 79 Need for ACEI 48 36 Uremia <270 23

Cystitis 77 71 Dyspnea 47 36 4Platelets <270 22

V tachycardia 69 69 Chest pain 42 36 Flu symptoms <2Y0 21

Sudden death 80 65 Hypertension 68 35 Constipation 25 20

PTCNCABG 53 64 Death 47 35 Diarrhea <270 20

‘Dyspepsia 52 56 -rPvcs 40 35 Hematemesis

,Syncope

<270 20

29 52 SVT 38 34 Cardiac arrest 30 19

V fibrillation 69 49 Cardiogenic shock <270 33 Atrial flutter

TCholesterol

<270 19

47 46 Intermit claudication <270 33 Back pain <270 19

Tpotassium 24 46 Stroke 28 29 Hernia <270 18

Brady cardia 38 41 Asthenia 23 29

2.7.4. Laboratory data Treatment group differences in laboratory data were examined in plots of changes
from baseline, as shown in Figure 13 to Figure 19 below. The analysis is most sensitive
to systematic changes in a parameter over time, but has the shortcoming of all but
hiding significant outliers. Placebo group plots are in the left column and active
treatment group plots are in the right column. Both plots are scaled to the same limits
and encompass, in all but one case, the full range of laboratory restdts for all subjects.

----- ——
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Table 28. Concomit.rint drugs during hospitalization.

Placebo Trandol

N=873 N=876
1

j :

Nitroglycerin 821 859

Aspirin (SR) I 822 844

IFurosemide I 794 I 729 I

Isosorbide dinitrate 702 723

Potassium chloride 681 613

Bendrofluazide (antihypertensive) 385 418

Cimetidine 343 343 I

Digoxin 374 329

Morphine I 229 I 257
I I

Paracetamol 183 198
i

Nicomorphine 199 194

Metourolol I 170 I 180 I
I I

Ketobemidone (pain) 147 176 I
lMetoclopramide (gastrointestinal) I 150 I 171 I

Lidocaine 166 147

Diltiazem 145 I 34

VeraDamil 157 127

lErythrityl tetranitrate (angina) I 106 I 127’ I

lPlacebolTrandol

I N=873 I N=876
I I

Penicillin I 119 I 99i
Terbutylene 130 90

Halcion 82 78

Heparin 90 77

Pondoeillin 62 70

Vepicombin (?) 67 61

Magnesia 48 57

Sotalol 45$ 57

Atropine 55 54

Apozepam 155153

Levomemomazine I 51- i 52.
Atenolol .43 51

Benzodiazepin 58 51
1 1

Catltotxil 56 I 47. . 1 I

NitrazeDam 43 47
‘ I .—

1

Dobutamine 44 I 45

Ibuprophen 138144. . 1 1

Suironolactone 43 I 23

Table 29. Subjects on drugs by indication.

.. - -----
--

---
- .—----

---

I I
I I

Myocardial infarction] 821 838 Arrhythmia 370 336

Heart failure I 709 I 693 Adverse event 73 57
1 1

AnKina I 668 I 690 11Other 785 773 I
I 1 II I I I

Concomitant disease 667 651 “II I
There were, in both treatment groups, decreases in ALAT, ASAT, bilirubin, glucose,
urea, and leukocytes, and increases in albumin, calcium, cholesterol, HDL cholesterol,
LDL cholesterol, potassium, protein, sodium, triglycerides, and uric acid, but no
treatment related differences were observed.

APPEARSTHISWAY
ON ORIGINAL

APPEARSTHISWAY
ON ORIGINAL
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Figure 13. Laboratory data: ALAT, ASAT, albumin, and alkaline phosphatase.
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Figure 14. Laboratory data: bilirubin, calcium, cholesterol, and creatinine.
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Figure 17. Laboratory data: uric acid, hematocrit, hemoglobin, and platelets.
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2, Results
NDA TO-528, “S-00] - ‘-”* ‘?>

Trandolapril post-myocardial infarction ---

Subjects with at least one laboratory measurement outside an extended normal range,
but within normal range at baseline, were counted, as shown in Table 30 below.
Compared with the placebo group, the active treatment group had a higher incidence
of abnormally low values for hematocrit, hemoglobin, and RBC, and a higher
incidence of abnormally elevated creatinine, potassium, BUN and uric acid.
Abnormalities in potassium, creatinine, and BUN are probably a reflection of known
renal effects of this class of drugs. Abnormalities in hematocrit and hemoglobin have
been reported with enalapril, where they are of unknown significance; there was no
excess in hemorrhagic events or strokes in the trandolapril treatment group.

—
- --

—---- -.

---
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Table 30. Counts of subjects with deviatic

Lower limit I Upper limit

usfromthe normalrangein laboratorydata. - -- —--:.’
..--

.. .=+%I I Lower limit ] Upper ]imit I
i I I I

Thresh Plcbo Trand Thresh Plcbo Trand

ALAT — — — 150 u/L 14 10 e Plcbo

—

---

I 1 1

— 8mM 112 I 161ASAT — — — 165 U/L 3 7

Albumin 400 @f 14 16 — — —

Alk phos — — — 420 U/L 30 19

Urea l–

Uric acid 150 pM 12 9 450 @l 181 225

Hematocrit 35% 80 100 52% 27 13

lHemoglobin 7.0 mM 67 78 10.5 mM 25 24

‘RBC 3.7/pL 67 100 5.91pL 19 5

lPlatelets 100/nL 11 16 450/nL 47 31

Bilirubin 15uM11541147135uMI 6 I 8
1 1 1 1 1 I

Calcium 11.8mMl 1 0 13.ornMl o I o
1 I 1 I I 1

Cholesterol ] 3.1 mM I O 0 16.2 mM I 246 I 289
1 , 1

WBc 31nL 5 3 12inL 57 50

Basophil — — — 2% 54 67

Creatinine — — — 180 @l 20 51

Glucose 2.5 mM 10 12 14 mM 30 25

HDL-chol — — — 2 mM 34 28
.

