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Call to Order and Introductions

DR. HIATT:

Cardio-Renal Advisory Committee. 1 am Dr. William Hi

the University of Colorado. I would like to welcome

today.

Today, we are going to discuss an approved me

aprotinin or Trasylol, which iIs used to prevent blood

during cardiac surgery and cardiopulmonary bypass. A

issues have been raised around safety and 1 think tha

the major focus of our deliberations today, but 1 wou

begin by going around the room.
We have a number of guest consultants here tg

addition to the standing members of the committee, so

iT we could go around the room and introduce yourselv

tell us where you are from and your discipline or spe

begin over here.

DR. KNAPKA: I am Joe Knapka. I am a Ph.D.

nutritionist and 1 am here as a Patient Representativ

had heart surgery and I am facing some more, so | can
the patients well, I hope. Thank you.
DR. BALSER: I am Jeffrey Balser. I am an
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anesthesiologist and Vice Chancellor for Research at
University.

DR. DeMETS: Dave DeMets, biostatistician, Ur

of Wisconsin, a member of the advisory panel.

DR. TEERLINK: John Teerlink, University of (

San Francisco, and San Francisco VA, cardiologist, me

the advisory panel.

—

g

DR. FLACK: John Flack. I am an internist,

hypertension specialist, cardiovascular epidemiologis

Chair of the Department of Medicine and Chief of Tran

Research and Clinical Epidemiology at Wayne State.

DR. HARRINGTON: I am Bob Harrington. I am

interventional cardiologist at Duke University and 1

member of the advisory panel.

DR. KASKEL: Rick Kaskel, pediatric nephrologd

Albert Einstein. |

DR. KATO: Norman Kato, cardiothoracic surgen
practice, Los Angeles, California.

DR. ELLIS: John Ellis, anesthesiologist, Uni
Chicago, a special adviser.

DR. JEEVANANDAM: Valluvan Jeevanandam, Univse

Chicago, cardiothoracic surgeon, a special adviser.
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DR. LINCOFF: Mike Lincoff. I am an i

cardiologist at the Cleveland Clinic and 1 am a membe

Cardio-Renal Advisory Committee.

DR. HIATT: Again, I am William Hiatt,

vascular medicine, University of Colorado School of M

LCDR GROUPE: Cathy Groupe, Executive
committee.

DR. HENNESSY: Good morning. My name

I am a pharmacoepidemiologist at the University of

Pennsylvania and 1 am a consultant.

DR. WARNER-STEVENSON: Lynn Warner-Stevenson|

cardiologist, Director of the Heart Failure Program a

and Women®"s Hospital in Boston and a member of

DR. HECKBERT: Hello. I am Susan Heckbert, |\

of Washington. 1 am a cardiovascular epidemio

general internist and I am a consultant.

DR. CHEUNG: Alfred Cheung, adult nephrologis

dialysis director at the University of Utah.
consultant.

DR. PAGANINI: Emil Paganini. I am a
adult nephrologist, I1CU nephrology specialist,

Foundation, Cleveland, Ohio.
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DR. PORTMAN: Ron Portman,

University of Texas in Houston, member of the panel.

DR. AVIGAN: I am Mark Avigan,

Evaluation Division in the Office of Surveillance and

Epidemiology at the FDA.

DR. PAZDUR: Richard Pazdur, Office Director,] FDA.

DR. RIEVES: Hi there. Dwaine Rieves. I am|a deputy
within the Division of Medical Imaging and Hematology| Products
at the FDA.

DR. ROBIE-SUH: Kathy Robie-Suh. 1 am a medical team
leader in the Division of Medical Imaging and Hematolpgy Drug
Products, FDA.

MS. LU: Susan Lu. I am a safety evaluator team leader
in the Office of Surveillance and Epidemiology, FDA.

DR. HIATT: I think next on the agenda i1s the Conflict

of Interest Statement.

Conflict of Interest Statement

LCDR GROUPE: The following announcement add

issue of conflict of interest and

Is made a part of t
to preclude even the appearance of such at this meeti

Based on the submitted agenda and all financi
interests reported by the committee participants, it
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determined that all interests iIn Tirms regulated by t

for Drug Evaluation and Research present no potential

appearance of a conflict of interest at this meeting

following exceptions:

In accordance with 18 U.S.C. Section 208(b) (3

waivers have been granted to the following participan
Please note that all of the consulting and speaking a

waived are unrelated to aprotinin injection and iIts c

products.

Dr. David DeMets for his Data Safety Monitori

activities for a competitor for which he received les

$10,001 per year; Dr. John Flack for his speaking bur

activity for a competitor for which he received from

$50,000 per year, also, for his consulting for a comp

which he received less than $10,001 per year; Dr. Joh

for his participation in a continuing medical program

partially funded by a competitor. The firm contribut

than $5,001 per year.

In addition, In accordance with 21 U.S_.C. 355

amendment of the Food and Drug Administration Moderni

Act, Dr. Ellis has been granted a waiver for ownershi

in a competitor valued at less than $5,001. This dem
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financial interest i1s covered by a regulatory waiver
U.S.C. 208(b)(2).

Waiver documents are available at the FDA"s [
site. Specific iInstructions as to how to access the

are available outside today®"s meeting room at the FDA

information table. In addition, copies of all the wa
be obtained by submitting a written request to the Ag
Freedom of Information Office, Room 12A-30 of the Par
Building.

In the event that the discussions involve any
products or firms not already on the agenda for which
interest,

participant has a financial the participant

aware of the need to exclude themselves from such inv
and their exclusion will be noted for the record.
With respect to all other participants, we ag
interest of fairness that they address any current or
financial involvement with any firm whose products th

comment upon.

Thank you.
DR. HIATT: Thank you.
Next, we are going to get an FDA background 1

issues we are going to discuss today.

PAPER MILL REPORTING

Email: atoigol@verizon.net

10

nder 18

ockets web

veb page

ivers can
eNcy " s

k 1awn
 other

an FDA

I~

5 are

plvement
k in the
previous

ey wish to

or the

(301) 495-5831



11

Dr. Rieves will begin that discussion.
Trasylol (aprotinin for Injection)
Bayer Pharmaceuticals
FDA Presentations
Opening Remarks
DR. RIEVES: Good morning. My name is Dwaineg Rieves.

I am a deputy within FDA"s Division of Medical Imaging and

D

Hematology Products. We thank you for your attendancge and
participation in this meeting.
Today, we are just discussing Trasylol or aprotinin
injection, a drug approved several years ago by the FDPDA for use
in cardiovascular surgery to reduce the need for blood
transfusion.
This meeting was prompted largely by safety Information
published earlier this year, hence, we have entitled fhis
meeting a "Safety Update,"™ however, as you will see, Wwe hope to
obtain perspectives regarding the efficacy of the drug i1in the
context of advances i1n surgical, anesthesia, and blood
transfusion practices.
Also, we highlight the Update aspect of the title to
emphasize that the FDA review of safety information is ongoing

and opinions from this meeting are important to completion of
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this review.
[Slide.]

The background for our meeting is highlighteg

Most notably, two publications appeared early this ye

raised important questions regarding Trasylol®s safet

publications, one iIn the New England Journal of Medic

the other in the Journal of Transfusion, suggested th

Trasylol usage in clinical practice may be associated

cardiovascular and/or renal risk than had been detect
premarketing studies.
FDA

In response to these publications, 1Sssued

Health Advisory that, among other items, recommended

consider limiting Trasylol usage to those situations

clinical benefit of reduced blood loss i1s essential a

benefit outweighs Trasylol risk.
The Health Advisory also noted that these twg
publications used relatively complex statistical meth
and that FDA anticipated the discussion of this metho
well as other aspects of the studies at an advisory c
hence, today"s meeting.
Following the appearance of these publicatior

Pharmaceuticals initiated a review of the cumulative
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safety and efficacy data. This process has resulted

submission of considerable amounts of safety and effTi
to the FDA over the past few months.
FDA

iIs currently in discussions with Bayer r¢g

the findings and proposed actions. Advice from this

will form an integral part of this review and action

Following completion of this process, FDA and Bayer a

certain regulatory actions as will be reflected iIn th
questions we have developed for the committee.
[Slide.]
So,

to clarify, the purpose of our meeting td

obtain perspectives and advice that will help FDA com

activities. Most importantly, these perspectives wil
in the completion of the review process.

In that regard, our discussion topics are cer
around review of the published data, review of the sp
post-marketing reports, as well as the results from B
recently submitted comprehensive clinical study data
This review activity forms the basis for the subseque
involving regulatory actions.

[Slide.]

This slide highlights two important aspects ¢
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topics, that 1s,

published clinical reports and the off-label use of m

drugs.

Firstly, FDA regards published data as an img

source of drug usage iInformation and we also recogniz

information contained within a published report is, b

necessity, limited due to the need for succinctness,
and focus.
Two, we are all aware of the publication bias
inherently underlies the publication of a new or nove
observation as opposed to a less newsworthy finding.
i

Nevertheless, published reports serve as an

source of both safety and efficacy information.

One aspect of the published data that 1s espsd

pertinent to today®"s discussion iIs that even though w

discussing published data today at an FDA advisory co

FDA, nor the committee, assumes the role of arbiter o

validator of a publication®s findings. Instead, we r

that the author and publisher assume the responsibili
data integrity, conclusions and any opinions expresse
manuscript.

The second major bullet on this slide highlig
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fact that some of the publications cite the usage of
drugs for purposes other than those cited in the drug
Specifically, the publications note that two
hemostatic properties, tranexamic acid and aminocapro
are sometimes used iIn cardiovascular surgery even tho
drugs do not have this usage cited iIn their product 1
In this regard, FDA recognizes that good medi
practice and the best interest of patients often requ
physicians use legally available drugs including the
what we commonly refer to as the "off-label"™ use of d
This decision is a medical practice based deg
which the physician chooses to use a drug based on an
appreciation of the medical evidence, professional ex
and appreciation of a patient™s unique needs.
Consequently, FDA regards these types of off-

usages as physician-based decisions

medicine, a practice different from marketing claims
and efficacy for the off-label usage.
Given this perspective, 1t Is important to nd

the data supporting an off-label usage may be extensi
limited and the available data may not have undergone

review.
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Given these caveats, | would like to briefly

the two publications that prompted this meeting. We a

fortunate to have Dr. Keyvan Karkouti to present one

publications and we are awaiting Dr. Dennis Mangano,

hopefully can join us shortly.

16
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[Slide.]

The New England Journal of Medicine publicati
entitled, "The Risk Associated with Aprotinin in Card
Surgery."™ This study was a multi-center observationa

gathering data from patients undergoing CABG with
cardiopulmonary bypass.

The study compared outcomes from four groups
patients, those receiving the hemostatic drugs aproti
aminocaproic acid and tranexamic acid, as well as a g
patients receiving no hemostatic drug.

The study®s analytic methodology included cery
propensity adjustment methods in an attempt to adjust
imbalances i1n baseline characteristics among the pati
the study groups.

[Slide.]

i

The major findings from the study, as cited

study abstract, were the observations that aprotinin
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associated with an increased risk for several serious
events among some patients including an increased ris
renal failure requiring dialysis, myocardial infarcti
heart failure and stroke or encephalopathy.

We should note that these observations relate
potential safety risks that are not described in the
Trasylol product label.

[Slide.]

The next publication was entitled, "A Propens
Case-Control Comparison of Aprotinin and Tranexamic A
High Transfusion Risk Cardiac Surgery."

This study was a single-center observational
obtained data from certain high transfusion risk pati

undergoing cardiac surgery with cardiopulmonary bypas

17
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The study also used propensity adjustment methodology

to adjust for imbalances iIn patient®s baseline charac
The major findings from this study was that

receiving aprotinin were at an increased risk for per

renal dysfunction. A risk for renal dysfunction is n

described i1n the current Trasylol product label.
[Slide.]

As noted on this slide, our presentations ang
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subsequent questions today may be grouped into two ca

Firstly, the bulk of our discussion today will relat

may be called "unlabeled” risk, that is, safety risks

currently described in the Trasylol product label inc
possible renal or cardiovascular risk.

We will have presentations regarding both thg
observational studies, as well as Bayer®s controlled

studies and, at the end of the day, discuss the exten
these data provide evidence of new safety risk that m
necessitate a product label revision.
Secondly,
highlighted within the current Trasylol product label
the risk for serious hypersensitivity reactions inclu
anaphylaxis, a labeled risk.
This discussion will
cumulative reports of hypersensitivity reactions over
many years from both the sponsor®s post-marketing dat
well as information from the FDA"s Adverse Event Repo
System.
IS most us

Importantly, this reporting system

the detection of rare, serious and unexpected adverse

such as anaphylaxis.
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This reporting system does not provide useful

19

information regarding renal and cardiovascular risk dpe to the

inability to distinguish the occurrence of these evengs from

the background rate of the events in the patient popuflation.

Hence, the summary of the FDA Adverse Event Reporting
findings will relate only to serious hypersensitivity
reactions.

[Slide.]

Before moving to the bulk of our discussions

System

today

regarding any unlabeled Trasylol risk, we would like o set the

stage for the discussion by briefly describing the lapeled

risk.

In this context, we have a presentation by Dr.

Kathy

Robie-Suh from our Office of New Drugs regarding the gturrent

Trasylol label and the regulatory background and a prgsentation

from Ms. Susan Lu from our Office of Surveillance and
Epidemiology, regarding the labeled risk for serious
hypersensitivity reactions.

DR. HIATT: Thank you, Dr. Rieves.

Any clarifications that need to be made at tk

[No response.]

DR. HIATT: Thanks.
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FDA Regulatory Overview

DR. ROBIE-SUH: Good morning. My name

Robie-Suh. I am a medical team leader in the Divisio

Medical Imaging and Hematology Drug Products and 1 wi

an overview of the Trasylol regulatory history.

[Slide.]
To set the stage for the subsequent discussigd
New England Journal of Medicine and Transfusion publi

will briefly describe three major areas.

First, I will review certain

current Trasylol product label. Then, I will highlig

events i1In the regulatory history that led up to this

Finally, 1 will briefly comment on recent information

to the NDA.
[Slide.]
inhibitor derived fron

Trasylol is a protease

lung tissue. The product i1s currently approved for u

the following indication: "For prophylactic use to r
perioperative blood
patients undergoing cardiopulmonary bypass in the cou
coronary artery bypass graft surgery."”

[Slide.]
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Before moving to certain efficacy and safety

from the label, 1t is relevant to note the Trasylol d

administration procedures. The current Trasylol labe

the option for use of two dosage regimens as outlined
slide.

Regimen A i1s referred to as the "full dose™

Regimen B i1s described as the "half-dose'™ regimen.

Trasylol administration consists of four comg

shown in the columns here. There i1s a test dose of 1

units administered intravenously at least 10 minutes

loading dose, a loading dose administered iIntravenous

minutes, a "pump prime"™ dose and a constant infusion

administered intravenously through a central line to

surgery.

As you can see, except for the test dose, the

"half-dose™ regimen is exactly half that of the "fTull

regimen.
[Slide.]
The major efficacy findings are highlighted ¢

slide. 1In general, the label indicates that iIn poole

randomized, double-blind, placebo-controlled trials,

studies In primary coronary artery bypass graft surge
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four In repeat coronary artery bypass graft surgery,
administration decreased the rate of blood transfusio

perioperative bleeding In repeat and primary CABG sur

This table summarizes the extent of blood tr3

usage in the major clinical studies for regimens A an
both primary and repeat CABG surgery.
With 412 patients evaluated
percent of patients receiving a placebo received at I
blood transfusion, while only 47 and 49 percent of pa
receiving the Trasylol regimens A and B respectively

transfusions.

In four studies evaluating 1,440 patients ung

primary coronary artery bypass graft surgery, 37 perc

patients In both regimen A and regimen B groups requi

blood as compared to 54 percent of patients who recei

placebo. Both regimens also showed improvement iIn se

efficacy measures, such as thoracic drainage volume a

of blood transfused.

[Slide.]
With regard to labeling of safety informatior

as highlighted here that the top of the label carries

commonly referred to as a "black box warning.” This
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especially pertinent to today"s discussion.
It reads,
IS administered.

possible when Trasylol Hypersensiti

reactions are rare iIn patients with no prior exposure

aprotinin. The risk of anaphylaxis is iIncreased In p

who are re-exposed to aprotinin-containing products.
The benefit of Trasylol to patients undergoir

CABG surgery should be weighed against the risk of an

should a second exposure to aprotinin be required.

i

This safety consideration will be discussed

detail subsequently. The box also refers the physici

more detailed information in the Warnings and Precaut
sections of the label.

These next two slides summarize the most nots
information contained within the Warnings, Precaution
Adverse Reaction sections of the labeling.

The risk for hypersensitivity reactions 1S (e
the most prominent and extensively discussed safety
consideration within the label. Certain label text c
regarding hypersensitivity reactions are highlighted

general, four statements are especially notable.

[Slide.]
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Hypersensitivity reactions are rare in patier

prior exposure. The risk is greatest if re-exposure
within six months of initial exposure.

Reactions range from skin eruptions, itching),
dyspnea, nausea, tachycardia to fatal shock. Finally

including fatal, reactions can occur with the test do
[Slide.]
The Adverse Reactions section of the current
provides supplemental information regarding some area

particular interest including myocardial infarction,

renal findings and coronary artery bypass graft paten
This section contains tables from U.S.
placebo-controlled studies summarizing the rates of v
adverse events including the observations as highligh
The studies showed a myocardial infarction rsa
percent for both Trasylol and placebo-treated patient
i

of renal dysfunction in these studies was 3 percent

Trasylol-treated patients and 2 percent in the placeb

patients.
The label also notes a finding of a higher gy

closure rate i1n one clinical study of over 700 patien

difference iIn the rate of myocardial infarction In th
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As will be discussed later today, based upon

cumulative integrated analysis of controlled clinical

the sponsor has proposed modifications to the label t

the renal dysfunctions findings.

In the next two slides, I will present

aspects of the regulatory history of Trasylol.
[Slide.]

There were two major events iIn the Trasylol

history. The first major event was the original appr

Trasylol in 1993 for limited indication in high-risk

based on efficacy data from four randomized, double-b

placebo-controlled clinical trials.
[Slide.]
The 1993 approval contained the
cited here. indicated for

Specifically, Trasylol was

prophylactic use to reduce perioperative blood loss a

need for transfusion In patients undergoing cardiopul

bypass in the course of repeat coronary artery bypass

surgery.

Trasylol is also indicated In selected cases
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coronary artery bypass graft surgery where the risk off bleeding

is especially high, impaired hemostasis, such as pres
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aspirin or other coagulopathy, or where transfusion 1

unavailable or unacceptable.

Hence, this indication limited the patient pd

to patients undergoing repeat coronary artery bypass

(CABG) surgery, or those at high risk of bleeding.

The Indications section also Iincluded a stats

citing the reasons for limitation as being concerns T
dysfunction and anaphylaxis.

I will mention here that the initial approval

for the "full dose”™ regimen. That"s regimen A. The

"half-dose™ regimen, regimen B, was added a year late
an additional confirmatory study.
[Slide.]

The second major event

the approval in 1998 of a supplement, which included
of the iIndication statement to the present use, which
contained within the current label, namely, an indica

is applicable to the broad population of patients und
coronary artery bypass graft surgery with cardiopulmo
bypass.

Also,

as previously noted, this expansion of

indication was accompanied by the addition to the lab
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black box warning regarding hypersensitivity.

[Slide.]

This slide, titled "New Developments,™ highli
ongoing nature of the Trasylol safety review. Over t
few months and as recently as the past few days, the

has submitted additional information to the NDA.

27
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The sponsor will describe and discuss the extent of

this information subsequently. As highlighted here,
sponsor has performed a comprehensive review of the c
clinical study experience with Trasylol and observed
increased risk for renal dysfunction.

Consequently, the sponsor has proposed modifi
the product label, as well as other plans, including
minimization plan that focuses upon education and the
use of an I1mmunoassay to help detect prior aprotinin

As additional background to the sponsor®s pr¢g
Ms. Susan Lu from the FDA Office of Surveillance and
Epidemiology will now provide additional information
the post-marketing experience with Trasylol.

Thank you.

FDA OSE/Postmarket Reports

MS. LU: Good morning. I will provide an ove
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post-marketing reporting of hypersensitivity reaction
associated with Trasylol.

[Slide.]

My talk will consist of three parts. First,
briefly describe the FDA Adverse Event Reporting Syst
what we commonly refer to as "AERS."

Second, 1 will summarize the hypersensitivity
from the review of the sponsor®s data submitted to th
well as the information submitted to the FDA AERS dat
through MedWatch.

Finally, 1 will discuss risk management of
Trasylol-associated hypersensitivity.

[Slide.]

AERS is a computerized database that consistg
million reports of adverse events.

Reports are voluntarily submitted to FDA fTron
care professionals and consumers. Pharmaceutical man
are required to report adverse events of which they b
aware.

As the last bullet notes,
the AERS database i1s the detection of rare but seriou

events, such as anaphylactic reactions. Another utili
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developing a case series to describe the spectrum and
history of an adverse event.
[Slide.]

It is Important, however, to note some limits

spontaneous reporting. As Dr. Rieves noted earlier,

lower utility for evaluating expected events iIn an at

population. For example, in drugs used primarily in

population, cardiac events may be expected, so it is

to say whether i1t was the drug or not.

Likewise, renal FTailure and cardiac events ir

post-surgical setting may be a complication of surger
therefore, AERS i1s of limited usefulness in evaluatin
events for Trasylol.

Additional limitations of spontaneous reporti

underreporting, biases In reporting and variable qual
reports themselves.

Other considerations specific to reporting Td
are that AERS does not include reports prior to U.S.
in 1993 and foreign reports of labeled events, both c

of which are In the sponsor®s database.
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The totality of these limitations emphasize the role of

the sponsor for estimating renal and cardiac adverse
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rates. Consequently, 1 will focus on hypersensitivity
reactions and, prior to a summary of the AERS reportipg for
hypersensitivity, I will summarize the data from the NDA.
[Slide.]
Information submitted to the NDA estimates that
Trasylol patient exposure from the date of approval 1Ip 1993 to
2005 has steadily increased over the past several years,

especially since 1998, the year in which FDA approved| a broader
indication. So, for 2005, about 250,000 patients recgived
Trasylol in the U.S.

[Slide.]

Now, I am going to briefly summarize Bayer®"s |[findings
on post-marketing reporting of hypersensitivity reactfions.

[Slide.]

Information submitted to the NDA indicate thsa

hypersensitivity i1s the most frequently reported spon

adverse event associated with Trasylol, accounting fo

percent of reports in Bayer®s worldwide database; 85

these reports were coded as anaphylactic reaction or
anaphylactic shock.
The sponsor®s independently adjudicated revie

hypersensitivity types of reactions identified 291 re
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were classified as possibly associated with Trasylol;
these reports had a fatal outcome.

[Slide.]

As noted on this slide, approximately half, ¢
percent, of the patients of hypersensitivity reaction
history of prior Trasylol exposure, or two-thirds of
in the past 6 months.

[Slide.]

The sponsor has also noted the receipt of 81

31

52 of

r 47
5 had a

exposure

case

reports where the hypersensitivity reaction occurred following

administration of the test dose alone, including 19 T
cases.

Furthermore, 38 reports indicated that the p4g
a negative test dose result but experienced a hyperse
reaction with the therapeutic dose administration; 9
patients had a fatal outcome.

[Slide.]

In summary, the major points from the sponsoy
of spontaneously reported data shows that hypersensit
the most frequently reported event.

Of 291 cases with a possible association with

about 1/6th of these were fTatal. Approximately half
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cases occurred among patients who had a history of prj

aprotinin exposure mainly within 6 months.
The test dose administration alone is associd

reactions including 19 fatalities. Despite a negativ

dose result, 27 percent of patients experienced a
hypersensitivity reaction with the therapeutic dose.

Lastly, most of the hypersensitivity reactior
when Trasylol was administered to patients undergoing
other than CABG.

[Slide.]

The next few slides will summarize findings 1
similar analysis of reports of anaphylactic reactions
FDA AERS database.

As mentioned earlier, AERS does n

reports prior to the U.S. approval of Trasylol or man

reports, both of which are In the sponsor®s database,

largely reflects the U.S. post-marketing experience.

[Slide.]

In conducting our review,
all reports of anaphylactic/anaphylactoid and hyperse
reactions.
each

Following i1dentification of these cases,

was examined fTor important clinical features and we e
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reports where the reaction was most likely due to an

cause or there i1s i1nadequate information provided for
assessment.
[Slide.]

Using the criteria for inclusion, 70 reports

anaphylaxis were i1dentified associated with Trasylol
administration; 23 reports had a fatal outcome.
In terms of demographics, there are no obviol
differences in reporting by gender and most occurred
population although a few cases reported in the pedia

patients. Fifty-eight reports were from the U.S., wi
reports from foreign sources.

[Slide.]
IS administered

As you recall, the test dose

loading dose and continuous Infusion. Among the 49 c

the time to onset of anaphylaxis was known, almost ha
reported an onset during or shortly after the test do
remainder of cases had a reported onset of anaphylaxi
administration of either the loading dose or the cont
infusion.

[Slide.]

We evaluated the reports for information regdg
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dose administration. Twenty-three out of 49 patients

experienced a reaction after the test dose alone incl

patients who had a fatal outcome. Another subset of

patients reportedly had a negative test dose result b
developed anaphylaxis of administration of the therap
dose.

So, we see here that the test dose i1tselfT is

with severe reactions and is frequently not predictiv

allergic response.

[Slide.]

Among the case reports containing some
regarding prior aprotinin exposure,
reports noted that the patients had a history of prio

exposure, 29 cases had information relating to the ti

this exposure, and most prior exposure had occurred w

past 6 months. However, 10 percent of reports did st

the patient had no history of prior exposure.
The exposure history

percent of reports. In some of these cases, it possi

have been unknown to the reporter, however, 18 out of

mentioned that the patient had previous surgery, so t

have been previous exposure In some of these patients
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[Slide.]

A majority of reports of hypersensitivity regction,
when accompanied with indication information, related| to
non-CABG uses of Trasylol. The most frequently reporgted use
was for valve surgery.

[Slide.]

This slide describes some of the clinical features of
the case reports. A description of anaphylaxis signs|was
available In 57 cases. Most of the signs were relategd to
cardiovascular events with a predominance of hypotensjon.
Typically, the first and, In some cases, the
only sign reported was hypotension, and, In some casesp,
resulted in cardiac arrest or cardiovascular collapse|

Other less frequently reported manifestationsg included
respiratory events and dermatologic events.

In the cases where treatment for anaphylaxis |was
described, the use of vasopressors In most cases 1Is epgpecially
notable. So, from the clinical presentation of the cpases,
hypotension and cardiovascular collapse are predominapt signs.

One concern is that because the patients are anesthetized, the
initial signs of anaphylaxis may go unrecognized.

Next, 1 will be describing two case reports qf
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anaphylaxis, one from the AERS database and a second

published literature.
[Slide.]

The first case
negative test dose result In a patient who had previo
exposure to aprotinin but where the exposure history
unknown to physicians.

This occurred
valve replacement and CABG 7 weeks prior and who was
for a redo of mitral valve replacement. Before the o
review of the records of her prior surgery obtained T
another hospital showed that she had no prior aprotin
exposure.
induction of

During her surgery, after

anesthesia, a test dose of Trasylol was given but no

was observed, so the loading dose was initiated. Duri

loading dose, progressive hypotension developed follo

bradycardia that was unresponsive to the administrati
vasopressors.

CPR was started with gradual return of blood

and heart rate. The surgery was cancelled and the pa

sent to the ICU. The other i1nstitution was again con
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because the physicians did have a high suspicion of a
aprotinin reaction and the anesthetic records from th
surgery revealed that the patient indeed had prior ex
aprotinin.
Apparently,

this patient had two surgical prg

just a day apart at that institution and the anesthet

of the surgery where aprotinin was not used was sent.

This case illustrates both the questionable U

the test dose and the difficulty in obtaining complet

exposure history.
[Slide.]

Our second case 1s a near fTatal anaphylactic

to test dose administration in a patient with primary

exposure. This patient received a test dose of aprot

induction of anesthesia and intubation and immediatel

systemic blood pressure became undetectable with an a

sudden iIncrease In peak alrway pressures.
Despite 45 minutes of CPR, repeated administyn
vasopressors, as well as steroids and antihistamines,

no recovery of cardiac function. Cardiopulmonary byp

instituted, which continued for an hour during which

patient gradually recovered.
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He was transferred to the ICU where he was 17

with infusions of epinephrine and nitroprusside and r
Specimens of the patient®s blood showed highly eleva
response to aprotinin.

This case illustrates that severe anaphylacti
reactions can be associated with primary exposure to
and with a test dose administration alone.

[Slide.]

In general,
reports of anaphylaxis are similar to those from the
reports and include the following observations.
In relation to the test dose, nearly half of
cases were associated with test dose administration a
nearly half of the patients who were documented to ha
received the test dose experienced anaphylaxis despit
negative test dose result.

Looking at previous exposure, nearly half thg
had a previous exposure to aprotinin, mostly within 6
however, 10 percent of patients were documented to ha
previous exposure to aprotinin.

In terms of the severity of the clinical pres

cardiovascular events, such as hypotension and cardia
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were reported predominantly. Lastly, 25 percent of p

received Trasylol for the approved indication of CABG
[Slide.]

I would like to mention that Bayer has propos
Minimization Action Plan to minimize the hypersensiti
and this plan i1s currently under review.

The sponsor®s stated goal for the RiskMAP 1is
identify those patients most at risk of a hypersensit
reaction to Trasylol and to provide information to re
patients from re-exposure to the drug within the peri
highest risk of hypersensitivity.

[Slide.]
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The tools the sponsor proposes to use consists of the

development of an aprotinin 1gG assay to identify pat

have been previously exposed to aprotinin and educati

education will be targeted at physicians and will foc

appropriate indication for use, the risk of hypersens

with re-exposure particularly within 6 months, the 1iIm

of taking a complete medical history to uncover previ

exposure, the appropriate use of the test dose, readi

handling hypersensitivity reactions and information o

cross-reacting products.
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[Slide.]
We do have some thoughts about the approach to the
RiskMAP. First, the clinical utility of the aprotinip 196G
assay i1s unknown at this time.
Second, what is the effectiveness of the edugational
message to mitigate the risk?
For example, the education was stress to test dose but
it appears that the test dose is frequently not predigtive.
Also, the test dose i1tself can cause serious reactionp.
Regarding the emphasis on taking a complete nmedical
history, patients may not realize that they have been| exposed
to aprotinin and even a review of medical records may| not
provide this information.
We also have concerns that the hypersensitivity
reactions may not be easily recognized. Patients are
anesthetized, cannot report symptoms such as skin reagtions,
nausea, or shortness of breath, so non-cardiovascular| signs may

not be detected. The first recognizable sign could b

D

a
cardiovascular collapse.

