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Dear Members, Consultants, Speakers and Guests:

Thank you for your willingness to participate in the September 12, 2007 joint meeting of the
Cardiovascular and Renal Drugs Advisory Committee and the Drug Safety and Risk
Management Advisory Committee. This meeting will focus upon the safety and efficacy data
related to aprotinin injection (Trasylol®, manufactured by Bayer Pharmaceuticals, Inc.) and is,
in large part, a follow-up to the Cardiovascular and Renal Drugs Advisory Committee held on
September 21, 2006. Trasylol is approved for prophylactic use to reduce perioperative blood
loss and the need for blood transfusion in patients undergoing cardiopulmonary bypass in the
course of coronary artery bypass graft surgery who are at an increased risk for blood loss and
blood transfusion.

Following the 2006 Advisory Committee meeting, FDA was provided with information and data
from a large sample size observational study conducted by Bayer Pharmaceuticals. The
findings from this study, along with published reports from a few other observational studies
have prompted FDA to reconvene the Advisory Committee to reconsider the available
information. The nature and extent of the observational data also prompted FDA to pursue a
joint meeting of the Cardiovascular and Renal Drugs Advisory Committee with the Drug Safety
and Risk Management Advisory Committee.

In general, FDA anticipates discussions related to the following topics:

e Strengths and limitations of the presented observational clinical data, especially in light
of the available controlled clinical data.
e The overall risks and benefits of Trasylol.

The supplied briefing materials consist of:

Draft topics for the discussion and an executive summary
A copy of the current Trasylol label

Copies of relevant publications

Copies of FDA review documents from 2006

Copies of FDA draft review documents from 2007.
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The final questions will be given to you prior to the start of the meeting.

We look forward to your participation and to a productive meeting on September 12, 2007.

Sincerely,

Dwaine Rieves, MD Gerald Dal Pan, MD, MHS

Acting Director Director

Division of Medical Imaging and Office of Surveillance and Epidemiology

Hematology Products
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DRAFT Topics for Questions for Advisory Committee Members:

1. FDA anticipates discussion of the strengths/limitations of the observational clinical data that assess
Trasylol effects, especially to the extent they suggest more safety concerns than from the available
controlled clinical data. These observational data consist predominantly of published study reports
(NEJM, 2006; Transfusion, 2006; JAMA, 2007) and the supplied statistical datasets as well as the study
report from the Bayer-sponsored i3 Drug Safety Study and statistical datasets.

2. Based upon the discussions of the totality of clinical data, FDA anticipates discussion of overall risks
and benefits of the drug and potential alterations of the Trasylol product label to address any important

safety concerns.



Summary

1. Background

Trasylol is an intravenously administered proteinase inhibitor drug manufactured from bovine lung.
Trasylol has anti-fibrinolytic properties and was initially approved by the FDA in 1993 for use among
certain patients undergoing coronary artery bypass grafting (CABG). The drug dosage is stated in terms
of kallikrein inhibitor units (KIU). Notable drug labeling supplements to the application were approved in
1994 and 1998.

Trasylol is currently approved "for prophylactic use to reduce perioperative blood loss and the need for
blood transfusion in patients undergoing cardiopulmonary bypass in the course of coronary artery bypass
graft surgery who are at an increased risk for blood loss and blood transfusion."

Trasylol was the subject of a Cardiovascular and Renal Drugs Advisory Committee Meeting on
September 21, 2006. The purpose of that meeting was to elicit advice in response to reports from two
published observational studies (Mangano et al, NEJM, 2006; Karkouti et al, Transfusion; 2006) that
suggested Trasylol was associated with an increased risk for various adverse cardiovascular-renal
reactions as well as the accumulating post-marketing data pertaining to anaphylactic reactions.

Following presentations to the Committee by the authors of the two publications as well as a summary of
data from Bayer and the FDA, the Committee provided the following conclusions and recommendations
to the FDA:

¢ Trasylol increases the risk for renal dysfunction, but the data do not establish an increased risk for renal
failure requiring dialysis.

o Hypersensitivity/anaphylactic reactions are known serious complications of the administration of
Trasylol and methods should be sought to reduce their frequency and impact.

¢ Reduction in the frequency and amount of blood transfusion during CABG surgery remains an
important benefit of the use of Trasylol.

» The benefit/risk ratio of Trasylol appears to be greatest in patients undergoing complex surgery or who
have other risk factors for bleeding.

¢ The population in which Trasylol is used should be more restrictive than currently approved.

The Committee was asked to comment upon the overall Trasylol safety and efficacy data, as follows:
“Does the totality of information support the use of Trasylol as a safe and effective therapy to decrease
the frequency and amount of transfusions in certain groups of patients undergoing
CABG/cardiopulmonary bypass (CPB)?"

The Committee's vote on this query was 18 in favor ("yes"), none opposed and 1 abstaining.

Following the Committee's recommendations, modifications to the Trasylol label were approved in
December, 2006 that importantly:

» Revised the indication statement to note that Trasylol is now indicated for use only in patients who are
at increased risk for blood loss and blood transfusion in association with CPB/CABG. This modification



changed the indicated populatiori from the broad population of CPB/CABG patients to only those judged
by physicians to be at increased risk.

¢ Revised the boxed warning to note that Trasylol should only be administered in the operative setting
where cardiopulmonary bypass can be started quickly and to more explicitly describe the risk for
anaphylaxis. This modification limited Trasylol exposure to patients who could rapidly undergo CPB.

¢ Revised the contraindications section to note that Trasylol is contraindicated for administration to any
patients with known or suspected aprotinin exposure in the past 12 months. This change was based
upon data showing that the greatest risk for anaphylaxis occurred within the first 6-12 months after a
previous aprotinin exposure.

¢ Revised the warnings section to describe the risk for renal dysfunction as well as to provide additional
information regarding anaphylaxis.

Following the September, 2006 Advisory Committee Meeting, FDA was informed that Bayer had
obtained the preliminary findings from an observational clinical study shortly prior to the committee's
discussions. The preliminary findings from this study (referred to as the "i3 Drug Safety Study")
suggested that Trasylol increased the risk for death and various cardiovascular-renal complications,
when compared to other anti-fibrinolytic agents. The report or the data were not provided to either the
FDA or the Advisory Committee members prior to or during the September, 2006 Advisory Committee
meeting.

2. Purpose of the Current Committee Meeting

This September 12, 2007 Advisory Committee meeting is convened to discuss the details of new
information regarding Trasylol, including the i3 Drug Safety Study as well as a published report (JAMA,
2007) of long term rnortality outcomes for patients who had participated in the NEJM ("Mangano") study
discussed at the 2006 Advisory Committee.

Of special note, over the past year, FDA statisticians have been supplied with the statistical datasets for
all three observational studies (subsequently referred to as the "Mangano" study [NEJM, 2006 and long
term follow-up in JAMA, 2007], the "Karkouti" study [Transfusion, 2006] and the i3 Drug Safety Study
[submitted to the NDA by Bayer].

The major purpose of this Committee is to provide recommendations to the FDA regarding the overall
risk-benefit assessment for Trasylol, especially when considering the information that was not provided to
the 2006 Advisory Committee. During presentations to the Committee, the major findings from the three
observational studies will be discussed, including a summary of FDA review findings and a summary of
the pre-marketing safety and efficacy data.

3. Overview of Trasylol Safety and Efficacy Data Supporting NDA and Supplemental Approvals

Trasylol was approved by the FDA in December, 1993 based upon data from two confirmatory clinical
studies conducted among patients undergoing CABG along with supportive clinical study data that
examined the use of Trasylol among patients undergoing cardiac valvular surgery. In addition to the
Trasylol regimen referred to as "Regimen A," these studies also used a Trasylol "Regimen B" which has
subsequently been referred to as "half dose" or "low dose" regimen. Regimen B consisted of exactly
one-half the dose of Regimen A, following the test dose (ie., 1 million KIU loading dose, 1 million KIU
pump prime dose and a constant intra-operative infusion at 250,000 KIU/hr). The studies supporting the
original approval are summarized in Table 1.