E%+=
—

39LDL-chol — — — 4.2 mM 231 255

Potassium 3.5 mM 46 23 5.0 mM 68 104

Protein 50 gfL 1 1 — — —

Sodium 129mM 12 10 146 mM 10 9

—

~Neutr segm I 45% 173,
1Neutr stab —

1 1 1

— 5%111122—

APPEARSTHISWAY
ON ORIGINAL

------- —.

26 Juiy 1996Joint Clinical Review —28—



3. Summary NDA Yo-s28: s-ooi ‘“ - ‘T?-
Trandolaprii post-myocardia[ infarction -.

—

3. Summary
---

-—--- -.

3.1. Trial design
. .:&-

This was a well-designed and well-controlled mortality study conducted at multiple
centers in Denmark. The most serious flaw, and one it shares with most similar studies,
is that it provides no information concerning the appropriateness of the dose selected.
The case report forms did not capture data adequate to properly evaluate heart failure
hospitalizations, and data from the arrhythmia sub-study were not submitted. A
substantial amount of information was to be obtained during the initial hospitalization
for the index myocardial infarction, but much less data were collected at subsequent
follow-up visits, a problem which further complicates interpretation.

-.

3.2. Trial conduct

Very few subjects were apparently enrolled in contravention of pre-specified criteria;
these are not likely to have affected the study outcome. As expected for a trial of this
size, the baseline differences between the two treatment groups were small. The great
majority of subjects were able to be titrated to the target dose for ihe active drug. .

In contrast to other major mortality trials, 18% of subjects (309 of 1749) did not have
mortality status for the full prospectively defined period of follow-up, as far as can be
determined from the submitted data. Were this to be considered a significant failing,
one might consider (1) asking for better documentation of the request made to the
Danish Home Office for mortality status, (2) making some independent assessment of
the quality of the data collected by the Danish Home Office, or (3) auditing
investigative sites for medical records of subjects believed to have survived to the
closing date.

3.3. Efficacy results

The most striking difference between the study population and US target population is
that the study group was essentially all Caucasian. There were several differences in
the treatment of subjects in this study compared with usual US practice: (1) Fewer than
50% of subjects received thrombolytic treatment, and of those who did, more than 90?i0
received streptokinase. (2) Only about one-sixth of subjects received a ~-blocker. (3)
Hypertension was not very aggressively treated.

The primary end-point was all-cause mortality at 24 months. The reviewers’ analyses
are consistent with a statistically and clinically significant benefit of treatment on
mortality at 24 months or the full period of actual follow-up. This result was, however,
critically dependent upon how subjects with less than the protocol-specified period of
follow-up were handled. An analysis of time to death or loss to follow-up $howed no
statistically significant benefit for trandolapril. In comparison, other major mortality
trials have had so much better follow-up for mortality that their results were
completely insensitive to handling of losses to follow-up.

The treatment effect was substantially a reduction in cardiovascular death. There was
a non-statistically significant treatment-related reduction in the risk of sudden death.

Older subjects and those with a low baseline WMI had a high mortality and less of an
apparent benefit of treatment.

Within the first 90 days, a mean blood pressure difference of approximately 7/4 mmHg
developed between the treatment groups, and MIS difference was maintained
throughout the remainder of the study. This time course roughly corresponds to that
for the development of differences in all-cause mortality. Half of the placebo subjects

----- —- —
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and one-third of trandolapnl subjects were hypertensive at follow-up visits from
. _-

- -- -.
90 days after randomization to the end of the study. .-.

.. .:+-

The distribution of times in hospital for the index myocardial infarction were very
similar in the two treatment groups. The two groups also had similar proportions of -- ‘“
subjects subsequently hospitalized at least once, but the numbers of hospitalizations
could not be compared.

The risk of reinfarction was similar in the two treatment groups.

Progression of heart failure was based upon death attributed to heart failure (more than -
7 days from a recurrent myocardial infarction), hospitalization for heart failure, and the
use of an ACE inhibitor for heart failure. For each component, there was a numerical
benefit associated with treatment with trandolapril. The overall time to first event
analysis demonstrated a significant benefit of active treatment. .

Around 20% of subjects participated in periodic assessment of exercise tolerance.
Exercise times were similar in the two treatment groups.

Another sub-study involved periodic Helter monitoring on subjec[s enrolled at certain
centers. These data were not submitted.

Echocardiographic assessment of the wall motion index was performed serially. At no
time was there a significant difference between treatment groups.

End systolic and end diastolic ventricular diameters were measured serially. At no time
were there significant differences between treatment groups.

An analysis of NYHA class and Killip class demonstrated no effect of treatment.