These points do emphasize some of the challenges iIn
managing the risk of anaphylaxis and we would appreciate the

committee"s feedback on some of these points.
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[Slide.]

Lastly, I would like to acknowledge the follqdg

colleagues for their valuable contributions to the on
Trasylol safety update project.

This concludes my presentation. I thank you

attention.
FDA Topics of Discussion

DR. RIEVES:

discussions today will center around any unlabeled ri

associated with Trasylol, we return to the findings h

by the two recent publications In Bayer®™s recently co

data review.
[Slide.]

Both publications, as well as Bayer®s recent

pertain to certain risk not currently described i1n th

product label.
We are especially appreciative to our guest (

today, Dr. Dennis Mangano and Dr. Keyvan Karkouti, wh

provide summaries of their work. Subsequently, Bayer

Pharmaceuticals will provide a summary of their clini
experience with Trasylol.
All presentations are aligned for this mornir
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that we dedicate the afternoon to the public speakers
reserve two to three hours for discussion and respons
questions.

[Slide.]

At the end of the day, FDA is posing four maj

for discussion. The initial safety topic concerns th

published observational studies that cite more Trasyl

concerns than were detected in randomized, controlled

studies, that is, potential safety risks that are not

in the current product label.
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two
pl safety
clinical

described

We will specifically request that the committee

consider the two published reports in the context of

randomized, controlled clinical study findings and th
committee offer an opinion regarding the extent of Tr
safety risk.

The next safety topic focuses upon the risks
hypersensitivity reactions and procedures to lessen t
we will

Subsequently, request the committee™s perspe

regarding Trasylol efficacy data, in light of current

anesthesia and blood transfusion practices that may i
differ from those at the time of the original Trasylo

approval.
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Finally, we will request a discussion and a \
regarding an interpretation of the totality of the pr
data, as well as a possible alteration of the product
indication statement.

We would like to emphasize that we request th
regarding the overall Trasylol risk and benefit profi
context of obtaining a general sense of the committee
perspective regarding the presented data.

Again, we note that FDA"s review 1S ongoing ¢
subsequent analyses and data submissions to the NDA m
importantly impact the final review outcome. Neverth
highlights of the submitted data are presented today
committee™s perspective regarding this information 1is
important part of the review process.

Again, we thank you for your participation ar
forward to a productive discussion.

Thank you, Mr. Chairman.

DR. HIATT: Before you sit down, we are just
take a moment for transition and perhaps 1t the commi
like to clarify anything that has been presented thus

I would like to just clarify a point of proce

get started. The major topic we are going to turn to

PAPER MILL REPORTING
Email: atoigol@verizon.net

43

ote
bsented

label

is vote
Ile Iin the

" s

ind

3%

eless, the
and the

an

d look

going to
ttee would
far.

sSs as we

now are

(301) 495-5831



two published observational studies, as you described

raise significant safety concerns.

The process the committee i1s used to delibers

kinds of data are that either the sponsor or the publ

presented and then, typically, there is an FDA indepe

review of that data, so that we have contrasting anal

over as a committee.

I want to clarify today that we are simply gg

focus on what is in the published literature. Could

clarify that?

DR. RIEVES: Yes, sir, that"s exactly right.

going to focus upon the publications as they are avai
us all to read.

In that context, we do have some statisticiar
epidemiologists here who can comment, but we also not

Bayer, the pharmaceutical company, is going to addres

the statistical aspects of those studies.

We also have some statisticians who can offey
commentary but, at the end of the day, the bottom lin
iIs obtaining opinions regarding the value of observat
clinical data that shows fairly striking differences

outcomes versus what we obtained from randomized, con
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clinical data.
So, our question really goes beyond the detat
nuances of the statistical methodology and gets at
interpretation of the value of observational clinical
versus the randomized, controlled type studies, which
traditionally used to.
DR. we won"t ha\

HIATT: So, just to clarify,

independent FDA review of either publication.

DR. RIEVES: That i1s correct, not a formal
presentation.

DR. HIATT: I would like to go around the con

Dr. Harrington.

DR. HARRINGTON: I just want to pursue that |

a little bit. You are absolutely right, that part of

today will be to talk about how one views and uses

observational data 1n the context of looking at treat

which we are used to looking at in the context of ran

trials. But observational data, as you well know, ho

views 1t i1s largely determined by how one analyzes

It bothers me some that we are relying upon
data without having had an iIndependent party have com

access to those data to perform other analyses.
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You made an

morning. You said that you are looking for the commi

discuss the topic of how one views published data, an

curious as to does FDA have a perspective going forwa
was there an attempt specifically to get this data fo

independent review, and, number two, iIs FDA formulati

policy going forward as to whether or not you will tr

obtain full data on observational reports that you wo

the committee to evaluate.

DR. RIEVES: Regarding that second question,

policy, 1 think i1t i1s wise that I defer to some of my

that aspect of it. Regarding the ability to obtain s

data, i1f you will, for one of the publications, yes,

obtained source data. We have carried on dialogues,

to obtain source data for the other publication, but

not been successful at the present time.

It is Important to consider, though, even whe

obtain source data, if you will, a database, a SAS da

the expectations that go into that. For example, wit

sponsor®"s clinical studies, we not only obtain the da

we usually inspect the clinical sites to make sure th

integrity of the database i1s there.
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We are talking about considerable resource al

to that type of verification, which we commonly do fo

submissions to the NDA. It 1s important to note that

publications are not submissions to the FDA. So, the

lot of regulatory nuances, and, as you rightly point

gets into a number of policy areas.

Mr. Chairman, perhaps some of my chiefs can (¢

upon the role of publications i1n safety and/or effica

DR. PAZDUR: Clearly, we would like to get tH

data and look at it and do our own analysis of these

I think that is obvious from wherever a data source w

from, whether 1t"s a company submission of a primary

study or observational data, we would like to get tha

material.

DR. HIATT: Other points to clarify before wg

presentations of the two published reports?

DR. WARNER-STEVENSON: I just wanted to ask,

Dr. Lu, you commented at the end on the issue of the

sensitivity, that 25 percent of the patients, iIn fact

receiving it for approved indications.

Is that because a fair number came in before

indications were broadened in 1998, or are we seeing
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who were receiving this for other than bypass surgeryf

MS. LU: Yes, the majority of reports, 75 pen
the reports were for indications other than CABG surg
haven"t really looked to see pre-1998 versus after th
indication. I am sorry but 1 can®"t answer that quest

DR. HIATT: Any other thoughts?

[No response.]

DR. HIATT: I think we will move on then.

Dr. Mangano, you have got the stage.

Guest Speaker Presentations
Dennis Mangano, M.D., Ph.D.
DR. MANGANO: Thank you. Good morning.

[Slide.]
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This morning I am going to present the results which

have been published in January of this year regarding
post-marketing safety surveillance of a serine protea
inhibitor and two antifibrinolytics compared with a c
group and what is presented as an observational parad
I happen to believe 1s a paradigm for the future.

I want to thank everyone here for their atter

their gracious attention over the next 45 minutes.

to try to present a series of concepts, first, an int
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then, some perspectives, temporally and clinically, t
itself, and some final Impressions or biases as you w

[Slide.]

Potential conflicts of iInterest, | guess 1 ddg
this. I am involved with several nonprofits. I do n
with pharmaceutical companies and never have. 1 don-*
honoraria, I am not on speakers®™ panel, I don"t own a
nor do the nonprofits. |1 do have some intellectual p
that I do own, which will not impact on any of this.

[Slide.]

In terms of my biases, 1 think they will becc

during the questions and answers.

[Slide.]

I would like to give a perspective from my pg
view at least, from 1959 to 2010. Trasylol was fTirst
1959 in Germany for various indications. In 1987, an
report by Royston in Lancet pointed out that it may h
important blood-sparing activity.

In 1992, Cosgrove published a report in which

highlighted that there may be problems with coronary
thrombosis.

[Slide.]
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In that report, 1f you read i1t says, Acute ve

thrombosis--and he underlined--was found In 6 of 12 p

vein grafts studied at postmortem examination receivi

aprotinin and none Iin 5 In others. OFf course, this 1

report but highlighted what 1 believe 1Is an iImportant

[Slide.]

In 1993, the drug was approved for a limited

who are especially at risk for bleeding and, very per

that time was the statement produced by the FDA on De

30th, 1993, that kidney toxicity was also a problem 1

patients In the trials, and there were only a few tri

that time.
[Slide.]
Why? Unlike epsilon-aminocaproic acid and ty
acid, aprotinin has a high affinity for the kidney.
freely through the glomerulus and is selectively boun
brush border of the proximal tubular membrane, enters

cytoplasm, accumulates for 24 hours and inhibits tubu

proteases, as well as prostaglandin and renin synthes

bradykinin release.

Under normal conditions, you get some impairr,

salt and free water excretion. Under normal thermic
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hypothermia, or other high kallikrein activity states| the
untoward tubular effects are magnified and complicated further
by dose-dependent renal afferent vasoconstriction, impairing
deep cortical and medullary perfusion and its autoregplation
and, finally, resulting in some models focal tubular phecrosis.

Aprotinin, because of i1ts iInterference with gndothelial
cell nitric acid synthesis and release, may instigate| macro- or
microvascular thrombosis In some models.

The lysine analogues, In contrast, are excreted nearly
intact within 24 hours of iIntravenous administration with renal
clearance approximating creatinine clearance and few feports
documenting association of aminocaproic acid or tranekamic acid
with renal dysfunction. That is a safety profile as we will
see was validated by our results.

[Slide.]

Now, despite the early warning by the FDA and this
evidence, only a minority of the 45 aprotinin surgery| trials
even commented on renal dysfunction and none was powefed to
discern renal fTailure.

Albeit they were randomized, controlled trials, they
were insensitive with a third of the trials reporting| on renal

failure. That is an important limitation iIn our disclssion.
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However, a number of safety signals exist in

literature since 1993.
association, deposition of protein bands within tubul

accompanied by proteinuria, dose-dependent iIncreases

postoperative creatinine, reports of renal dysfunctio

platelet fibrin thrombotic occlusions of the renal ar

postmortem, so signals existed.
[Slide.]
In 1994, the FDA raised questions regarding ¢

thrombosis and they looked at 1,267 placebo-treated a

aprotinin-treated patients and they found a significa
association between aprotinin using coronary graft cl

albeit retrospective, but leading to the IMAGE trial,

am sure all of you are aware of.
[Slide.]

That trial was conducted In "95 and reported

years later. In the interim, Lemmer, Levy and D"Ambr

reports, which we might address later, but are pertin

The IMAGE trial finally was published by Alde

including, for the coronary vein graft analysis, 703

363 aprotinin, 340 control.

[Slide.]
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What the IMAGE trial found, 1f you could read it,
essentially is the primary study endpoint was coronary vein
closure within about 10 days after surgery and they fpund a 40
percent increase associated with aprotinin compared wgth
control, 15.4 percent versus 10.9 percent.

That 4.5 percent absolute increase i1s 1mportant, |
believe. The study went on to analyze groups of centers, which
was not part of the primary endpoint and factors leadjing to
such but the primary result was one which validated the FDA
safety concerns regarding coronary vein graft closure|, one of

the reasons these patients come to surgery.

IMA closure arithmetically was increased fron

to 1.8 percent, not inconsistent.

[Slide.]
IT you apply these statistics conservatively

you realize that there are an additional 800 IMA occl

year if you believe that arithmetic finding and 4,500

graft occlusions per year occurring in patients becau

aprotinin use.
Whether tranexamic acid or epsilon-aminocaprd

also would occlude vessels is not clearly known. But

known 1s that it carries a burden at least with respe
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graft occlusion.
[Slide.]
the FDA

Several months later, issued an expar

indication for the drug regarding i1t being an

anti-inflammatory.

[Slide.]

The word of caution here 1s we performed a se
studies, first with Bextra and the first of these stu
published 1in 2003. Then, with pex, which is a monocl

antibody to C5a-9, and then Cariporide, all of which

anti-inflammatory agents used iIn this setting, with t

that we could reduce Injury by suppressing inflammati

of them worked and all of them had unsafe properties.
So,

use of the iIndication for anti-inflammatgd

called to question here.
[Slide.]
Finally, we presented an observational study
been prospectively designed, which we will talk about

Karkouti also presented a study in about 900 patients

will talk about and we sit here today with the adviso
The only other thing on the horizon i1s the sd

BART study from Canada. We don"t know how many patie
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await i1ts findings, however, that study will only add

percent of the patients undergoing bypass surgery, be

inclusion and exclusion, and will have little to no b

the patients and the findings In our study.
It addresses a much more
at much higher risk and not the general population.

for that study and relying on it has its limitations.
[Slide.]
Let me give you a few clinical perspectives

allow me that with respect to thrombosis.

[Slide.]
Clearly, thrombosis plays a dominant role in
pathology of ischemic vascular disease--we all know t

it affects infarction failure, stroke,

and, in surgical patients, this i1s especially Importa

myocardial infarction occurring between 6 and 24 perc
serious heart fTailure between 3 and 7 percent, focal
to 7 percent and renal failure between 1 and 7 percen
depending on population.

So, atherosclerosis and associated thrombosis
manifests In these patients and plays a role.

[Slide.]
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Antithrombotic therapy, such as antiplatelet |and
anti-clotting factor, including TPA, which Is a sering protease
agonist, opposite aprotinin effectively, have been thge
mainstays of treatment for ischemic vascular disease [for both
MI and stroke, as you know, in this population.

[Slide.]

Cardiac surgery patients are maintained on
antithrombotic therapy, | believe to their advantage,| acute
reversal, 1 believe iIs quite detrimental.

Antithrombotic therapy, specifically, antiplatelet
aspirin therapy, is the only proven therapy that redufes CABG
morbidity and mortality.

[Slide.]

This 1s a study which we published in 2002 in Negium

[ph] and we see that the use of aspirin early and agg
reduces morbidity, leading us to the concept that pla
aggregates and microthrombi in the vessels may play a

important role,

aspirin iIn this setting. Again, thrombosis in this s
presenting a problem.
[Slide.]
Hemorrhage. Hemorrhage comes in small, medid
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large doses i1n surgery. All hemorrhage is not equal.
[Slide.]
Hemorrhage depends on whether or not the prod
single bypass procedure or combined, for example, wit

procedure and, whether or not there is a re-operation

57

edure is a
n a valve

, single

primary versus re-operation combined has a spectrum off bleeding

associated with 1t.

[Slide.]

Large hemorrhage requiring re-operation is ag
with increased morbidity and mortality.

[Slide.]

This slide 1s taken from one of the iInvestigs
prominent in this field. Re-exploration for bleeding
in about 4 percent of these three studies and there w
series of risk factors which I won"t belabor that cau

More importantly, adverse outcomes are iIncreg
those patients who get re-explored for bleeding as on
expect.

[Slide.]

However, | think only very large hemorrhage §
associated with increased morbidity and mortality and

to moderate.
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[Slide.]

The reason 1 say this i1s 1f you look at the ¢
which we base the aprotinin article, and look at bloo
among three groups, all patients, control patients, o
of the three antifibrinolytics, you find that only wh
to quite large blood losses of beyond 1,000 ml, that
increases in mortality and below that we don"t see in
for one reason or another.

I believe our heightened awareness should be
segment of the population, an extreme risk for bleedi
in this segment of the population necessarily.

[Slide.]

Hemorrhage prophylaxis appears reasonable fon
hemorrhage but not otherwise. The hemorrhage prophyl
agents available are essentially crude, because they
many biochemical pathways.

[Slide.]

Hemorrhage thrombosis, as you know, 1Is a simg

elegant system, carefully controlled and orchestrated|

[Slide.]
Surgery and bypass induce multiple derangemer

balance between hemorrhage and thrombosis, including
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hemodilution activation and consumption. It 1s a com

bypass with complex effects on hemorrhage and thrombo
are not at all straightforward.
[Slide.]

Drugs that reduce hemorrhage may increase thy

That"s a bias, but I think reasonable.

The last concept is TPA versus anti-TPA or se

protease agonist versus antagonist. At least the pat

STEMI, use of anti-TPA therapy is counterintuitive si

serine protein agonist TPA 1s effective, so | believe

of this therapy should be expected to bear outcome.
[Slide.]
With STEMI,

as you see here, with coagulatior

in someone who has undergone bypass, TPA may be used

setting and serine protease, an antagonist, the oppos

yet another.

IT the patient i1s taken to the CCU at least U
four or five years ago, would be treated with TPA, if
the same patient i1s taken to the OR, then, the first

that 1s given beyond the anesthetic Is a serine prote

antagonist and wouldn"t one expect that i1if, i1n fact,

agent were given in the CCU, iInstead of the agonist,
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would be detrimental effect.

It appears logical to me and i1t has always bg
about aprotinin.

[Slide.]

So, those are concepts 1 trust 1 didn"t go th
quickly. Most of these are fTairly obvious.

[Slide.]

Let"s get to the study.

[Slide.]

The rationale between "88 and 2006, in terms
thrombosis, acute inhibition of fibrinolysis or acute
inhibition of serine protease activity produces
thrombosis-related events. That"s a hypothesis of th
rationale for i1t. It appears somewhat intuitive to m

The safety for thrombosis-related events, as
caution with reports of coronary vein graft thrombosi
we talked about, thrombosis of pulmonary and hepatic
peripheral veins and diffuse vasculature.

So, in terms of thrombosis, the rationale apg
summarized by these two findings. With respect to ki
toxicity, in terms of the rationale for the study, th

caution of the FDA, as well as the association with c
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elevation and the in vitro and In vivo studies, form fgthe basis
for the rationale for investigating that endpoint.
Now, at the same time we have to recognize that there
were a large number of other analyses and secondary ahalyses
nearly always concluding drug safety albeit randomized,
controlled trials are believed to be the gold standard, when
they don"t assess the appropriate outcome, certainly are not.
The randomized, controlled trial for efficacy is the
gold standard, for safety i1t is not and i1t Is not used as such
commonly.
[Slide.]
The body of safety evidence that exhibited itself when
I reviewed 1t had three iImportant limitations; i1nadefuate
power for safety assessment--generally, the trials were small,
25 to 75 patients per arm--and not use of sensitive dgetection
for safety events occurring with an incidence of less| than 20
percent.
The comparison with less costly medications was not
done commonly and, in fact, done rarely. Both aminocaproic
acid and tranexamic acid showed blood-sparing capabilfities
equal to aprotinin in general. Yet, head-to-head comparisons

were few and far between despite the enormous differepce in
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cost between these agents with aprotinin between $500

$1,200 a patient and the others, less than $50 a pati

There was an inherent bias, | believe, in the

literature, because nearly all trials were pharmaceut

company sponsored, as one would expect, we are all hu

[Slide.]

The design, EPI I1. EPI 1l was a study of 69

international medical centers. There was 5,065 patie

took five years to design, 1t was specified and we ad

patients with primary and complex bypass surgery.

At each center, we took every nth patient adn

bypass to allow 100 patients per center to be enrolle

two-year period. The design occurred between "93 and

collection for the in-hospital study between "96 and

five years--the data quality assurance started iIn 199

completed on October 12th of 2001, which was five yea

database was locked on October 15th, 2001, two period

perioperative and long term, and the long-term study

ongoing.
We collected more than 7,500 clinical data Ti

patient. That contrasts with several hundred In most

randomized trials or observational studies. The clin
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fields accumulated was close to 44 million entries fo
patients.

Blood sampling and storage was done for a sef¥
analyses with 65,000 samples collected and stored. W
doing a series of analyses with 1it.

[Slide.]

In summary, we collected approximately 143 mi
pieces of data In this patient population. This Is n

typical observational study and certainly not a regis

average, close to 30,000 fields per patient.

This has been an entirely consuming effort of

for the last 15 years.
[Slide.]
The specific aims was to compare the relative

between the three agents, which are used commonly to

blood loss during bypass, during CABG with bypass ver

agent. Safety was assessed by individual organ, hear

kidney, GI tract and overall.

The secondary aim was to assess the relative
between the three agents on blood loss as assessed by
chest tube output over 24 hours, which

The tertiary aims were
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we would contrast the findings by dose.

[Slide.]
EPI 11 inclusion criteria was scheduled to urn
bypass, CABG with bypass, able to complete the interv

gave informed consent and that®"s 1t. Exclusion was e

another study or trials. 1t was a simple, powerful s

The drug groups were aprotinin, aminocaproic

tranexamic acid In the doses shown and dose-response

created as shown, which I think is consistent with th

literature.
[Slide.]

Outcomes, of course, were pre-specified, defi

protocol and classified as cardiovascular events, whi

included myocardial infarction, heart failure; cerebr

events, which included stroke, encephalopathy, or com

events, which included dysfunction triggered by creat

change and renal fTailure requiring dialysis, or autop

evidence of acute renal failure, GI events and Gl 1isc

detected by abdominal pain with associated bowel i1sch

detected at surgery and Gl infarction requiring resec
the bowel at surgery or diagnosed at autopsy. Blood

output over 24 hours.
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[Slide.]
Multivariable logistic regression was straigh

We chose 97 preoperative risk factors, we performed

regression analysis and looked for associations all

prospectively. This was not a needle In the haystack

picking.
[Slide.]

The preoperative risk factors, the univariate

were selected were post hoc, after the publication pe

and we iInvestigated approximately 1,000 risk factors

analysis and the results are unchanged.

The univariates cannot be read but, for thoss

interested, will probably be published in some form a

of this meeting.
[Slide.]

The propensity analyses, as we know, were des

the study. We performed propensity by picking 45 var

those variables were chosen on the basis of a precedi

database, EPI 1, which we had conducted in the late e

early nineties, 2,400 patients. We looked for the pr

of bleeding in that independent database and used tho

basis for the propensity covariates.
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[Slide.]

We chose propensity to treat by an antifibrirn

We split into two populations and we considered two v

in those populations. We performed propensity analys

number of fashions, post hoc after publication. All

results are consistent.

As well, we took the 45 propensity variables

expanded them to a group of over 250 variables, rando

selecting groups, building propensity scores and find

results to be the same.
[Slide.]
Propensity covariates are the 45 that were

prospectively defined are shown here and include a se

standard variables.
[Slide.]

Results. You have seen the results, | won"t

them. The study enrolled 4,346 patients. Some were

at the beginning and, essentially, 4,374 patients ent

study with approximately 1,300 in control and aprotin

to 900 In aminocaproic and tranexamic acid.

[Slide.]

Baseline characteristics, there are some diff

PAPER MILL REPORTING

Email: atoigol@verizon.net

66

olytic.

ariations

and

mly
the

ries of

belabor
vithdrawn
bred the

in and 800

‘erences,

(301) 495-5831



but I think that 1s much ado about nothing. There has

lot of talk about aprotinin patients being sicker, no
out 1In a series of multivariable propensity and
disease-specific analyses.

[Slide.]
The renal disg

The essential result was this.

67

been a

L borne

1 lysis was

significantly increased iIn the aprotinin-treated patigents
versus control and that neither epsilon- aminocaproic|acid or
tranexamic acid were associated with increased risk of renal
dialysis, renal dysfunction, or renal composite.

Critical, 1 think to the entire discussion at least to
me and from a public health perspective are the findipgs with
respect to aminocaproic acid and tranexamic acid and fghe
safety. We might isolate the discussion of aprotinin|versus
control but 1 don"t think that i1s fair, nor fTair to the public.

[Slide.]

With respect to composite events, we also foynd
significant differences for series of composite events, which
hint at questions of thrombosis of the heart and the prain. I
won"t belabor that.

[Slide.]

There are a number of ways of looking at differences
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between populations and certainly the most powerful i

appropriate multivariable regression especially when
collecting 7,500 fields per patient and analyzing the

You can also look at it in a more simplistic

looking at patients with high cholesterol or unstable

women or patients over the age of 75, et cetera, and

whether or not, In a simplistic, unilateral, univaria

whether or not the results hold.
What you see here

is control, aminocaproic ag

tranexamic and aprotinin. For each of these subgroup

a consistent finding with respect to the incidence of

events. But again more powerful are the other analys
well, so I am not concerned about differences between
groups.

[Slide.]

As well, 1f you look at blood loss in quartil

these populations and ask if the renal results hold T

bleeders versus high bleeders and, in fact, they do,

Those are unpublished.

[Slide.]
Published i1s the multivariable logistic regrdg
model for renal composite outcome. What you see iIs a
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versus control has an odds of 2 1/2, with neither
epsilon-aminocaproic acid or tranexamic acid associatged with
renal composite.

[Slide.]

And 1T you look at primary surgery versus conplex
surgery, what you find are associations that are signjificant
for renal, cardiovascular, cerebrovascular for composfite and
renal for complex.

[Slide.]

Powerful i1s the dose-response and we selected doses
that were pure for the dose-response analysis In order to fit
the standard, clinically accepted doses for low and hjigh. What
we find 1s a significant increase by dose from controfl to low
dose to high dose with respect to renal outcomes,
cardiovascular outcomes and composite outcomes. That was not
significant arithmetically, at least interesting.

[Slide.]

Blood loss, efficacy, no difference. We can |look at
minimum, maximum, quartiles, means, medians, costs, we cannot
find a difference in blood loss in these patients evep when you
adjust for variables that are likely associated with plood

loss.
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[Slide.]
Health implications, we hinted at them, and,
extrapolate conservatively, what we see i1s 1T you rep

aprotinin with aminocaproic acid
save about 4,800 dialyses a year and,
worldwide statistics,

[Slide.]

We believe those are

The limitations.
therapies has been marketed for 15 years.
embedded and formalized practice
Whenever you get a drug marketed
is virtually impossible to do an
inclusion/exclusion, randomized,
going to get 1it.

Patients,

in complex,

Each of the blood

in primary surgery,

6,0

making assumptions with respect

Practices
pattern prescriptionf
for a long period of
unbiased with respec

controlled trial. Y

who surgeons or anesthesiologists [

would benefit by the drug and they are assigned to th

group, may not be included in the trial.

who fear, for example,
may not enroll certain patients. | think
impossible problem to solve once a drug

entrenched.
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Even in Canada, in the BART trial, they are |

trouble enrolling patients because certain physicians

want to enroll them in those studies for fear of safe

there are serious questions with respect to inclusion

criteria for randomized, controlled trial evidence af

is marketed and, certainly, combining randomized, con

trials i1s fraught with biases and limitations, as wel

The weakest link, the weakest trial will Timi

interpretation of those findings. Certainly, a combi

randomized, controlled trial does not equal a randomi

controlled trial.
Post-approval safety assessment using unbiasq

entry in the framework of a randomized trial, includi

sufficiently sized populations, has not been performe

these 15 years and i1s difficult, 1if not likely imposs

conduct as | said.

There i1s an inherent bias in the selection.

necessary withholding of salutary blood-sparing thera

There 1s reluctance to include the sickest patients,

absolutely critical i1n this setting given the trends

off-label use and that is an advantage of observation

The required sample size and cost to detect |
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frequent events will increase safety randomized, contyolled
trials by factors of 4 to 16, so the detection of thege events
and, 1f you believe the statistics, that will wind up|costing 3
or $4 billion dollars at least to conduct a properly [formed set
of trials given that i1t takes 800 million to get the drug to
that level.
So, you are talking about hundreds of millions of
dollars to conduct these studies. There i1s a reluctapce, we
are human, a disincentive of sponsors to carefully discern
safety risk of a marketed drug, especially 1f you are|[ middle
management. We have to face that. It 1s part of the|picture.
Given that, 1 believe an observational study |for
safety, when sufficiently comprehensive and large, when
sufficiently comprehensive and large, may offer critigal
insights even in light of limitations.
We assessed safety among high-risk and extragrdinary
high-risk patients. 1t"s a comprehensive trial. We @pncluded
more than 800 patients per group and looked at hundregds of
variates and perturbations among those variates using
parsimonious propensity analysis, as well as very robpust
multivariable corrections.

We believe our findings with respect to renal failure
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are real, true, clinically 1mportant and a public hea

concern. They are substantive for effect size, for c

among primary and complex surgery, for dose-response,
consistency with early iIn vivo/Zin vitro animal studie
suggestive reports In patients and for consistency wi
FDA admonition regarding the observation of kidney to
some aprotinin-treated patients.

Finally, our specific comparative analyses
epsilon-aminocaproic acid and tranexamic acid, we bel
on point for they allow us to mitigate bleeding, less
with safer drugs and our comparisons show that this w

IT we compare the three groups, then, selecti
for an antifibrinolytic could be eliminated and the r
hold, as well.

[Slide.]
The conclusions. The association between apy
serious end organ damage indicates that continued use

proved in this population especially given the less e

generics, which are we believe safe.

[Slide.]

My final impressions--and 1 will be done

minutes.
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In terms of efficacy, | don"t believe the blg

abilities of these three agents are different, 1 beli

are all equally effective.

In terms of inflammation, i1t has questionable

It is an anti-inflammatory, but the anti-inflammator
do not achieve effectiveness and, in fact, raise ques
regarding safety. 1 question whether or not that sho

be an indication.

Regarding safety, thrombosis is a problem fon

aprotinin, may be a problem for the other two, but it

that 1t 1s clearly a problem with aprotinin both in v

grafts, as well as 1n other vessels and the recent re
have emerged are highlighting that and will continue

In terms of kidney toxicity, | think 1t Is a
problem for aprotinin but not the other two.

[Slide.]

The findings contrasted, the 1,300 patients
aprotinin-treated versus control, give credence to th

studies.

[Slide.]

In terms of cost, we know from a public health

perspective that the generics are far less expensive.
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future, BART, we should not fool ourselves that BART

to answer the question, because 1t won"t for more tha

percent of the patients undergoing bypass.

Look at the inclusion and exclusion criteria)

those statistics internationally. It only addresses

question as an extreme population.

patients match our patients, so we should not wait fo

study to resolve the issue. It won"t.

Randomized, controlled trials are too expensi

patients are too healthy and inclusion/exclusion bias

Observational studies, they are very comprehensive a

independent and I believe offer hope for the future.

are expensive. The EPI 11 study costs over $100 mill

conduct. But 1 believe that the observational study

future paradigm 1f done appropriately In the setting

which has become entrenched In practice.

[Slide.]

Once again, 1 want to thank you for your attsg

I guess I will answer questions later.