Table 1. Studies submitted in support of the original approval
Study # Design Safety n Regimen Control Procedure
D-89-004 R, DB, SC 171 A&B Placebo Repeat CABG
D-89-005 R, DB, MC 212 A&B Placebo Valvular surgery
D-89-006 | R, DB, MC 216 A only Placebo P”ma% :g%repeat

R = randomized; DB = double blind; SC = single center; MC = multi-center

In the two CABG studies, fewer patients receiving Trasylol required any donor blood when compared to
patients receiving placebo. In general, the risk for use of donor blood was reduced by half subsequent to
the administration of Trasylol. The major efficacy findings for the groups of subjects undergoing repeat
CABG are shown in Table 2.

Table 2. Major efficacy findings in support of the original approval:
comparison of the numbers of patients who required donor blood transfusion

Study Regimen A Regimen B Placebo
D-89-004 22/53 (42%)* 23/49 (47%)* 40/52 (77%)
D-89-006 7/23 (30%)* not studied 23/32 (72%)

*p < 0.002 compared to placebo

Except for renal data, the safety data generally showed similar adverse event rates among the study
groups, including mortality rates. The findings were notabie for the observation that 3% of patients
experienced "kidney failure” following Trasylol administration while "kidney failure" was reported for 1% of
placebo patients. The incidence of "renal dysfunction” was also increased among patients receiving
Trasylol when compared to placebo (23% vs 12%). However, the available data supported a
determination that the renal dysfunction was reversible.

In 1994, the sponsor submitted clinical data from "Study D-92-008" in order to support the inclusion of
Regimen B within the label's dosage section. This study was a randomized, double-blinded, placebo-
controlled study that examined Trasylol usage among patients undergoing repeat CABG. The safety and
efficacy findings for Regimens A and B were similar to those detected in the earlier confirmatory clinical
study that examined these dose regimens. Based upon this second confirmatory clinical study's findings,
the product label was modified to cite the option of either Regimen A or B as an acceptable Trasylol
dosage.

In 1996, the sponsor submitted clinical data from three new confirmatory clinical studies in order to
support a change in the product label's indication to cite the use of Trasylol among "patients undergoing
cardiopulmonary bypass in the course of CABG surgery.” This proposal was to broaden the indication to
include all patients undergoing cardiopulmonary bypass for CABG, not solely for use among patients
undergoing repeat CABG or patients at high risk for bleeding during primary CABG surgery. Table 3
summarizes the three prospective clinical studies submitted in support of the new indication. The major
findings from these studies are also described below.

Table 3. Studies initially submitted in support of the broader indication

Study # Design | Safety, n | Regimen | Control Procedure

D-91-007 | R, DB, SC 99 A&B Placebo | Primary or repeat CABG

D-92-016 | R, DB, MC 704 A, B, Placebo Primary CABG
pump only

D-92-048 | R, DB, MC 873 A Placebo Primary CABG

R = randomized; DB = double blind; SC = single center; MC = multi-center



In addition to these prospective studies, the submission included a report from a retrospective study
(Study 25504) that reported Trasylol hypersensitivity findings from a group of 387 patients with at least
two Trasylol exposures.

Study D-91-007 was a pilot, pharmacodynamic study performed at a single clinical site. Hence, this
study was regarded as supportive to the other, more informative clinical studies. The study findings
supported the efficacy of Trasylol in reducing blood transfusion requirements.

Study D-92-016 randomized patients with a broad risk of bleeding among placebo and three Trasylol
dose regimens. In this study, patients were stratified at randomization based upon the risk for bleeding
(high vs low, with predefined risk factors for bleeding) and on the perceived risk for perioperative
myocardial infarction (high or low, with predefined criteria). Table 4 shows the major efficacy findings.

Table 4. Study D-92-016 efficacy

. ' Regimen A | Regimen B | Pump Prime Placebo
Variable n =160 n =168 n =159 n =157
% requiring blood 33% 35% 33% 52%
Blood units, range 0-8 0-6 0-7 0-21

A notable Study D-92-016 observation was the finding that, among the 25% of patients at low risk for
bleeding, no statistically significant difference was noted among the groups for the percentage of patients
requiring blood transfusion.

Study D-92-016 safety findings showed a slight numeric excess in the rates of myocardial infarction, as
denoted by the site investigators (Regimen A 5%; Regimen B 3%, pump prime 5% and placebo 2%). A
blinded adjudication of the myocardial infarction clinical data found only a numeric excess of infarctions in
the pump prime group. The rates of post-operative serum creatinine elevations were similar among the
study groups.

Study D-92-048 was an international study that randomized primary CABG patients with a broad risk for
bleeding to either placebo or Trasylol Regimen A. The study assessed a primary endpoint of saphenous
vein graft patency rates as determined by post-CABG coronary arteriography and a secondary endpoint
comparison of donor blood transfusion requirements.

The study's primary endpoint result showed more patients with graft closure in the Trasylol group (15%)
than in the placebo group (11%). However, the rates for myocardial infarction were similar (Trasylol 2.9%
and placebo 3.8%) as were the death rates (Trasylol 1.4% and placebo 1.6%). Exploratory analyses
showed the higher rates for graft occlusion were evidenced only at the non-USA sites.

The study showed a statistically favorable effect of Trasylol upon the need for blood transfusion (38% vs
54%) with the treatment effect evident in the subsets of patients either at high or low risk for bleeding.

Study D-92-048 safety findings revealed similar rates of adverse events between the Trasylol and
placebo study groups, including similar rates of renal dysfunction.

Study 25504, the retrospective clinical study, suggested that the risk for anaphylaxis was 5% if the re-
exposure occurred within six months of the initial exposure. The anaphylaxis risk was 0.9% per re-
exposure if the re-exposure occurred after six months. Multiple re-exposures appeared to incrementally
increase the risk for anaphylaxis.

Subsequently, the sponsor highlighted data from two additional clinical studies (Studies SN0406 and
SN0407 and submitted an exploratory reanalysis of Study D-92-048 and a proposal to add a black box
warning to the product label regarding the risk for anaphylaxis. The additional clinical data included



findings from 152 patients at low risk for bleeding who were undergoing primary CABG. Both studies
demonstrated a reduction in the need for blood transfusion among patients receiving Trasylol (only the
Regimen A was examined). The exploratory re-analysis of Study D-92-048 focused upon subsets of
patients identified according to low risk for bleeding as well as USA versus non-USA sites.

FDA determined that the totality of the clinical data, in combination with the revision of the product label
to include a black box warning regarding anaphylaxis was acceptable and the supplement was approved
in August, 1998 for the relatively broad population of patients undergoing CABG with CPB. As previously
noted, in 2006, FDA and the sponsor changed this indication in order to attempt to limit Trasylol usage to
certain patients judged to be at high risk for bleeding and the need for blood transfusion.

4. Summary of the "Mangano™ Publication (NEJM, 2006) and the "Karkouti" Publication
(Transfusion, 2006) and Statistical Considerations

Briefly summarized below are the major highlights from the two observational clinical studies published in
2006 and discussed at the 2006 Advisory Committee. The publications are supplied as attachments to
this document.

It is important to note that these publications refer to anti-fibrinolytic drugs other than Trasylol.
Specifically, the publications refer to the use of tranexamic acid and aminocaproic acid, two drugs with
anti-fibrinolytic activity that are not FDA-approved for use during cardiac surgery. The FDA-approved
indications for these two drugs are the following:

-Tranexamic acid: for use "in patients with hemophilia for short term use (two to eight days) to reduce
or prevent hemorrhage and reduce the need for replacement therapy during and following tooth
extraction.”