3.4. Safety results

Causes of death were similar in the two treatment groups, and were those expected in
the population studied.

3.5. Context

3.5.1. ACE inhibitors
for heart failure

Joint Clinical Review

Adverse events which were more common in the active treatment group-cough,
dizziness, hypotension, elevated potassium, and elevated creatinine or BUN-were
predictable for an ACE inhibitor.

Other ACE inhibitors have been studied in the disease spectrum which runs from
asymptomatic left ventricular dysfunction to NYHA class IV heart failure, in
populations substantially or completely post-my ocardial infarction. Some of the
principal results of these studies are described in Table 31 below. The nominal study
results are given; not all of these ‘findings’ resulted in labelling changes.

The recent approval for ramipril is, arguably, the weakest, with only the mortality
effect being mentioned in the product label. Other findings judged too weak to include
in label were improvements in exercise tolerance and hemodynamics.

TheTRACEstudy differs somewhat in design from other post-my oeardial infarction
studies. SAVE included subjects with left ventricular dysfunction, measured with a
different technique, but excluded subjects with overt heart failure. AIRE recruited
subjects who were all symptomatic. The TRACE study subjects all had left ventricular
dysfunction and ranged from asymptomatic to NYHA class IV.

There are some other reasons to be cautious about extrapolation of these results to the
population at large. (1) The subject population was entirely Caucasian. (2) The

-. —--- ——
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Table 31. Studies of other ACE inhibitom.

Drug Study Population Findingsa

Enalapril SOLVD-T 65% previous MI -Jmortality
symptomatic CHF .LC~~~;tality

$CHF hospitalizations

SOLVD-P 80% previous MI @mortality
LVEF <35% $CHF hospitalization

Asymptomatic ~progression to CHF

VHeIT-11 50% previous MI -1.
(+control) LVEF<45% ~su%~e~~;~th

Symptomatic

Consensus-I 50% previous MI $mortality ‘
NYHA CklSSW

Consensus-II Acute MI @mortality
OCHF hospitalization

OMI

Other ‘Hear-t failure’ ~SVR, ~PAWP, ~heart size, l’CO, ~ETT, ~NYHA class, ~symptoms

Captopril BHJ ’93 Acute MI &LyE::

OETT

SAVE Acute MI $mortality
LVEFS4090 $CHF hospitalization

~syrn~ms

Other ‘Heart failure’ ~SVR, ~PAWP, ~PVR, ~CO, ~ETT

Lisinopril Acute MI Lmortality

Various ‘Heart failure’ ~SvR, ~PAWP, ~CO, ~symptoms, ~NYHA class

Quinapril Various ‘Heart failure’ $svR, $PAWP, ~CO, ~EIT, Jsymptoms, ?QOL, .l-NYHA class

Fosinopril Various ‘Heart failure’ &3VR, ~PAWP, ~CO, ?XV, ~E’TT, ~symptoms, ~NYHA class, ~CHF
hospitalizations

Ramipril AIRE Heart failure post-MI .Lmortality
.lCHF hospitalization

Jsymptoms

a. @=no effect; ~=decrease in the active treatment group relative to control; ~=increased in the active treatment group.

—- —--7.

.--
.. “..=s+

----

.

majority of subjects received no thrombolysis (42’7. (n TUACE vs. 5970 in AIRE); of
those who did receive a thrombolytic, the vast majority received streptokinase. (3)
Only 16% of TRACE subjects w,ere on ~-blockers, compared with 2270 in AIRE and
3670 in SAVE. (4) It is not clear whether revascularization procedures were available
in the period between the presenting myocardial infarction and randomization. In
TRACE, only 6.7% of subjects underwent PTCA or CABG during the entire period of
follow-up “. (5) Survivors’ blood pressures rose significantly in the weeks following
the index myocardial infarction, with a substantial number of subjects having a blood
pressure most US physicians would consider worthy of treatment. (6) Follow-up out
to the protocol-specified 24-month end-point was missing from the dataset for
hundreds of subjects 15.

14.while data on the rates of usage of ~fJA and CABG post-myocardial infarction are not known to the reviewers,

numerous articles attest to its large and growing popularity. As a primary treatment, several studies place its one-year
survival value in a range comparable to thrombolytic therapy. In GUS’R3 (only 569Z0US), the revascularization rate
was >22?70at 30 days (8 to %0 CAB G,”2270 PTCA on first cardiac catheterization, 8% on second cardiac
catheterization),

----- —-
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The low rate of usage of thrombolytics can be placed in some perspective. - -- ---- -
Streptokinase is labelled for use up to 24 hours after infarction; 91 % of TRACE .

subjects were admitted to a coronary care unit within 24 hours of the onset of - . .=~<

‘6 French et al.’7 have reported - -”_symptoms, and 82% were admitted in the first 12 hours .
a 53% rate of eligibility for thrombolysis in a prospective series of about 1000 definite
or probable myocardial infarctions at 4 centers in New Zealand. These subjects had an
incidence of admission within 12 hours of 85% and an incidence of ST elevation of
about 62Yo; corresponding rates for TRACE were 8290 and 6070, respectively. In the
New Zealand study, 8290 of subjects considered eligible, i.e. admission within
12 hours and ST elevation, or 45% overall, received thrombolysis, which compares
with 42% in TRACE.