Thank you.
Questions from the Committee

DR. HIATT: Thank you very much. Please stay
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Mangano. We have actually put a significant time to

each of these studies, so we actually have until 10 o

the committee to go over this.

I think we would like to, first, really undery

data you have presented and then later on deliberate

of observational versus randomized trials, In making

kinds of safety observations.

Let me begin. This i1s clearly a huge effort

just mentioned it was a very expensive study. Could

us a little bit more Information on how this study wa

managed? Was there a steering committee? Were the s

monitored? Was there an independent events committee

adjudicated the events that were prospectively define

DR. MANGANO: Yes, yes and yes.

DR. HIATT: Could you speak a little bit morg
the actual kind of nuts and bolts of how this study w
conducted?

DR. MANGANO: The study was designed on the [
EPI 1. EPI 1 was designed in the mid-eighties, was c

at 24 centers in the United States, collected about 3

fields per patient, a smaller study.

Every nth patient was sampled as we know. TH
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were chosen because they were the best, the leading c
surgery centers i1n the country. EPI 1 is expanded in
on the basis of that experience. EPI 11 was designed

four-year period. The case report forms are meticulo

We had about 40 or 50 people designing the EHR
study. The data were collected at each site. Every
field was quality assured and checked by a group of 2

individuals working for 18 months to check the databa

77

ardiac
to EPI1 11
over a

LIS .

Between the last patient enrolled and the database

locking was 17 months. All fields were checked, all

controlled communication with centers coordinated, et

I have been involved iIn randomized, controlls

and this was conducted better than any trial | have e

involved with, so I think it"s meticulous and would b

under any regulatory assessment.

DR. HIATT: Just clarify that. I appreciate
was there an independent events committee that adjudi
events?

DR. MANGANO: Yes, every event was adjudicats
independent events committee for cardiac, cerebral an
events.

DR. HIATT: And they were blinded to this grg
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DR. MANGANO: Of course, they were. I mean 1|

even present that. 1 hate to answer that way, but ab

blinded to the events.

DR. HIATT: And then in terms of managing--th

international trial--so managing the sites, gathering

the sites, were there monitoring staff that would go

sites, or did the sites prepare the data--
DR. MANGANO: Each site was preselected. Eagd
put through a procedure of collecting the data, of, T

example, NIH Stroke Scale, the standard NIH instrumen

for collection of stroke scale, falcine tests, other

was all done at each site. Transesophageal echocardi

was standardized by view and--

DR. HIATT: So, if there were questions that

up on a case report form that was being entered Into

database--

DR. MANGANO:

forms.

DR. HIATT: So, there was an iIndependent moni

staff that would work with the sites, overseeing the

collection of data, as you do in a typical monitoring

DR. MANGANO: Yes, once the data for a series
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patients came back, for one patient, then i1t was revigwed by a

QA staff, double data entry, et cetera.

DR. HIATT: So QA centrally.

DR. MANGANO: Yes, all QA was central.

DR. HIATT: I am going to turn, run now throu
committee, but let"s first just begin with understand
of these data.

DR. BALSER: Dennis, one of the issues in theg
I am having trouble understanding is the high rate of
congestive heart failure in the study groups, Or spec
in the aprotinin group relative to the controls or th
group, 1t is about 35 percent higher.

What do you think happened there?

gh the

D

e ACA

Ing some

data that

iftically

DR. MANGANO: Do you want me to guess? First of all,

it happened. |1 think that the i1schemic injury after
surgery manifests in many, many different ways and th
transient ischemic response and even some of the less
infarcts don"t manifest necessarily iInto heart failur

The best evidence of ischemic Injury, we beli
LV dysfunction and not infarction In this patient pop
Only when there 1s implication of muscle do we believ

ischemic injury that i1s experienced really i1s manifes
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We questioned whether or not, therefore,

congestive heart failure findings implicate a thrombo

event or series of events that occur. My gut feeling

there 1s more microvascular thrombosis with this agen

with the others but I have absolutely nothing to back

in the literature.

I believe that failure events are consistent

thrombosis, serious graft thrombosis, 1f 1t did occur

infarction.

DR. BALSER: But I am talking about Table 1,

thought was pre-existing heart failure.

DR. MANGANO: Oh, you are talking about pre-s¢

DR. BALSER: Yes, which was 30 percent, 35 ps¢
higher in the aprotinin group.

DR. MANGANO: Let"s go back. Well, i1t was hi
the aprotinin group. Why? When you look at all pati
heart failure, and you look at the renal events in th

with heart failure, you get the same pattern as you d

DR. BALSER: But if every nth patient selects

numbers here are incredibly large, what is the statis

likelihood that you would end up with 35 percent high

pre-existing heart failure In the aprotinin group tha
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other group?

DR. MANGANO: If you looked at 100 variables
probably 3 or 4 of them will be higher In one group v
another.

DR. HIATT: So, just incredibly bad luck.

DR. MANGANO: 1 don"t know 1f i1t"s bad luck,

you just--you account for that. There are other vari

occur more frequently in the other groups than iIn the
group and i1t may be bad luck for them, as well.
So, In an observational study, that iIs the w3

landed and all you can do i1s look at covariate iImpact

multivariable analysis and propensity adjustment with
multivariable analysis and by looking at each of the

risk factors and seeing whether or not, for those pat

81

that way,

eIrsus

because
ables that

aprotinin

critical

ients with

LV dysfunction or heart failure pre-existing, whether|or not
the same pattern exists and whether or not i1t i1s signgficant
and whether or not there is a dose-response for those| patients,
in fact.

DR. HIATT: There are some comments down hereg about
that point.

DR. CHEUNG: Actually, a continuation in that theme
there. Is your propensity adjustment--1 am sure there will be
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a lot more questions about that--1 think you said tha

primarily for bleeding, right? For example, when you

targeting the renal outcome, you are not--

DR. MANGANO: The propensity adjustment is Tqg

likelihood or the covariates associated with likeliho

of an antifibrinolytic. The basis for that decision

clinician®s impression that the patient would likely

larger blood loss, so when your propensity adjusts,

y

saying, well, what are the factors that will go into

of using aprotinin versus control, or one of the othe

control.

It is the clinician®s 1mpression of all the 1

clinically that they may use in making that decision.

beyond that, you go back to an iIndependent database a

82

r
pd of use
iIs the
suffer
bu are

the choice

'S vVersus

ractors
Bu, t

hd then

you find the factors that are likely associated with

blood loss and you place those iIn the propensity mode

well.

DR. CHEUNG: Right. That is what I mean. Yd

targeting bleeding. But you are not targeting, for e

what factors was disposing to renal dysfunction and t

back and do a propensity that way, or--

DR. MANGANO: Oh, we did it, yes,
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DR. CHEUNG: --or was CHF,

DR. MANGANO: Yes, we did those analyses. Th

not--they were done after the fact and not part of th
analysis. But we did that with the factors that were

in the propensity analysis, renal variates, heart fai

variates and the factors likely to occur with each of
five outcomes.

It turns out the 45 factors i1nitially chosen
about 90 percent of the risk factors for renal outcom
percent of the risk factors for an infarction, 90 per
the risk factors for a cerebral event.

DR. CHEUNG:

And those, you have not presente

the paper or here so far, is that true?

DR. MANGANO: The 45 risks, the 45 covariatesg
propensity covariates, 1T you look at the risk factor
individual outcomes, then, among the 45, about 90 per

the factors reported in the literature or from separa

analyzed databases are included iIn the propensity ana

When we include other risk factors in the

that weren™t

propensity more parsimoniously, then, we get similar
DR. HIATT: I think there i1s going to be a Ig
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questions. Perhaps just for due process, we could go

the room this way because there have been several han

ifT you could try to keep focused, because we do have

discuss.

David, you are next on the list.

DR. DeMETS: Yes, | think I appreciate your (d

that the observational data, the paradigm you present

important in the future as we try to assess safety.

part of that, the analysis | think is critical, as yo

partly outlined.

But I am wondering i1f, for the benefit of my

colleagues, 1 want to ask a little bit more about the

propensity score, could you define for the panel

the propensity score does and specifically, walk thro

slowly exactly how you did 1t and then I have a coupl

follow-up questions to that.
We need to understand the methodology.

described, we don"t have a lot of details, so I think

critical to this whole presentation.

DR. MANGANO: Dr. Karkouti is going to go thpn

more elaborate description of propensity and, perhaps

does his, we both could address--because the same que
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going to come up with his. But we both can address t

the same time.

85

nose at

DR. DeMETS: Then, can I ask, you mentioned having a
lot of variables, hundreds, for the use of the propensity score
and the multivariate. What did you do about missing gata, for
example? You must have had some missing data.

DR. MANGANO: We had missing data. It was about 2
percent in general 1T you look at a field and among these
patients 1t was not a lot. The data were very, very glean.

DR. DeMETS: So, how many, in your typical propensity
score development, how many patients did you lose? I 1t"s 2
percent per variable, that adds up over a number of variables.

DR. MANGANO: Probably 3 or 4 percent of patients.

DR. DeMETS: Only 3 or 4 percent missing data.

DR. MANGANO: Yes, yes, yes.

DR. DeMETS: That"s amazing.

DR. MANGANO: Don"t forget these 45 variableg is a

propensity score on major variables. I mean you woul

look at the case report form, look at the variables a

how they were aggressively--that i1s not unusual for s

studies that we conduct iIn this setting.

DR. DeMETS: I will
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later.

DR. HIATT: John. 1

we can try to keep i1t pretty brief.

DR. TEERLINK: EPI 11 was clearly designed,

addressed multiple different hypotheses. I mean you

aspirin stuff, you have done a lot of stuff from EPI

provides some very useful information.

In some of those studies,

definitions for endpoints. In another set of studies

seemed to use a different set of definitions. So, 1F

an endpoint committee that i1s saying what heart failu

at one time they are expected to say that heart failu

balloon pump or LVAD for one study but then, for this

they had cardiac output, wedge pressure and rales, we

asked to adjudicate for one study in one way and anot

in another way?

And the same thing for MI, you know,

did the endpoint committee adjudicate them, secondly,

very different definitions of endpoints for this vers
your previous studies?

DR. MANGANO: Each of the investigators i1s al

submit an IDR, which i1s a 40- or 50-page document,

PAPER MILL REPORTING

Email: atoigol@verizon.net

have a series of questigd

you used one set of

first of

whii

86

ns, so
t
did the

11, which

you

there 1is
Fe 1s and,
Fre equals
study,

Fe they

her study
all, how

why the

ion versus

lowed to

(301) 495-5831



addresses a hypothesis, a study question, background,

statistics, et cetera. They develop this over about

We funded 24 of those IDRs. In those IDRs tl

reviewed, all outcomes are not exactly the same but g

the same. I don"t think there are huge outcome diffe

DR. TEERLINK: I mean in MI,

enzymatic criteria.

DR. MANGANO: What do you mean got rid of it7

DR. TEERLINK: There were no--at least accord
your--

DR. MANGANO: Right, yeah.

DR. TEERLINK: So, MI was merely an E change

DR. MANGANO: The definition of the outcome [

investigator is prespecified by the investigator. Th

within the case report form themselves that they use

definitions are all prespecified.

DR. TEERLINK: So, you had a separate endpoir

committee for this specific study.

DR. MANGANO: Yes.

DR. TEERLINK: Okay. Then, 1 saw there is ndg

information or center information or things such as t

your publication.
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Given that you previously published an abstrsg

said that among the most important things to determin

know, what the outcomes were in CABG patients using t

database were age, were study site and were aspirin u

of which are included in this manuscript, 1 am assumi

were included as covariates.

DR. MANGANO: Yes, they were.

DR. TEERLINK: So, study sites in all of youn

studies were Important but weren®t Important iIn this

how did that sort out?

DR. MANGANO: Study site was important but di

affect the finding. There are countries iIn which apr

greater use versus lesser use, tranexamic acid greate

versus lesser use, but they did not affect the--

DR. TEERLINK: So, there was no difference 11

in this analysis by country.

DR. MANGANO: There i1s a difference i1in mortal

country. There is a difference iIn aprotinin usage by

There 1s a difference i1n composite by country. All

differences exist and there i1s a spectrum of differen

center, as well.

When you put those variables in and ask wheth
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the association holds with site, with country, with c

with region, with insurance and all of those factors,

the association between aprotinin and renal failure a

lack of association with the other two drugs in renal

holds when you perturb those multivariable analysis.
those were looked at.

DR. FLACK: I certainly appreciate the scruti

careful way you collected data and I do think that

observational data i1s clearly complementary to random
trials, that they will always answer the same questio
valuable.

I am impressed, though, and somewhat surprise

steadfast sort of conviction that this data is unassa

We work with this kind of data all the time and 1 hav

had that kind of conviction working with observationa

because there is too many problems that you can run i

with the best analytical techniques.

I think what i1s going to come out later in di

here is that there are serious questions about the an

techniques, so I am going to just cut right to the ch

That is, 1f you are this confident

want a body like this to render an opinion about how
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affect labeling 1in this, that and the other, then, wh

going to be prepared to make the data available to th
scientists at least at the FDA?
1

available to Bayer, make i1t available to the scientis

FDA to provide independent validation, as well as som

alternative techniques, because you know and 1 know t

I don"t care how well collected, i1s highly sensitive

analytic techniques applied to 1t.

In certain of observational data where there

more noise in the data, and there is a lot of bias, a

not dismiss the fact that these patients were a lot d

at baseline with heart failure and all, are you prepa

basically let the FDA scientists analyze the data and

there, because otherwise, | have serious reservations

what you are putting through here.

DR. MANGANO: Regarding your fTirst comment tH

unassailable, 1 think the facts speak for itself, it

assailed right now. I am not saying 1t"s unassailabl

saying that we put in--let me finish--let me respond.

DR. FLACK: Why don*"t you just answer the mos

important question--
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DR. MANGANO: I will, just let me respond to
one.

DR. FLACK: --okay, because 1 think you are
filibustering.

DR. MANGANO: Okay. I offered the FDA the Ti

of February this database and I brought a CD and want

it to them. 1 prepared CDs for the FDA to look at ev

field 1n this database.

The FDA then wanted to combine this data with
data. Bayer also wanted my data. I purchased the co
with the entire database on 1t, brought i1t to the FDA
here, the only constraint is | want to be present whe
analyzing 1t and I want the data, because 1 am the cu
the data, intellectual property, et cetera. You may
that. I purchased the computer, 1 put the database o
computer, | gave it to the FDA.

DR. FLACK: That"s not the way we do science

DR. MANGANO: What?

DR. FLACK: That"s not the way we do science]
share data. Data i1s made available from the studies

government funds and people are not necessarily therel

DR. MANGANO: Well, isn"t your question did 1|
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FDA the database? 1 did. I would give it to them to
DR. FLACK: Okay. There seems to be a diffey
opinion, 1l guess--
DR. MANGANO: I will show you the corresponde

will show you the CDs prepared. I will bring the com

I purchased and I will bring four people who came wit

the FDA at our expense to do that.

DR. FLACK: Well, I think the FDA is here and

they can respond to this.

DR. MANGANO: Okay, but, you know, that"s--th
it iIs.

DR. HIATT: Any response?

DR. RIEVES: We appreciate the comments therg

is correct. We were offered limited access to the da

was this qualifying expectation that our examination

chaperoned or supervised, 1Tt you will.

Our statisticians did not feel comfortable wi

limitation and, considering we have had fairly length

negotiations throughout the spring and early summer,

attorneys with other attorneys, that sort of thing, t

obtain the data for, quote "somewhat of an independen

least exploration of the mathematics.
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I am sorry, you may not have missed--you may

missed that, but what 1 was saying was that, as you h

we were offered a chaperoned exposure to the data set

—

g

Our statisticians fTelt uncomfortable having
supervised access to that data in the sense that we w
have the ability to explore the data and at least ver
mathematics and the statistical aspects.

So, after a lot of negotiations during the s
well as during the summer, we decided that these were

to be productive, meaning essentially that we were no

have i1ndependent access or unsupervised access to the
DR. MANGANO: Well, in terms of the supervisi
would like to make a comment that all 1 required was

physically present within the FDA when you were analy

data. There i1s--1 am sorry--there are patient
confidentialities here that are important, that I res
DR. FLACK: This data, number one, is large.

should be de-identified where nobody can link that da

patient and, three, 1 don®"t understand, what do you t

present in the building i1s going to accomplish in reg

safeguarding the integrity of the science or confiden

That escapes me.
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DR.

been weighted to some degree before this meeting.

DR.

DR.
data.

DR.
Dr.

DR.
about 1t.

DR.

answer the

DR.

won"t debate

the methods.

of the events,

issue,

Th

segment changes,

the WHO,

would be the definition of the study?

Harrington.

encourage you to share the data

let”

the ACCHA,
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MANGANO: You have an opinion and it has |obviously

FLACK: No, I do science all the time.
MANGANO: All 1 can say is | am happy to|share the
HIATT: Perhaps we won"t debate that further maybe.

MANGANO: I am sorry, you know, you are ticked off
FLACK: There i1s nothing to be sorry aboyt, just
question.
HARRINGTON: I will echo John"s comment, [too, that
in an unfettered faghion. I

it now, but I do have a series of questipns about

am trying to understand, Dennis, the whole |definition

the ascertainment issue and the adjudigation

S go one by one.

e definition of myocardial infarction, Q wave and ST

not a standard definition of Ml put fforward by

EFC, STS, et cetera, who decided jhat that
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DR. MANGANO: 1 did in the protocol that was

DR. HARRINGTON: And why was that particular
chosen at odds sort of with other things that were go
around 1996, 20007

DR. MANGANO: Well, 1 don®"t know if 1t"s at d
you talking about non-ST elevation MI?

DR. HARRINGTON: I am talking about just star
definitions of myocardial infarction. Post-bypass su
typically include Q waves but also include enzymatic

DR. MANGANO: Right.

DR. HARRINGTON: --wall motion abnormalities)
cetera.

DR. MANGANO: The enzymatic data is still bei
analyzed with respect to CK and troponin release. Th
another $10 million for analysis and was not included
the manuscripts.

DR. HARRINGTON: The second question has to d
ascertainment to which 1 think John was getting at a
EKG was the primary measure of MI, did you have 100 p
ascertainment of EKG, or give us a sense of what the
ascertainment was.

DR. MANGANO: We collected EKGs before surgen
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three periods after surgery.

DR. HARRINGTON: What were they?

DR. MANGANO: It was on ICU entry, on the Tiy

the third day and the seventh day.
DR.

HARRINGTON: Give me a flavor of the dats

of the completeness of each of those time points.

DR. MANGANO: I can"t quote that right now.
DR. HARRINGTON: I will take rough.
DR. MANGANO: I think 1t"s--1 don"t want to s

defensive about the data--but 1t"s over 90 percent fo

those periods.

DR. HARRINGTON: At each of those time pointsg.
DR. MANGANO: Yes.
DR. HARRINGTON: And when those data were thqg

assuming that the source EKG, the way you have said i

then provided to an independent body to review for th

of Q waves and/or ST segment changes. Is that--

DR. MANGANO: Yes, each EKG went to two cardi

separately
codes were then crossed over by a third cardiologist

there were discrepancies, 1t went to a panel of fTive.

DR. HARRINGTON: And so the MI definition wag
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based on the EKG criteria and the adjudicators, 1T yo
did not have access to the other clinical data.
DR. MANGANO: No, no. They did that for all
in the database.
DR. HARRINGTON: And then I just have a coupl
yes/no things.
Do you have transfusion data in the data set?
DR. MANGANO: Yes.
DR. HARRINGTON: But you have not presented i
DR. MANGANO: No. There is no difference 1iIn
transfusion parameters between the groups.
DR. HARRINGTON: Do you have the long-term fq

data available?

DR. MANGANO: Not today, not for this meeting.

DR. HARRINGTON: But 1t has not been presents
or anything like that?

DR. MANGANO: It has not been presented publi

DR. HARRINGTON: My final question i1s, IS thg
percent source document verification of all of these
you indicated $100 million is what this study cost.
for all of that?

DR. MANGANO: The Foundation paid about $45 n
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the study. The general study cost, as assessed, was assessed
by the investigators®™ sweat equity, as well, what the
equivalent value would be for collecting such data.

DR. HARRINGTON: Where did the 45 million come from?

DR. MANGANO: From the endowment and the Foundation.

DR. HARRINGTON: But the source of that, i1s that
philanthropy, is that--

DR. MANGANO: Some of it is philanthropy, a lot of it
was clinical trials that we had performed in the early 1990s
and a lot of it has been growth and management.

DR. HARRINGTON: Industry-sponsored clinical [trials
that you took the margin of and reinvested iInto this
Foundation?

DR. MANGANO: That"s correct.

DR. HIATT: I would like to be able to go and complete
this discussion around the room. So, we are a little|bit over,
but 1f we could maybe just sort of charge ahead here.

DR. KASKEL: I am not speaking for my colleagques 1in
nephrology. 1t is only because I come with my name agt this
point that | get a first shot at some of the nephrologic
issues. But the definition of renal disease 1s varieg.

I think we should have access to see what these
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patients came in with, 1f they had a pre-existing con

was there proteinuria, how were the measurements of k

dysfunction measured. These are important criteria T

look at.

Also, the concomitant use of ACE inhibitors,

know you do have some data on angiotensin-converting
We need to know

inhibitors. iT they were exposed to

nephrotoxins, aminoglycosides, effects of anesthesia,

measurement of creatinine can be affected by apoproti

it Is processed in the proximal tubule possibly, that
to address how that has been dissected here.
Also, there i1s a lot of functional hemodynami

in patients like this with high vasoactive substances
with cardiac problems.

Clearly, a functional change in GFR from the

this agent needs to be considered, what happens over

can follow them for seven days, what happens In two w

three weeks, to measurements of renal function, i1s 1t

or reversible.

The

q

P

indications for diralysis will vary from

site. So, these are some of the things that 1 certai

like to look at down the line here.
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DR. MANGANO: Certainly.
DR. KATO: From a technical perspective, 1 nd
cardiopulmonary bypass time was not included, 1s that

in the baseline data?

DR. MANGANO: Was i1t included? That"s one of
variates, but we did include i1t Iin the analysis, of c

DR. KATO: And i1t didn"t show anything?

DR. MANGANO: No.

DR. KATO: Okay. And what about--

DR. MANGANO: 1t did not alter the relationsth

aprotinin and renal failure and the other two drugs a
failure and cardiopulmonary bypass time is a variable

more outcomes in terms of its being associated with o
those outcomes.

DR. KATO: Sure. Another event that was occy
right around this time was the use of either the chan
technique from a side butting cross clamp to a simple

clamp application on the aorta,

terms of stroke, perioperative stroke. Was that look
DR. MANGANO: Yes.
DR. KATO: And no difference?
DR. MANGANO: on?

PAPER MILL REPORTING

Email: atoigol@verizon.net

which makes a big diffference

100

ticed that

correct,

the

purse .

iIp between
nd renal
in one or

he of

rring

ge in
Cross-
in

bd at?

(301) 495-5831



DR. KATO: That variable also fell out in ten
analysis?

DR. MANGANO: Yes.

DR. KATO: But that wasn"t included i1n your d

DR. MANGANO: No .

DR. KATO: Thank you.

DR. MANGANO: The document, the methods by th

have a limited space to describe those. I guess what

have done is put all the variates on line, let people

them. That would have been a smart thing to do. Tha

suggested by the New England Journal, so we didn"t do

But all those variates were looked at.

DR. ELLIS: Two brief questions. One, | was
in reading the manuscript about the inclusion of pati
undergoing coronary artery revascularization or angio

Can you comment on why patients undergoing ar
would be included in the study? That is what the man
says.

DR. MANGANO: Prior angioplasty.

DR. ELLIS: Okay. It is not clear reading tbh

The second, could you comment on the use of

antiplatelet medications In this patient population?
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DR.
DR.
DR.

than 5 percent.

manuscript,

patients pre-op.

doesn™t

graft protection

MANGANO :
ELLIS:

MANGANO :

which was not

impact this data,

Pre-op?

Pre-op, yes.

Very low

consistently among centers.

DR.
think we need to be careful.

observational.

JEEVANAN

an anesthesiologist,

DR.

DR.

know,

clearly

risk patient,

failure,
repair,

where,

just raw data,

you know,

MANGANO :

JEEVANAN

in my own use, |1

somebody who

et cetera and,

it you

DAM:

or a combination,

Yes.

DAM:

IS coming
clearly,

look at

the patients who

Aspirin use was defined
insignificant,
For vein grafts,

it might

Being a surgeon, |

intermittently or depending on our patients.

a re-operation patient,

aspirin at exit,

incidence of Plavix us

in the aspir
50, 60 perce

w

impact long term,

in the final week after bypass was u

Just looking through this d
It"s not randomized and

That has a lot to do with when the su

decide to use

Y

use aprotinin when we have a

somebody who ha

in for a high-risk mi

that

it,

got
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much sicker group of patients.

A lot of times, we would jJjust--i1t"s a gut iIng

whether we are going to use aprotinin or whether we u

I think that is the type of thing that isn"t borne o

data.

You know, propensity matching may only go so

there are a lot of subtle reasons why drugs are used

is not a randomized trial, or it is not blinded, 1 th

is an inherent flaw.

DR. MANGANO: There is no question that 1t 19

try to i1dentify those by using non-parsimonious prope

you try to identify as many of those factors--as

iny

practice, there are practices around the world that w

here, such as in India, which doesn®"t use aprotinin,

Austria or Germany, which uses a lot, or in Canada, w

more, certain countries iIn Europe which use more Amic

tranexamic acid than aprotinin in their high-risk pat

So, there i1s an i1nternational use pattern fTop

agents. But I think consistently, among patients who

likely to bleed, by the surgeon or the anesthesiologi

whoever i1s making the decision, they will use one or

of those drugs prophylactically in those patients.
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DR. LINCOFF: I have three questions iIf time

The first is that in your abstract, or actually, the

of the results in the abstract, you say that the use

aprotinin Iin the multivariate propensity-adjusted mod
the risk of renal failure requiring dialysis and yet
|

the text do see addressing renal failure requiring

You talk about the composite renal event with

ratios but the only place 1 see the direct reference

renal failure requiring dialysis, which i1s the real e

104

allows.
First line
O T

el doubled
nowhere in
dialysis.
the odds
to the

ndpoint of

concern, is in the univariate graph, which 1s not mulgivariate
adjusted.

DR. MANGANO: Right.

DR. LINCOFF: I think that i1t i1s pretty clean that
these patients are different and so the data for not adjusted
is irrelevant. That what we are really interested inf-and then
there 1s, of course, a lot of discussion whether that| i1s even
valid given different techniques--

DR. MANGANO: I don"t know if 1t"s irrelevant. It 1s
relevant to the people who develop a 5 percent, it is|relevant
to the public who develops renal failure.

DR. LINCOFF: Of course it i1s. But it 1s not relevant
to comparing different groups, since the groups are different.
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So there is an underlying rate at which a group that|is at

D

higher risk will develop renal failure and what we ar
interested here is how much of that is contributed to| by the

aprotinin. So, the unadjusted don"t give us that infprmation,
the multivariable does.

DR. MANGANO: Right. That"s a good point. What we did
for that is we had a publication from EPI I defining fthe risks
with respect to renal failure. Firstoff, In the Annalls of
Internal Medicine, we took those factors for renal fapjlure and
put them into the model, as well, for propensity and
multivariable adjusted.

DR. LINCOFF: No, 1 understand that, I am not
challenging that, because 1 know there i1s going to be|a lot of
discussion about how this propensity analysis performed.

My question is, you highlight the first line |[of your
results i1s that you doubled, the aprotinin doubled the risk of
renal failure requiring dialysis and yet I don"t see fhat
anywhere iIn the text of the paper.

So, Is that, in fact, true, or iIs that a--

DR. MANGANO: You mean the univariate?

DR. LINCOFF: No, i1t says In a propensity-adjusted,

multivariable logistic regression, use of aprotinin was
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associated with a doubling

requiring diralysis.

DR. MANGANO: Yes,
DR. LINCOFF: That
DR. MANGANO: That
DR. LINCOFF: In t
your renal composite--
DR. MANGANO: Comp
DR. LINCOFF: --wh
DR. MANGANO: Righ
DR. LINCOFF: So,
abstract, but--
DR. MANGANO: No,
DR. LINCOFF: So,
was doubled.
DR. MANGANO: Yes.
DR. LINCOFF: And
DR. MANGANO: Not
DR. LINCOFF: All

regards Dr.

which you couldn®t include

of the multivariable analyses because fields weren™t
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I realize you didn"t have the details of thig, but 1
will point out that in your Table 2, you exclude 410 patients,
that 1s out of 4,374 for that renal adjustment, so that is more
like a 10 percent rate rather than--

DR. MANGANO: For which, for which variable are you
talking about?

DR. LINCOFF: Results of multivariable logistic
regression for the renal composite outcome.

DR. MANGANO: The renal, right.

DR. LINCOFF: Excluded were 410 patients with missing
values for at least one of the cohorts of propensity scores--

DR. MANGANO: Right, for renal. He was asking for all
outcomes.

DR. LINCOFF: All right. So, there are dropqut rates
that are perhaps higher than 2 percent.

DR. MANGANO: Yes.

DR. LINCOFF: The third is can you just talk |briefly--

DR. MANGANO: For individual--well, we can gqg into
that, 1t 1Is not necessary.

DR. LINCOFF: The third i1s can you talk just |briefly
about the structure of the organization, the Ischemial Research
and Education Foundation specifically, because, you kphow, you
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talked about the 31 different projects that have been

and 1 am still sort of stuck on this endpoint, the di

between studies.
Did these patients,
patients used,

the same patients used, for different

different publications, different analyses and, 1f so
truly actually convene different endpoint committees
of these studies, taking the same patients and defini

endpoints differently from study to study?

these 4,300 patients--wer

108

approved

Fferences

e these
studies,
did you

For each

g

DR. MANGANO: No.

DR. LINCOFF: So, then, how do you create endpoints
that are different from study to study, from the same
adjudication?

DR. MANGANO: The definition of the endpoint|is
specified. It 1s specified by the field within the case report

form. I want to choose, for one reason or the other,

interested in non-ST elevation Ml for looking at card

So, that

infarction for cardioplegia, for whatever reason, 1s

elevation MI. I am defining non-ST elevation MI by T

7.1, 11.1, or 7.3, 12.2, or 6.3, 7.8.

Those three fTields have been quality assured
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checked and that i1s used generally iIn the definition.

DR. LINCOFF: Okay. So, then the clinical e\

committee refined or checked those figures.

DR. MANGANO: That®"s correct.