-Aminocaproic acid: for "enhancing hemostasis when fibrinolysis contributes to bleeding. In life-
threatening situations, transfusion of appropriate blood products and other emergency measures may be
required. Fibrinolytic bleeding may frequently be associated with surgical complications following heart
surgery (with or without cardiac bypass procedures) and portacaval shunt; hematological disorders, such
as amegakaryocytic thrombocytopenia (accompanying aplastic anemia); acute and life-threatening
abruptio placenta; hepatic cirrhosis; and neoplastic disease such as carcinoma of the prostate, lurig,
stomach and cervix."

FDA has not been supplied with clinical data to verify the safety and/or efficacy of tranexamic acid or
aminocaproic acid when used in the same manner as Trasylol.

Both the "Mangano" and "Karkouti" publications refer to the use of statistical "propensity" methodology.
In considering this methodology the following background items are notable, as they pertain to the
differences between randomized studies and observational studies:

e As will be discussed during presentations to the Committee, a clinical study's outcomes predominantly
derive either from effects caused by an investigational treatment or from differences in prognosis before
administration of the investigational treatment. Randomized, controlled clinical studies provide the most
definitive evidence that study outcomes are due to an investigational agent since the randomization
process ensures that the only differences in prognosis between the study groups are due to chance.
Hence, in a randomized study, a treatment effect is demonstrated when the observed effect is unlikely
due to chance alone.

e Since observational clinical studies do not involve random assignment of patients to investigational
treatments, the choice of treatment assignment may be related to risk factors and prognosis. Thus, study
outcomes may simply reflect the underlying prognosis for the patients chosen to receive the specific
treatments.



o Statistical methods may be used in an attempt to adjust for those underlying prognostic factors (the
"observed variables") that are recorded in an observational database. However, statistical methods are
not capable of adjusting for prognostic factors ("unobserved variables") that are not recorded in the
database.

e Propensity adjustment is a statistical method that provides an estimate of the chance for a subject with
a set of observed variables to receive a specific treatment rather than an alternative/control treatment.

¢ Outcomes from observational clinical studies may be partially adjusted for the treatment assignment
preferences and decisions through the use of propensity scores—in these analyses, outcomes are
compared between patients who have the same propensity scores (ie., the same chance for receiving a
specific treatment).

¢ One of the major limitations of propensity methodology is its inability to fully eliminate underlying
differences in treatment groups. Hence, the statistical methodology from an observational study may be
thoroughly verified, yet the study findings may or may not accurately reflect the truth.

"Mangano” NEJM publication: In January, 2006 Mangano, et.al. published a report of a prospective,
multi-center observational clinical study that compared the use of aprotinin to the use of two other drugs
with anti-fibrinolytic activities (aminocaproic acid and tranexamic acid) as well the use of no anti-
fibrinolytic drug. In this study, 4374 patients undergoing coronary revascularization were assessed
following the assignment of each patient to the physician-prescribed anti-fibrinolytic drug regimen. In
order to adjust for imbalances in baseline characteristics, the study authors used multivariate logistic
regression with and without propensity-adjustment to estimate the irnportant study outcomes among the
study groups.

The authors reported that, for patients undergoing "complex" or primary coronary artery surgery, aprotinin
administration was associated with a doubling in the risk of renal failure requiring dialysis. Additionally,
aprotinin administration to patients undergoing primary coronary artery surgery was associated with a 55
percent increase in the risk of myocardial infarction or heart failure and a 181 percent increase in the risk
of stroke or encephalopathy. No increase in these adverse reactions occurred with aminocaproic acid or
tranexamic acid. All three anti-fibrinolytic drugs were reported to reduce blood loss.

"Karkouti" Transfusion publication: In March, 2006 Karkouti, et.al. published (following an earlier, on-
line publication) a report of a retrospective, single center observational clinical study that compared the
use of aprotinin to tranexamic acid among high-transfusion risk patients. In this study, patients
undergoing cardiac surgery with cardiopulmonary bypass were assessed following the assignment of
each patient to the physician-prescribed anti-fibrinolytic drug. Using propensity scores, 449 patients who
received aprotinin were matched to 449 patients who received tranexamic acid. The study reported that
all adverse events occurred at similar rates, except for renal dysfunction which occurred in 24% aprotinin-
exposed patients and 17% tranexamic acid patients.

5. Summary of the Preliminary Report from the i3 Drug Safety Study

Bayer has supplied a copy of the preliminary study report and datasets for the study entitied, "Mortality
and Cardiovascular and Renal Outcomes in Recipients of Aprotinin, Aminocaproic Acid and Tranexamic
Acid during CABG Surgery: Report on Computerized Inpatient Data from the Premier Prospective
Comparative Database” (the i3 Drug Safety Study). [The information below pertains to the preliminary
study report and database. Bayer supplied the final study report to the FDA shortly prior to the
generation of this document. The findings in this report are generally similar to those of the preliminary
report, as will be summarized at the September 12, 2007 presentation.]



This cohort study used the Premier Perspective Comparative Database, a large, geographically-
representative hospital-based database that provides data from approximately one-sixth of all
hospitalizations in the United States. The database was used to identify 66435 patients undergoing
CABG surgery who received anti-fibrinolytic therapy during a three-year period starting January 1, 2003.
The study considered 43 patient, doctor and hospital characteristics as variables. Outcomes, assessed
during the hospital stay following the day of the index CABG surgery, were acute coronary
revascularization (indicated by the presence of codes for thrombolysis, percutaneous coronary
angioplasty, PTCA, or redo CABG), stroke (excluding hemorrhagic stroke), acute heart failure (indicated
by the presence of codes for dobutamine use or left ventricular assist device use), acute renal failure
(indicated by the presence of codes for hemodialysis or peritoneal dialysis or hemofiltration) or death.

Relative risks and risk differences were calculated. Multivariable adjustment was accomplished by
logistic regression. The odds ratio (OR) derived from the logistic regression coefficient was the primary
measure of association and approximates the relative risk (RR).

Forty-four percent of patients received aprotinin and 54% received aminocaproic acid. The few
remaining patients who received tranexamic acid were included in the aminocaproic acid recipients for
primary analyses of aprotinin versus other anti-fibrinolytics.

Table 5. Major outcomes from the i3 Drug Safety Study: Relative Risks for Events Comparing
Trasylol to other Anti-fibrinolytic Agents Using Logistic Regression

Outcome RR 95% CI

Death 1.68 1.53-1.84
Acute renal failure 1.70 1.55-1.86
Acute heart failure 1.08 1.03-1.14
Stroke 1.20 1.07-1.35

Selected subset analyses were reported to show similar results and propensity score adjustment were
also reported to not change the results. The authors’ conclusions from the study were reported to
support the hypothesis of a higher risk of death and acute renal failure in aprotinin recipients compared to
recipients of other anti-fibrinolytic agents.

The data tabulations and their analyses have been provided by Bayer and FDA analyses generally verify
the authors’ preliminary resuits.

6. The "Mangano" Long Term Follow-Up Study

On February 7, 2007, JAMA published a study entitled “Mortality Associated with Aprotinin During 5
Years Following Coronary Artery Bypass Graft Surgery” (JAMA . 2007;297:471-479). This study was
based upon long term follow-up of patients who had previously been reported in the NEJM, 2006.

This study reported long-term all-cause mortality in patients who had received aprotinin, aminocaproic
acid, tranexamic acid or no anti-fibrinolytic therapy during CABG surgery. The database comprised a
substantial proportion of the database that had been analyzed in the NEJM previous report. The co-
variate adjusted hazard ratio for death among patients treated with aprotinin compared to no anti-
fibrinolytic therapy was 1.48 (95% ClI, 1.19-1.85) whereas the comparable hazard ratios for aminocaproic
acid and tranexamic acid were 1.03 (95% ClI, 0.80-1.33) and 1.07 (95% ClI, 0.80-1.45), respectively.
Propensity adjustment did not significantly change the hazard ratio for aprotinin (1.37; 95% CI 1.09-1.73).
The authors concluded that, not only were short-term adverse reactions increased with the administration
of aprotinin, the frequency of death at five years was increased as well.