3.5.2. Other studies During the course of evaluation of the NDA submission for trandolapnl for
with trandola- hypertension, it became apparent that some studies were not adequately repot-ted by
pril the sponsor. The sponsor provided some description of known studies in submissions

to the NDA dated 30 June 1995 and 7 February 1996. From these lists, the studies
listed in Table 32 below appear to have been pertinent to the evaluation of trandolapril _
for a post-my ocardial infarction or heart failure indication 8.

Table 32. Other potentially pertinent studies of trandolapril. -

Study Description

FJ88/5’?O134 CHF, renal hemodynamics

NIJ89/570/84 CAD, hemodynamics

GB/89/570/70 CHF

FF/90/570/99 Chronic CHF, comparison with enalapril

uK/9 1/570/119 CHF
1

J/92/570/180 CHF

S/93/570/186 Recent MI and reduced LVF, neurohormones

zA191/570/154 CHF, pharrrtacokinetics

uK/9 1/570/171 CHF, pharmacokinetics A
CDN/89/570/75 CHF, hemodynamics

NU89/570/81 CAD, coronary hemodynamics

NL189/570/81 B CAD, open safety evaluation

NL/89/570/84B ICAD, open safety evaluation I

UW91/570/120 Acute MI, LV function

I/91/570/139 CHF, antiarrhythmic effects

uK/9 1/570/130 Chronic CHF, comparison with captopril and nitrates

F191/570/155 Acute CHF, dose-ranging

UW9 1/570/160 LVD after cardiac surgery

Perhaps in addition to these, but perhaps one of the UK or GB studies listed above, is
an unreported but published study: Walsh JT, et aI., 1995. Failure of effective
treatment for heart failure to improve customary activity. Br. Med. J. 74(4): 373-37619.

15.There are a5 not~ in this review, metadata indicative of complete ascertainment of mOrtality. If one does not have

confidence in the metadata, then it is appropriate to compare the hundreds of subjects ‘lost to follow-up’ with missing
follow-up in 2 out of 2569 subjects in SOLVD-T,7 out of 4228 subjects in SOLVD-P, or 1 out 1986 subjects in AIRE.

16.See Figure 10 on page 14.
17’.French JK, et al 1996. Prospective evaluation of eligibility for thrombcdytic therapyin acuternyocardi~ infarctiOn-

Br Med. J. 312:1637-1641.
18.Notincludedinthis]istarestudies,someof which were described by the sponsor as being for indications other than

hypertension, about which so little is known that their pertinence to this indication cannot be guessed.

---- --- —
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The sponsor did not submit reports for any of the above named studies with-this
---

-------
efficacy supplement. The Division provided some guidance concerning the form of
submission of the TRACE study results, but there was no discussion pertaining to other -- -’-~
studies. ---

3.6. Recommendation

‘l%e TRACE study demonstrated a benefit of treatment upon its primary end-point. all-
cause mortality, when observations were censored at the time of apparent loss to
follow-up. Among potentially corroborative secondary end-points, only time to a
combined end-point of progression of heart failure was somewhat supportive; NYHA
and KiIlip classes, the incidence of hospitalizations, the incidence of recurrent
myocardial infarctions, exercise tolerance, wall motion index, and ventricular
dimensions provided no additional support. This situation is most similar to the
support for ramipril for heart failure post-my ocardial infarction. Most. deaths were
considered cardiovascular in nature; the benefit of treatment was comparably evident
for all-cause and cardiovascular mortality. Second, there are problems extrapolating .

the results of the TRACE study to the US; the conditions of the TRACE study do not
match welI with practices here, with respect to the ethnic mix, the use of ~-blockers,
the use of thrombolytic agents, the use of revascularization procedures, and the
aggressiveness of control of blood pressure. Finally, there is the problem of
interpreting the results of TRACE when there appear to be at least 18 studies—all non-
IND-conducted in a comparable heart failure or myocardial infarction population.
but never submitted for review. The reviewers propose that this application is
‘approvable’, pending satisfactory follow-up for mortality and submission and review
of missing studies, but only for inclusion in the label of a description of the trial.
Differences in practices with regard to the treatment of myocardiaI infarction render it
impossible to conclude that the results of the Danish TRACE study would be manifest
in US clinical practice. Therefore no new indication for trandolapril should be granted.

APPEARSTHISWAY
ON ORIGINAL

ON ORIGINAL

19.This brief publication refers to 18 subjects, some of whom were in a study comparing captopril with ibopamine, and
some were in a study comparing trandolapri 1with isosorbide mononitrate. 1[sonly utility is as an indlca[or for an
unreported study of trandoIapril.
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CONFIDENTIAL REVIEW

ENVIRONMENTAL ASSESSMENT – NDA 20-528 S-001

1,2 and 4 mg Mavik (trandolapril) Tablets

Knoll Pharmaceutical Company

Efficacy Supplement
(Treatment of Post Myocardial Infarction Left Ventricular Dysfunction

or Post Myocardial Infarction Heart Failure)

Submission Twe Doc Date CDER Date AssiemeclDate Comrkked
Suppl Amend Mar 2S, 97 Mar 31,97 April 7,97 April 25,97 y
Suppl Amend (fax) Apr 23,97 Apr. 25,97 April ,25,97

Brief History
The preparation of an Environmental Assessment (EA) is required for an efficacy supplement to
an existing NDA. Knoll Pharmaceutical Company states that the only changes described in the
supplement are the new indications namely, (1) treatment of post myocardial infarction left

T ventricular dysfunction and (2) treatment of post myocardial infarction heart failure. The
indication approved in the original NDA was hypertension.