DR. LINCOFF: And then used a computer or wh3g

actually define the other ones.

DR. MANGANO: That i1s correct, that i1s right]

sorry fTor the misunderstanding.

DR. HIATT: Propensity was used to adjust thsg

to clarify, not to match different groups. So iIn the

study we are going to review next, after propensity a

the group baseline differences became very similar.

DR. MANGANO: Yes.

DR. HIATT: I didn"t see that here. So, one
about 1t iIs--

DR. MANGANO: It"s In a big table that 1 pres
think 1t i1s one of the tables i1n the publication. It

propensity adjusted and unadjusted.

DR. HIATT: Yeah, where things didn"t change
DR. MANGANO: That™"s correct.
DR. HIATT: And that is one of the criticismsg.

would have been nice to have seen patient baseline de
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where there are fairly significant differences, partigcularly in
pre-op risk factors, suddenly become more common betwgen
groups, whether that adjustment is between the controll group--

DR. MANGANO: Right.

DR. HIATT: --or between different drug groups, which
might, in fact, be more relevant. But I didn"t see that and it
wasn"t clear to me.

DR. MANGANO: 1 think that i1s in the table, §f I am not
mistaken. I can point it out during the break.

DR. HIATT: So, did you match subjects and then look
for the outcomes, or did you use propensity simply to| make
adjustment?

DR. MANGANO: Used the propensity scores of govariate
and multivariable model as an example.

DR. HIATT: Okay, but that didn"t--

DR. MANGANO: Each patient i1s assigned a score.

DR. HIATT: 1 think we will get a little bit |more to
understanding this analysis after the second paper, bpt 1
wanted to clarify. Let"s keep going around the room.

DR. WARNER-STEVENSON: I think we have heard |a number
of questions related to how endpoints were adjudicategd and 1 am
just going to take another endpoint as an example, berause
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heart failure was also significantly more with aprotipin.

In your discussion of the criteria for that, [Iit"s a
cardiac output of less than 2 associated with a wedge| pressure
over 18, a central CVP above 12, an S3 gallop or rales.

Did they have to have all of those, some of those, two
of those?

DR. MANGANO: Or.

DR. WARNER-STEVENSON: I am sorry?

DR. MANGANO: Or.

DR. WARNER-STEVENSON: Well, or. So, rales alone would
have been enough?

DR. MANGANO: No. Let me get to the definition. 1 am
still operating on California time here.

DR. WARNER-STEVENSON: I have i1t here.

DR. MANGANO: Yeah, but 1t"s hard for me to hear you.

DR. WARNER-STEVENSON: Cardiac output of less than 2,
associated with a pulmonary occlusion--

DR. MANGANO: Right, a cardiac output of less than 2,
associated with any of the other factors.

DR. WARNER-STEVENSON: So, S3 gallop was routinely
assessed iIn postoperative patients? That would surprjise me.

DR. MANGANO: No, 1t i1s not routinely assessed.
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DR. WARNER-STEVENSON: But i1f they happen to |notice it.

DR. MANGANO: But when 1t"s marked, it 1s a field and
when 1t 1s there, you know, 1t i1s specific but insensjitive.

DR. WARNER-STEVENSON: So, I think 1 would have some

concerns on that.

DR. MANGANO: Yeah.

DR. WARNER-STEVENSON: On how that is adjudigated.

DR. MANGANO: Right.

DR. WARNER-STEVENSON: Actually, to summarize again, |
think we all have concerns that these patients are
significantly sicker and a quick review of that i1s heart
failure, carotid disease, liver disease, history of bypass,
history of valve disease and, currently, a concomitangt valve

surgery.

I guess further debate will be on whether we

neutralize that by any propensity scoring or multivar
analysis.

Can you mention for a moment the 691 patients
because the mortality was highest

in those patients a

of fibrinolytics was somewhat different In those?

DR. MANGANO: Well, they had multiple--the rqg

exclusion are there.
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DR. WARNER-STEVENSON: Some of them had multi

fibrinolytic agents, some of them had what you consid

inadequate dose and then there was something else.

DR. MANGANO: Right. The reasons are listed|

want me to go to that?

DR. WARNER-STEVENSON: No, 1 understand the 1

Was that prospectively defined that you--

DR. MANGANO: Yes.

DR. WARNER-STEVENSON: --that those were the

for which patients would be excluded?

DR. MANGANO: Yes.

DR. WARNER-STEVENSON: 1

to provide a counterweight to industry incentives for

I think we need this effort. We also need this effor

transparent and, certainly, 1 think there is an incen

prove our hypotheses regardless of what the sponsorsh

DR. MANGANO: I am all for transparency.

an unusual setting where you take the first observati

database, the Tirst call you get from the sponsor to

data. The second call, a few minutes later from the

your data. There is a heightened awareness and a con

people are human.
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We went through great lengths in terms of the ethics of
the problem, and, athough you could blind, et cetera-tto leave
the data in any one repository would demand that we gp back to
each center and say iIs this within your country"s guigdelines,
do you give us permission, It 1Is going to be used for
regulatory, it will be totally unblinded, and we just|don-"t--we
have a very strict data control committee and the datph has
never gone out of the Foundation ever, even to an iInvestigator.

So, we have been fTairly meticulous. We offered to work
with the FDA and i1t didn"t happen. We will offer to work with
them again. But we--you know, this i1s a new paradigm| in terms
of independent data being shared and contrasted.

So, there was also a question of whether or not this
data would be combined with other data and a mosaic of all data
would be included and watered down.

So, the question is, one of the major questigns that
came up is 1f you are going to do a meta-analysis of everything
and put everything into a pot, what is the design of fghat
study, what are your endpoints, what are your questiops,
because you could pull out anything you want.

One concern 1 had was lumping this data in with other

data without having the design of exactly how 1t was going to
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be analyzed raises concern with me in terms of prospe

nature.
You could take this data and pull anything yg

of 1t. You could say the drug is safe and don"t ever

about 1t again, but i1f the FDA i1s going to perform a

analyses, we believe 1t important to get the design T

analyses presented to us in written form, so we know

prospective question i1s, because don®"t forget, the FD

some pressure right here, which i1s that they have a d

i1Is marketed 13 years.

So, 1 am happy to cooperate. I would like th

to be prospective and we will work with the FDA if th

do that.

DR. HIATT: 1 think in the next just remainir

of minutes, we are about a half an hour late to the b

we just Ffinish up with the last few questions?

DR. HECKBERT: Okay, great. Yes, 1 had a qug

did find the description of the statistical analysis
difficult to follow and that is why I have a few ques
there.

Were these propensity scores developed for ug

antifibrinolytic drugs versus none?
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DR. MANGANO: Yes.

DR. HECKBERT: Or were they developed indeper
the propensity to use each of the antifibrinolytic dr

DR. MANGANO: Any.

DR. HECKBERT: Any.

DR. MANGANO: Yes.

DR. HECKBERT: All right. That could be a p¥

Also, I noticed in this presentation and alsd
abstract, you seem to have been focusing on the unadj
results. In fact, that was a question over here was
first sentence of the abstract presents a result that

unadjusted for covariates even though it 1s not in th

116

dently for

Igs?

oblem.
in your

sted

that the

1S

= paper.

Do you feel that the unadjusted results are the ones

that are the main results of the paper?
DR. MANGANO: No .
DR. HECKBERT: Because that is what 1s preser
abstract and that i1s what made me wonder.

DR. MANGANO: What does the first sentence r-e

ted In the

ad?

DR. HECKBERT: It says 1t"s propensity-adjusted,

multivariable--

DR. MANGANO: So, that i1s adjusted, that is the

adjusted result.
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DR. HECKBERT: But then

over here, you said that was an unadjusted result.

DR. MANGANO: No, I didn*"t. 1

results and they do show a doubling.

In response to the q(

said we did tl

117

estion

e adjusted

DR. HECKBERT: I see; and they just weren"t presented
in the paper.

DR. MANGANO: Yes.

DR. HECKBERT: I see. Okay. Finally, why was the
particular definition of MI that has been described aflready
used in this paper, why did you choose that, why did you feel
that--

DR. MANGANO:

we took a simple definition of infarction iIn the stud

four ECGs. They were meticulously read and we could
identify--it was a very specific definition and we be

can get very high quality data from that.

DR. HECKBERT: So, 1t was to avoid a missing
problem.

DR. MANGANO: To avoid enzymatic definition (¢
infarction, which in these patients was a huge burden|

DR. HECKBERT: Because of missing data.

DR. MANGANO: No, we have 65,000 blood samplsg
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didn"t analyze them to CKs and troponins. It wasn"t
data.
DR. WARNER-STEVENSON: Thank you.
DR. MANGANO: There is a real bras on this cdg
DR. CHEUNG: Since the renal fairlure seems tg

emphasis that you iIn the other paper--1 want to just

the endpoints very carefully. One is iIn the abstract

requiring dialysis but in, the Methods section, is th

composite of requiring dialysis and autopsy finding o
finding.
is

Is the autopsy finding, it a big chunk of

composite outcome?

DR. MANGANO: No .

DR. CHEUNG: And are they adjudicated on the
iIs this is whoever reports i1t--

DR. MANGANO: No .

DR. CHEUNG: --if 1t happens to have i1t, you

DR. MANGANO: We got the autopsy evidence.

DR. CHEUNG: But I mean i1s i1t asked specificsg
look for i1t, or just if it happens to be an autopsy r
answer 1t, 1If not, so be It?

DR. MANGANO: IT there is autopsy evidence p¥
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IT there is no autopsy evidence provided, if we don"t
pathology report, we can"t just say that there is aut
evidence.

We gleaned whether or not there was autopsy €

from the pathology report.

DR. CHEUNG: In Just creatinine definition, W
particular definition?

DR. MANGANO: It was based on the Annals of |
Medicine definition that we previously published iIn t
database.

DR. PAGANINI: Dr. Mangano, let me, first of
congratulate you on trying to do something different
don"t mean that disparagingly. 1 mean that.

DR. MANGANO: Thank you. I appreciate that.

DR. PAGANINI: I would also like to congratul

what you have done before in identifying iIntraoperati
and their response with renal failure.

I assume that many of those i1ssues that you
already reported many years ago, pump time, cross-cla
et cetera, were used In variables here.

DR. MANGANO: Yes, they were.

DR. PAGANINI: And your EPI 1 variables were
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variables here.

120

DR. MANGANO: Yes, they were.
DR. PAGANINI: Did you use any variables that surfaced
in analysis of the EPI 11 data to be used here, or di

on EPI 1 and previous data?

The rationale behind this--let me finish the
question--i1s that when you start to use different dat

their indicators, then, you are perhaps using indicat

database that never generated i1t and they may or may

meaningful.

My concern is that multiple indicators from

other databases not generated from perhaps, for examp

of this database generating with bootstrap techniques

sort of indicator, and then applied to the other half

been a stronger way of going rather than using alread
established from other areas.

The biggest i1ssue that 1 have with this--and

sorry, I don®"t mean to lecture--but the biggest issue

with this is a chronological issue.

In the eighties, the open heart surgical pati

markedly different than in the year 2000 and what the

brings to the table iIn the year 2000, prior to open h
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surgery, is a definitely different patient than what
brought to the table iIn the eighties and, therefore,
may vary.

Would you mind commenting a little bit on thg

DR. MANGANO: Yes, indicators do vary. The H

121

ve have

indicators

1 t?

Pl 1 data

collection was between 1991 and 1993. The majority off those

variables survive analyses that are gleaned from the
literature. They are pretty consistent findings with
to renal failure and the associative factors.

We did not use EPI 11 to define the predictoy
would then again be used 1n the same analysis as cova
this study.

We tried to be inclusive with respect to the
used 1n the multivariable analyses, both from the EPI
experience and from the literature, but not relying o
Il experience with the data.

We took the "97 covariates and performed the
because that is the way we prespecified them. Then t
went back and looked at several hundred other covaria
all the ones that I could possibly think of in this d

that might be even casually associated with renal fTai

respect

s that

Fiates in

covariates
|

n the EPI

analyses
hen we
tes and
Atabase

lure and

placed those in, in post-hoc analysis, to see iIf the [findings
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were robust, and we found consistent findings.

DR. PORTMAN: A few quick questions. Was thg
kind of uniform criteria for dialysis?

DR. MANGANO: No .

DR. PORTMAN: Because as we all know, oftenti
patients are dialyzed due to pump failure, heart pump
rather than to renal dysfunction.

DR. MANGANO: Well, diralysis, as you know, c3
substantial risks especially after heart surgery. Th
decision, as surgeons may tell you, or intensivists m
you, IS a very serious one.

So, 1 believe that the patients undergoing di

that definition of dialysis i1s highly specific and me

In separate analyses, we looked at dirialysis as repor

long-term outcome and, though it is not published as

the dialysis variable that we have 1s very prognostic

long-term mortality, as are each of the other variabl

have mentioned that we have chosen here including the

did validate those by a long-term mortality analysis,
isn"t published yet.

DR. PORTMAN: Well, 1 might take exception wi

there, but to move on. Creatinine IS a poor measure
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function really.

123

Did you look at a more standardized formula like the
MDRD formula to calculate out a GFR for these patients rather
than relying on a creatinine since body size I am surg varies
tremendously?

DR. MANGANO: No, not for this analysis.

DR. PORTMAN: Is that being planned?

DR. MANGANO: We have done that post hoc.

DR. PORTMAN: And you have those data?

DR. MANGANO: Not with me, but we have the findings.

DR. PORTMAN: Finally, related to renal dysfynction, we
have a definition of postoperative renal dysfunction.| Do we
have any long-term data on the patients with dysfunction? 1Is
this a transient elevation in creatinine that normaliges with
long-term follow up, or is this a permanent problem?

DR. MANGANO: A 65 increase in five-year mortality 1is

associated with this definition of renal dysfunction
dialysis.

DR. PORTMAN: But i1f it"s a matter of five or

seven days, | am concerned that the importance of tha

what you just stated.

DR. MANGANO: I will show you the data.
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DR. PORTMAN: That would be great.
DR. HIATT: I think we are really close to tg
break here. I think we will just go ahead and maybe
minutes or so.
DR. MANGANO: Thank you for your comments ang
especially your skepticism.
DR. HIATT: We appreciate the time you spent
things, too. Thank you.
[Break.]
DR. HIATT: We will begin with the next presg
Keyvan Karkouti, M.D.
DR. KARKOUTI: Thank you very much. Thank yd
asking me to come and help explain our study, hopeful
extensively, but defend i1t after the presentation is
Our objectives were quite different than Dr.
study. We, our hospital, it was a single-center stud
get into that in a minute. But basically, our use of
antifibrinolytics i1s completely off label. Everybody
Ninety percent get tranexamic acid, the high-risk gr
aprotinin. I will explain how we were able to match
and hopefully come up with a relatively unbiased anal

[Slide.]
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Firstoff, 1 have received some speaker®s feeqg

Bayer, less than 3,000--actually, 3,000 Canadian in t

less than 3,000.
[Slide.]

What 1 am going to do, my conclusions are on

overview slide, so that 1t anybody falls asleep durin

half an hour, you won®"t miss much.

First, 1 will talk about propensity analysis)

slides on how we did it and why we did it the way we

Then, as 1 said, our hypothesis was that aprotinin wa

to tranexamic acid and we disproved that. So our con

was that aprotinin was not superior to tranexamic aci

I will spend some time addressing two major (

One was, as Dr. Weiskopf kindly put in his recent le

the Editor in Journal of Thrombosis and Hemostasis, t

"results are irredeemably biased,”™ so I am going to a

that point to see iIf they are, in fact, i1rredeemably

Then, the second criticism that we have ofter
and has been published a lot, i1s that this doesn"t gi
the evidence out there, so how can i1t be right, so it
probably wrong if the RCTs aren®"t showing the same th

Finally, my conclusion iIs going to be that tH
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convincing evidence that aprotinin 1Is better or worse

alternatives.
[Slide.]

So, propensity analysis primers, I am not a

statistician. | am a clinical epidemiologist. I am a

anesthesiologist and my expertise 1is

don"t understand the theory behind propensity analysi

do know how to use 1t, and a couple of good reference

of clinical use of propensity analysis | have listed

that i1s basically what I have come up with when 1 com

logistic regression with propensity analysis.
[Slide.]

I think everyone is familiar with logistic re

by now. 1t has been used numerous times in many stud

the objective of both are the same. We know iIn obser

studies, patients aren”"t randomized to one group or t

For example, at our hospitals, the ones who ¢

aprotinin for the most part are higher risk than the

get tranexamic acid, so the objective of these two te

iIs to adjust for this bias by measuring and adjusting
different confounders.

They do i1t differently, though. Logistic reg
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models for the outcome, for example, if you run 1t un

get transfusion, the outcome would be transfusion and

confounders we would adjust for would be things like

hemoglobin, pump time and, in that, you would have th

we are interested in, which would be aprotinin versus

alternatives or versus placebo.
In that way, you get an adjusted association
interested

variable you are in with the outcome you a

measuring.
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Propensity is different. Propensity analysig, what you
do i1s you model fTor the likelihood of getting the intervention
that you are trying to analyze. 1In this case, we are|lgoing to

model fTor the likelithood of somebody getting aprotini

tranexamic acid iIn our hospital.

In that model, you can put as many covariates

want unlike logistic regression which I will explain

Once you do that, you get a score for each patient, t

Patient X had an 80 percent chance of getting aprotin
that patient either got aprotinin or tranexamic acid.

So, then you can go and match Patient X, who
percent chance of getting aprotinin and actually got
to Patient Y, who had 80 percent chance of getting ap
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but got tranexamic acid.

Based on that, once you do that, the two matdg

are theoretically or almost unbiased assessment, beca

theoretically, not only have you matched for all the

confounders you put into the model

variables you didn"t put in the model. But I don"t t

has been proven beyond a doubt.

In any case, in both cases, In logistic regre
get an odds ratio of the outcome for the exposure and
propensity analysis, you do matching based on treatme
treatment and see how the outcomes differ.

[Slide.]

What are the advantages, why do propensity ar

opposed to logistic regression? Mainly because logis

regression has certain assumptions that have to be me
propensity analysis doesn”t.

Logistic regression can"t adjust for confoung
in distribution between the

there 1s large difference

groups. It assumes a linear relationship between the

confounder and the outcome. You are limited by the n

outcomes and the number of events for the confounder

can put into the model.
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So, you can"t do rare covariate analysis, yol

very large sample sizes to do rare outcome analysis.

have the same limitations with propensity analysis.
There are no underlying assumptions and you ¢

many covariates as you want in the model because you

modeling for the outcome, you are just modeling for t

intervention.
[Slide.]

So, what makes for a good propensity analysis

propensity score analysis? Well, 1 think, as opposed

logistic regression paper, | think you have got to ex

advantages over logistic regression and use 1t approp

[Slide.]

I have an example here where in this study, 1

important what they did. But basically, what they we

to do 1s see the relationship between propensity anal

logistic regression.

Initially, they did logistic regression to se

effect of high level of care afterwards with some cov

The outcome was the composite outcome of mortality an

complications and, when they did logistic regression,

found that the risk of adverse events was reduced i1f
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to a higher level of care center.
Then, they did propensity analysis, much like Dr.
Mangano did, and then they put that in the model to see what
the effect of met odds ratio is and what they found 15 that i1f
you just do the propensity score in the model and the| outcome,
the odds ratio changes.
But once you start adding the covariates in the model,
basically, it is as 1f you didn"t do a propensity anallysis--and
you might not bother, because by the time you get to the number
of covariates--you had 9 initially--by the time you get to 4
covariates, the odds ratio iIs exactly the same as it pas
without the propensity score and the propensity score|itselfT 1is
no longer significant. It is not playing any role in| the
logistic regression. So, essentially, you are doing fogistic
regression.
[Slide.]
Then, what you have got to do i1s, okay, so using that
reason, | agree. But, once you do matching, 1 think it is
important to confirm that you have succeeded in matchjing
patients, so you have to demonstrate that it 1s adequptely
balanced, that the confounders have been well matched|

Then, when you make conclusions, you have to|realize
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that 1t has limitations and it does not match for unm

confounders and it is only theoretical 1 think at thi

that you do match for unmeasured confounders.

So, going to our study, 1t was a single-centsg

Toronto General Hospital. We do 2- to 3,000 cases of

surgery per year including transplants, LVADs, all so

surgery, adult congenital. It s an adult hospital.

As | said, aprotinin is used

But we realize that a lot of times somebody who had--
indications for aprotinin use are pretty strict--they

be multiple reduced, complex surgery expecting 2 1/2-

pump time, active endocarditis, Jehovah®s Witness and

that is about it.

But in any case--but there were some cases tbf

off as simple and got complex, so those guys got tran

acid. Maybe 1t was a mitral valve repair, that they

it three, four times and, by the end of the case, it

complex and there were some complex cases who got tra
acid, so realized there would be an opportunity here
patients who were relatively with the same risk profi

The database we used is a prospectively colle

clinical database. We combined two different databas
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iIs a database that is used by the Cardiac Care Networ

Ontario to make decisions on the allocation of care a

each hospital 1s doing.

That data is collected prospectively in terms

perioperative variables and entered in the computer.

outcomes are collected by a single, one or two full-t

whose only job i1s to collect the outcomes from the da

and they have specific definitions of what the outcom

This data, as | said, it"s a clinical databas

there was no question of what we were going to use th

for when i1t was collected, so anyway they are blinded

outcomes that we are studying here.

Then, what we did is, as | said, we did prope

score matching, so we ended up with about 11,000 cons

patients with pretty complete data.
When the data wasn®"t complete,

medical records to complete i1t and, 1If we couldn™t fi

data from medical records, then, we just deleted that

from the analysis, and there were very few deletions.

database was pretty good and after cleaning 1t up, it

better.

[Slide.]
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This 1s what happened when we did propensity

As | said, we had about 11,000 patients, 10,284 who

tranexamic acid and only 586 over the 4 1/2 year cour
study that received aprotinin.
What happens when you do the propensity scorg

it back to these groups, you will see that the

apply

score, the average propensity score in the aprotinin

0.4, so on average, the aprotinin group had a 40 perc

of getting aprotinin and the tranexamic acid group wa

over the 10,000 patients, on average, they had a very

likelihood of getting aprotinin.

But once we matched, when we ran the program-

matching program is a macro for SAS, there is absolut

manual controls i1n terms of who you can put in the mo

who you can®t put In the model.

You run the macro and 1t comes up with a matg

We matched 449 patients and, as you can see, the ave

propensity score in both groups was exactly equal.

In the 137 patients that we didn"t match, the

propensity score was markedly higher, which is one of

limitations. We cannot extrapolate the results of th

to the really high risk group and really can®"t extrap
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to the really low risk group.

What we have here in the group that we matchg

moderate-high risk group. Once 1 show the patient

characteristics, | think 1t will be obvious.

[Slide.]

This table i1s basically what the patients wer

before matching. It 1s not important to know what th

variables were. I have highlighted some of them, but

important is that as you can see, they were different

every case and these are important covariates.

So, as | said, we gave aprotinin to the highsg

populations and the aprotinin patients were higher ri

important variables we have iIn there, for example, ab

renal function, which we defined basically as what is

abnormal by our lab, which is a creatinine level of g

than 100 micromoles per liter in women and more than

men, or If the patient was on dialysis.

In that, for example,

had abnormal renal function versus 19 percent of the

acid group and everything is basically like that. It

higher risk iIn the aprotinin group.

[Slide.]
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But in the matched group now, we have 449 1in

group. As you can see, all those p values are nonsig

Some of them are iIn fTavor of aprotinin, some other 1

ones are in favor of tranexamic acid. But, overall,

the balance seems to suggest that our matching was ab

us two groups of patients with equal underlying risk

outcomes.

Now, there were some variables that were i1mpd

we didn"t have In the database, that then we went bac

looked at in the matched patients specifically, for e

total heparin administered, total protamine and total

Pentaspan, which is a medium molecular weight

hydroxyethylstarch, the only thing we have in Canada

of starches, and we found that the groups were actual

well matched for these covariates, again suggesting t

match 1s probably consistent for the confounders that

measure.

Important things like ACE inhibitors, for exs

not in the database. We did not go back and look at

mainly because i1t i1s iImpossible to know which patient

inhibitors in the morning and which ones didn"t, so 1

really hard to match for that.
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[Slide.]
Our primary outcome was efficacy transfusions
hypothesis was that we would see a marked superiority
aprotinin mainly because that was the clinical i1impres

it still 1s at probably most places across Canada. B

found was that there was really no difference in the

transfusion rates.
We have the RBC transfusion rates up there.

line is tranexamic acid, the white bar i1s aprotinin,

groupings. No matter how you look at the transfusion

it was more or less the same. There was no significa

difference in terms of RBC transfusions, platelet tra

and FFP transfusions between the two groups.

So, our primary hypotheses we rejected, the 3
IS not superior to tranexamic acid In this moderate h
group in terms of transfusion rates. These are in-hos

transfusion rates.
[Slide.]

What about the other outcomes? We were reall
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interested In massive blood loss, massive blood trans

We think that is really where the morbidity and morta

into play in cardiac surgery. So, we looked at differ
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thresholds of transfusion. Again, we didn"t find muc

difference.
Then,
included these outcomes 1

transfusion. The reason we

they are related to transfusion, not because we were
find out if aprotinin had a worse renal fTailure rate
dysfunction rate. But we do know that the risk of MI
renal fTailure and infection and death are directly re
the amount of blood loss.

So, our hypothesis was, that i1f aprotinin is
should show a reduction iIn these outcomes. We didn"t

reduction of these adverse events with aprotinin use.

find a renal dysfunction increase with aprotinin and

significant [?] and a trend toward increased renal fa

Renal fTailure was defined as dialysis depends

only--almost as Dr. Mangano said, iIn my opinion, rena

dependent i1s a pretty good indication of renal fTailur

although rarely i1t might be used for other indication

Renal dysfunction was defined as a 50 percent

in creatinine within the first week of surgery, so we

looked at the highest creatinine in that one week and

was more than 50 percent from the baseline, or the pa
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needed new dialysis, that was called renal failure, r

dysfunction.

Based on feedback from FDA, we went back and

different definitions including measuring creatinine

looking at 100 percent increase or halving of the cre

clearance and the pattern is the same. The p value i

different but, for the most part, it is all 0.05 or b

Obviously, we are getting into multiple looks but, iIn

hypothesis generating, 1 think 1t"s valuable.

There were no difference in terms of outcomeqg

of duration of stay, or in ICU or hospitalization. A

see, mortality was exactly the same, more or less the

infection and strokes, they were all the same.

[Slide.]

So, we went back and

more detail once we picked that up and so we divided
into those who had pre-existing renal dysfunction bas

lab value of more than 100 or 110 creatinine, or the

didn"t have, who had normal renal function and 1t see

although the pattern was similar in both groups, i1t s

be that the patients with abnormal renal function had

pronounced worsening as opposed to the ones who didn*®
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Then, the same thing with renal dialysis, ags

statistically significant but a trend toward signific

also excluded patients who had factor Vlla, because m

them had aprotinin relative to the timeline of our st

We started using fTactor VIl near the latter

the study. More patients got aprotinin near the latt

of the four-year time period. So, once we excluded t

still found the same results, that there was really n

in the overall analysis.
[Slide.]

This is just to demonstrate that the ones we

match were different than the ones we did match. The

group, the 137 group, were higher risk. These are th

high-risk groups, which we really can®t comment on.

longer pump runs, more severe, more extensive surgery

anemic, endocarditis, things like that.
[Slide.]
So, our conclusion was pretty simple. Our hy

was that aprotinin is superior to tranexamic acid, th

it should be associated with reduced transfusions and

outcomes. We did not find that, so we rejected the h
[Slide.]
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What about the two major criticisms? The fi¥

that 1t 1s not randomized, therefore, "results are ir

biased”™ because of confounding by iIndication.

There 1s no question that aprotinin was highe

than the tranexamic acid group and the people who arg
point say that no amount of statistical analysis can
that risk difference.

Therefore, aprotinin is actually, i1f you foll

logic, aprotinin is actually more effective because w

compared it to a lower risk group, our transfusion ra

the same. So, if they are really higher risk, they d

because they should have had more blood loss and apro

not more harmful but, in fact, was safer because agai

complication rates were similar when you are comparin
higher risk group to a lower risk group.

[Slide.]
IS the

I just wanted to point out again, this

slide you saw, that the patients were pretty well mat

terms of a lot of confounders and also in terms of th

confounders here that we did not initially adjust for

did not adjust for, period. But then we went back an

data.
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[Slide.]

Just a little about observational studies and

value In terms of measuring the efficacy and harm. Th

a very good editorial in the Canadian Medical Associa

Journal in 2006, which comments on this point and spe

the conclusion i1s pretty simple.

IT are looking at efficacy, there

you need RCTs to look at efficacy except for the cave
that low quality RCTs may overestimate benefits of th

“"low quality,”™ I mean any unblinded study that aproti

less than 200, 300 patients.

By that definition, most aprotinin or antifil

studies are low quality RCTs.

The best evidence of harm, on the other hand)

comes from large, properly analyzed nonrandomized stu

because RCTs aren®"t i1deal for identifying adverse eve

Just look at the antiphylaxis reaction of apy

for example. There is no way an RCT could address th

basically, renal fTairlure fTalls In the same category.

rare, 1 to 2 percent, and could happen in the

periods, and needed large sample sizes, about 3,000 t

patients to pick up a 40 percent reduction in renal T
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[Slide.]

Now,

observational studies are valid when yol

the harm 1if the adverse effects are not linked to the

indications.

We don"t give aprotinin because we thin

has got high risk of renal dysfunction or not renal

dysfunction.

So,

in a way, 1t is completely not related tg

indication of the intervention. On the other hand, t

blood loss i1s related to renal failure, so it is not

independent.

There 1s some dependence, therefore, it

introduce some bias.

[Slide.]

In the same--in this study
compared observational
with more than 40,000 patients

at to see how they fared

in that journal,

NRCTs when there were differen

in these studies and t

the observational studies compared to the RCTs.

[Slide.]

It is not

IS Important

important to actually read this tal

is they found 15 different interventions

could assess where there was large observational stud

large RCTs.

What they foundwas that,
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risk estimate with observational studies was the same

similar, on the same side as the randomized, controll

In fact, the observational studies were more

conservative than the RCTs in terms of picking up the

events. There were two exceptions. One was the ICH,

where there was a big difference but again on the sam
One was lap chole studies here and the reasor

that, you could explain where the weaknesses of RCTs

strengths, depending on how you look at it. But, for

when you look at anti-ICH, for example, In terms of h

studies, a lot of the studies exclude the sicker pati

once you get into clinical practice, you might includ

patients, therefore, observational studies are more I

find a higher risk.