Of special note, the authors highlight certain limitations of the data—maost notably, that long term follow-
up information was not available for 11% of the original cohort of patients and that 13% of analyzed
patients were lost to follow-up between six weeks and five years and were censored in the analyses.



7. Additional Relevant Publications

The "Coleman Study": In June, 2007, the Journal of Thoracic and Cadiovascular Surgery (133:1547-
1552) published a report by Coleman, et. al., entitled "Evaluating the Safety Implications of Aprotinin
Use: The Retrospective Evaluation of Aprotinin in Cardio Thoracic Surgery (REACTS). In this
retrospective, observational, single-institution (Hartford Hospital) study, 362 patients receiving aprotinin
during CABG with CPB were compared to 2986 patients that did not receive aprotinin. Patients who
received aprotinin were at greater risk for adverse outcomes than patients who did not. After multivariate
logistic regression including propensity score adjustment, patients receiving aprotinin had a greater odds
ratio of developing renal dysfunction (2.03; 95% CI, 1.37-3.01 for all patients; 1.76; 95% CI, 1.08-2.88 for
patients undergoing complex surgery). Patients receiving aprotinin did not have a greater risk of death,
myocardial infarction or stroke.

The "BART Study": “The Blood Conservation Using Antifibrinolytics: A Randomized Trial in High-Risk
Cardiac Surgery Patients (BART)" is a trial currently active in Canada. The study is a multi-institutional,
blinded, randomized controlled trial that seeks to compare the efficacy and safety of the use of aprotinin,
aminocaproic acid and tranexamic acid in 3000 high-risk patients (re-operation; CABG + aortic valve
replacement; combined valves or valve/CABG) undergoing CABG with CPB. An abstract of the study
was presented in 2006 and is appended to this document). Subsequent to the abstract, total enroliment
has reportedly risen to 2300 patients. Based on the rate of patient accrual, it is anticipated that the trial
will be completed in approximately the middle of 2008, although data analysis will lengthen the time for a
final report.

The "Brown Study”. In June, 2007, Circulation (115:2801-2813) published a report by Brown et al entitled
“Meta-Analysis Comparing the Effectiveness and Adverse Outcomes of Antifibrinolytic Agents in Cardiac
Surgery”. In this study, published randomized controlled trial data from 138 trials were used to compare
eight different outcomes after the administration of aprotinin, aminocaproic acid, tranexamic acid or no
antifibrinolytic therapy during cardiac surgery. Most of the trials compared an antifibrinolytic agent with
placebo, but 29 of the trials compared one antifibrinolytic therapy to another. The analysis indicated that
the only statistically significant increase in adverse reactions was renal dysfunction (defined as a 0.5
mg/dL increase in serum creatinine) which occurred only in association with high dose aprotinin
compared to placebo (RR, 1.47; 95%Cl, 1.12-1.94). There were no differences in mortality, stroke,
myocardial infarction or renal failure with any antifibrinolytic agent compared to placebo. There were no
significant differences in adverse reactions among any agents when compared "head-to-head.”

The “Shaw Abstract”: On October 18, 2007 at the Annual Meeting of the American Society of
Anesthesiologists, Shaw et al will present an abstract titled “Long Term Survival Following Aprotinin
Therapy in Cardiac Surgery”. This is a retrospective review of a 10 year experience (January, 1996 to
December, 2005) at a single institution (Duke University) on 10854 patients undergoing cardiac surgery.
Propensity score methodology was used to predict the risk of receiving aprotinin as part of intraoperative
management. Sufficient data was obtained on 9844 patients of whom 1342 received aprotinin and 8924
received another antifibrinolytic agent or no antifibrinolytic agent. The hazard ratio for survival for
aprotinin versus control was 1.25 (95% ClI, 1.09, 1.44). The unadjusted Kaplan-Meier mortality estimates
(aprotinin vs all others) were 15.5% vs. 6.4% at one year and 36.0% vs 19.7% at five years (Log-Rank
p<0.0001). However, overall mortality at 10 years was not significantly different (28.2% vs 26.4%).

8. Major Findings from FDA Statistical Review of the Observational Datasets

Overall, FDA statisticians have verified the accuracy of the major statistical results described in the
"Mangano” and "Karkouti" study publications as well as the preliminary i3 Drug Safety Study preliminary
report.
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Additionally, FDA statisticians performed analyses that used different propensity adjustment methodology
from that described in the "Mangano" and "Karkouti" published reports as well as the i3 Drug Safety
Study preliminary study. In general, the analytical findings from FDA were similar to those published or
reported. Table 6 summarizes the results of FDA's analyses of the "Mangano", "Karkouti" and i3 Drug
Safety studies. In these analyses the relative risk compares the Trasylol outcome to either no therapy
("Mangano") or tranexamic acid ("Karkouti") or tranexamic acid/aminocaproic acid (i3 Drug Safety Study).

Table 6. Summary of Major Findings from FDA Analyses
(RR = relative risk)

Outcome "Mangano" "Karkouti i3 Drug Safety
RR (95% CI) RR (95% CIl) RR (95% Cl)

Renal failure 2.05 (1.05, 3.99) 1.38 (0.86, 2.23) 1.82 (1.61, 2.06)
Renal dysfunction 1.26 (0.76, 2.11) 1.53 (1.11, 2.12)* n/a
Renal composite 1.63 (1.03, 2.60) n/a n/a
Myocardial infarction 1.10 (0.88, 1.39) 1.42 (0.71, 2.83) n/a
Heart failure 1.05 (0.75, 1.47) n/a 1.20 (1.14, 1.26)
Coronary na n/a 1.47 (1.02, 2.12)
revascularization
Stroke 1.36 (0.70, 2.64) 1.72 (0.93, 3.19) 1.24 (1.07, 1.44)
Death (in hospital) 0.91 (0.54, 1.53) 1.18 (0.79, 1.76) 1.54 (1.38, 1.73) T

Note: Definitions of the outcomes differed among the studies. See accompanying detailed
statistical briefing documents for definitions.
*Based on analysis of a subset of patients with the necessary data.

The Mangano Study was the only study among the three that evaluated long-term mortality. The re-
analysis of the study produced similar statistically significant effects on mortality as found by Mangano.
The re-analysis showed an estimated risk ratio for aprotinin versus control at four years of 1.39 (95% CI:
1.05, 1.84) and at five years of 1.26 (95% CI: 0.98, 1.62).

Overall, the totality of the data appears most notable for the renal failure/dysfunction outcomes detected
among all three studies and the mortality disadvantage detected in the i3 Drug Safety study. These
findings should be interpreted in light of the propensity adjustment limitations previously noted and the
consideration that the appropriateness of comparing Trasylol to either aminocaproic acid or tranexamic
acid is unclear since the safety and efficacy of these two drugs have not been established in the setting
of CABG/CPB. In this table, n/a refers to an outcome that could not be calculated due to dataset
limitations (for example, lack of creatinine data in the i3 Drug Safety Study database). "Cornposite” refers
to the composite outcome defined in the applicable publication.
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Current Trasylol Label

TRASYLOL®
{aprotinin injection)
44208183 11706

Trasylol™ administration may cause fataf anaphylactic or anaphylactoid reactions,
Fatal reactions have occurred with an iuitial (test) dose as well as with any of the
components of the dose regimen, Fatal reactions have also occurred in situations
where the initial (test) dose was tolerated. The risk for anaphylactic or
anaphylactoid reactiony is increased among patients with prior aprotinin exposure
and a history of any prior aprotinin exposure must be sought prior to Trasylol®
administration. The risk for a fatal reaction appears to be greater upon re-
exposure within 12 months of the most recent prior aprotiniu exposurc. Trasylol®
should be administered only in operative settings where cardiopulmonary bypass
can be rapidly initiated. The benefit of Trasylol® to patients undergoing primary
CABG surgery should be weighed against the risk of anaphylaxis associated with
any sabsequent exposure to aproetinin, (See CONTRAINDICATIONS, WARNINGS
and PRECAUTIONS).