The applicant refers to the FONSI for the same active moiety, trandolapril, prepared by Florian -
Zielinski and approved by Nancy Sager on April 17,1996. The first three (3) pages of the FONSI
are attached.

The only change in the original EA is due to an increase in the production and use of the drug
substance for the additional indications. The original estimate (April 4, 1996) of the total annual
market volume in the fifth year after NDA approval (MVJ was stated to be The revised
NIV,estimate provided by FAX on April 23,1997 is for all indications.

Evaluation
It is well known that trandolapril, a pro-drug, is extensively and rapidly metabolized in the liver
to the diacid, trandolaprilat. The Maximum Expected Environmental Concentration (MEEC) is
well below 1 part per billion.

Summary No significant impact expected due to approval of the supplement.

Ah
*W

.

Florian Zielinski ?!!=/47’

Review Chemist
April 25,1997

Distribution:
Original NDA file 20-528 S-001
HFD 110 Division File
HFD 110 Florian Zielinski
HFD 110 CSO, Kathleen Bongiovanni
Initialed by RJ Wokers



ENVIRONMENTAL ASSESSMENT

FINDING OF NO SIGNIFICANT IMPACT
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FINDING OF NO SIGNIFICANT IMPACT

NDA 20-528

MAVIK TABLETS

The National Environmental

to assess the en~ironmental

[Trandolaprill

Policy Act of 1969 (NEPA) requires all Fede=l agencies
impact of their actions. FDA is required under NEPA

to consider the environmental impact of approving cerkin drug product =

applications as an integral part of its regulatory process.

The Food and Drug Administration, Center for Drug Evaluation and Research has
carefully considered the potential environmental impact of this action and has
concluded that this action will not have a significant effect on the quality of the
human environment and that an environmental impact statement therefore will
not be prepared.

In support of their new drug application for Mavik Tablets, Knoll Pharmaceutical
Company conducted a number of environmental studies and prepared an
environmental assessment in accordance with 21 CFR 25.31a (a) (attached) which
evaluates the potential environmental impacts of the manufacture, use and
disposal of the product.

Trandolapril is a chemically synthesized angiotensin converting enzyme (ACE)
inhibitor which is administered as an oral tablet for the treatment of hypertension.
The drug substance is manufactured by The drug
product is manufactured and packaged by Knoll Phafiaceutical Company,
Whippany, New Jersey. Tablets are packaged into blister packs by

The finished drug product will be used in hospitals, clinics
and by patients in their homes.

The drug substance, trandolapril, is a prodrug that is rapidly and extensively
hydrolyzed in the liver to the diacid, trandolaprilat. The drug substance and its
metabolizes are excreted into the sewer system. Chemical and physical test results
indicate that they will be restricted to the aquatic environment. The maximum
expected environmental concentration (MEEC), based on production estimates for
the 5th year after approval of the NDA, is well below 1 part per billion.

The Minimum inhibitory Concentration (MIC) of trandolaprilat is 400 mg/L for
Nostoc Sp. in the Microbial Growth Inhibition Test (TAD 4.02). The MIC is more
than 1000 mg/L for molds, ascomycetes and bacteria. Based on structure activity
relationships, both trandolapril and its diacid metabolize, trandolaprilat, are highly
susceptible to biodegradation by hydrolytic enzymes and peptidases in domestic
sewage and in the waste water treatment works.

,



Disposal includes out of specification lots, returned, unused or expired product,
empty or partly used product and packaging. These will be disposed at licensed
incineration facilities and landfills. Empty or partially empty packages generated in
American hospitals and clinics will be disposed according to their regulations.
Empty or partially empty containers from home use will be disposed in the
community solid waste management system which may include landfills,
incineration and recycling. Minimal quantities of unused drug may be c&posed in
the sewer system. *

The Center for Drug Evaluation and Research has concluded that the product may ‘
be manufactured, used and disposed without any expected adverse environmental
effects. Precautions taken at the sites of manufacture of the bulk product and its
final formulation are expected to minimize occupational exposures and
environmental release.1

Adverse effects are not anticipated upon endangered or threatened species or upon
property listed in or eligible for listing in the National Register of Historic Places.

k 9 1~ /?5%&+
DATE PREPARED BY: Florian Zielinski,

Review Chemist, New Drug Chemistry I

Y+/7 (L r-

ATE

Y

NCURRENCE. Robert J Welters,
Office of Drug Evaluation I, Center for Drug Evaluation and Research

.

&4 [~ .I.,.q~mt /45.~-
DATE APPROVE : Nancy B. Sager, Team Leader

.