For lap chole, the RCTs would, for example, |

only surgeons who were well trained in lap choles, wh

observational studies, they might have surgeons who w

good, therefore, theirs would be higher. But, In eve
case, the risks were pretty consistent.

[Slide.]

So, the authors concluded that 1t may be unfs

invoke bias and confounding to discredit observationa
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as a source of evidence on harms, the caveats being t

to be large, there has to be appropriate adjustment T

baseline differences and they have to be transparent,

the outcome is highly dependent on how you assess the

[Slide.]

I have an example here, 1T I may. This 1Is a

came out by Dr. Spiess®™s group in Transfusion in 2004

accompanied by an editorial that said, '""Be careful re

study. You are comparing apples to oranges here."™

Despite that, it

think since it has been published, 1t has got about 3

citations all arguing that platelets are harmful.
The way they did the study was they used dats

Phase 111 RCT aprotinin studies. They took patients

platelets and the patients who didn"t have platelets
tried to look at the outcomes of the ones who had pla
compared to the ones who didn"t have platelets.

They used logistic regression and propensity
matching and they adjusted for a lot of variables, as

see here, i1including RBC transfusions yes/no and a wh

of other ones, but a long list of all the major confo

could think about.
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[Slide.]
What they found was that aprotinin was associlated with
increased risk of stroke--1 am sorry, platelets-- iIncfreased

risk of stroke and increased risk of death, so they cpncluded

that platelets are harmful, platelet transfusion iIn cardiac

surgery are harmful.

Now, this i1s data from randomized, controlled

trials

but used In an observational study manner. So, we thpught

that®"s pretty interesting, so let"s see 1T we can repyoduce the

same results.
[Slide.]
So, we looked at our database, the same datal
presented for the aprotinin study. In this database,
2,174 patients who had platelets and 9,285 patients w
have platelets, so a much larger observational study.
We did logistic regression and propensity ang
like they did and, when we adjusted for the same conf
they did, we found that platelets were associated wit
increased low output syndrome risk, renal failure and
But then we did something else, we just took
additional important confounders that we thought they

have adjusted for. One was baseline platelet count,

PAPER MILL REPORTING
Email: atoigol@verizon.net

ase 1
we had

ho didn"t

1 lysis just
punders as
n

death.
three
should

pecause we

(301) 495-5831



146

know that is related to platelet transfusions and sicKker

patients have lower platelets preoperatively.
The other one was difficulty weaning from CPE

we know i1f you have problems coming off pump, you are

, because

probably

going to do worse. You wouldn®"t have had platelets uptil that

point anyway, so It is a good thing to match for and massive

blood loss, because we know iIf you have massive blood
are a lot more likely to die and a lot more likely to
platelets.

[Slide.]

loss, you

receive

So, these are important confounders that we adjusted

for and, once we did that, we found absolutely no diffference.

We matched 924 platelets with 924 no platelets and we| found
absolutely no differences in any of the outcomes we lIpoked at,
as you can see by those p values.

So, I think this demonstrates 1t iIs Iimportant to be
transparent and to make sure that important confoundefrs are
adjusted for.

[Slide.]

Just a few quick slides iIn terms of how our study Tits
in with the--just to answer this criticism. We agree| that

neither our study or the study by Dr. Mangano again i
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conclusive because of the inherent iIntentions of the
studies and the fact that they haven®t really been re
yet.

In fact, we were just analyzing a multi-cente
3,500 patients across 7 sites iIn Canada and we are Ti
large impact on how you assess the site and which sit
it in, and the matching or not matching, and 1t seems
big difference in terms of the outcomes. That hasn"t
finalized yet but 1 think 1t is important to accept t
that unmeasured confounders might have.

[Slide.]

What about consistency with what is out thergqg
of placebo-controlled RCTs?

[Slide.]

Well, there 1s no question that compared to (
both aprotinin and tranexamic acid reduced blood loss
said, most of the data is i1in lower risk surgery. But
lower risk surgery, they reduced blood loss and, thro
mechanism, 1 believe they reduced mortality and other
event rate. S,if the question i1s give an antifibrino
not give an antifibrinolytic, we are in the camp that

patients should receive one. |If the question is whic
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should receive, 1 think that Is a separate question.

This is a meta-analysis from Dr. Levi, who f

shows that aprotinin compared to placebo reduces tran

rates by about 30 percent and the lysine analogues re

transfusion rates by about the same amount, also 30 p

—

g

So, in fact, the placebo-controlled studies

consistent with our findings that there i1s no relativ

difference between the two groups.
[Slide.]

What about adverse events? This 1Is a meta-ar

that was published in the New England Journal of Medi

the discussion that resulted from Dr. Mangano®s paper

they have the RCT meta-analysis of renal dysfunction.

of renal dysfunction, there is a trend towards worsen

function or increased creatinine levels with aprotini

with renal failure, there was no difference.

What i1s important to know is the number of ps

had dialysis-dependent renal failure was extremely sm
when you put all RCTs together, 35 versus 31 dialysis
IS no way we can make any comments on renal failure b
the RCTs that are out there.

[Slide.]
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What about head-to-head RCTs? Well, this is
worse. There i1s only 2,400 patients that are out the
of them are horrible studies. One of them was 1,000
unblinded, and that is like basically half the popula
there. Almost all of them had lower risk surgery, pr
CABG, 1 guess, because 1t"s the indication, but reall
we are really interested i1n clinically anymore.

People brought up the difference between 198(
2000. I think in 2006, we are seeing the risks of ma
blood loss a lot more than we appreciated back then.

[Slide.]

So, with all those caveats, what do they shoy
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us? Well,

they show us there i1s a slight improvement iIn terms of blood

loss with aprotinin, 106 cc on average, but that did
translate into transftusion differences between aproti
tranexamic acid.

[Slide.]

So, head-to-head RCTs also are iIn line with d
findings.

[Slide.]

What about the other outcomes? We know dysTu

renal failure, re-exploration, nothing else. You cann
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any informative comments based on the head-to-head st

are out there in terms of RCT studies.

[Slide.]

So, we think that our results are consistent
totality of existing evidence, so we kind of brushed
criticism aside, too.

[Slide.]

So, in conclusion, there i1s as yet no conclus

evidence that aprotinin is better than tranexamic aci

opinion. There 1s as lot of evidence that it 1s bett

placebo and our study was not designed to address tha

In fact, if you look at RCTs, 1f you look at

meta-analysis, placebo-controlled studies have been d

point of redundancy. There seems to be no argument i

sense, that 1t reduces blood loss and through that me

probably reduces mortality.

But there i1s a glaring lack of high-quality d

high-risk patients that we actually need to decide wh

use aprotinin or tranexamic acid, which 1s what i1s ac

think the clinically important decision in Canada any

The BART study, we resolved part of that. THh

study, for those of you who are not aware, 1t Is a ra
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controlled trial of 3,000 patients, who 1Is randomizin

to aprotinin, tranexamic acid, or Amicar and no place

because when the study was being designed by Dr. Hebe

all the advice he had, placebo use was considered une

cardiac surgery at this point based on the avenues th
there.

So, there i1s no placebo arm in this study. T

going to be three arms, as | said, each one about 1,0

patients and i1t will be able to judge, once and for a

think, whether or not aprotinin iIs more efficacious t

tranexamic acid or their alternatives Iin the moderate

risk group. These are not the very high risk group,

the groups that we probably match for.
It will also probably address the renal dysfu

maybe the renal failure i1ssue, because 1 think iIn the
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analysis, they found something like a 20 percent iIncigdence of a
composite or renal dysfunction, so I think 1t will be| powered
to address that i1ssue, too.

So, 1 think 1t will be useful to study and It iIs not
going to answer every question. But I think it will answer

some of our questions.

That®"s all | have to say. Thank you very mug
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DR. HIATT: Thank you. IT you will just stay at the
podium for a minute, so we can take some questions. I
appreciate the comments about randomized trials, which
inevitably, when you are looking at blood loss as an gndpoint,
you are underpowered to look at safety events and 1t"s
accumulation of events that matters.

Questions? Please.

Questions from the Committee

DR. LINCOFF: Just a relatively minor point. | You had
compared your study to Dr. Bruce Spiess®s on the use pf
platelets as an example of randomized versus nonrandomized?

DR. KARKOUTI: No, as observational versus
observational.

DR. LINCOFF: Okay, because even though it was a
randomized trial, it wasn"t randomized to the use of platelet
transfusion.

DR. KARKOUTI: No. I just wanted to add, I think,
pertinence of confounder adjustment in observational pstudy.

DR. LINCOFF: I agree. That speaks for the quality of
the analysis being very important with what you do wigh a
nonrandomized study.

DR. TEERLINK: Actually, I think you are to Rhe
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congratulated on doing these kind of rigorous analyse
the things that was actually concerning to me about

platelet analysis i1s that, in fact, it proves our und

concern, that i1s, that 1f you miss a couple confounde

can change a study from being positive to negative.

So, 1f anything, I iInterpret this study, whid

interesting, is actually proving or at least suggesti

really are on unchartered territory here with these

observational studies, because 1T you just happen to

or two iImportant ones that you didn"t think of, you c

study from being harmful to having no effect.

So, where would you go with that?

DR. KARKOUTI: I absolutely agree, but the s4g

apply, the same criticism applies to a lot of the RCT

out there. You can just make subtle changes i1n small

am not talking about 3- or 4,000 definitive RCTs that

there, but 100 patients, 200 patients, 50 patients, t

probably not as good as RCT, not as good as a large,

analyzed observational study.
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Hospital, 1s that we haven®t changed our practice one
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are still using tranexamic acid for the 90 percent of

patients who are not the really high risk and we are
using aprotinin for the 10 percent who are really hig
based on two things.

One is the clinical impression is still stror

that aprotinin for the high-risk patients i1s better.

been proven, but we don"t think there i1s enough evide

to say, to expose those patients to increased risk of

by saying no, the efficacy stuff isn"t there, so ther

should use tranexamic acid for every patient.

We think 1f aprotinin 1s more effective iIn tl

high-risk group, and the renal dysfunction iIssue IS r

benefit of avoiding massive blood loss outweighs that

creatinine risk.

So, I think, I mean you are right, every stud

limitations. You have to put everything together and

important not to reach too far based on the available

DR. HARRINGTON: I, too, want to congratulatsqg

the care with which you went through all of this. |

couple of questions, fTirst, around the quality of the

You said that the nurses are collecting this and that

full-time job.
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So, how complete

at variables like renal function, like CK-MB elevatio
you did use enzymatic criteria to define myocardial 1
and then how were these events finally defined? Were
group of clinicians who looked at the data and said y
infarction,

that"s myocardial was there a separate pa

did this? Help me understand that.
DR. KARKOUTI: No. The solid data, for examg
function is on everybody. Everybody has creatinine w

are in hospital and nobody goes home before six, seve

whatever was missing, 1t"s a computerized system at o

hospital, so i1t was very easy to complete the lab dat

pretty confident about that. So, renal dysfunction a

outcome 1 am happy with.

MI, not so much, because we don"t have, i1t"s

RCT, so the nurse goes and looks at the clinical note

at the lab results and says this patient had an infar

shouldn™"t impose a bias iIn the study because i1t"s don

groups and there was no i1dea that this study would be

for this.

DR. HARRINGTON: But 1t"s the nurses looking

data, following the definition.
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DR. KARKOUTI: Exactly,

are nurses whose full-time job

DR. HARRINGTON: One other question. In the

bring up the possible confounding of a differential u

recombinant factor VII. Can you just explain that to
DR. KARKOUTI: Sure. Actually, there 1s two
confounders, three confounders we try to explain that

in the model. One was the surgeon. There iIs no ques

surgeons have different bleeding and complication rat
wanted to make sure--1 mean you couldn®t put that 1iIn
because matching for the surgeon would have reduced o
group a lot.
So,

the way we looked to see i1f that

we looked at which surgeon, the percentage of surgeon
each surgeon, how much of them got aprotinin and tran
acid in the matched group and whether or not that cor
with the transfusion and complication rates, and ther
that we could find.

The second

Issue was timing. Aprotinin was

in 1999 at our hospital and since then, the use has ¢
mainly because we are doing more and more high-risk c

that fit the criteria.
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So, in 1999, hardly any patients got aprotini
whereas, in 2004, the study period, I don"t remember
but a lot more had aprotinin. So, when you look at t

the matching, of the matched groups, more of them had

in the latter parts of the year who had aprotinin and

the tranexamic acid group had surgery iIn the earlier

the study.
We didn*t match for the year,

again, our numbers would have found a lot. Whether o

introduces a bias, hard to tell.

You could argue that the patients are getting

more sicker, therefore, they are getting more and mor

aprotinin and, therefore, they are more and more high

iT you argue that, then, 1t"s a moot point since you

basically saying we didn®"t match for risk factors.
accept the fact that we probably did a good job match

risk factors, that shouldn®"t be a bias.

Second, the factor VII issue, starting in 20d

started using fTactor VIl for refractory bleeding iIn c

surgery. So, iIf they had antifibrinolytics, aprotini

because when yd
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there i1s no surgical source, then, they get factor VI

That happened to increase over the years,

are using about 50 or 60 doses of factor Vlla per yea
again we wanted to make sure that wasn"t a bias and t
we did that.

DR. ELLIS: Just coming back to the issue of

wWith all due respect, we know that different surgeons

different blood loss and i1t looked like one surgeon d

30 percent of the cases and tended to have less bleed

the other surgeons.

You said you couldn®t put that, it would redu

ability to match patients. Is there any post hoc way

at those surgeon-specific factors in terms of affecti

outcome?

DR. KARKOUTI: I mean we could. The study wd

severely underpowered to make any conclusions, but if

at that surgeon, for example, that surgeon had an equ

of matched aprotinin and tranexamic acid patients, bu

surgeon also has the best outcomes.

So if, for example, a lot of that surgeon®s n

patients had tranexamic acid and few had aprotinin, y

argue that now you are no longer doing an unbiased ma
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again whether or not we have proven that we have excl

surgeon effect, probably not, but it probably like pl

smaller role.
All of these are more relevant to the renal (

issue. In terms of the efficacy issue, I am confiden

the group that we matched, there was no difference, t

again being that--somebody mentioned earlier that you
|

aprotinin think based on your gut feeling of whethe

patient is high risk or not high risk and you can adj
gut feeling.

IT you believe that--if you gave aprotinin tg
i1Is high risk, becau

and that patient In your mind now

giving aprotinin to, of high risk of massive bleeding
more likely to give blood products when you come off
So,

there i1s a potential that the ones who rdg

aprotinin, receive more blood products unnecessarily

of FFP and platelets. RBC, we could check pretty wel

we had the lowest hematocrit, we have discharge hemog

have post-pump hemoglobin and there was no difference|

for platelets and plasma, there could be a bias again

aprotinin in the study.

DR. ELLIS: What was your criteria for--it sqg
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your use of platelets and fresh frozen was pretty hig

to your packed red cell transfusion, although, you kn

your red cell transfusion rates seemed to be a little
too--what were your criteria for transfusing each one

DR. KARKOUTI: In the paper,

high-risk group, so when you look at our overall tran

rates, they are going to be much different than this

group.

But the criteria were, for example,

prophylactic or for a platelet use, for example, 1T i

three-hour pump run,

and give the protamine and give platelets, for exampl

So, for platelet dysfunction, there are guidsg

suggested that you could use platelets without having
platelet counts, but our counts and triggers were pre

standard.

Hematocrit on pump was about 20 percent transg

our trigger, platelets was 80 to 100 post-pump, or hi

platelet dysfunction, INR 1.5 for FFP, so usual stuff

are high blood product users compared to some other s
agree with that.

DR. HIATT: Maybe we could go down this way.
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DR. PAGANINI: Can 1 actually make one littlsg

statement? Clinical use and relating that to whether

studies are relevant. | will point you to the use of

and protection for acute renal failure, multiple time

not to be effective, yet i1s still rampant Iin most pos

care. So, | probably wouldn®t go down that route.

The road that 1 would like to ask about iIn th

area 1s creatinine. I would like to remind the commi

creatinine is a physiological marker, not a biomarker

therefore, very variable.

In the application of the MDRD, which was ger
a chronic renal failure population to acute renal fTai
prediction or to analyze or try to equalize the effec
of body surface area,

whatever, has been fraught with

discussion and concern, because i1t i1s really using a
a marker in an aberrant way, not from where 1t was ge
which 1s chronic renal failure population. So, | wou

careful about going down that route.

Finally, the third thing directed, In your p¥H
score, In the listing of all the things that were the
propensity, I didn"t see renal function iIn that list
preoperative renal function. I didn"t see i1t. Was it
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162

did I miss that somewhere? 1 didn"t see 1t. Can you| point it
out for me?
DR. CHEUNG: Under endocarditis, right there
DR. PAGANINI: Okay, 1t"s just my eyesight, thank you.
DR. KARKOUTI: We did put all the risk factorns that we

know for renal dysfunction in the model

peripheral vascular disease,

lowest hematocrit on pump, which

shown that the more anemic you get,
renal dysfunction post-pump,

DR. PAGANINI: The i1ssue

following open heart surgery, there are three

the area that the patient brings to the table,

that we have been looking at.

There

which 1s i1ntraoperatively, and then there

post-table, which happens in the ICU

different things.

including dia
pre-existing renal dysfu
is directly related.
the higher the ri
so all of those reports.

iIs with renal dysfur

areas.

which

iIs the area that the surgeon brings to
IS the area

for a whole bunc

There are so many variables that acute renal

following open heart surgery

have shown, 1f you miss one or two variables,

muddy up the water,
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much less effective, or no effect at all.

DR. KARKOUTI: Absolutely, but on the other H

know pretty--like all the studies that have looked at

predictors of renal fTailure after cardiac surgery, ha

come up with the same predictors over and over again
explain a lot of the variability.
The same goes for mortality In cardiac surger
possibility of all of the studies over the years miss
in terms of renal fTailu

important confounder is small

transfusion, for that matter.

DR. PAGANINI: Understand, but we must also GH

cognizant of the fact that there i1s a changing popula
IS going under the knife and that 20 years ago was a

different population than we are seeing today having

surgery.

q

P

Many of the people today who are undergoing
would not have ended up on the table at all.

DR. KARKOUTI: Yet the risk factors remain tl

more or less, which again goes to the strength of the

factors.

The question here is you have discovered a ne

mean you could look at i1t and say we have discovered
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factor for renal dysfunction, does it deserve to be

164

investigated or not? The answer i1s obviously yes and| that is
what basically we concluded.

We are not saying aprotinin causes renal failure. We
are saying aprotinin may cause renal failure and 1t should be
looked at.

DR. PAGANINI: Again, this type of data can"t-- cause
and effect, it can only see association, so what you aAre saying
IS there 1s an association and perhaps there i1Is a cause and

effect.

DR. KARKOUTI: Exactly, the same way we are |

lowers hematocrit on pump. There i1s a lot of studies

say 1T your hematocrit drops below 20 percent on pump

at higher risk.

—

g

There 1s no proof, but based on that alone,

people are maintaining higher hematocrits, for good o

can"t tell you, but we are doing studies to address t

question.

DR. WARNER-STEVENSON: I would like to commer

again for a very thoughtful, hopeful, overall program

research,

particularly have to challenge marketed therapy.
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I do want to get back to this issue of the ye

surgery, because 1 am very struck by that.
Figure 1, over half the patients with aprotinin were
the last two years of your study, whereas, only a qua
the patients with the other agent.

I think we are all struck, as you said, by th
dramatically different patients going to surgery, par
because the easy ones are now going to the cath lab.

Is 1t possible to take your propensity-matche

and adjust post hoc just for the important variables

up that you wouldn®t match for, like year, for instan

you just adjust for year and see what happens?

DR. KARKOUTI: We could have matched for yeap

but again you are not--

DR. WARNER-STEVENSON: Not matching, no.

Q)

after you have matched--

DR. KARKOUTI: Right, oh, to adjust for the

surgery.

DR. WARNER-STEVENSON:

year, because that i1s one variable that really stands

DR. KARKOUTI: We looked at that differently|

looked, said okay, if, for example, renal dysfunction
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up from year to year, then, that would be an iImportan
other adverse events, or transfusion. |In fact, there
difference in terms of our outcomes from one year to

It was just looking at the annual complicatigd
our complication rates from 1999 to 2004 haven®"t chan
it 1s unlikely that that would be, In that sense, we
rule out in that sense.

In terms of putting the year in the model ang
becomes a predictor, that"s a good idea. I don"t thi
that. You mean do a logistic regression now with the
within the matched group, and put the year in it.

DR. WARNER-STEVENSON: Right.

DR. KARKOUTI: Did you guys do that with the
don"t think we did that, no.

DR. HECKBERT: I wanted to congratulate you d
clear description of the methods and for addressing a
important question. 1 had a couple of additional
clarifications that maybe 1t they were in there, 1 mi

Do you have information on how long the renal
dysfunction lasted in all patients or iIn one group oOr
other?

DR. KARKOUTI: No, we only looked at the Tirs
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post-op and took the highest creatinine level.

DR. HECKBERT: Then, was there information or]

proportion of the patients had their agent started du

surgery because things were not going well versus it

planned as part of the--

DR. KARKOUTI: No, every patient gets

antifibrinolytics. Tranexamic acid, they get 50 to 1

milligrams per kilogram right after induction of anes

aprotinin, we use the high dose, so test dose 2 milli

the pump run, 2 million in pump and 50,000--

DR. HECKBERT: Thank you.

DR. HIATT: Maybe to wrap up, one point of

clarification. I will ask this question and then go

Did you give your data to the FDA for independent re

DR. KARKOUTI: They only asked for the matchsg

and they have the matched data. They don®"t have the

patient database, but they do have the 1,000 patient

DR. HIATT: So, you gave them what they askeqdg
DR. KARKOUTI: Yes.

DR. HIATT: Have you all verified these analy
DR. RIEVES: We have vetted it within our OSH

they are comfortable with 1t. They have no additiona
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questions to Dr. Karkouti.

DR. HIATT: David, and then 1 will have one d
question.

DR. DeMETS: Thanks for a nice presentation.
couple of questions of the things you said.

One i1s as you were describing the comparisons
logistic regression, propensity scores, you sort of 1
that propensity scores have no restrictions, no assum
question that, because, iIn fact, at least in my under
and experience, you often use logistic regression to
propensity scores. So, somewhere |1 mean there are as

It 1s not a free lunch and some of those assumption

quite important.

I just want to either clarify or challenge ygd

168
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DR. KARKOUTI: I think there are experts that are much

more knowledgeable 1n propensity analysis than me, so
going to leave that question. The specific points |
they don*"t have this linearity assumption, for exampl
you do in terms of with the outcome. They don"t have
linear and the number restrictions, you don"t have an
can put as many as you want.

More complex and detailed than that, no, 1 wd
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not comment.

DR. DeMETS: 19

The second assertion you made

you balance on measured covariates, you could probabl

that the unmeasured covariates are balanced. I would

you on that, because there i1s a number of examples, w

colleagues around the table could add to, where we ha

in all the measured covariates and yet we have differ

cannot explain in things like survival and morbidity.

don*t think it is an assumption that at least I am wi

buy.

DR. KARKOUTI: No. As | said, 1t hasn"t beern

and, again, it depends on how good your underlying pr

analysis is and how much of the variability you are a

accept things, you cannot predict too well.

Whereas, i1n cardiac surgery, our prediction i

extremely--like our ability to predict the likelihood

getting aprotinin, the C-index of that model was 0.94

believe, so we could predict with 94 percent accuracy

get aprotinin and who would get tranexamic acid.

The same goes for massive blood loss, we can

with 90 percent accuracy who is going to have massive

loss based on the peri-op variables. I would say tha
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cases, you are probably right. As 1 said, It Is an a

that you are matching unmeasured confounders. I woul

my hat on that, but 1t"s an assumption.

DR. HIATT: One final question.

DR. CHEUNG: I really want to emphasize the

variable to put in. It 1s underlying the importance

clinician working with biostatisticians.

I mean 1 also cannot imagine, It 1Is great ths

in platelet count iIn your variable, I mean that i1s wh

important to target what outcome that you are really

in. Somebody starting with a low platelet count most

would, are more likely to require the transfusion.

What 1 want to ask you to comment upon, you 1

quick comments about you think that the low bleeders

high mortality and 1 think Dr. Mangano showed one sli

sort of contradicts that.

Also, 1s 1t your overall take, at least your

opinion that you are not so much debating on certain

whether 1t justifies the use of antifibrinolytic, but

to use? Can you just clarify that a little bit?

DR. KARKOUTI: The Ffirst comment in terms of

and adverse event rates, we know that i1f you don"t ge
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blood transfusions during cardiac surgery, you are no

die. The mortality rate of patients who don®"t get an

transfusions i1s zero, they don"t die.

As soon as you get one unit of blood transfug
you have lost enough blood to require one unit of blo

whether it 1s the blood or the blood loss, I don"t kn

mind, 1t is irrelevant, you lose blood, you need bloo

mortality goes up to 2 to 3 percent.
By the time you get to five units transfusior

mortality now is about 10 to 15 percent, which i1s pro

much or more than stroke. Actually, it is a little 1

stroke and renal failure.

So, we have published that data In Transfusid
in 2004. But I think blood loss i1s an important outc
we have i1gnored more or less a lot. 1 mean if you lo

number of papers that are out there on massive transfT

there are very few as opposed to renal fairlure, for e

—

So, I think the bigger issue Is transfusion 3

loss here and I think you can®"t argue with those

placebo-controlled studies that show a reduction iIn t

and a reduction in mortality. That i1s quite signific

We are not so good at predicting who is going
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to be at 300, who is going to be the liter and a half

we can do that 100 percent, I mean the choice is not
not, the choice is which one iIn terms of antifibrinol
The second part of the question was? Sorry.
DR. CHEUNG: You are not arguing about you wd
it, not use 1t In the population, 1t iIs just which onge
DR. KARKOUTI: There i1s recent, new arguments
thromboelastography, for example, the maker of

thromboelastogram, which i1s basically a new way of lo

the clot formation and clot dissociation, says that a

patients having heart surgery don"t get hyperfibrinol

which 1s our underlying assumption, that i1f you are h

heart surgery, part of your blood loss i1s because of

hyperfibrinolysis.

Now, we may be able to, for the first time,

been validated, it hasn"t been tested that extensivel

to begin with, but you may be able to tell who is get

fibrinolysis and then treat them.

So, that i1s down the road. In the future, we

a position to say okay, we know exactly, we have a po

care test that tells me who needs antifibrinolytics,

not at that point yet.
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DR. HIATT: Thank you very much.

We are getting close to noon, but I think thg

be to begin with the Bayer presentations. We can pus
public hearing back a little bit. There are three sp
slated for that, which begins at 1 o"clock.

So, perhaps if the Bayer speakers don"t mind

the podium, we can begin and try to get ourselves up
the noon hour and then sort of resume and complete yo

presentations after lunch. Would that be okay?

DR. ROZYCKI: The expectation
main presentation and then we would defer the questio
the end of all the subsections?

DR. HIATT: How long are your fTormal presents

DR. ROZYCKI: Sixty minutes.

DR. HIATT: That would put us up close to 1:(
it be all right to maybe split 1t?

DR. ROZYCKI: We have the first part of the

presentation is about 10 to 15 minutes and then we ha
section that is about 35 minutes and then we have a s
that is about another 10 to 15 minutes.

We could do the first part.

to about noon.
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DR. HIATT: Do you want to do that and then
take us to about noon and then we will take a break?

DR. ROZYCKI: Yes.

DR. HIATT: Okay -

Bayer Pharmaceutical Presentation

Introduction and Overview

DR. ROZYCKI: Good morning, Dr. Hiatt, and mg
the committee, guests of the committee.

My name i1s Mike Rozycki. I am Director of U.

Regulatory Affairs at Bayer. I want to take a few mi

now to provide an overview of what we are going to be
presenting today.
[Slide.]

I would like to start out by saying, first,

believes Tirmly in the importance of the clinical ben

associated with aprotinin. We are very happy to be g

opportunity to be here to discuss aprotinin In an ope

scientific setting.

What we would like to do today i1s, fTirst, dig

methodological considerations of the two recently pub
observational studies that we have just heard descrip
Then,

we would like to discuss the clinical ¢
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we have, as well as that"s available Iin the literatur

as the risk-benefit of aprotinin iIn coronary artery b

graft surgery, or CABG, and Bayer®s conclusion is tha
clinical data and the post-marketing experience suppo
favorable risk-benefit profile of aprotinin when used
to the label.

[Slide.]
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We have already heard a very complete regulatory

history of the approval of Trasylol earlier this morn

won"t repeat that. | did want to just remind the com

a couple of dates. The i1nitial approval of the NDA T

Trasylol was in 1993. That was for repeat CABG, as w

certain patients undergoing primary CABG who are at r
high degree of blood loss.
Then, as was discussed earlier this morning,

Supplement 004, i1n 1998, expanded the indication to p

repeat CABG and also added the boxed warning for
hypersensitivity.
It

is also worthy to note that both the iIniti

Supplement 4 were approved along with post-marketing

commitments, all of which have been fulfilled.
[Slide.]
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1
clinical trial efficacy and safety data that we will

discussing this morning are derived from 45 global Ba

randomized, controlled CABG trials that were conducte

patients receiving either fTull dose aprotinin or plac
1

Bayer took place In response to the publication of ar

the observational studies that appeared earlier in 20

immediately, when we found out about the articles, we

immediately communicated those articles to the FDA, a

global regulatory authorities.

We also worked with the FDA and global reguls

authorities to notify health care providers by means

Health Care Provider letter and information on our we

We immediately began a comprehensive review d

data that we had in CABG surgery for aprotinin. This

conducted i1n very close association and under the gui

the FDA. All that information has been submitted and

review by the FDA.

At the same time, we revised our investigativ

and informed consent materials for our ongoing clinic

and, finally, we undertook and provided to regulatory
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evaluations of the publication methodologies for the
observational studies.

[Slide.]

Our presentation this morning will consist of

discussion by Dr. Robert Makuch of Yale School of Pub
Health. He will discuss the methodological considera
randomized, controlled trials and two recent observat
studies of aprotinin.

Then, Dr. Pamela Cyrus, of Bayer®s U.S. Medigd
organization, will review the clinical data that Baye
that 1s 1n the literature for aprotinin.

Finally, Dr. Jerry Levy, of Emory University
will provide a risk-benefit summary for aprotinin.

[Slide.]