DESCRIPTION

'l‘rasylol"b (aprotiniin injection), CousHa3aNgO7Ss, 18 a natural proteinase inhibitor obtained
from bovine lung. Aprotinin (molecular weight of 6512 daltons), consists of 58 amine acid
residues that are arranged in a single polypeptide chain, cross-linked by three disulfide
bridges. It is supplied as a clear, colorless, sterile isotonic solution for intravenous
administration. Each millititer contains 10,000 K1U (Kallikrein Inhibitor Units) (1.4 mg/mL)
and 9 myg sodium chloride in water for injection. Hydrochloric acid and/or sodium hydroxide
is used to adjust the pH t0 4,5-6.5.

CLINICAL PHARMACOLOGY
Mechanism of Action: Aprotinin is a broad spectrum protease inhibitor which modulates
the systemic inflammatory response (SIR) associated with cardiopulmonary bypass (CPB)
surgery. SIR results in the interrelated activation of the hemostatic, fibrinolytic, cellular and
bumoral inflammatory systems. Aprotinin, through ils inhibition of multiple mediators {e.p.,
kallikrein, plasmin] results in the attenuation of inflammatory responses, fibrinolysis, and
thrombin generation.
Aprotinin  inhibits pro-inflammatory cytokine release and maintains  glycoprotein
homneostasis. In platelets, aprotinin reduces glycoprotein loss (e.g., Gplb, Gpllb/i1ia), while in
granulocytes it prevents the expression of pro-inflammatory adhesive glycoproteins {(e.g.,
CDl1b).
The effects of aprotinin use in CPB involves a reduction in inflammatory response which
translates into a decreased need for allogeneic blood transfusions, reduced bleeding, and
decreased mediastinal re-exploration for bleeding,

Pharmacokinetics: The studics comparing the pharmacokinetics of aprotinin in healthy
volunteers, cardiac patients undergoing surgery with cardiopulmonary bypass, and women
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undergoing hystercctomy suggest lincar pharmacokinetics over the dose range of 50,000 KIU
w 2 million KIU. After intravenous (V) injection, rapid distribution of aprotinin occurs intwo
the total cxtracelular space, leading to a rapid initial decrease in plasma aprotinin
concentration. Following this distribution phase, a plasma half-life of about 150 minutes is
obscrved. At later time points, (i.e., beyond 5 hours after dosing) there i3 a terminal
elimination phase with a halt-life of about 10 hours,

Average steady state intraoperative plasma concentrations were 137 KIU/mL (=10} after
administration of the following dosage regimen: 1 million KI1U IV lpading dose, 1 million
KIU into the pump prime volume, 250,000 KIU per hour of operation as continuous
intravenous infusion (Regimen B). Average steady state intraoperative plasma concentrations
were 250 KIUAnL in patients {n=20) treated with aprotinin during cardiac surgery by
administration of Regimen A (exactly double Regimen B): 2 million KIU [V loading dose, 2
million KIU into the pump prime volume, 500,000 KIU per hour of operation as continuous
intravenous infusion.

Following a single TV dose of radiolabelled aprotinin, approximately 25-40% of the
radioactivity is excreted in the urine over 48 hours. After a 30 minute infusion of I million
KIU, about 2% is excreted as unchanged drug. After a larger dose of 2 miltion KIU infused
over 30 minutes, urinary excretion of uachanged aprotinin accounts for approximately 9% of
the dose, Animal studies have shown that aprotinin is acoumulated primarily in ihe kidney.
Agrotinin, after being filtered by the glomerul, is actively reabsorbed by the proximal tubules in
which it is stored in phagolysosomes. Aprotinin is slowly degraded by lysosomal enzymes. The
physiological renal handling of aprotinin is similar to that of other smafl proteins, ¢.g., insulin.

CLINICAL TRIALS
Repeat Coronary Artery Bypass Graft Patients:
Four placebo-controlied, double-blind studics of Trasylo/® were conducted in the United
States; of 340 randomized patients undergoing repeat coronary artery bypass graft (CABG)
surgery, 480 were valid for efficacy analysis, The following treatment regimens were used in
the studies:
Trasylol® Regimen A (2 million KIU IV loading dose, 2 million KIU into the pump prime
volume, and 500,000 KIU per hour of surgery as & continuous intravenous infusion);
Trasylol® Regimen B (1 million KIU IV loading dose, 1 million KIU into the pump prime
volume, and 250,000 KIU per hour of surgery as a continuous intravenous infusion); a pump
prime regimen (2 milion KIU into the pump prime volume only); and a placebo regimen
{normal saline). All patients valid for efficacy in the above studies were pooled by treatment
regimen for analyses of efficacy.
In this pooled analysis, fewer paticnts receiving Trasylof®, cither Regimen A or Reginen B,
required any donor blood compared to the pump prime only or placebo regimens. The
number of units of donor blood required by patients, the volume (milliliters) of donor blood
{ransfused, the number of units of donor blood products transfused, the thoracic drainage rate,
and the total thoracic drainage volumes were also reduced in patients receiving Trasylol™ as
compared to placcbo.
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Efficacy Variables: Repeat CABG Patients
Mean {S.D.) or % of Patients
Trasylol® Trasylo!®  Trasylof®

PLACEBO PUMP PRIME REGIMEN REGIMEN
VARIABLE REGIMEN REGIMEN{ B** Ar

N=156 N=68 N=113 N=143
% OF REPEAT CABG 76.3% T2.1% 48.7% 46.9%
PATIENTS WHO
REQUIRED
DONOR BLOOD
UNITS OF 3.7 (4.4) 2.5(2.4) 2.2(5.0)* 1.6 (2.9)*
DONOR BLOOD
TRANSTUSED
mi. OF 1132 (1443) 756 (807) 723 (1779)* 515 (999)*
DONOR BLOOD
TRANSFUSED
PLATELETS 5.0(10.0) 2.1(4.6)* 1.3 (4.6)* 0.9 (4.3)*
TRANSFUSED (Donor Units)
CRYOPRECIPITATE 0.9 (3.5) 0.0 (0.0y* 0.5 (4.0) 0.1 (0.8)*
TRANSFUSED (Danor Units)
FRESU FROZEN 1.2 (2.5) 0.5 (1L.4)* 03¢ 0.2 (0.9)*
PLASMA TRANSFUSED
(Donor Units)
THORACIC DRAINAGE 89 (77) 73 (69) 66 (244) 40 (36)*
RATE (mL/hr)
TOTAL THORACIC 1659 (1226) 1561 (1370) 1103 (2001)* 960 (349)*
DRAINAGE VOLUME (mL)*
REOPERATION FOR 1.9% 2.9% 0% %
DIFFUSE BLEEDING

1 The pump prime reginien was evaluated in only one study in patients undergoing repeat
CABG surgery. Note: The pump prime only regimen is not an approved dosage regimen.

*  Signiticanty different from placebo, p<0.05
(Transfusion variables analyzed via ANOVA on ranks)

** Differences between Regimen A (high dose) and Regimen B (low dose) in cfficacy and
safety are not statistically significant.

*  Excludes patients who required reoperation

Primary Coronary Artery Bypass Graft Patients:
Four placcho-controlled, double-blind studies of Trasylol® were conducted in the United
States; of 1745 randomized patients undergoing primary CABG surgery, 1599 were valid for

14



efficacy analysis. The dosage regimens used in these studies were identical to those used in
the repeat CABG studies deseribed above (Regimens A, B, pump prime, and placebo). All
patients valid lor efficacy were pooled by treatment regimen.
In this pooled analysis, fewer patients receiving Trasylol® Regimens A, B, and pump prime

required any donor blood in comparison to the placebo regimen. The number of units of

donor blood required by patients, the volume of donor blood transfused, the number of units
of donor blood products ransfused, the thoracic drainage rate, and total thoracic drainage
volumes were also reduced in patients receiving Trasylol® as compared to placebo.