Environmental Assessment Team
Center for Drug Evaluation and Research

Attachments: Environmental Assessment
Material Safety Data Sheets (trandoIapril and trandolaprilat)

Original: NDA 20-528
HFD-357 FONSI File [NDA # 20-528]
HFD-004 Docket File
HFD-205 FOI COPY
HFD-11O Division File
HFD-11O CSO, Kathleen Bongiovanni
HFD-11O Review Chemist, Florian Zielinski
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~~S~ Pharma

{aYmond J. fipicky, M.D.
)ifector

)ivision of Cardio-Renal Drug Products (HFD-11o)

office of Drug Evaluation I

~enter for Drug EVal@iOn and Research
:~ and Drug Administration

[4s1 Rockville Pike, 5th Floor

{Ocbille, MD 20852

llDA”slJPPL ~?k!!fi!~;ubj: MAVIK (trandolapril)

NDA 20-528/S-001 $jq-ooj
.\

~earDr. Lipicky: ;LMJ

leferenceis made to your letter of January 20, 1997 regardingour pending supplement to the
;ubjectNDA. In order to completeour December20, 1996 amendment,we are attachhg.

1. A diskette forwardedby which contains the
data received from the Danish Re@ter in responseto the request for the final
analysis. The diskette includes the mortalitystatus for ~ 1749 patients and
specifies randomizationnumber (the study number(001), center #, patient #)
mortalitystatus (9 representsdeath)and date of death. File BDY23.P14is in an
ASCII file and can be read through Winword. A printout of the information
containedon the disketteis providedfor your convenience.

When thisdata wascomparedwithdata baseanalyzedby PRA at the end of the
study, five discrepancieswere identified. The fivepatientsnot includedin the
PRA analysisall receivedplaceboand are identifiedas followx

Patient ID Date ofDeath

00101133 07/07/94
00115134 07/11/94
00123192 07/07/94
00101176 05/25/94
00106171 06/21/94

Patients00104185 and 00122176, givena status of “7”and “8”respectively,were
alive at the finalstudy censoringdate - July 15, 1994.

2. An excerpt of a document from the Danish Ministry of the Interior which
addwses the timely maintenance of data by the Central Pemons Register.
According to a 1996 survey it requiredan averageof 6 days for the CPR to be
notifiedabout deaths.

]‘r~ HillRoad, Parsippany, New Jersey 07054 (201) 426-2600
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3.

4.

5.

-2-

A comparison of the mortality status of patients in the third interimCPR data
base (1993) with that of the final CPR data base (1994) revealed that two patients
(158 and 152) who had diedbeforethecensoringdate (July 15, 1993J had no CPR
death dates. In the final data base, the CPR death dates were listed as July 12,
and July 13, 1993.

DebarmentCertification.
“%?!=

.%’!..
Three copies of revised draft labeling in accordance with ‘the wording ~=
(highlighted)of the September18,1996 approvableletter.

Knollherebyrequests an exemptionfrom the EnvironmentalAssessment requirementon the
basisthat the incremental useoftheproductintheintendedpopulationwillnot materiallyaffect
theexposurelevels (Tier O)provided in the assessment included in the original application.

Jincerely,

&m.h4’Ldw’2-
?obertW. Ashworth, Ph.D.
)irector,Regulato~ Affairs

<WA:dsb

‘c KathIeenBongiovanni

lavlkcklc

-.



Knoll Pharmaceutical cor, ,pany o
knol{

BASF Pharma

April 23, 1997

Raymond J. Lipicky, M.D,

Director

Dlvisio~ of Cardio-Renal Drug Producti (HFD- 11 O)

Office of Drug Evaluation 1

T Center for Drug Evaluation ~d Research

Food and Drug Administration

1451 Roc&lle Pike, 5th Floor

Rocktil~. MD 20852

.-.

WBJEC’12 MAVIK (trandolapril)
NDA 20-626/S-001

Dear Dr, Lipic&:

Reference is made to the pending supplement to the subject MM and to our
correspondence of March 25. 1997.

Pursuant to Florian Zielinski”s request, our estimate of the fifth year production
quantity for trandolapril has been revised from (see Envtron~e~tal
A$~eS$ment Report - 04/16/96) to to reflect the usage of trandolapril for

all of the indications covered by the subject F$DA.

Sincerely. .

@JiL4u&dd4_
Robert W. Ashworth, Ph.D.
Director, Regulatory Affatrs

RWAdsb
mavik 10.7

199 Cherry HillRoad. Pamippany. Naw Jersey 070S4 (201)426-2600
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Food and Drug Administration

Rockville MD 20857

NDA 20-528/S-001 JUL 31996

Knofi Pharmaceutical Company
Attention: Robert W. Ashworth, Ph.D.
199 Cherry Hill Road
Parsippany, NJ 07054

Dear Dr. Ashworth:

Please refer to your May 6, 1996 supplemental new drug application submitted under section
505(b) of the Federal Food, Drug, and Cosmetic Act for Mavik (trandolapril) 1, 2, and 4 mg
Tablets.

We note that the cover letter for the supplemental new drug application contains a request for a
waiver of the requirements for the submission of paper case report forms and case report
tabulations.

We have completed our review of this request and have concluded that under
21 CFR 314.90(b)(2), you alternative electronic submission justifies a waiver of the “hard
copy” requirements of 21 CFR 314.50(f). Consequently, your waiver requests are granted.

Should future retrieval be deemed necessary, and as a condition of granting these waivers, you
are required to maintain the paper copies of the case report forms as required under
21 CFR 312.57(b). In addition, you must be able to generate case report tabulations for the
same timeframe.