In addition to these presenters, Bayer has by
number of additional expert consultants who are avail
us in the audience today. I won"t read through every
the list now In the interests of time. We did bring
of handouts that are available at the front desk, tha
the detailed affiliation information for all of these
consultants.

[Slide.]
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I will move to the next slide that contains n

of consultants.
[Slide.]

Now, at this point, 1 think 1 would like to

Dr. Makuch. Dr. Makuch is a Professor of Biostatisti

Yale School of Public Health. He will discuss method
considerations of randomized, controlled clinical tri
the two recent observational studies of aprotinin.

Dr. Makuch.

Methodological Considerations on the Two

Recent Observational Studies of Aprotinin

[Slide.]

DR. MAKUCH: I will plan to do this

Good morning and thanks for giving me the opg

to share some thoughts with you this morning.

in 12 mir
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[Slide.]

First, 1 will just give you some general thoyghts and
considerations in evaluating clinical data. In generpl, there
is a hierarchy of evidence. We do have randomized, cflinical
trials In which the randomization does provide balancg, not
only with respect to known, but also unknown confoundgers

Then, we have the class of nonrandomized clinical
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studies that include cohort, case control, observatio

case series. The second list of studies does require

more complex statistical methods to overcome difficul

associated with these designs, such as selection bias

channeling bias and confounding. Nevertheless, | cert

not wish to in any way imply that there is a dichotom

these types of studies and that either one or the oth
i1Is strongly preferred.

I think that there i1s really instead just a 1

strength of evidence and both these kinds of general

types provide very valuable information and insights.

With respect to some criteria that 1 have foy

at and evaluating data, they do include baseline comp

Of course, we want the comparability to assure any t
group differences are likely due to treatment as oppo
other predictive factors independent of treatment.
With respect to patient population, we generg
to look at the full study population and not selected
to address primary hypotheses.

With respect to outcome definitions, of courg
them to be consistent across studies and valid. Anal

methods and interpretation, we wish to be properly ap
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then, for these proper applications of these analyses

interpreted appropriately.

q

P

We do have also consistency of reports that

we can look at based on the same data in repeated pub

Also, replication of findings using different data.

For an RCT, problems with one or more of theg

reduces i1ts validity. For example, with significant

numerous Imbalances between treatments iIn predictive

factors, subsequent reliance then on complex statisti

modeling to adjust for these imbalances and subgroup

it has been my experience that the RCT then would be

having little, 1f any, utility.

Of course, with these same problems, but with

context of a nonrandomized study, this would reduce e

further the study®"s validity.
[Slide.]

With those general criteria in mind, 1 would

then just proceed and walk through a brief review of

randomized clinical trials which you will be hearing

Dr. Cyrus later this afternoon, as well as the two st

we have heard from the authors this morning.

First of all, the randomized, clinical trials
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randomized. Both the Karkouti study and the Mangano ptudy are
nonrandomized studies. One of them is matched, the Karkouti
study. The other i1s not matched. For Dr. Mangano, this study
was used, a systematic sampling scheme and nonrandomiged
treatment assignment.
Regarding baseline comparability in the RCTs,] It is
assured through the process of randomization. In the| Karkouti
study, there was baseline comparability, but achieved| on
observed covariates through the process of matching that you
have already heard.
In the Mangano study, there are major imbalances, so
baseline comparability was not performed at that time|l This is
an important distinction between these two observatiopal
studies when looking and judging, then, the results later on.
Patients excluded, there were not patients excluded ip the
reports of the RCTs to be provided.
In the Karkouti study, yes, patients were exgluded, but
through the process of matching. In the Mangano study, also,
patients were excluded. We have already heard referred to
earlier this morning the 691 patients who were excludgd with

possibly a different prognosis. Importantly, no data| were

provided on baseline characteristics or outcomes of these
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excluded subjects.

Regarding sample size, this is a somewhat uni
example where unlike the standard case of looking at
event data, we must heavily rely on observational dat
the numbers of patients are so many orders of magnitu
than in the RCT database.

Here, that isn"t the case. As you can see Ty
sample size, there i1s roughly 4,000 subjects in the m
RCTs, roughly 4,000 in the Mangano study and roughly
Karkouti study.

And the aprotinin-exposed subjects, there wer
excess of 2,200 in the RCT data versus 1,295 iIn the M
study and roughly 450 in the Karkouti study.

[Slide.]

Also, for the outcome definitions, they were
prespecified in the RCT data, prespecified as best as
tell 1n the Karkouti study and also prespecified as b
could tell in the Mangano study, even though they do
from previous studies of the same database.

Regarding the analysis, one of the advantageg
iIs that the analysis can be relatively straightforwar

Karkouti study used propensity matching and the Manga
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used propensity-adjusted multivariable logistic regregsion, a
requirement really because of the major imbalances at| baseline.
[Slide.]
Briefly, the Karkouti study was a single-center,

observational comparison of aprotinin and tranexamic
high transfusion risk cardiac surgery. Aprotinin was

only to high transfusion risk patients.

There were profound imbalances In pre-existir
factors, which were properly addressed by propensity
matching, resulting in 449 i1n each of the treatment g

Creatinine clearance elevations or creatinine elevati

aprotinin were not inconsistent with results of RCTs.

I think an important point to make with respe

Karkouti study is that the issue of major imbalances

baseline was addressed at the design stage through pr

score matching, which then, as you have seen, led to

groups at baseline, which then allowed more straightf

analysis.
[Slide.]

But also, as you saw this morning, In the Mar

study, there were a number of significant imbalances

baseline characteristics. The fTirst Impression provi
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slide 1s simply the large number of highly statistica

significant imbalances between the no-treatment cohor

aprotinin cohort. Perhaps aspirin and age would and

perhaps should, have been here, as well, but they did

appear in the publication.

There are 20 factors in this table and the o\

majority place the no-treatment cohort In the more fa

prognostic category. For example, 60 percent of the

subjects have hypertension at baseline versus 70 perc
the aprotinin cohort.

For renal disease, the values are 13 percent

control versus 19 percent for the aprotinin group. D

said he was not concerned by these imbalances, but I

respectfully disagree.

Unlike the Karkouti study, in which matching

at the design stage to achieve baseline balance, the

study required complete reliance on statistical model

Thus, a careful review of the statistical analysis is

mandatory.
[Slide.]
First, the estimated propensity score was usHg

variable 1n covariate adjustment, as you have heard t
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morning, rather than the correct use to create matche
subclass bins, also, that you have seen this morning.
Secondly, no diagnostic displays or analyses

present to support claim balance of covariates achiev
use of propensity scores.

Thirdly,
claim balance of covariates achieved by propensity sc
each pair of treatment groups was compared.

Fourth, despite the massive effort that Dr. M

emphasized this morning about data cleanup over a mul

period, nevertheless, in the Mangano study, there wer

subjects, again pointed out earlier, that had missing

or propensity scores for renal outcome analysis, whic

roughly 9 percent of the patient population analyzed.

407 subjects had missing propensity scores for the is

outcome analysis, as seen in Table 3.

I think these exclusions become especially in

because when dealing with rare event outcomes, the ex

even a few relatively high-risk subjects, then, they

significantly alter the results that were, iIn fact, r

So, 9 percent actually is a very big number for exclu

especially when looking at rare events.
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[Slide.]

Also, the outcome variables were used to deci

covariates to include i1n the regression model. This

levels. Also, 1t w

bias at least in the significance

significant between treatment imbalances In numerous

factors, regression modeling alone is known to be unr

Finally, crude data were sometimes used in th

where adjusted data should have been used. For examp

dose-response assessment of aprotinin was based on cr

that, 1n fact, excluded 54 percent of the aprotinin s

Again, this perhaps goes to at least a questi

regarding the quality assurance techniques for the da

because 1t seems to me difficult to appreciate how 54

of the doses could have been for some reason missing.
[Slide.]

Another one of the criteria that I mentioned

beginning of the talk was with respect to outcome def
and we have the luxury with this particular database

been locked in 2001 to look at subsequent publication

period of time.

So, one example i1s the inconsistent outcome

definitions, for example, for heart fairlure. As you
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here, In the 2002, 2004 and 2005 papers using the sam

database, the same definition was used, but in the 20

paper, the definition used for heart failure is subst

different.
[Slide.]
If

we Blook at the rates of MI iIn the same

database for the same publications, we see a two- to

increase iIn the reported rates for the most recent Ma

study. Whether this i1s due to different definitions

these four publications or other factors is unclear.

clear, though i1s that the earlier publications did in

enzyme levels in part of defining an MI.

[Slide.]

Also,
of the reported results within a given publication.
think this was perhaps mentioned earlier this morning
clarity, in the Mangano study, in the abstract on pag
was reported that the use of aprotinin was associated
doubling Iin the risk of renal failure, requiring dial
patients undergoing complex coronary artery surgery o
surgery and the odds ratios and confidence intervals

reported.

PAPER MILL REPORTING
atoigol@verizon.net
(301) 495-5831

Email:

l1od

another criterion was to look at the cd

187

a)

-

locked
D6 current

antially

ked

four-fold
ngano
for MI 1in
What 1s

clude

nsistency
Again, |1
but for

, It
with a

ysSis among

I primary

Alre




When one looks at the same paper on Table 3 ¢
360, we do see the same odds ratios and confidence 1iIn
and, with the outcome event there being defined as a

event--and there, a renal event was defined as either

dysfunction or renal failure requiring dialysis. So,
there were no subjects who had renal dysfunction, the
definitions and the implications of these analyses cl
differ.

[Slide.]

So, these two publications that you have seer
this morning, and the RCT data yet to be presented, a
important efforts that deserve careful scrutiny. The

of evidence derived from RCT and observational studie

assessed, but keeping in mind, though, the relative s

evidence associated with each kind of study.
Here, the total sample size from RCTs was lapn

that from observational studies. Randomized, well-co

trials are the gold standard for assessing true treat
effects.
Second, analytic methods to correct for basel

imbalances i1n the Karkouti study were generally appro

applied.
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Third, analytic methods to correct for numerd

highly significant baseline imbalances i1n the Mangano

were incorrectly applied. Additional issues also wer

such as subgroup analyses, leading to questionable va
the findings.

In summary, the Mangano study results should
considered reliable at this time. Wnd we have heard
discussions about further analysis and access i1ndepen

look at that and I certainly would endorse that recom

as well.

Thank you.

DR. HIATT: Thank you very much.

This is a question 1 actually had earlier ang
ask, but I think 1t 1s obvious now, but the Karkouti

actually used propensity scores to match patients and
baseline characteristics became equal. Mangano did n
that we don"t see a matched score. You used the prop

that study to do adjustment and not for direct matchi

that your iInterpretation?

DR. MAKUCH: That is my interpretation. 1t ¥
an important distinction. After the matching i1s done
propensity scores, Dr. Karkouti then demonstrates in
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tables--1 think it was Table 2--that indeed then ther

comparability with respect to the groups in terms of

important factors.

190

D

these

ther

not done,

So, at the design stage, | think steps were taken to
ensure balance at baseline. On the other hand, the o
observational study, the Mangano study, there, 1t was

philosophically, very different and so the significan

imbalances remained.

Therefore, he placed a reliance on then stati

modeling and also then looking at logistic regression

with or without the propensity scores as an adjustmen

embedded within the logistic regression, so the quest

becomes in one"s mind can modeling with or without pr

scores somehow arrange to take away those 20 factors

statistically significantly imbalanced, most of them

than .0001 between the treatment groups iIn the Mangan

I think every one can draw their own conclusi

or not that i1s the case. 1 conclude, though, that it

an appropriate use of the propensity score to include

covariate as opposed to using i1t as a matching to loo

bins and to, then. get baseline comparability and, th

proceed In a more straightforward way with the analys
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So, I don"t have a high degree of confidence |and 1
think we have heard some comments why statistical modgeling
alone could somehow eliminate all those imbalances.

DR. HIATT: Before you step down and before wWe take a
lunch break, are there any other questions to clarify| that you
would like to make at this time?

[No response.]

DR. HIATT: Actually, this 1s a nice transition time.
Thank you very much.

We will resume at 1 o"clock. We will contindge on with
your presentations and then we will go to the open puplic
hearing.

[Luncheon recess taken at 12:00 p.m.]
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A FTERNOON

PROCETED

DR. ROZYCKI: Before lunch, we heard from Dr.

the statistical considerations of the two observation

Now I would like to introduce Dr. Pamela Cyrus of Ba

Medical organization, who will review the clinical da

aprotinin.

Dr. Cyrus.

Review of Clinical Data

DR. CYRUS: Good afternoon. I would like to

committee for having Bayer here today to review our c

trial data. As you heard this morning from Dr. Robie

the FDA, we have submitted data on an ongoing basis t

as well as with our ongoing pharmacovigilance additio

With the two recent observational studies, we

conducted a very thorough analysis of our global CABG

base. We have submitted that analysis, as well as ou

sets, to the FDA for their review. That will be the

what 1 am reviewing for you here today.

[Slide.]

I would like to start with saying | am going

you the six U.S. CABG trials that were also referred
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this morning. Four of those trials included primary CABG

patients and four iIncluded repeated CABG patients and

basis for the current U.S. label for Trasylol.

are the

I will be reviewing those studies in detail for the

efficacy in CABG. Then, I will review safety in CABG|

reviewing safety, | am going to review the 45 clinica
that were conducted globally using the full dose of a
versus placebo.

I will be focusing on the safety events of i
here today: myocardial infarction, graft patency, co
heart failure, stroke, encephalopathy and finally, re
function.

I will then be reviewing for you our spontane
database on hypersensitivity.

[Slide.]

To start, there were six U.S. CABG trials ths
been conducted with Trasylol. The first two studies,
89-004 and D89-006 served as the basis for the iInitia
in repeat CABG i1in 1993. 1 should note that these two
were supplemented with a cardiac valve study, as well

supportive data from non-U.S. data sources.

When
I trials

brotinin

terest
ngestive

nal

ous report

't have
the

I approval
studies

as

The third study on the list i1s D92-008. Thig study
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served as the basis for the approval of the half-dose

aprotinin in 1994 and, finally, the last three studie

D91-007, D92-016 and D92-048 served as the basis for

expansion of the label to primary CABG.

194

of

UJ

the

As was noted this morning, there are two approved
dosing regimens i1n the United States. There i1s the Tull dose
aprotinin and the half-dose aprotinin and, as reviewed for you
by Dr. Robie-Suh, the full dose iIncludes a test dose followed
by 2 million kallikrein inhibiting units loading dose| as well
as 2 million KIU in the pump-prime regimen, and 500,0Pp0 KIU per
hour as an infusion and the half-dose i1s exactly half| that with
the exception of the test dose.

[Slide.]

Now, to address efficacy in CABG procedures, |the
primary endpoint for efficacy in these clinical trials was
percent of patients transfused red blood cells. This|was the
endpoint that was agreed upon with the FDA prior to the

initiation of our clinical trials Iin the United State

[Slide.]

First, we could say why would we develop thig

begin with for cardiac surgery. The number one risk

surgery--and | think you heard Dr. Karkouti mention t
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presentation--is the risk of bleeding and the need fo
subsequent blood transfusion.

There i1s also risk of infection, stroke,

and re-operation, or takebacks to the operating room

diffuse bleeding. This has a huge impact on the pati

themselves undergoing CABG surgery.
Every patient undergoing open heart surgery,

to the American Red Cross, on average receives 2 to 6

packed red blood cells, 1 to 10 units of platelets an

units of fresh frozen plasma. On a societal level, t

very important, because cardiac surgery utilizes 10 t

percent of the U.S. blood supply that i1s available.

With this,
taken on by both the STS and the FCA for blood manage
programs during cardiac surgery.

[Slide.]

Bayer convened a consensus panel of

consultants. This was led by Dr. Goodnough. You can

list of members at the bottom of this slide. We aske

question, "In your opinion, what is the mortality ass

with transfusion today for red blood cells and for pl

and this is the consensus statement that they have co
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just as recently as this month.

The transfusion-related acute lung

blood cells is 10 to 20 deaths per million units of r

cells transfused with the same rate being reported fo

platelets. Bacterial contamination, as one might exp

more common among platelets and depending on whether

cultured or uncultured, those rates can also differ.

Viral deaths and mortality is much more

Transfusion errors are also on the lower degree, but

reactions to blood account for 5 deaths per million u

red blood cells and platelets transfused, bringing th

mortality per million components of 16 to 27 units fo
blood cells and 19 to 100 per unit of platelet transf

So, as you can see, there i1s a need for blood

conservation for the patients especially those underg
surgery.
[Slide.]

Aprotinin i1s available and helps with that.

reduces the transfusion rate in repeat CABG. This 1is

from the four U.S. studies that had repeat CABG patie

as you can see, iIn the orange color, red blood cells

statistically reduced for percent of patients being t
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for both the half and the full dose of aprotinin. Th

translates into a 38 percent relative reduction in tr
rate for the full dose of aprotinin relative to place

I have also placed on this slide the percent
patients that required transfusion of platelets. As
see, 8.4 percent of full dose aprotinin patients requ
platelet transfusion compared to 44.9 percent of plac
patients.

[Slide.]

Not only does aprotinin reduce the percent of

that are being transfused, but it also reduces the nu

units transfused in patients as i1s demonstrated iIn th

You can see, moving up the slide, you have red blood

fresh frozen plasma, platelets and cryoprecipitate.
The full dose of aprotinin reduced the mean 1
units transfused of each of these components relative
placebo. For the half-dose, numerically, they were a
but did not reach statistical significance for cryopr
although 1t did for reducing mean units of red blood
fresh frozen plasma and platelets.
Karkouti

We heard today that Dr. expressed th

patients that have greater than 5 units of blood tran
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of concern in his iInstitution. We can see here today

full dose of aprotinin, 8.4 percent of patients treat
full dose of aprotinin had to receive at least 5 unit
blood cells compared to 27.6 percent of placebo patie

Furthermore, the need for takeback to the opHg
room for diffuse bleeding was also reduced with the T
in t

half-dose of aprotinin, but not a single patient

protocol population requiring a re-operation for diff
bleeding.

[Slide.]
of

Now turning to the primary CABG studies, W

were Tour studies that included primary CABG patients
you can see the consistent effect of reducing the per
patients requiring transfusion of red blood cells or
with both the half and the full dose relative to plac
this translates

again, into about a 31 percent relati

reduction in red blood cells being transfused for the

group relative to placebo.
[Slide.]

Just as iIn the repeat CABG population, aproti

reduces the mean number of units transfused In primar

When looking at the blood products again, red blood c
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fresh frozen plasma, platelets and cryoprecipitate, b
full and the half-dose reduced the mean number of uni

transfused iIn patients undergoing primary CABG.

199

bth the

Cs

Again, for those patients that required greater than 5

units of red blood cells, you can see that only 2.8 p
patients receiving Tull dose aprotinin, who underwent
CABG procedure, received at least 5 units of red bloo
with the placebo being 10.1 percent, again being stat
significant.

Once again, there was not a single patient wh
the [?] protocol analysis who received half-dose or T
aprotinin that required a takeback to the operating r
diffuse bleeding.

I have said a lot about takebacks to the oper
for diffuse bleeding. Those are associated with a si

morbidity and mortality and Dr. Levy will be reviewin

brcent of
a primary
d cells,

istically

O was in
U1l dose

bom for

ating room
gpnificant

g that for

you in his presentation on the overall risk-benefit of the

drug.

[Slide.]

So, to summarize the efficacy data from the U.

clinical trials as i1t is reflected iIn our current pro

information, aprotinin, both the full and the half-do
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significantly reduced the percent of patients that ar
transfused red blood cells, the percent of patients t
transfused platelets.

It also significantly reduces the mean units
various blood products that are transfused and i1t red
takebacks to the operating room.

I would now like to review the safety of aprg
CABG procedures. As | stated earlier, 1 am going to
focusing on the 45 randomized clinical trials in the
database, looking at the full dose of aprotinin compa
placebo.

[Slide.]

As one might expect with this being randomizg
trials, the baseline characteristics and demographics
comparable between the two groups. You can see that
full dose of aprotinin, we have 2,249 patients. 1In t
group, 1t"s 2,164. The mean age across both groups 1
approximately 61 with about 40 percent of the patient
greater than 65 years of age and 60 percent being les

years of age.
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Male was the most common gender across the studies,

accounting for 88 percent of all patients and, in cou
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where we were able to record race, keeping in mind du

regulatory limitations we are not able to collect tha

countries, but when we were able to collect 1t, cauca

the most common race.

For surgical procedures, approximately 80, 873

of the procedures were primary CABG with about 12 per
repeat CABG.

In our clinical trials, by protocol, some onl

primary CABG, some only allowed repeat CABG and, iIn s

studies where we allowed both, we collected it on the

report form, but in other studies we didn"t collect t

information, so we were not able to further categoriz

patients and that accounts for the remainder of the p
that appear in that and not categorized.
I should also point out that although we had
primary and repeat CABG, about 50 percent of the popu
both treatment groups were an
other 50 percent had CABG plus another cardiac proced
combination with 1t.

[Slide.]

Looking at some key medical conditions, obvigd

is not an exhaustive list of the medical histories an
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medical conditions that we collected, but may be pert

some of the safety events that we are discussing toda

When looking at diabetes mellitus. congestive

failure, a history of a previous myocardial infarctio

history of a previous stroke, a history of hypertensi
estimated glomerular filtration rate defined as less

the groups were quite comparable. 1 will give you a

absorb those rates.

[Slide.]

When overviewing the overall safety of the p¥
should say that i1n our database, adverse events were
and defined as any adverse event that was reported th
occurred up to 7 days after the initiation of study d
Mortality data was collected for the entire (
This

the study. includes the entire course of hospit

and the follow-up period. | should make note that ea

protocol did differ in what that follow-up period of
But as you can see for any adverse event, it
comparable between groups at 58.2 percent versus 61.3

For serious adverse events, both groups had 13.3 per

both groups. Serious adverse events were defined iIn

protocol as being any event that prolonged the hospit
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was considered an important medical event or potentiallly
life-threatening.

The seriousness of this was determined by eagh
individual iInvestigator at their site observing the patient.

[Slide.]

Looking at the mortality rates across the randomized
clinical trials, you can see that the mortality rate jin the
perioperative period Is 2.9 percent versus 2.5 percent.

To put this in perspective, If you look at when the
bulk of these studies were conducted, which was betwegn 1989
and 1999, for a comparable time period, the STS natiopal
database reports a mortality rate of 2.9 percent.

[Slide.]

Looking, then, across various meta-analyses with some
limitations In mind, you can imagine that many of these
meta-analyses also include Bayer randomized clinical fgrials
that were published and are included In meta-analyses| so there
are overlaps. There i1s also overlaps between the varfious
meta-analyses.

Having said that, there i1s not a single meta4analysis
here that has 100 percent overlap with either the Bayer

clinical trials or the other meta-analyses, so | have| chosen
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just to show them all for completeness sake.
You can see that for the various meta-analyse

reported mortality risk, that the risk iIs either neut

with one exception, In the case of the Levy meta-anal

there was a statistically significant reduction in mo

favoring a reduction in mortality with aprotinin.

[Slide.]

Now moving to myocardial infarction as a safqg

Before I do that, 1 would like to take a moment and

historical perspective of the development of these st

The first study conducted iIn the United State

D89-004 and, at the same time frame, Study D89-006 wa

conducted. Study D89-004 was repeat CABG patients on

was a single-center study. Study D89-006 included re

primary CABG patients and was conducted at five cente
United States.

At the end of D89-004, when evaluating the dg

incidence of myocardial infarction was higher iIn the

aprotinin group than what it was in placebo. Althoug

difference was not statistically significant, Bayer t
that 1t still warranted further evaluation and consid

before moving forward with development.
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g

When then looking at the results of D89-006

to compare those results with D89-004, we realized it

difficult to do, because we had not standardized prot

a collection of CPK
We also did not use a standard definition for myocard
infarction, so when you were trying to compare across
studies, 1t was very difficult to have comparable com
in rates even when looking at the placebo.

So, from that point forward, in our clinical

development plan, we arranged to have a prospective m
infarction evaluation with set collection of CPKs and
ECGs.

collection of The criteria for that prospectiv

was defined by Dr. Chaitman, who is with us today if
get into that.
Also, retrospectively, we evaluated those twg

that had already been conducted. Doing that, there s

remained a difference albeit it not statistically sig
between Tull dose aprotinin and placebo Iin Study D89-

We evaluated this further and said what else
different between Study D89-004 and Study D89-006 and
down to the anticoagulation protocol that was used fo

studies.
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The anticoagulation protocol that was used Td
D89-004 was to maintain activated clotting time great
400, to give additional heparin as needed to keep tha
than 400.

In Study D89-006, instead of using ACT, the n
was used, centers could either use a fTixed dose hepar
or alternatively, they could do a direct heparin assa
Hepcom machine.

Why do 1 mention this? Right after these twg
were conducted, there was a study published by Dr. Wa
that study, it was found that in the presence of hepa
aprotinin artifactually prolongs celite-activated, ac
clotting time.

So, with this information, 1t became clear th
need to maintain a higher ACT if you are giving aprot
the presence of heparin when you are using a celite A

Our current product information reflects the
information from this study, making a difference betw
ACT and kaolin ACT and maintaining that the kaolin AC
be greater than 480 and the celite greater than 750.

From that point forward in our clinical devel

program, not only did we prospectively evaluate myoca
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infarction with a set timeline of collecting ECGs and

having them independently reviewed, but we also ensur

the anticoagulation protocol that was followed was di
heparin assay or fixed dose heparin.

You have to keep this in mind when reviewing

for myocardial infarction because as one might expect

look at myocardial infarction and you look across all

all CABG rate of myocardial infarction is 6.4 percent

5.5 percent.

Although that i1s not statistically significar

say let"s look at it a little more carefully. IT you

that between primary and repeat CABG, for primary CAB

rates are 5.3 percent for both groups with an odds ra

0.99. Remember, the primary CABG studies were the la

studies that were done, that were done with the adequ

anticoagulation monitoring.

For the repeat CABG study, the rates are 14._4

versus 8.6, the odds ratio is 1.85, 1t is statistical

significant, but 14 out of those 41 events iIn the apr

group are derived from the one study D89-004.
So, maybe a better way of look at this would

look at those studies that prospectively defined myoc
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infarction and had adequate anticoagulation to try to

what this difference 1is.

—

When you look at those studies and you look &

central blinded evaluator of myocardial infarction, a

defined as a definite MI, you can see for the all CAB

that the rates are 4.6 versus 4.7 percent. Looking a

CABG consistent with the global database, i1t"s 3.8 ve
and, when looking at the repeat CABG study, i1t was 11
11.9.

So, In those studies where we had very defini

collection of CPK i1soenzymes, where we had very set E

measurements, and where we had adequate anticoagulati

aprotinin Is not associated with an increased risk of

myocardial infarction.
[Slide.]

let"s look

Q)

Let"s step back for a moment and

meta-analysis that are out there. Again, knowing tha

overlap between the Bayer studies and between each of

meta-analysis, | should point out that the Sedrakyan

meta-analysis is the only meta-analysis that includes

patients. The other meta-analyses are expanded to al

surgery.
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As you can see, there i1s a neutral effect ach

these studies on the risk of myocardial infarction.

209

oss all of

[Slide.]

Now, 1 would like to shift gears to graft patency.

[Slide.]

Reflected in our label 1s the IMAGE study that was
referred to this morning. This Is Study D92-048. In| this
study, the primary endpoint was percent of patients wfith
occluded anastomoses. The primary endpoint was to be| for all
centers.

You can see that with that primary endpoint with all
centers, there 1s a statistically significant differepce
between the full dose aprotinin and placebo with 15.4| versus
10.9 percent graft occlusions.

While the study was still blinded, an amendment was

placed into the study file saying that we would do a

evaluation. The reason for prompting this was there

centers in Israel that were having difficulties with

machine that was being used. The way they were dosin

versus the way they were reviewing i1t and seeing the

would have underestimated heparinization.

Furthermore, they had technical problems with
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calibration of the machine and there were also some q
of surgical technique. With discussions with the FDA
study still remained blinded, upon the FDA"s request,
at U.S. centers only.

When you look at U.S. centers, the rate 1Is ngd
between the two groups for percent of patients with o
vessels, 9.4 versus 9.5 percent. The information for
centers and U.S. centers i1s reflected in the product
information for Trasylol.

Let me take it a step further and say within
we looked at all centers and we said what is the corr
between graft occlusion and perioperative myocardial
or mortality. There was no correlation and there wer
differences between mortality or myocardial infarctio
study.

[Slide.]
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I will now go more broadly to all the literature that

iIs out there and available on graft patency and, In o
compare across studies, I am going to use saphenous v
patency, because that is the one most commonly report
these studies, and I am going to focus on those studi

use the Tull dose of aprotinin.
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As you can see, in five of the six studies, \

looking at results per saphenous vein graft, there wa

statistically significant differences between the gro

Numerically, the one to make note of 1s the ¢

patency versus 82 percent In the Lass study. The onl

that was statistically significant was the Alderman s

D92-048, also known as the IMAGE study, which are the
that I just shared with you and that are reflected in
label.

[Slide.]

I would now like to shift gears to congestive
failure. We have talked a lot about definitions toda

things were defined. In congestive heart failure, th

was defined by Bayer was very simply as reported as a

event.

So, 1f the iInvestigator felt that 1t was cond
heart failure and reported 1t as an adverse event, it
looked at in our database and they used whatever crit
clinically wanted to use at their fTacility to classif
This was not prospectively defined in any of our prot

[Slide.]

When looking at the incidence of congestive |
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failure, you can see the rates are 6.3 percent versus

percent with an odds ratio of 1.08, suggesting that t

statistically significant differences between the gro
the
[Slide.]
Bayer®s summary on cardiac safety

IS very sif|

Aprotinin was not associated with an increased incide

myocardial infarction looking across all CABG patient

five of the six studies, aprotinin was not associated

increased risk of graft closure.

In the sixth study, the IMAGE study, there ws

increased risk of graft closure across all centers, b

the U.S. centers, and aprotinin was not associated wi

increased incidence of congestive heart failure.
[Slide.]

would like to move now to cerebrovascular ¢

cerebrovascular safety.
[Slide.]
Again, the way these terms were defined,

recognized as an adverse event by the iInvestigator an

in the case report form as an adverse event, there wa

prospectively defined definition for stroke.
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When we looked at the incidence of stroke fon all CABG

patients, the rates were 1.1 percent for fTull dose ap
versus 1.6 percent for placebo with an odds ratio of

When looking across primary and repeat CABG,
see that the rates are less than 1 and, interestingly
repeat CABG, although 1t i1s the smaller sample size o
subanalyses, the rate is 0.7 percent for full dose ap
and 3.1 percent for placebo and these are the patient
might expect to be at a higher rate and risk for iInci

stroke 1n the general patients undergoing CABG surger

Fotinin
D_8.

you also

, with

F all the
Fotinin

s that you

dence of

y -

The odds ratio there is 0.23 and does not reach

statistical significance although 1t Is a protein in
aprotinin.