Efficacy Variables: Primary CABG Patients
Mean ($.D.) or % of Patients

PLACEBO
VARIABLE REGIMEN
N=624

% OF PRIMARY CABG 53.5%
PATIENTS WHO

REQUIRED

DONOR BLOOD

UNITS OF 17 24)
DONOR BLOOD

TRANSFUSED

mL OF 584 (840)

DONOR BLOOD
TRANSFUSED
PLATELETS 1.3 (3.7)

TRANSFUSED
{Donor Units)

CRYOPRECIPITATE 0.5(2.2)
TRANSFUSED
{Donor Units)

FRESH FROZEN 0.6 (1.7)
PLASMA TRANSFUSED

(Donor Units)

THORACIC DRAINAGE 87 (67)
RATE (mL/hr)

TOTAL THORACIC 1232(711)
DRAINAGE VOLUME (mL)
REOPERATION FOR 1.4%
DIFFUSE BLEEDING

Trasylol®
PUMP PRIME
REGIMENY
N=159

32.7%¢*

0.9 (1.6)*

286 (S18)*

0.5 2.4y

0.0 (0.0)*

02(1.7)*

51 (36)*
852 (653)*

0.6%

Trasylol®
REGIMEN
B**

N=175

37.1%*

1.0 (1.6)*

313 (505)%

0.3 (1.6)*

0.1 (0.8)*

0.2 (0.8)*

4531y
792 (465)*

0%

Trasylol®
REGIMEN
A**

N=641

36.8%*

0.9(1.4)*

295 (503)*

0.3(1.5*

0.0 (0.0)*

0.2 (0.9)*

3932
705 (493)*

0%*
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t The pump prime regimen was evaluated in only one study in patients undergoing primary
CABG surgery. Note: The pump prime only regimen is not an approved dosage regimen.

*  Significantly different from placebo, p<0.05
{Transfusion variables analyzed via ANQVA on ranks)

*+ Differences botween Regimen A (high dose) and Regimen B (low dose) in efficacy and
safety are not statistically significant.

Additional subgroup analyses showed no diminution in benetit with increasing age. Male and
female patients benefited from Trasylol® with a reduction in the average number of units of
donor blood transfused. Although male patients did better than female patients in tcrms of the
pereentage of patients who required any donor blood transfusions, the number of female
patients studied was small.
A double-blind, randomized, Canadian study compared Trasylol® Regimen A (=28) and placebo
(#=23) in primary cardiac surgery patients (mainly CABCG) requiring cardiopulmonary bypass who
were treated with aspirin within 48 hours of surgery. The mean total blood loss (1209.7 ml. vs,
2532.3 ml.) and the mean number of units of packed red blood cells transfused (1.6 units vs 4.3
units) were significantly less (p<0.008) in the Trasylol® group compared (o the placebo group.
In a US. randomized study of Trasylol® Regimen A and Regimen B versus the placeho
regimen in 2{2 patients undergoing primary aortic and/or mitral valve replacement or repair,
no benefit was found for Teasylol® in terms of the need for transfusion or the number of units
of blood reguired.

‘ INDICATIONS AND USAGE
Trasylof™ is indicated for prophylactic use to reduce perioperative blood loss and the necd for
blood transfusion in patients undergoing cardiopulmonary bypass in the course of coronary
artery bypass graft surgery who are at an increased risk for blood loss and blood transfusion,

CONTRAINDICATIONS
[ypersensitivity to aprotinin.
Administration of Trasylo!® to patients with a known or suspected previous aprotinin
exposure during the last 12 months is contraindicated. For patients with known or suspected
history of exposure to aprotinin greater than 12 months previously, sce WARNINGS.
Aprotinin may also be & component of some fibrin sealant products and the use of these
products should be included in the patient history,

WARNINGS

Anaphylactic or anaphylactoid reactions have occurred with Tmsylol*' administration,
including fatal reactions in association with the initial (test) dose. The initial (test) dose
does not {ully predict a patient’s risk for a hypersensitivity reaction, including a fatal
reaction. Fatal hypersensitivity reactions have occurred among patients wha tolerated
an initial (test) dose,

[lypersensitivity reactions often manifest as anaphylactic/anaphylactoid veactions with
hypotension the most frequently reported sign of the hypersensitivity reaction. The
hypersensitivity reaction can progreess to anaphylactic shock with circulatory failure. If a
hypersensitivity reaction occurs during injection or infusion of Trasylol®, administration
should be stopped immediately and emergency treatment should be initiated. fiven when a
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second exposure o aprotinin has been tolerated without symptoms, a  subsequent
adininisiration may result in severc hypersensitivity/anaphylactic reactions.

Trasylol™ should be administered only in operative settings where cardmpulmonarv bypass
can be rapidly initiated. Before initiating treatment with Trasylol®, the recommendations
below should be followed to manage a potential hypersensitivity or anaphylactic reaction: 1)
Have standard emergency treatments for hypersensitivity or anaphylactic reactions readily
avaifable in the opetating room (c.g., epinephrine, corticosteroids). 2) Administration of the
initial (test) dose and loading dose should be done only when the patient is intubated and when
conditions for rapid cannulation and initiation of cardiopulmonary bypass are present. 3) Delay
the addition of Trasylol™ into the pump prime solution untit after the loading dose has been
safely administered.

Re-exposure to aprotinin: Administration of aprotinin, especially to patients who have
received aprotinin in the past, requires a careful risk/bencfit assessment becausc an allergic
reaction may occur (sce CONTRAINDICATIONS). Although the majority of cases of
anaphylaxis oceur upon re-exposure within the first 12 months, there are also case reports of
anaphylaxis occurring upon re-exposure affer more than 12 months.

In u retrospective review of 387 European patient records with documented re-exposure o
Trasyl 1o1%, the incidence of hypersensitivity/anaphylactic reactions was 2.7%. Two patients
who experienced hypersensitivity/anaphylactic reactions subsequently died, 24 houra and 3
days after surgery, respectively. The rclationship of these 2 deaths to Trasylol® is unclear.
This retrospective review also showed that the incidence of a hypersensitivity or anaphylactic
reaction following re-exposure is increased when the re-cxposure occurs within 6 months of
the initial administration (5.0% for re-exposure within 6 months and 0.9% for re-exposure
greater than 6 months). Other smaller studies have shown that in case of re-exposure, the
incidence of hypersensitivity/anaphylactic reactions may reach the five percent level.

An analysis of all spontancous reports from the Bayer Global database covering a period from
1985 to March 2006 revealed that of 291 possibly associated spontancous cases of
hypersensitivity (fatal: n=52 and non-fatal: n—-219), 47% (138/291) of hypersensitivity cases
had documented previous exposure to Trasyloi®, Of the 138 cases with documented previous
exposure, 110 had information on the time of the previous exposure. Ninety-nine of the 110
cases had previous exposure within the prior 12 months,

Renal Dysfunction: Trasylol® administeation increases the risk for renal dysfunction and
may increase the need for dialysis in the perioperative period. This risk may be especially
increased Tor palicnts with pre-cxisting renal impaiment or those who receive aminoglycoside
antibiotics or drugs that alter renal {unction. Data from Bayer's global pool of placebo-
controlled studies in patients undergoing coronary artery bypass graft (CABG) surgery
showed that the intidence of serum creatinine clevations >0.5 mg/dl. above pre-treatment
levels was statistically higher at 9.0% (185/2047) in the high-dosc aprotinin (Regimen A)
group compared with 6.6% (129/1957) in the placebo group. In the majority of instances,
post-operative renal dysfunction was not severe and was roversible, However, renal
dysfunction may progress to renat failure and the incidence of serum creatinine elevations
'*2 0 mg/dlL. above bascline was slightly higher in the high-dose aprotinin group (1.1% vs.

8%). Careful cons:dc.rauon of the balance of benetits versus potential risks is advised before
ac}mmmcrmg Trasylo®to patients with impaired renal function (creatinine clearance < 60 mL/min)
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or those with other risk factors for renal dysfunction (such as perioperative administration of
aminoglycoside or products that alter renal function). (Sec PRECAUTIONS and ADVERSE
REACTIONS: Laboratory Findings: Serum Creatinine.)