If you have any questions, please contact:

Ms. Kathleen Bongiovanni --
Regulatory Health Project Manager
(301 ) 594-5332

Sincerely yours,

Raymond J. Lipicky, M.D.
Director
Division of Cardio-Renal Drug Products
Office of Drug Evaluation I
Center for Drug Evaluation and Research
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-%R%aikc HFD-11O >
~-F-D~1107FF60ng iovanni
sb/2/22/96;7/3/96

NO REPLY NECESSARY (NR)
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MEMORANDUM

DATE :

FROM :

SUBJECT :

TO:

DEPARTMENT OF HEALTH AND HUMAN SERVICES

PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION

CENTER FOR DRUG EVALUATION AND RESEARCH

Director, Office of Drug Evaluation I, HFD-101

Trandolapril for post-infarction LV dysfunction

Dr. Raymond Lipicky, Division of Cardio-Renal Drug

Products, HFD-11O

I agree with your conclusion that the results of TRACE belong in

labeling as an indication, not merely added to the Clin Pharm section

without an indication. This study is (or is likely to be, once the

mortality data are complete) about as persuasive as data supporting

other outcome claims now in other ACEI labeling. I’ve therefore

worked on the “Lipicky” version of the letter. But let’s be very

clear on the matter of sticking a study of a new use in Clin Pharm:

It doesn’t change anything; there is no distinction between the

support needed for a claim in Indications and a claim placed into

Clin Pharm, the legal standard is the same. The Law refers only to

the effect it purports or is represented to have under the conditions

of use prescribed, recommended, as suggested in the proposed

labeling. It says nothing about where the claim is put. If we
(other FDA units) have tried to hide new uses not up to speed in Clin

Pharm, we shouldn’t have.

I am somewhat surprised by the high level of concern about

applicability of the results to a U.S. population. This is hardly
the first Scandinavian study welve seen.

The level of other intervention in TRACE can be compared with

interventions in SAVE, a pretty similar U.S. study. The following
table is not complete but is informative already:



Intervention

Thrombolysis

Beta-blockers

Aspirin at infarct

Aspirin later

PTCA or CABG

BP control >140/95

Mortality, 1 year

TRACE SAVE(meds within 24 hour

before randomization)

42% 33%

16% 35%

91% ?

? 59%

I26% prior I
32-40% T, 47-53%P1 ?

26% 18%

On the whole, I do not believe these differences in practice

undermine TRACE at all. Thrombolys is, a procedure with a major

influence on survival and possibly cardiac function, was similar to

the SAVE rate. The greater use of beta-blockers in the U.S.

presumably would lower the untreated mortality rate, possibly

decreasing absolute, but probably not relative benefit. A concern
more difficult to resolve fully is whether the effect of the ACEI

could be substantially related to better BP control. Patients cannot
be randomized to level of BP control, of course (it’s not a baseline
characteristic) but the analysis on page 13 (Table 16) is reassuring.

Mortality was reduced by trandolapril for all BP groups. All in all,
the study seems as applicable to a U.S. population as GISSI, the ISIS

studies, CONSENSUS, the Scandinavian” timolol study, the 4S study,

WOSCOPS, etc. I see no clear explanation for the idea that the study

is unusually questionable in that respect.

The question of generalizability is always interesting and usually is

hard to address. In fact, the real issue isn’t, I think,

generalizability, but rather individualization. We would like to
know how (if) the intervention works in demographic subsets (age,

sex, race) , in the presence of other drugs or interventions, in the

presence of various risk factors and characteristics of the AMI (BP,

cholesterol, prior infarction, location of infarction, extent of

vessel disease, smoking history, EF, heart rate, diabetes) .
Unfortunately, we have little power to answer any of those questions

and they stress even the largest meta-analysis. What to do? We
should keep looking, of course, but, as Yusuf has said, the best

estimate of the effect in a subgroup is the overall effect in the

study, not the observed effect in the subgroup. Put another way,

2



documented directional changes in subgroup effects are very unusual.

The main concern is that if a drug had a lethal risk, it could be

more important as the magnitude of actual benefit (as opposed to risk

reduction) fell; aspirin, e.g. , probably has a net adverse effect

(intracranial bleeds) in a group at low risk for a thrombolytic

event .

The above is a long introduction to what I think TRACE shows:

trandolapril has joined the group of ACEI’S for which a well-designed

outcome study has shown benefit in patients with poor ventricular

function. Although we continue to label the drugs only for what has

actually been shown (still a reasonable course, I believe) it seems

likely that ACEI benefits have similar pathophysiological origins,

whether we observe them in various grades of CHF or in post-

infarction ventricular dysfunction.

Within TRACE there is actually considerable evidence of the expected

consistency in various subgroups, in addition to the effects in BP

subgroups noted above. Table 2 of the paper, as well as Tables in

Dr. Stockbridges’ review, show reasonably similar benefits over and

under age 65, for anterior and other infarcts, for previous/no

previous infarct, for use or non-use of aspirin, beta-blockers, and

nitrates, for use or non-use of thrombolysis. In many cases both of

the pairs of subgroup are significant (CI upper bound s 1.0) . This

should add to our confidence that the results are applicable to our

population.

The ADR assessment may represent an important new information source

for uncommon events in the CHF population and there are some

surprises (at least I’m surprised). What about adding a table like

this :

In the TRACE, the following adverse events were relatively frequent

(at least 2%) and substantially more common in the trandolapril
group:

Event Trandolapril Placebo

Dizziness 23.3 17.3

Hypotension 11.3 6.8

Syncope 5.9 3.3

Increased potassium 5.3 2.7

3



Myalgia 4.7 3.1

Cardiogenic shock 3.8 ?