[Slide.]

Favor of

When looking at encephalopathy i1t again is regported as

an adverse event. Our term of encephalopathy that we
coma would have been included in this. Looking again
odds ratios and the rates, you can see that these eve
rare, they are reported with a comparable rate, and a
odds ratios are less than 1.

[Slide.]

Bayer®s conclusions on cerebrovascular safety
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aprotinin was not associated with an increased incide
either stroke or encephalopathy with encephalopathy a

including coma.

[Slide.]
Now moving to renal function, one of the diff
perhaps when looking across the literature, as I am s

are all very aware, is how one defines renal fTailure

dysfunction across the literature and the various def
that have been used.
Bayer focused on using the definition that wgq

the original NDA, which was done with the U.S. clinic

database, which was a 0.5 mg/dl change over baseline

creatinine. I am also going to display for you those

greater than 2 mg above baseline as i1t was reflected

original NDA.

In your briefing document, we have

that are adverse events that are reported, which incl

failure and renal dysfunction terms, but we felt that

more objective to use serum creatinine and to use the

definition we had used In the NDA.

[Slide.]

When looking across and looking at serum cres
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elevations, looking at the global database, you can s

full dose aprotinin 9 percent of patients had elevati
greater than 0.5 mg/dl over baseline compared to 6.6
placebo patients.

This odds ratio was 1.41. This is statisticg

significant. In our current product information, we

cut of this data of 0.5 mg/dl over baseline, but i1t i

studies only and i1t did not reach statistical signifi

Bayer has been in discussions with the FDA about maki

change to our product information to reflect this cur

analysis.

I should also mention that when looking at th

change of 2 mg/dl over baseline, there are no differe

between groups. Furthermore, we went through and did

extensive review of the case report forms manually, a

looking at this electronically to make sure we didn"t

cases of dirialysis that were recorded In the case repo

We found that the

between both groups at 0.3 percent. I should also ma

put this into perspective for you. During the same t

that these studies were conducted, the STS database w

reported the dialysis rate of 0.5 percent in patients
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undergoing CABG surgery at that time.

In order to look at the time course of these
the resolution of serum creatinine, 1 should point ou
serum creatinine per protocol did not need to be foll
the way to resolution.

Only 1T the i1nvestigator felt that 1t was a d
relevant abnormality were they required to follow thi
most of our studies did not go beyond 7 days for foll
labs as required per protocol, so there are some miss
here.

But when
to within 20 percent of baseline creatinine for patie
had any abnormal creatinine above the upper limit of
you can see that the median time to resolution is 9 d
the full dose of aprotinin compared to 6 days for the
group.

[Slide.]

Now to Blook at serum creatinine elevations by
should point out that iIn the studies conducted outsid
U.S., that the most common dosing regimen used was th
dose regimen.

This i1s also known as the Hammersmith regimer
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was Tirst described in London at the Hammersmith Hosp

that 1s the dose that is more adopted in the clinical

Europe. So most of the data for the half-dose does c

U.S. trials and the numbers aren"t quite as large as
for the full dose.

As you can see in those studies that allowed
the full dose and the half-dose, as well as placebo,
percent of patients who received 0.5 mg/dl over basel
change

in serum creatinine, was 11 percent for fTull d

aprotinin, 7.8 percent for half-dose aprotinin and 7.
for placebo.

Again, the differences between the groups wer
than 2 mg/dl over baseline and the patients requiring
dialysis did not differ.

[Slide.]

Dr. Hoyle published an article
risk factors in patients who were receiving aprotinin

be at risk for renal dysfunction. In that article, h

describes patients who received perioperative aminogl
patients with baseline renal dysfunction possibly eve
ACE inhibitors.

diabetes, as well as the use of

We looked at all of these risk factors across
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global database to look at the risk and how 1t might

the overall population.

When we did this analysis and when
perioperative aminoglycoside use, you can see fTor ful
aprotinin the rate of a serum creatinine elevation gr
0.5 mg/dl over baseline was 23.4 percent for full dos
aprotinin compared to 11.1 percent of placebo. This
iIs statistically significant.

Also, we looked at patients who had baseline
impairment. For the purposes of this analysis,
as an estimated GFR less than 16 ml/minute and what w
was that the rates were 17.7 percent versus 10.6 and
also statistically significant.

The differences for diabetes mellitus and ACE
inhibitors were not different from the overall popula
Based on these findings with aminoglycosides and the
GFR, we have also proposed to the FDA that we would m
label change reflecting this current most recent anal

[Slide.]
To summarize then Bayer®™s position on the rer
IS an iIncrea

of our randomized clinical trials, there

incident of serum creatinine elevations greater than
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that was seen with the full dose of aprotinin relativ
placebo.

The same finding was not observed with the hs
aprotinin. There were no clinically relevant differe
the rates of serum creatinine elevations greater than
there were no differences i1In the rates of dialysis.
elevations were transient with a median time to resol
being 9 days for aprotinin versus 6 days for placebo.
incidence was also more noted

The i1ncreased

aminoglycosides, but not with the preoperative use of

inhibitor and there was an increased iIncidence In pat

had baseline renal dysfunction defined as an estimate
than 60.

[Slide.]

Now, I would
will
but 1 will

database now, be focusing on the spontaneo

given the rare event of hypersensitivity.

[Slide.]

As was mentioned by Dr. Robie-Suh this mornir
historically, when Bayer extended i1ts label to primar
does have a boxed warning in its label now. This is
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highlighted and i1t reflects that there Is an iIncrease

hypersensitivity, that that risk is greater if you ha

known pre-exposure and that, if you are treating a pr

patient, you should weigh the benefit of the drug aga

potential risk If the patient needs to be re-exposed

future.

As reflected in our label, the risk of hyperg

and anaphylaxis 1s related to this exposure history.

patients who have no known prior exposure, the rate i

than 0.1 percent. For patients who have been re-expo

estimate 1s 2.7 percent across the entire population.

However, 1T you break that down into re-expog

6 months of the prior exposure versus greater than 6
iIs 5 percent for less than 6 months and 0.9 percent T
than 6 months.

This information, as | stated, and as was shg

you this morning by Dr. Robie-Suh, is reflected in th

information for Trasylol.

[Slide.]

Moving then to the spontaneous reports to put

perspective for you, these reports are from January 1

to March 31st, 2006. It involves 4.38 million exposu
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is a global database, so i1t does include beyond what

with you by the FDA this morning from within the U.S.

As noted by Ms. Lu this morning, we do have

hypersensitivity cases that we sent to an iIndependent

who assessed 291 as being possibly associated with Tr

One thing that I should point out, with the 1

that was shared with you this morning where the FDA 1

their database, when there was missing data or there

enough data, they dismissed the case and didn"t count

related to Trasylol.

In this analysis, we counted i1t as being assc

with Trasylol 1f there was lacking data on the sponta

cases. So, of those 291 reports, 52 of them were fat

[Slide.]

When looking at this across the indications 1

the drug i1s used, you have to bring this iInto perspec

Outside of the United States, particularly iIn Europe,

indication 1s open heart surgery, so when you see thi

the global database, so please keep that 1n mind.

As you can see, the distribution is mostly wi

cardiovascular arena where we know 1t, but there are

where the indication was unknown or not reported.
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[Slide.]

When looking, then,
prior exposure to greater than six months of prior ex
more cases were reported in the less than six months
other time periods.

[Slide.]

As one might expect with having a drug that
a test dose was

potential risk for hypersensitivity,

place 1n order to try to minimize the risk to the pat
as we heard this morning, there have been 19 fataliti
associated with the reaction after the test dose. The
also been cases where the test dose has been negative
patient has gone on to have an anaphylactic reaction.

The information about the risk of the test dd

a hypersensitivity reaction associated with 1t is ref

the label, as well as the risk of having a negative t
going on to develop anaphylaxis and hypersensitivity.
What the spontaneous report data doesn™t alldg
assess, though, 1s how many patients did not necessar
to get a Tull dose of the drug because they did have
to the test dose, but Bayer acknowledges that we shou

other ways to try to minimize the risk of the patient
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at risk for hypersensitivity.
[Slide.]

You heard this morning that we have put In a

minimization plan to the FDA. This includes prescrib

information with a key message.

—

g

Number one, this drug is indicated for CABG

because 1t"s indicated for reducing perioperative blo

and subsequent need for transfusion, 1t should be use

patients who are at risk for such blood loss and requ

blood transfusion.

Education includes the increased risk followli

re-exposure especially within six months and they are

of the boxed warning In our label.

Also, they are reminded to obtain a complete

history and that there are other products that contai
aprotinin.
There are tissue sealants available commercis

United States that do contain aprotinin, so It is not

check for a medical history of Trasylol alone. But

y

also ask for the tissue sealant history, to use the t

and use 1t correctly, be reminded that the test dose

negative and that anaphylaxis can still occur, and th
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have anaphylaxis with the test dose and that patients
monitored carefully and be prepared to potentially 1iIn
[Slide.]

In addition to that,

Bayer i1s exploring the

of having aprotinin-specific I1gG assay that will allo
better determine who may be at risk for a hypersensit
reaction.

In the near term, we could have available a
laboratory-based assay. That doesn®t solve everythin
a laboratory-based assay, you do have to ship off a b
sample, you have to wait for the results to come back
is also actively pursuing a point-of-care assay that
the results more readily available.

With the development of this assay, both the
and the point-of-care assay, we have a labeling conce
have discussed with the FDA that when a test should b

available, that we would contraindicate Trasylol In p

who have a detectable aprotinin-specific 1gG 1n order

further minimize the risk of hypersensitivity and ana
[Slide.]

To summarize what 1 have shared with you tods

aprotinin does provide an important clinical benefit
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patients. It reduces the percent of patients that re

blood cells, i1t reduces the percent of patients who r
platelets.

It reduces the mean number of units of all th
products. It also reduces the number of patients tha
at least 5 units of red blood cells and i1t reduces ta
the operating room for diffuse bleeding.

We have stated that we have discussed with th
proposed labeling changes to reflect the recent renal
and findings and we are continuing to develop an 1gG
propose this to be able to further reduce the risk of
hypersensitivity.

With these measures in place, Bayer remains (¢
that the benefits of aprotinin outweigh the risk and
aprotinin,

specifically Trasylol, is a valuable compo
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hent of an

armamentarium for the cardiothoracic surgeon treating| the CABG
patient.

[Slide.]

With that, 1 would like to turn things over to Dr.
Jerrold Levy, who i1s Professor of Anesthesiology, Dirgctor of
Cardiothoracic Anesthesiology and Deputy Chair of Resparch at
Emory University. He will be discussing the risk-bengfit
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assessment.
DR. HIATT: We will take questions after thisg
Risk-Benefit Assessment
DR. LEVY: Thank you. I am privileged to bsg

review the risk-benefit assessment of aprotinin.
[Slide.]

What 1 would like to do this afternoon i1s tal

categories of risk considered, discuss hypersensitivi
context of perioperative anaphylaxis, discuss renal T

and other safety considerations raised In recent obse

studies, describe what I believe are some of the i1mpo
beneficial effects of aprotinin and then summarize wi
risk-benefit assessment.

[Slide.]

Hypersensitivity in cardiac surgery is of pap
interest. I have spent the past 25 years studying
perioperative anaphylaxis and you have to understand

doses of most agents with a potential for anaphylaxis

administered primarily iIn the operating room.

The 1dea of a test dose

about the potential of an impending anaphylactic reac

some of the complex critically ill patients that we d
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As mentioned I think earlier

hallmark of perioperative anaphylaxis 1Is hypotension.

important to understand that mortality is rare when p

this particular setting are intubated, they are exten

monitored. They have arterial lines, often pulmonary

catheters and the clinicians, both the cardiovascular

anesthesiologists, as well as the cardiac surgeons, a

at resuscitating these patients.

The other important perspective to remember

a critically 11l patient with a left main equivalent

tight right coronary with tight aortic stenosis, with

stenosis and concomitant coronary disease, these pati

pretty unstable to start with and that, 1f you look c

like 1 have at some of the perioperative hypotensive

that some of these are related to the effects of anes
and other agents on myocardial depression, basal dila
and beyond any type of antigenic exposure and anaphyl

In 23 cases of anaphylaxis reported during csa
surgery, most reactions occurred before the start of

cardiopulmonary bypass. This is a study reported out

Australia. What they noted was that rapid placement

cardiopulmonary bypass facilitated a good outcome.
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All but one operation proceeded and there wer

intra-op or postoperative deaths iIn this patient popu
Cardiopulmonary bypass is really lifesaving |
anaphylaxis because of the severe hypotension and

cardiovascular compromise.

The other
recommendation that

patients to aprotin

cardiopulmonary bypass

the operating room,
ability to urgently

The other
is

anaphylaxis, it

important perspective

important point,

iIs that the
currently has been made, when re-

in, that the ability to institute

Is established with the patien
the patient prepped and draped, a
institute cardiopulmonary bypass.

—

g

as we talk about

important to understand aprotinin

context of multiple agents administered In the operat

that can indeed cause hypersensitivity.
This includes antibiotics, not only cephalosy
vancomycin and other agents, aminoglycosides, blood a

multiplicity of antigenic, things that are blood expo

patient from transfusion-related acute lung injury to

incidence of anaphylaxis to 1 in 600 in the IgA-defic

patient population.

Latex, a ubiquitous environmental antigen, c§g
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anaphylaxis in certain patient populations. For inst

health care workers, 10 to 12 percent risk of IgE to

well as people undergoing following multiple procedur

The neuromuscular blocking agents iIn certain

populations, we have a high risk of anaphylaxis with

reported as high as 1 in 1,500 to 1 in 2,500.

Then, other proteins besides aprotinin, which

heard about, an agent that i1s used In practically eve

surgical patient, a drug called protamine isolated fr

sperm, a complex protein with a similar molecular wei

charge to aprotinin, has an incidence of anaphylaxis

high-risk patients, specifically, the dirabetics, of 1

percent. This i1s from two large prospective studies

published i1n the eighties looking at 4,700 patients.

An even higher incidence, Stewart

reported in 1984, a 27 percent risk of cross-sensitiz

Furthermore, in the FDA database, there are ¢

associated with protamine. Then there are other envi

and other agents that are administered iIn this partic

setting.

So, again 1t is important to put aprotinin 1ir

to other agents that can indeed cause perioperative a
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and other causes of acute cardiovascular compromise i

critically 11l patient population.

[Slide.]

So, regarding hypersensitivity in aprotinin,

hypersensitivity including fatal anaphylaxis with apr

known particularly with re-exposure within six months

of the high titer of IgG antibodies.

It is reflected in the label with a boxed war

recommendations that have been made when re-exposing

emergency treatment should be available including whe

dose i1s administered and the test dose should be admi

intraoperatively with the ability to urgently institu

cardiopulmonary bypass.

Aprotinin-specific 1gG antibody test iIs exped

reduce risk. It compensates for the uncertain histor

exposure and it may obviate the need for a test dose.

[Slide.]

Looking, though, also

meta-analysis of the randomized clinical studies, if

at four important variables, some of which Dr. Cyrus

that mortality, myocardial infarction, renal failure,

look at the clinical studies of the randomized clinic
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in CABG surgery, there i1s no greater risk of mortalit

renal failure and, at least from this data, there was

reduction iIn stroke In these patients.

[Slide.]
Regarding benefits of aprotinin from a clinigd
look at seven different meta-anal

perspective, 1T you

randomized clinical trials, one of the consistent fin

IS reported with aprotinin, aprotinin limits the re-o

that 1s, going back to the OR a second time for re-ex
for bleeding.

[Slide.]
1Is that

One of the Important perspectives

re-exploration has a significant impact on mortality,
who go back to the operating room have a significantl
increased mortality compared to patients who don"t re
re-exploration and bleeding is part of the major caus

re-exploration.

[Slide.]

The other important perspective--and it was ¢
earlier--is the complex changing landscape of our car
surgical patients. Clopidogrel, a ubiquitous cardiov
drug in all of our patients, Is an iIncreasing issue t
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think has serious consequences.
Any patient on clopidogrel increases blood

multiple studies support that,

transfusion,

re-operation and ICU and hospital stay.

IT you look at the ACC/AHA and STS Guideline
suggests to stop clopidogrel five days before CABG su
we still see emergent patients coming for surgery,

with very tight,

require urgent surgery despite the use of clopidogrel|

[Slide.]

One of the iImportant things

potential things to consider, one of the important pe

with clopidogrel is there i1s data with aprotinin--and

reported by van der Linden in Circulation last year--

the patients coming to the operating room receiving
clopidogrel, that the use of aprotinin significantly
the need for allogeneic blood transfusion and signifi
reduced the need for allogeneic transfusions, as well

percentages of patients transfused.

These numbers not only are statistically sigr

but they are clinically relevant, because this includ

unit of pheresed platelets, which i1s equivalent to ab
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units of single donor platelets from some of the olde

literature. So, aprotinin reduces bleeding iIn

clopidogrel-treated patients, an increasing problem i

patient population.
[Slide.]

Regarding stroke, if you

meta-analysis of studies, one of the things that 1 th

IS aprotinin does not iIncrease the risk of stroke and

Sedrakyan analysis, there was a significant reduction

stroke.
[Slide.]
So,

on the randomized clinical trials, aprotinin clearly

blood loss in transfusion and CABG surgery. 1t i1s al

effective 1n aspirin and clopidogrel-treated patients

in the 2005 STS Guidelines for antiplatelet therapy a

recommended in the STS Guidelines for reducing blood

transfusions with a Class | recommendation. The lysi

analogues, both epsilon-aminocaproic acid and tranexa

do not do this.
Aprotinin also limits re-operation.

known to have significant adverse clinical consequenc
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showed you the mortality data, there iIs cost and othe
and 1t 1s recommended in the STS, the Society of Thor
Surgical Guideline, to limit re-operation with a Clas
recommendation.

Again, the lysine analogues, epsilon-aminocagfg
and tranexamic acid do not do this and it may reduce
from the data that 1 showed you.

[Slide.]

So, in conclusion, regarding risk-benefit
considerations, hypersensitivity reactions and creati
elevations are known safety events. Bayer i1Is pursuin
additional measures to reduce the risk of these event

Beyond reducing blood loss and transfusion, 4
reduces re-exploration and may reduce stroke from the
randomized clinical studies and aprotinin, 1 believe,
important therapeutic option for the CABG surgery pat
a Tavorable risk-benefit profile.

Thank you.

Questions from the Committee

DR. HIATT: We are next going to discuss thisg

think use the microphone over here. I will just take

prerogative of the Chair. | would like to maybe begi
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overall comment on reviewing the Bayer background inf
SPONSOR: I think I would just introduce Dr.
McCarthy, who i1s the head of the U.S. Medical organiz

will emcee the questions In this period.

DR. HIATT: I would just like to make some

observations. In your background information, you 1in

the concept that blood transfusions might carry risk

infection, lung Injury, hemolysis, release of bad cyt

increased risk of stroke, and that there are also st

suggested that a liberal transfusion policy might be
with excess mortality.

Then, Dr. Mangano, at least in his backgroung
suggested that antifibrinolytic therapy might be prot

I guess a question that comes up in terms of safety

see any prothrombotic signals

At least when I review these data, In terms d
mortality, I counted 10 excess events with an odds ra
1.09, myocardial infarctions. These have all been di

extensively, but 24 excess events, about the same odd

nonsignificant, although In 3 studies that were adjud

an outside panel, there was odds ratios around 1 1/2

increased heart failure events and decreased stroke e
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I am curious because there are two kinds of

obviously, and my guess i1s that this is probably redu

risk of hemorrhagic stroke significantly and maybe ne

ischemic stroke, but I couldn®"t tell from the data an

is Impossible to tell.

So, my overall comment about it iIs that it 1

q
b=

effective at reducing blood loss and I also think it

effective at preventing at what I would call an event

re-operation.

I think that that, like an event In a heart 1

study, would be hospitalization, something that is pr

but the clinical benefit of reducing transfusion and

in my mind was not as obvious, at least In terms of s

these other outcomes.

So, that is kind of my overview of what I wasg

in terms of the safety information. It probably trul

neutral on these cardiovascular events and outcomes,

point estimates at least go a little bit in the wrong

direction.

So, with that, 1 would

committee for comments, questions, or any rebuttal fr

DR. McCARTHY: I would like to ask Dr. Cyrus
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Medical Department to comment.

DR. CYRUS: First, 1 would like to speak
mechanistically, 1Tt 1 could have the slide on, please
aprotinin could be hemostatic and not prothrombotic.

[Slide.]

During the bypass surgery, there is a complex

things that happen. The first thing that happens is
contact with the bypass machine, you have thrombin ge
and this leads to clotting obviously. This i1s why he

used.

Aprotinin actually inhibits the initiation of

thrombin generation and inhibits i1ts amplification.
works by a platelet effect where it Inhibits the path
impact of the bypass machine, but still allows for th
hemostatic platelet function.

It also inhibits free plasmin, but not bound
so basically, you are inhibiting the pathologic, but
physiologic fibrinolysis. So, overall, what you are
you are restoring the normal hemostatic balance that
disrupted by the bypass machine. So, mechanistically
how you could be hemostatic, but not prothrombic.

IT I could have the next slide, please.
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[Slide.]

We did a search where we looked at arterial

thromboembolic events as reported by the

that, you know, you were pretty close with your hand

238

and venous

investigator|, knowing

tabulations, | have to say, but looking at this, i1if ypu looked
across any arterial or in any venous, the event rate was 7.9
versus 7.6 percent with an odds ratio of 1.05. I shopld make

note this is including all studies

have had adequate anticoagulation.

including those that may not

DR. HIATT: Thank you. 1 think these are jusgt i1ssues

for consideration around safety debates that wasn®t fTully

adjudicated, the studies weren"t designed to test the

hypothesis that this drug would reduce short-term morgality or

cardiovascular events and that was clearly spelled ougt In the

background information, as well.

But I also point out to the committee that at least in

the sponsor"s data, there were 120 deaths, 1t"s a reasonable

number of events

242 myocardial infarctions, so I thpnk we

have a reasonable confidence around these point estimpates.

We will open up discussion starting down at this end.

DR. PAGANINI: I have a couple questions on

presentations.

guess the fTirst thing would be the
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of dialysis. Is that any intervention, or is dialysi

for solu as well as volume? Do you have a clear defi

that? Anytime somebody is hooked up onto a machine 1

dialysis, 1s that the definition?

DR. McCARTHY: No, the definition was dialysi

undertaken in patients who had clear renal fTailure wi

creatinine elevations that were markedly elevated. 1

definition for just fluid removal.

DR. PAGANINI: Thank you. The second questigd

have i1s the cause and effect or marked difference. Wh

surrogates for outcomes, frequently, we will look at

effect 1s on the surrogate and assume that 1f the sur

gets better, the outcome gets better.

Here, you have shown an improvement in blood
decrease iIn blood loss, and a decrease In re-operatio
there 1s no improvement in outcome. Could you explai
me?

DR. HIATT: That i1s kind of where 1 was going
think 1f the concept of reducing blood exposure shoul
lot of clinical benefit, 1 didn"t see 1t.

DR. McCARTHY: I think the studies that were
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the duration of follow-up was basically short term wh

are in the hospital.

1
detect or show a mortality difference.

DR. PAGANINI: IT 1 can, Mr. Chairman,

The third

Those were iInvestigator defined and not defined initi

yet one of your outcomes iIs an iImprovement in stroke.

seems inconsistent 1If you don"t have a clear definiti

initially and then you have the investigator define w

and then use that as an outcome. It iIs just a commen

A question 1 would have i1s 1n your Slide No.

have a difference In your numbers with regards to dia

versus the rest of the i1ssues, you know, greater than

milligram percent differences.

Your denominator here tends to be somewhere G4

and 33 patient differences. Why i1s that? Why i1s it

have a total group of 335, but when you go to dialysi

is 361, which would, in fact, decrease the incidence
dialytic intervention when you increase your denomina
that is true across the board.

Is that an error or iIs that just an omission?
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DR. CYRUS: No, that i1s actually true. Not ¢

patient may have had a baseline serum creatinine, soO

didn"t have a baseline serum creatinine, there was no

compare creatinines to.

So, Tor example, In the full-dose aprotinin d

had baseline serum creatinine. When looking at dialy

would include the entire patient population regardles
whether they had baseline serum creatinines and anyon
an adverse event of renal failure or renal dysfunctio
checked fo

have also had all CRFs, case report forms,

dialysis, so that i1s why that denominator does differ|
DR. PAGANINI: Thank you. I am done.
DR. FLACK: A couple of questions.

data for hypersensitivity not looked at, because one

things I was actually curious about had to do with ar

anaphylactic reactions after you get a test dose diff
that after you get more full dose there.

DR. CYRUS: We did look at that, the clinical

data, but as one might expect, because this developme

done when patients may not have had an opportunity to
had prior aprotinin exposure, the bulk of these patie

obviously had no prior exposure.
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What we did
applied for the spontaneous database for doing a broa
for hypersensitivity.

We did that on the clinical trial database ag
|

of the patients. should mention that we didn"t jus

for CABG, because obviously, hypersensitivity could b
anything, so we did 1t across the entire open heart s
database, all studies regardless of whether they were

controlled or post-marketing observational studies.
All indications

had and, across 12,484 patients that are in our overa

clinical trial experience, we i1dentified 24 cases tha
out with hypersensitivity.

We then pulled each of those case report forn
out additional Iinformation on those cases and, clearl
them occurred while the patient was well out of the O
post-op date and it clearly was in a temporal relatio
they had a clear alternative explanation assigned by
investigator, such as hypersensitivity to protamine,
hypersensitivity to an antibiotic.

For those where we could not exclude a clear

alternative explanation and temporally, you could not
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243

aprotinin, we were left with a rate of 0.1 percent acfoss the
clinical trial, that we could not absolutely exclude,|which
would be consistent with the no prior exposure experignce.

DR. FLACK: But again, the question is peoplea who get
it after a test dose, i1s 1t a different expression cljinically,
more serious, less serious than those who get i1t aftey full
dosing.

DR. McCARTHY: I would like to call on Dr. Levy to
respond to that.

DR. LEVY: The test dose basically is still a
significant number of molecules and i1t i1s really i1s there less
of a response to the test dose versus a full dose.
Theoretically, there may be, and that is also potentially some
of the i1deas of the test dose, for instance, 10 millipn versus
2 million in the full load.

So, the i1dea i1s, one, to remind clinicians and, two, a
smaller potential antigenic load, although even in skifin
testing, you can still get hypersensitivity.

DR. FLACK: It 1s fair to say you probably dgn*t really
know.

DR. LEVY: Exactly.

DR. FLACK: Okay.
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DR. LEVY: Thank you.

DR. FLACK: The other question I had 1s when

a positive test dose, a positive reaction to the test

there ever any thought of do people just automaticall

it, or do they try to pretreat them with steroids, Be

things like that, do you think the risk really warran

DR. LEVY: Good question. The first thing,

blocker cortical steroids really kind of came iInto th

from Europe where they use a lot of gelatins and othe

that have a high risk of hypersensitivity and that is

concept occurs.
Pretreatment for anaphylaxis has never really

established, probably from the contrast media literat

iIs not anaphylactic, 1t 1Is not antibody mediated.

The second question, sorry, about the subsequ

DR. FLACK: Do people ever get a positive teg

response and then still try to move on with some--

DR. LEVY: If they have a reaction to the teg

then, 1t 1Is stopped. The other thing i1s what i1s also

is that the dose In the cardiopulmonary bypass reserv

put in until after the test dose and the loading dose

successftully administered, because of the resuscitati
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capability of that.

DR. HARRINGTON: I want to try to understand

occlusion and the MI a little bit further. So, first

graft occlusion, in these particular studies, what wa

the rate of the angiographic follow-up and was i1t the

between the treatment groups, between placebo and apr

And then while you are thinking about that or

all these films read In a core laboratory, an angiogr

laboratory, and were they the same core laboratory, o

these different core laboratories across the differen

DR. McCARTHY: It was the same for the large

was shown as in our label, was run out of Dr. Alderma

laboratory in California, so they were all read centr

DR. HARRINGTON:

comment on the graft observations?

DR. CYRUS: These five studies are from the |

I will try to remember them off the top of my head.

study was a single-center study, so i1t was done at th

institution. The Kalangos was also a center, a singl

I believe the Bidstrup was, as well. The Lass study

Lemmer study, the ultraftast or CT was read centrally,

and I am not sure about the Lass study.
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DR. HARRINGTON: So, 1t would be a fair statement that
the one that showed the difference was the one really| that
prospectively set out to use the core laboratory, et getera.

DR. McCARTHY: Right.

DR. HARRINGTON: On the MI front, the MIs arg defined
as definite, definite or probable, definite, probable| or
possible. Can you help me with how i1s MI defined in fthese and

how they ended up iIn those various categories?

DR. McCARTHY: I would like to call on Dr. CH
respond.

DR. CHAITMAN: Show the slide, please.

[Slide.]

The three categories that we decided on are s
this slide. ™"Definite” MI used the ECG criteria or a
evidence of myocardial necrosis, but not an enzyme ma

was an electrocardiographic diagnosis. Recall this 1

that were done 13 years ago.

The second definition "probable™ included car
enzymes with a CK-MB level of 120 units per liter or
abnormal profile where the CK-MB exceeded 100, but th
also a Q-wave worsening according to the Minnesota Co

"Possible™ MI was an abnormal cardiac enzyme
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where the CK-MB exceeded 100 units.

IT the patient had none of these, then, there

absence of these criteria, so in the IMAGE trial, whi

your briefing document where these data were collecte
prospectively,

we present the data for definite, prob

possible MI, and the rates are similar regardless of
definition you use.

I should mention also that we used ECG critery
didn®"t use ST or T-wave changes because In a prior pu

that we had published, looking at the prognostic valu

T-wave changes after coronary bypass surgery, about 4
of patients have T-wave abnormalities and the five-ye
prognosis, whether you have them or you don"t have th
virtually i1dentical In the absence of enzyme markers.
have T-wave changes.

DR. HARRINGTON: How did these make i1t to yol
attention, did cases get sent to you that the iInvesti
indicate as a possible myocardial infarction, or was

sort of systematic screening of the database

abnormalities in either EKGs or enzymes?

q

P

DR. CHAITMAN: Yes, the data i1s going to be

this slide.
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[Slide.]