PRECAUTIONS

General: [nitial (Testg Dose. All patients treated with Trasylol® should first receive an
initial (test) dose to minimize the extent of Trasylol® exposure and to help assess the potential
for allergic reactions. Initiation of this initial (test) dose should occur only in operative
settings where cardiopulmonary bypass can be rapidly initiated. The initial (test) dosz of 1 mlL
Trasylol® should be administered intravenously at least 10 minutes prior to the loading dose
and the patient should be observed for manifestations of possible hypersensitivity reaction.
[owever, cven after the uneventful administration of the | mL initial (test) dose, any
subsequent dose may cause an anaphylactic reaction. If this happens, the infusion of
Trasylol® should immediatcly be stopped and slandard emergency treatment for anaphylaxis
applied. It should be noted that serious, even fatal, hypersensitivity/anaphylactic reactions can
also occur with administration of the initial (test) dose (sec WARNINGS).

Allergic Reactions: Patients with a history of allergic reactions to drugs or other agents may
be at greater risk of developing a hypersensitivity or anaphylactic reaction upon exposure o
Trasylol®. (see WARNINGS)

Loading Dose: The loading dose of Trasylol® should be given intravenously to patients in
the supine position over a 20-30 minute period. Rapid intravenous administration of
Trasylot® can cause a transient fall in blood pressure (scc DOSAGE AND
ADMINISTRATION).

Renal Dysfunctior:. Bayer's global poo! of placebo-controlled studics in patients undergoing
CABG showed aprotinin administration was associated with elevations of serum creatinine
values > 0.5 mg/dL above baseline. Careful consideration of the bulance of benefits and risks
is ndvised before administering aprotinin {o patients with pre-cxisting impaired renal function
or those with other risk factors for renal dysfunction. Serum creatinine should be monitored
regularly following Trasylol® administration (scc WARNINGS: Renal Dysfunction).

Use of Trasylof® in patients underqoing deep hypothermic circulatory amrest: T wo U.s.
case control studies have reported contradictory results in patients receiving [ra.sylol while
undergoing deep hypothermic circulatory arrest in connection with surgery of the aortic arch.
The first study showed an increase in both renal failure and mortality compared to age-
matched historical controls. Similar results were pot observed, however, in a second case
control study. The strength ol this association is uncertain because there are no data from
randomized studies to confirm or refute these findings.

Drug Interactions: Trasylol® is known to have antifibrinolytic activity and, therefore, may
inhibit the effects of fibrinolytic agents.

In study of nine patients with untreated hypertension, Trasylol® infused intravenously in a

dose of 2 million KIU over two hours blocked the acute hypotensive effect of 100mg of

captopril.
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Trasylol®, in the presence of heparin, has been found 1o prolong the activated clotting time
{ACT) as measured by a celite surface activation method. The kaolin activaied elotting time
appears to be much less affected. However, “l‘rasylol” should not be viewced as a heparin
sparing agent {(see Laboratory Monitoring of Anticoagulation During
Cardiopulmonary Bypass).

Carcmogenesis Mutagenesis, Impairment of Fertility: Long-ternt animal studies Lo
evaluate the carcinogenic potential of Trasylol® or studies to determine the cffect of Trasylol®
on fertility have not been performed.

Kesults of micrabial in vitro testy using Salmonella yphimurium and Baciflus subtilis indicate
that Trasylol™ is not a mutagen.

Pregnancy: Teratogenic Effects: Pregnancy Categoery B: Reproduction studies have
been performed in rats at intravenous doses up to 200,000 K1U/kg/day for 11 days, and in
rabbits at intravenous doses up to 100,000 KIU/kgrday for 13 days, 2.4 and 1.2 times the
human dosc on a mg/kg basis and 0.37 and 0.36 times the human mg/m® dose. They have
revealed no evidence of impaired fertility or harm to the fetus due to 'I‘rasy!o!“}. There are,
however, no adequatc and well-controlled studies in pregnant women. Because animal
reproduction studies are not always predictive of human response, this drug should be used
during pregnancy only if clearly necded,

Nursing Mother: Not applicable.

Pediatric Use: Safety and effectiveness in pediatric patient(s) have not been estublished,
Geriatric Use: Of the total of 3083 subjects in climical studies of Trasylol®, 1100 (357
percent) were 65 and over, while 297 (9.6 percent) were 75 and over. Of patients 63 years and
older, 479 (43.5 percent) received Regimen A and 237 (21.5 percent) received Regimen B.
No overall differences in safely or effectivencss were observed between these subjects and
younger subjects for either dosc regimen, and other reported clinical experience has not
identificd differences in responses between the elderly and younger patients,

Laboratory Monitoring of Anticoagulation during Cardiopulmonary Bypass:
lrasylol pmlon&s whole blood clomng times by a different mechanism than heparin. In the
presence of aprotinin, prolongation is dependcnt on the type of whole blood clotting test
employed. If an activated clotling time (ACT) is used to determine the effectiveness of
heparin anticoagulation, the prolongation of the ACT by aprotinin may lead to an
overestimation of the degree of anticoagulation, thereby leading to inadequate
anticoaguiation. During extended extracorporeal circulation, patients may require additional
heparin, even in the presence of ACT levels that appear adequate.

In paticnts undergoing CPB with Trasylol® therapy, one of the following methods may be
employed to maintain adequate anticoagulation:

1) ACT - An ACT is not a standardized coagulation test, and different formulations of the
assay are affected differently by the presence of aprotinin. The test is further influenced by
variable dilution effects and the temperature experienced during cardiopulmonary bypass. It
has been observed that Kaolin-based ACTs are not increased to the same degree by aprotinin
as are diatomaccous carth-based (celite) ACTs. While protocols vary, a minimal celite ACT
of 750 seconds or kaolin-ACT of 480 seconds, independent of the effects of hemodilution and
hypothermia, is recommended in the presence of aprotinin, Consult the manutdcturer of the
ACT test regarding the interpretation of the assay in the presence of Trasylol*.
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2) Fixed Heparin Dosing - A standard loading dose of heparin, administered prior to
cannulation of the heart, plus the quantity of heparin added to the prime volume of the CPB
¢irenit, should total at least 350 TU/kg. Additional heparin should be administered in a fixed-
dose regimen based on patient weight and duration of CPB.
3) Heparin Titration - Protamine titration, a method that is not affected by aprotinin, can be
used to measure heparia levels. A heparin dosc response, assessed by protamine titration,
should be performed prior to administration of aprotinin to determine the heparin loading
dose. Additional heparin should be administered on the basis of heparin levels measured by
protamine tittation, Heparin levels during bypass should ot be allowed to drop below 2.7
U/inl. (2.0 mg/kg) or below the level indicated by heparin dose response testing performed
prior to administration of aprotinin.
Protamine Administration - In patients treated with Yrasylol®, the amount of protamine
administered to reverse heparin activity should be bused on the actual amount of heparin
administered, and not on the ACT values.

ADVERSE REACTIONS
Studies of patients undergoing CABG surgery, cither primary or repeat, indicate that
Trasylol® is gencrally well tolerated. The adverse events rcponed are frequent sequelee of
cardiac surgery and are not necessavily atiributable w ]rasy]ol therapy. Advcrse events
reporied, up to the time of hospital discharge, from patients in US p]actbo—contmlled trials
are listed in the ﬁ)llowmg table. The table lisis only those events that were reported in 2% or
more of the Trasylol” treated paticnts without regard 1o causal relationship.