Intermittent claudication 3.8 ?

TIA 2.9 ?
I

What do you think?

When we were missing safety and other study data for the initial

evaluation of trandolapril, we nonetheless sent an approvable letter

because the discovery of data leading to non-approvability would have

been a significant surprise. The CHF studies we are asking for, as

we should, now include many, probably most, that could not alter our

conclusion. Shouldn’t this be an approvable letter?

Assuming that the patients with missing vital status can be found,

this study seems to provide as much support as any single study can,

with two largely independent endpoints (total mortality, CHF combined

endpoint) and a high degree of consistency across subsets.

Robert Temple, M.D. \

4



DEPARTMENT OF HEALTH AND HUMAN SERVICES
FOOD AND DRUG ADMINISTRATION Public Health Service

Division of Cardio-Renal Drua Products
Memorandum

DATE : AUG 21 ]9cJ5

FROM : Director,Divisionof Cardio-Renal Drug Products,HFD-110

SUBJECT: Approvabilityof NDA 20-528/S-001, Trandolaprilfor left ventricularsystolicdysfunction,
post-myocardialinfarction. Knoll Pharmaceuticals

TO : Director,Office of Drug Evaluation1,HFD-101

Well this is another one, from three points of view.

1. Trandolapril is an ACE inhibitorthat has statisticallyfavorableeffectson mortality(compared
to placebo) when administeredto patientswho have surviveda myocardialinfarction,when
started 1 to 5 days post-myocardial infarction.

2. Trandolapril for the treatment of hypertension was not approved as quickly as it might have
been because Knoll did not submit all of the data they had for the hypertensionclaim until
we asked for it. True for the left ventricular dysfunction claim also. There are at least 18
other trials (none of the detailsare known) dealingwith the effects of trandolaprilin patients
with congestive heart failure that were non-lND studies (done in Europe) that have not been
submitted.

3. The study in post-infarction patients (TRACE) was conductedentirely in Denmark. There is
reason to question its applicabilityfor predicting what will happen in a U.S. population.

TRACE is an acronym for the “TRAndolapril Cardiac Evaluation - Study of trandolapril in patients with
reduced left ventricular function after acute myocardial infarction.” Out of 7,000 screened patients 2,606
were eligible and 1,749 were randomized (873 to placebo and 876 to trandolapril). Of the patients
randomized 99.8 Y. were caucasian, 22’%.had a history of heart failure, 550/. had no thrombolysis in the
treatment of their infarction, 91% were receivingaspirin, 16% beta-blockersand 66% were receiving
diuretics. Most patients were NYHA class,ll or less, but greater than 36% were symptomatic, in one way or
anther. Ejection fraction was not measured, rather left ventricular systolic dysfunction was documented
using wall motion index (an echocardiographic criterion that I am not very familiar with).

All analyses that are contained in the attached combined medicalktatistical review were performed using
the sponsor supplied raw data (SAS data tape); being guided by the study protocol and amendments as
well as by a publication (NEJM ~. 1670-1676, 1995). The protocol’s prespecified primaty endpoint was
all-cause mortality at 24 months after randomization. The data tapes contained mortality data for longer
than the 24 months (so, the review contains analyses that include a duration longer than 24 months).

All-cause mortality was reduced in the trandolapril-treated group (relative risk 0.84) with a p of 0.0188
(which when one considers the interim looks and requires 2-tailed testing, should be compared to a p of
0.0225). There is absolutely no question about the primary result, regardless of how one divides up the
deaths, how one stratifies, etc.

There are a large number of other analyses that are elucidated in the attached review. Of most interest, to
me, was the lack of effect on exercise tolerance, the increased heart size in the trandolapril-treated group
and the lack of effect on recurrent myocardial infarction. None-the-less, these are not dispositive in any
sense of the word.

.. . .,.



Page 2- NDA 20-528/S-001

There is little question in my mind that the resultsof TRACE should not get incorporatedinto labelling until
the other 18 trials in patients with congestive heart failure have been submitted and reviewed. Although
there is some mystique about mortality and myocardial infarctions, since the requirement for randomization
was to have evidence of left ventricular dysfunction and 36YOwere act@W wnptmatic, the therapy must
in some way be related to the treatment of congestive heart failure. Moreover, since there was no effect
on reinfarction, it seems unlikely that the treatment is oriented toward the treatment of coronaty atlery
disease. So, the other 18 trials need to be reviewed (they were for ramipril, in addition to the AIRE trial, for
the same reasons).

The results of TRACE certainly deserve something (other than publication in the New England Journal).
The generalizability of clinical trial results is always a question mark. In this case, the combined
medical/statistical review makes the question mark somewhat bigger. However, 1do not feel compelled by
the arguments presented. i would think an Indication was appropriate.

There are two different not-approvable letters attached. Take your pick.

cc:
NDA 20-528/S-001
HFD-110
HFD-I 10/NStockbridge
HFD-710/KMahjoob/LCui
HFD-I 1l/KBongiovanni
HFD-110/RLipicky
sb18119196
FUD: LCui/8/l 5/96

KMahjoob/8/l 5/96
NMorgenstern