The blinded review, we were blinded, of coursge, to
treatment assignments, so we received the ECGs of all| the
patients before surgery and then afterwards, at three| five and
seven days, or hospital discharge, as well.

We had the enzyme data that you see on the slide, case
report forms, clinical summary, or any other applicablfle
information that would relate to the potential diriagnosis of
infarction including autopsy reports when they were ayailable.

So, in this particular series of studies, thgse were
prospectively collected.

DR. HARRINGTON: So, this information, though, 1 guess
my question is it was collected, but how was i1t i1dentgfied,
were the enzymes systematically looked at?

DR. McCARTHY: All patients.

DR. HARRINGTON: You saw every single patient?

DR. CHAITMAN: Yes, absolutely.

DR. PORTMAN: 1 have a point of clarification. Granted
that renal failure based on creatinine i1s less than optimal,
but I think we can all agree that with aprotinin, renpl failure
is certainly a risk factor preoperatively, so are
aminoglycosides, maybe contrast agents, although we djidn"t
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discuss that.

But there i1s some confusion about the use of

inhibitors and nothing really mentioned at all about

Certainly since these studies have been done, the ACE

use 1s prevalent, and so are ARBs.

The study by Gillespie and Kincaid in the bri

document suggests that ACE inhibitors are a risk fact

whereas, the global database suggests that i1t is not.

question 1 have i1s can you clarify the risk of ACE 1in

with aprotinin use for renal fTailure?

DR. McCARTHY: I would like to call Dr. Cyrug

respond to that.

DR. CYRUS: First, | guess to answer the ques

the angiotensin, many of those drugs were not approve

time that these clinical trials were done, so we don-*

data on that, but certainly we have 1t on the ACE inh

Could 1 have the slide, please.

[Slide.]

As you can see, we have about 347 patients ir

full-dose aprotinin and 323 patients in placebo that
receiving preoperative ACE inhibitor use and the rate

creatinine elevations greater than 0.5 were 11.5 perc
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11.1 percent with an odds ratio of 1.05.

So, clearly, at least within our database, th
not appear to be an increased risk of preoperative AC
inhibitor use In serum creatinine elevations.

DR. PORTMAN: We don"t know anything about ddg
those ACE i1nhibitors?

DR. CYRUS: No, we don"t have that informatidg

DR. PORTMAN: Okay. One last question. It i
mentioned In the briefing document that there may be
competitive inhibition between aprotinin and creatini
secretion iIn the proximal tubule, which might be resp
some part for an increase iIn serum creatinine levels.

Is that, in fact, the case?

250
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DR. McCARTHY: I would like to call Dr. Whelton to

respond to that.
DR. WHELTON: Thank you, Dr. McCarthy. Andrg
from just up the road iIn Baltimore.
I guess the fTirst issue to my mind as this si
emerged i1s to say i1s this biologically plausible and
lead directly iInto your question, because | should sh
the committee that what we now know as solid factual

the mechanism of toxicity is, of course, based on pre
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animal data.

IT you will just bear with me for a moment, 1

in your mind"s eye, a molecule of aprotinin as i1t goe

systemic circulation into the renal circulation affer

arterial and then lands at the surface of the capilla

in the glomeruli, the molecular size i1s about 5,000 d

it passes quite readily. Then, of course, would ente

intraluminal space of the proximal tubule.

As 1t 1s transversing there, it binds to the

brush border of the proximal tubular cells. Now, we

from the animal data that i1t looks like following bin

the cell wall, 1t i1s engulfed iIin an endocytotic or pi

vesicle and goes right into lysosomes.

We know physically, the lysosomes increase it
that appears to be the dominant site of action, so it
one, why the drug accumulates within the kidney. It

be that a small amount will leak out through the dest

membrane of the lysosome into the cytosol and have ad

effects.

The gist of 1t is without ever doing a clinig

you could then predict, wow, this looks exactly like

mechanism of aminoglycoside toxicity, hence, we shoul
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reasonable assurance see an interaction there and ind
do.

On the other hand, the ACE inhibitors and thsg
going to have an effect dominantly on efferent arteri
there may be some feedback mechanism for an afferent
but you would say i1t is less likely you would have to
studies.

It 1s Iinteresting as 1 also looked at the Kir
that the numbers are not dissimilar to what are avail
the prospective database. Interestingly, in the Kinc
report, which iIs very interesting, there is an overla
60 percent of those who are on ACE may well have had
as the reason for being on i1t and, hence, it is uncle
was underlying diabetic nephropathy, but I think I wo
with the prospective data and say that i1t doesn"t loo
there i1s, 1T there 1s an interaction, 1t has got to b

But other drugs, cisplatinum, amphotericin, |
were we to study them, we would probably see, yes, a
interaction. Again, 1 would emphasize this looks lik
transient, and we have got a good explanation for it.

DR. WARNER-STEVENSON: I have two related qud

am clinically quite impressed by the serious impact off
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transfusions and re-operation in the crucial postoper
period.

I think the impact of that probably takes qui
to see, but 1 am surprised that we don"t find some tr
towards fewer hospital days, shorter time intubated,
that would relate to these two. That 1s my first que

Is there anything that might give us a trend
data even 1f 1t"s not strong, that there 1s an overal
improvement in how people do?

DR. CYRUS: When we collected the data for th
trials, we did collect length of hospital stay. Unfor
it was collected In a very general fashion. It wasn"t
endpoint and 1t was very difficult to analyze.

There was a trend towards decreased hospital
albeit not statistically significant associated with

DR. WARNER-STEVENSON: Thank you. I have one
related question. I am Iinterested In the STS Guideli
Certainly, in general, clinical guidelines represent
thoughtful iInput that integrates both the trial data

clinical opinion.
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I am interested In the guideline which says that i1t"s

Status Ila for patients who have received aspirin, wh
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me assume it 1s not listed for people who have not re
aspirin, and then 1 am curious about the later guidel
2006 which indicates 1t"s a Level 1, but that"s a gui
blood conservation.

I just wondered i1f any of the surgeons could
exactly the status of these recommendations for the g
patient or the high-risk patient undergoing surgery.

DR. McCARTHY: I would like to call on Dr. S
respond.

DR. SMITH: This is Peter Smith. I am Chief
Thoracic Surgery at Duke University. | am here on be
Bayer.

[Slide.]

The STS Guidelines, there are several guideli
have been promulgated. This one iIs the one related t
aspirin-treated patients citing level A and B evidenc
aprotinin limits bleeding in these patients and it ha

safety profile.
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It has this lIla recommendation, which means that the

preponderance of evidence i1s on the side of aprotinin
effective iIn the high-risk patients who are aspirin t

They caution that this is not extrapolated tg
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lysine analogues that you can see a Ilb recommendatiop-- Class

Ilb evidence rather which i1s the majority of the information

shows that they are not effective iIn this setting.

The current state--1 think we have another sl
STS, the draft ones, 1f you could put this one up--

[Slide.]

The STS has been developing blood conservatigd
guidelines that are now in draft form and have been c
on the web site and have been, to my understanding, a
the SCA, Society of Cardiovascular Anesthesiology, as
with these recommendations.

These recommendations were developed subseque
publication in the New England Journal of Medicine th
discussed today. The Class | recommendation for full
aprotinin level A evidence, reducing blood transfusio
persists. Ilb recommendation is for half-dose and fTu
aprotinin reducing reoperative rates, so that i1s retu
operating room for bleeding, has a Ila recommendation
the A and B type of evidence.

Those guidelines, 1 expect that they will be
shortly. But I am not on the workforce and 1 have no

independent information of their status other than 1
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the guidelines be circulated.

256

DR. HENNESSY: I have two questions, one in the

background material that we got from FDA based on the
randomized trials available through 1993, 1 believe 1

It quotes a rate of renal failure for aprotir
patients at 3 percent versus 1 percent for placebo-tr
patients and we haven"t seen any data iIn Bayer®s pres
that reflects those numbers and 1 was wondering what
discrepancy was.

DR. CYRUS: That information is based on advg
reporting, so it would have been renal failure as lis
investigator term as an adverse event.

We chose to present data based on a more subj
creatinine change--objective, excuse me. The more su
findings of renal dysfunction and renal failure are 1
briefing document as adverse events where we did use
definitions.

DR. HENNESSY: Thanks. The second question §
the utility of the test dose seems Intulitive and seem
lots of things that seem intuitive and obvious when y
them turn out not to be.

Has the utility of a test dose ever been stud
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there any consideration that that should be done?

DR. McCARTHY: I would like to call on Dr.

first.

DR. ATKINSON: Good afternoon. My name 1s Fn

Atkinson. I am a Professor of Allergy and Immunology

road at Johns Hopkins and 1 have spent a good bit of

professional career being iInterested In doing researc

immunologic drug reactions.

I don"t know the history

I suspect that the 1 cc challenge dose was adopted by

from the practice for radio contrast media, which for

years included a 1 cc challenge dose or test dose pri

administration of RCM.

We now know that that was a very unhelpful s

device In the sense that the vast majority of contras

reactions are not predicted by such a test dose.

Nevertheless, the test dose | think remains

drugs like aprotinin where we are administering a kno

allergen that is a foreign protein to patients who ca

and will, In a predictable fashion, develop some degr

immunologic sensitivity to it if repeatedly exposed t

It makes sense from an allergic point of viey
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smaller dose rather than a larger dose to someone who
a hypersensitivity state with regard to that material
contrary to what many textbooks used to say, we now b
that allergic reactions, like almost every other biol

reaction, are dose related and higher doses 1Impose si

risk.
increme

So, using a 1 cc challenge dose as an

challenge or a way of incrementally introducing a pot

allergenic material to someone who may or may not be
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makes sense from the point of view of the mechanism off the

reaction that i1s trying to be prevented, and it makes

from I think presumed, and I believe well established

experimental models, dose-response relationship betwe

exposure and allergic reactions, particularly fatal

anaphylaxis.

But to answer your question directly, no, as

am aware, this practice was not derived from any dire

clinical evaluation of the value of the test dose.

DR. HECKBERT: I have another question about

reaction, hypersensitivity reaction. We had in our c

materials some information about the use of 1gG as a

Can you comment on what is the extent of kno

PAPER MILL REPORTING

Email: atoigol@verizon.net

sense,

far as |1

ct test or

allergic
irculated
Cest.

ledge

(301) 495-5831



about the utility of the 1gG level to screen for the

DR. McCARTHY: I would like to call on Dr. He

Bayer to respond.

DR. HELLER: Some of this information, as 1t

think the panel may have in the review by Beierlein,

which was In the FDA"s briefing document and 1 think

of salient points.
That review recommends,

recommends consideration of 1gG as a useful clinical

Now, in that review, there i1s a table that summarizes

which are primarily from two sources.

One i1s a paper by Professor Dietrich, who is

us today, which characterizes a series of patien

were re-exposed, had had prior exposures to apro

were examined for their 1gG status--that is, whether

they had detectable 1gG and were then exposed to apro

the outcomes were recorded.

In addition, there i1s another series in the |
by Scheuler, and I can refer you to the table in that
publication. Actually, 1 have the slide here which i

similar, so let"s show that slide since they are talk

numbers.
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[Slide.]

260

In terms of the publication by Professor Dietrich, 117

patients, 121 exposures, the I1gG status preoperativel
determined and was positive for 18 out of those 121 e
among those cases. | would remind you all that these
re-exposures. There were 3 cases of anaphylaxis.

The second paper, Scheuler®s paper, he lookeg
cases, preoperative 1gG status. Here, in both cases,
talking about detectable 1gG, 15 were positive, there

case of anaphylaxis. The point that I think iIs made

y was
Xposures

were

at 448
we are
was 1

in the

Beierlein review, and we have captured that portion of the

table on this slide, 1s that the negative predictabil
iIs, the confidence interval around the absence of a r
the presence of a negative 1gG i1s highlighted i1in the
Now, 1 think 1t is probably inescapable to ng
this series, the sensitivity was 100 percent, that is
cases were recognized, but 1t has to be allowed that

not a large number.

ity, that
caction in
baper .

te that iIn
, all 4

that is

I think those are probably the most pertinent data. |

was going to ask for a follow-up question, but perhap
Atkinson should comment further.

DR. ATKINSON: This is obviously not a large
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on a proposed screening test and I think one has to g

analogous situations with other foreign proteins admi

to man, and 1 believe that the large majority of thes

anaphylactic reactions, and particularly those that a

have an immunologic mechanism for which this would be

reasonable surrogate marker.

Many of you are aware that anaphylaxis 1s cor

attributed to IgE antibody rather than 1gG antibody a

antibody i1s difficult to measure iIn vitro especially

presence of larger quantities of 1gG. Other studies

foreign proteins and human administration show quite

think that IgE antibody responses do not occur except

presence of 1gG responses, so that all patients who m
will make 1gG, as well and, therefore, should be dete
this aprotinin-specific I1gG assay.

The important property of this test I think 1

predicting serious and potentially fTatal allergic rea
the expected very high negative predictive value, tha
insofar as all of these reactions are immunologically
my expectation would be that they would be easily ide
this 1gG assay.

The price to be paid for that i1s that some ps
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appreciable number of patients will have clinically T

positive results In the sense that they don"t have

g

antibody, but will not be at risk of a systemic aller

reaction and, hence, will be denied treatment that th

otherwise may benefit from.

But given the desire to prevent these fatal ¥

it seems to me that the risk-benefit assessment of th

properties at this point in time, with this limit to

of data, would favor precluding the use of the produc

patients who have made an immunological response iIn t

even at the expense perhaps of denying some patients

who otherwise might be able to receive i1t safely.

DR. HIATT: Just while you are up there, or n

more directed to the sponsor, but we do have to wrest

this i1ssue and what is Bayer®s plan? 1In other words,

would 1t be, screen everybody who has received aproti

previously and, if they have a positive IgG antibody,

exclude them?

DR. McCARTHY: No, our recommendation, and we€

preliminary discussions with the FDA iIn this regard,
screen everybody undergoing CABG surgery who are pros
candidates for the drug and to contraindicate i1if the
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positive and we would like to move forward with the

introductions of the test into the marketplace as soo

can.

—

g

DR. HIATT: So, your proposal then would be

positive would be excluded.
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DR. McCARTHY: Correct.

DR. HIATT: What would be the overall population
prevalence of the positive test in this population, d
any idea?

DR. McCARTHY: In this population, I don"t ki
want to comment on it, but 1 do know in the re-exposu
patients 1t gets as high as about somewhere between 4
percent. That is iIn patients who have been previousl

to aprotinin.

DR. HIATT: Right; and we already know that §

clinical risk factor.

DR. McCARTHY: Sorry?

DR. HIATT: We already know that that re-expdg

clinical risk factor within six months and then the p

that hasn"t been previously exposed.

DR. McCARTHY: I call on Dr. Heller to respor

DR. HELLER: A quick clarification. In termg

PAPER MILL REPORTING

Email: atoigol@verizon.net

y exposed

S

sure 1S a

ppulation

d to that.

of

(301) 495-5831



patients who are exposed, there i1s a data set that su
that 1Tt you look at detectable 1gG, within six months
months to one year, you will find detectable 1gG iIn 4
percent of the cases.

It 1s also clear that provided there is no ag
re-exposure, that the 1gG falls and becomes undetecta
Perhaps the best series iIs a series again by Professo
Dietrich, who looked at 80 patients who were known re
after a year and reported in his paper one case of po
detectable 1gG.

So, yes, that shows the data from Professor [

The other relevant data i1s In a paper by Sche
examined several hundred patients, all of whom, iIn te
patients we are talking about, these patients had no
exposure.

Some had a history of surgical procedures, bl
history of exposure, and he found a background incide
patients for whom there was no documented exposure of
approximately 4 percent.

Another point that 1 think i1s relevant--and [
Atkinson could perhaps respond further on this--i1s th

understanding, 1If you are positive for 1gG and, with
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IgG becomes no longer detectable, i1t is as if you had
developed the 1gG.
DR. HIATT: Just to clarify the sponsor®s pos

the committee to understand, then, your discussion wi

would lead to a screening test on all patients who mi

treated with aprotinin and that 1f there is a positiv
titer--and we haven"t learned what the definition of

is--you would exclude them.

DR. McCARTHY: Positivity i1s detectable 1gG.

DR. HIATT: Is detectable.

DR. McCARTHY: Correct.

DR. HIATT: And that 1s your position?

DR. McCARTHY: Correct. Keep in mind, though
did talk about two potential assays, the laboratory-b

and the point of care assay. We are further along wi

lab-based assay, so patients who are undergoing emerg
surgery wouldn®t really have that option until the po

care test becomes available.

DR. HIATT: So, there would have to be other
clinical predictors, which you are not aware of--

DR. McCARTHY: Correct.

DR. HIATT: That might make them high risk.
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DR. McCARTHY: Yes.

DR. LINCOFF: I wanted to go back to the 1issU

myocardial infarction. I understand the limitations

analysis that was presented, but so on your Slide C-3

C-39, which talk about the i1ncidence of the adjudicat

myocardial infarction, In the initial trials 89-004 a

and then the subsequent trials where they were prospe

defined, 1t 1Is reassuring on C-39 that the repeat CAB

show a difference i1n myocardial infarction rates once

been the changes iIn practice with the anticoagulation

have to recognize that i1s only 135 patients. So it s

the entire database that we have iIn the reassuring se

small, whereas, iIn the previous study, you had 521 pa

recognizing that that was the group in which you didn

the uniform policy for the anticoagulation.

That 1s a nice theory, and 1t does make sense

you have any sort of supportive data in terms of tota

doses or anything that would reassure us that patient

undergoing repeat bypass--1 mean there is theoretical

pathophysiologic reason to believe those patients mig

at risk for thrombosis and myocardial infarction, so

being the group that had the higher rate of infarctio
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first set of trials is not completely ameliorated, or

concern is not completely ameliorated by the second s

rather small number, so do you have any additional da

might help us fTeel reassured that there isn"t an exce

myocardial infarction and renal bypass?

DR. CYRUS: I guess 1t"s a two-part question

I am viewing i1t. The first part, as far as the addit

in repeat CABG patients, recall that historically, re

was the initial approval.

In Europe, the approval did precede the apprg
U.S., so most of the repeat CABG development had alre
done. You can say, well, why didn®"t they see this 1iIn
But, you know, Dr. Royston is sitting here with us an
policy In his institution was to maintain the ACTs at
rate than what they were being maintained in the U.S.

interaction with the celite ACT may not have been pic

the European trials that were part of the early devel
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As to why we believe this was the case for Study

D89-004, despite the fact that the bypass time was th

both groups and, 1f the bypass time iIs the same, you

that as the surrogate for the heparin dose.

There was a statistically significant differe
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between the full and the half-dose of aprotinin versus placebo

and the total amount of heparin given with less heparjin being

D

given to the aprotinin-treated group as opposed to th
placebo-treated group.

Then, 1T you look at ACT and you look at the |Wang data
which would suggest that--where you start running intp trouble
when you are using the celite ACT i1s at the 90 minuteps of
bypass time and you look at that same correlation with Study
D89-004, that was at a time when their ACT was still above that
400, which was the cutoff that the site was using for| their
anticoagulation and there was statistically significapt
differences i1in the ACT. We are using that as the marker.

DR. KASKEL: I would like to get back to the
measurement of renal function for a minute. Knowing fthe
difficulties using creatinine, serum creatinine and cfeatinine
clearances in estimating kidney function, 1 wonder i1f| 1t would
be useful to think about a pilot study using some morg exact
measurements of kidney function. There are other methods
available. lothalmate clearance is being used now iIn| an
NIH-funded trial.

There are exact measurements that one could possibly do

on a small subcohort of patients, control and treated| group
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just to see once and for all 1T you can decipher any

kidney function, as well as outcome data.

DR. JEEVANANDAM: I have a couple of questior

Referring to your Slide C-45, which is incidence of C

Heart Failure, 1T you look at the full-dose aprotinin

there 1s a higher i1ncidence at 14.1 as opposed to 11

ratio of 1.33.

Is that statistically significant? It seems

are certain numbers. So, they are not significant.

I guess the other question I had i1s I know ap

has been looked at in other randomized, blinded trial

specifically, valve trials.

Could you comment on other trials other than
trials where there might have been an effect on renal
because a lot of the questions we had in our first pr
by Dr. Mangano was perhaps concomitant procedures wit

incidence of renal dysfunction, so do you have other

other than just CABG trials looking at renal functionf

DR. CYRUS: First, the data that |1

about 50 percent of those patients had an isolated CA

procedure. The other 50 percent did have a CABG-plus

procedure, so there is some of that iIn there.
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Probably the most recent study where you coul

270

d just

remove the effect of bypass totally iIs a study that was just

conducted by Bayer in hip surgery. So, 1f you forget

the

bypass effect on the kidneys and let"s look at a patigent

population that may not be at increased risk for changes 1in

creatinine and there were no differences between the groups in

that patient population.
[Slide.]

Here is the data for that study. This sort d

T suggests

that 1n a patient population who was not at risk for frenal

dysfunction that aprotinin did not have an effect.

DR. JEEVANANDAM: I have another question. I

n your

IMAGE trial, you had an overall higher incidence of graft

thrombosis and then, 1f you looked at the U.S. sites,

that

difference went away. You specifically said that there were

two sites in Israel that had a higher incidence of graft

thrombosis.

IT you just took out the Israel sites, but ke

pt the

other foreign sites in, did i1t make a difference, or pas it

only those two specific sites that were the difference In that

study?

DR. CYRUS: Just to be clear, there were only
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sites that were outside the U.S., two were i1n Israel

was In Denmark. The analysis has not been done leavi

Denmark center 1in.

DR. JEEVANANDAM: My final question is on ang

Being a cardiac surgeon, we deal with this all the t

we have a re-operative case, 1 will not have them eve

test dose of aprotinin until I know I have access to

to go on bypass whether 1t"s an aortic access oOr veno

or both.
IT we do have anaphylaxis after the test dose

usually i1t occurs during the loading dose, obviously,

on pump and manage hypotension. I saw some of your m

statistics with anaphylaxis.
Were those mortalities on patients not going

You know, such as hip operations where 1 would think

be much more of a problem if somebody had anaphylaxis

hip, and you are not going to plan on going on bypass

ability to go on bypass, those patients might have a

fatality rate than patients who--

DR. McCARTHY: You obviously know all the casg

the setting of cardiac surgery and we would agree wit

that i1s part of our risk minimization plan i1s to real

PAPER MILL REPORTING

Email: atoigol@verizon.net

271

and one

ng the

Iphy laxis.

ime, so i1f
h give the
pbeing able

IS aCCesSs,

», Or

we can go

prtality

on bypass?
it would
during a
or the

higher

es were 1in
and

n you,

ly get the

(301) 495-5831



message out that since the drug can cause

Obviously, with the test dose i1t has been seen as wel

is really important to educate physicians who are usi

drug as to how best to manage anaphylaxis should 1t o

I think we have some examples where a test dg

been given iIn the induction room setting and, you kno

discussions with our experts and cardiovascular

anesthesiologists, the real emphasis is that the test

should really only be applied when the patient is int

can go on bypass in the event of an anaphylactic reac

DR. HIATT: I would like just to remind the (¢

that we have more ground to cover. We have an open p

forum with three speakers and then we have to discuss

things, so maybe

DR. ELLIS: The discussion of the hips raises

question for me, particularly with regard to the

hypersensitivity. This morning we saw an iIncreased u

drug 1n maybe 250,000 uses a year in the U.S., which

high percentage of patients receiving cardiac surgery
the drug.

I am wondering i1f you can comment 1f you knoy

percentages that are on label i1in the U.S., off label
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surgery in the U.S. and non-cardiac surgery in the U.pB.

DR. McCARTHY: Approximately, between 60 and |65 percent
of the use of the drug is in CABG surgery, either CAB{ surgery
alone or CABG surgery in combination with, say, a valye, and an
additional 30 or 35 percent is in other types of cardjiac
surgical procedures. Then there is about 5 to 10 pergent where

it I1s used In other situations, such as pediatrics.

It 1s also used In liver transplant surgery to some

extent.

DR. HECKBERT: I have a quick question about |your
global database, clinical trial database. I think 1t| includes
something over 4,000 patients. 1t looks to me like the U.S.

studies In that database, from your Slide C-37, most pf them
are from the early nineties and they would reflect thge kind of
patient that would present and might be considered for a
clinical trial In those days.
You don®"t have anything beyond the early ninegties 1in
the United States in that database. What about from pther
countries, are we seeing the kind of patients that now go for
CABG? Do we have data in your global database from mpre
contemporary types of patients?

The other thing to point out is at least In the U.S.,
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the more recent trials tended to be primary CABG, so

serious.

DR. CYRUS: The bulk of our clinical trial e

that | shared with you in the safety database was bet

late eighties and late nineties. There were a few st

went to 2001. We do not have randomized clinical tri

2001 in the database that I shared with you today.

I would like to call on Peter Smith to maybe

the type of patient that he i1s seeing and how this da

be extrapolated.

DR. SMITH: I would like to show you a slide

data that I got together actually for some discussion

recently with CMS, because you have remarked that the
and use of this drug has gone up and why and the pati

different than the patients who were studied in the r

trials, of course.

Some of those differences have already been
out, but I can also indicate that since the randomize
had a pretty high percentage of re-operations in them
were many patients that were studied iIn the randomize
that were every bit as risky for bleeding as we see t

[Slide.]
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These are data from the STS database comparir
"99, a more recent period 2000 to 2003, i1solated coro
patients. We are looking at 800,000 patients approxi

the earlier period and 550,000 in the later period.

showing the characteristics of the patients that are
bypass surgery today or recently.

You can see the diabetic incidence is high i

fourth line there, peripheral vascular disease, cereb

vascular disease, all these other markers of diffuse

disease, and especially other cardiac interventions |1

are becoming an increasing component of this.

IT you go a little lower, you see that the bl

product use actually has gone up in this period of ti

percent of the patients to 44. A lot of that has to

the increased incidence or prevalence, 1 should say,

aspirin and, even more particularly, clopidogrel, in

patient population.

Many, many,

stents with an indeterminate period of time of

clopidogrel and we often don"t have choice as to dela

surgery for the indicated five days in those kind of

It is hard to do that safely.
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With aprotinin being the only agent that is

q
b=

effective In treating these patients, platelets are 1

in clopidogrel-treated patients. It 1s only delay th

obviate the bleeding problems.

Just going down, you can see that all the pre

factors of risk for our patients are increasing and m

these things align with the risk of transfusion, as w

I hope that comment was germane.

DR. TEERLINK: A quick one, which is the advg

coming last in the line here. |In regards to Slide C-

C-54, what was the time frame at which dralysis was q

In other words, did you follow all the cases of dialy

7 days, 30 days, 6 months, or was it just if the inve

happened to note 1t?

DR. CYRUS: The way we did the search for dig

dialysis wasn"t specifically a check box on the case

form, so in order to try to capture the cases, we 1ide

any patient who had an adverse event that fell into t

failure or renal dysfunction and any patient who had
their serum creatinine.

Then, we manually reviewed theilr case report

looking into the comment fTields, looking into the act
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looking for evidence of dialysis, so this number coul

underestimate.

DR. TEERLINK: So, specific queries,

during the entire hospital time period?

DR. CYRUS: It would be during the study peri

would have been during hospitalization and the follow

as allowed for in each study.

DR. KATO: Also, from the cardiovascular star

guess one of my problems with the STS database, while

only database out there, 1t Is not audited.

I mean 1 still think that the 40 percent trar

rate that was quoted up there from the mid-nineties 1

bit high and 1 guess I am wondering about if the perc

transfusions i1s actually much lower, then, i1Is there r

big difference between half-dose and full-dose aproti

because in terms of the re-operation for bleeding rat

know, only the full dose is probably powered to have

statistical significance.

The half-dose doesn™t show i1it, but on the oth

the half-dose isn"t powered to show anything. I gues

my concerns Is that as we are seeing, i1t looks like t

greater risk with a full dose.
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Can you justify--with all this data, can you

justify the Tull dose versus a half-dose and getting
results for primary CABG?

DR. CYRUS: 1

perspective how these doses were derived. IT I could

slide on, please.

[Slide.]
At the Hammersmith Hospital,

in the way of a systemic inflammatory response to the

machine and they were aware that aprotinin may have a

in this. They were looking for a kallikrein inhibiti

that could indeed have an effect on the anti-inflamma

effect.
It Just so happens when they use this

surgery, they also noted that i1t had a blood-sparing

Because of this historical approach, the main develop

Europe used the full Hammersmith. That i1s where the

the experience with the product i1s, with the full dos

when the development began in the U.S. did the half-d

regimen become used, which was very late in the devel

But mechanistically, i1if you

properties of aprotinin, you can see that on this ver
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simplistic check box slide, that both the half and th

dose would have your plasmin-inhibiting properties, s

would expect to get some reduced blood loss iIn transfT

What you

dose--or you gain, | should say--by going to the full
you gain the ability to restore the platelet function

been disrupted by the bypass machine.

279

D

b full

D you

sion.

lose from going from the half-dose to the full

dose 1i1s

that has

You have an effect on the granulocyte activation, as
well as inhibiting the kallikrein pathway and bradykipin and
modulating the systemic inflammatory response.

So, mechanistically, the two doses are different.

IT I could have the next slide, please.

[Slide.]

Dr. Royston has looked at this data and he Iqoked
across the correlation looking at hourly blood loss versus
aprotinin dose. | should point out that there is a very high

correlation with increasing total aprotinin dose and

blood loss. The yellow dot up there refers to the pu
regimen, which is not an approved regimen in the U.S.
[Slide.]
When looking, then, across the clinical trial

looking at those patients that required greater than
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blood, you can also start seeing that you are looking

there i1s a dose-response although none of these studi

should point out, were to look for a difference betwe

half-dose and full dose.
The only meta-analysis that looked at dosing

Munox meta-analysis, which I did determine that the T

of aprotinin may have associated with 1t a higher rat

dysfunction, but 1 think 1t i1s fair to take that same

meta-analysis and say let"s look at 1t from an effica

standpoint.

I think when you do that, 1t is very clear t}

higher doses of aprotinin, although both were statist

significant, the clinically meaningfulness of the hig

IS more pronounced.

DR. HIATT: Thank you. 1 think we maybe woul

wrap this section up.

One just really fTinal quick question. How 1d

Bayer get to market this drug? 1t has been approved

How long does the patent run?

DR. CYRUS: There i1s no patent.

DR. HIATT: Got i1t.

[End of Questions from the Committee session|
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