INCIDENCE RATES OF ADVERSE EVENTS (> = 2%) BY BODY SYSTEM AND TREATMENT
FOR ALL PATIENTS FROM US PLACEBO-CONTROLLED CLINICAL TRIALS
Aprotinin Placebo
{n = 2002) (n = 1084)
Adverse Event values in % values in %

Any Event 76 77

Body as a Whole
Fever 1
Infection
Chest Pain
Asthenia

—_—

BN O L
S50 S BRI N

Cardiovascular
Atrial Fibrillation 21
Hypotension
Myocardial Infarct
Atrial Flatter
Ventricular Extrasystoles
Tachycardia
Ventricular Tachycardia
Heart Failure
Pericarditis
Peripheral Edema

]
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Hypertension 4 5
Arrhythmia 4 3
Supraventricular [achycardia 4 3
Atrial Arrhythmia 3 3
Digestive
Nausca 11 9
Constipation 4 3
Vomiting 3 4
Diarrhea 3 2
Liver Function Tests Abnormal 3 2

Hemic and Lymphatic

Anemia 2 8
Metabolic & Nutritional

Creatine Phosphokinase Increased 2 i
Musculoskeletal

Any Event 2 3
Nervous

Confusion 4 4

Tnsomnia 3 4
Respiratory

Lung Disorder 8 8

Pleural Effusion 7 9

Atelectasis 5 6

Dyspnea 4 4

Pneumothorax 4 4

Asthma 2 3

Hypoxia 2 1
Skin and Appendages

Rash 2 2
Urogenital

Kidney Function Abnormal 3 2

Urinary Retention 3 3

Urinary Tract Infection 2 2

In comparison to the placebo group, no increase in mortality in paticats treated with Teasylol*
was observed. Additional events of particular interest from controlled S trials with an
incidence of less than 2%, are listed below:



EVENT Percentage of patients  Percentage of patients
treated with Trasylol® treated with Placebo

N = 2002 N = 1084
Thrombosis 1.0 0.6
Shock 0.7 0.4
Cerebrovascular Accident 0.7 2.1
Thrombophichitis 0.2 0.5
Deep Thrombophlebitis 0.7 1.0
Lung Edema 1.3 1.5
Pulmonary Embolus 0.3 0.6
Kidney Failure 1.0 0.6
Acute Kidney Failure 0.5 0.6
Kidney Tubular Necrosis 0.8 0.4

Listed below are additional events, from controlled US trials with an incidence between 1 and
2%, and also from uncontrolled, compagsionate use trials and spontaneous post-marketing
reports. Estimates of frequency cannot be made for spontaneous post-marketing reports
(italicized).

Body as a Whole: Sepsis. death, mulli-systen organ failute, immune system disorder,
hemoperiioneum.

Cardiovascular: Ventricular fibrillation, heart nrrest, bradycardia, congestive heart failure,
hemorrhage, bundle branch block, myocardial ischemia, ventricular tachycardia, heart block,
pericardial effusion, ventricufar arrhythmia, shock, pulmenary hypertension,

Digestive: Dyspepsia, gasteointestinal hemorrhage, jaundice, hepatic failure,

Hematologic and Lymphatic: Although thrombosis was not reported more frequently in
aprotinin  versus placcbo-treated patients in controfled trials, it has been reported in
uncontrolled trials, compassionate use tials, and spontancous post-marketing reporting,
These reports of thrombaosis encompass the following terms: thrombosis, occlusion, arterial
thrombosis, pulmonary thrombosis, coronary occlusion, embolus, pulmonary embolus,
thrombophlebitis, deep thrombophlebitis, cerebrovascular accident, cerebral embolism. Other
hematologic events reported include leukocytosis, thrombocytopenia, coagulation disorder
(which includes disseminated intravascular coagulation), decreased prothrombin.

Metabolic and Nutritional: Hyperglycemia, hypokalemia, hypervolemia, acidosis.
Musculoskeletal: Arthralgia.

Nervous: Agitation, dizziness, anxiely, convulsion,

Respiratory: Pneumonia, apnea, incrcased cough, lung edema.

Skin: Skin discoloration,

Urogenital: Oliguria, kidney failure, acute kidney failure, kidney wbular necrosis.
Myocardia! Infarction: In the pooled analysis of all paticnts undergoing CABG surgery,
there was no significant difference in the incidence of investigator-reported myocardial
infarction (M) in Trasylol® treated patients as compared to placebo treated paticnts.
However, because no uniform criteria for the dingnosis of myocardial infarction were utilized
by investigators, this issue was addressed prospectively in three later studies {(two studies
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evaluated Regimen A, Regimen B and Pump Prime Regimen, one study evaluated only
Regimen A), in which data were analyzed by a blinded consultant employing an algorithm for
possible, prabable or definite MI. (Hilizing this method, the incidence of definite myocardial
infarction was 5.9% in the aprotinin-treated patients versus 4.7% in the placebo treated
patients, This difference in the incidence rates was not statistically significant. Data from
these three studies are summarized below.

Incidence of Myocardial Infarctions by Treatment Group Population:
All CABG Patients Valid for Safety Analysis

Treatment | Definite Ml | Definite or Probable M| | Definite, Probabsle or Possible Mi
% % %

Pooled Data from Three Studies that Evaluated Regimen A

’l'rasylc;lm

Regimen A 4.6 10.7 14.1
n=0646

Placebo 4.7 1.3 13.4
n = 66}

Pooled Data from Two Studies that Evaluated Regimen B and Pump Prime Regimen

Trasylot® |
Regimen B 8.7 159 18.7
n =241

Trasylol®
Pump Prime 6.3 187 18.1
Regimen
n =239

Placebo 6.3 15.1 15.8

n =240

Graft Patency: In a recently completed multi-center, multi-national study 1o delerming the
effects of Trasylol® Regimen A vs. placebo on saphenous vein graft patency in patients
undergoing primary CABG surgery, patients were subjected (0 routine postoperative
angiography. Of the 13 study sites, 10 were in the United States and three were non-U.S.
centers {Denmark (1), Israel (2)). The results of this study arc summarized below.
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Incidence of Graft Closure, Myocardial Infarction and Death by Treatment Group

QOverall Closure Rates* | incidence of Mi** | Incidence of Death™*
All Centers | U.S. Centers All Centers All Centers
n=703 n= 381 n =831 n= 870
% % % %
Trasylof® 154 94 2.9 14
Placcho 10.9 95 38 16
CI (or the
Difference (%)
(Drug - Placebo) | (1.3,9.6) | (-3.8,5.9)1 3310158 1910 1.4

*  Population: all patients with assessable saphenous vein grafts
**  Population: all patients assessable by blinded consultant

*+¥ All patients

T 90%; per protocol

1 95%; not specified in protocol

Although there was a statistically significantly increased risk of graft closure for Trasylol®
treated patients compared to patients who rcceived placebo (p=0.035), further analysis
showed a significant treatment by site interaction for one of the non-U.8, sites vs, the U.S.
centers. When the analysis of graft closures was repeated for U.S. conters only, there was no
statistically significanl difference in graft closure rates in patients who reccived Trasylol® vs.
placebo. These results are the sanme whether analyzed as the proportion of patients who
experienced at least one graft closure postoperatively or as the proportion of gralts closed.
There were no differences between treatment groups in the incidence of myocardial infarction
as evaluated by the blinded consultant (2.9% Trasylol® vs. 3.8% placebo) or of death (1.4%
Trasylot™ vs. 1.6% placebo) in this study.

Hypersensitivity and Anaphylaxis: Scc CONTRAINDICATIONS and WARNINGS.
Hypersensitivity and anaphylactic reactions during surgery were rarely reported in 1.S.
controtled clinical studics in patients with no prior exposure to Trasylol® (1/1424 patients or
<0.1% on Trasylol™ vs. /861 patients or 0.1% on placebo). In case of re-exposure the
incidence of hyporsensitivity/anaphylactic reactions has been reported to reach the 5% level,
A review of 387 Furopean paticnt records involving re-exposure to Trasylol® showed that the
incidence of hypersensitivity or anaphylactic reactions was 5.0% for re-exposure within 6
months and 0.9% for re-exposure greater than 6 months.

Laboratory Findings

Serum Creatinine: Trasylol® administration is associated with a risk lor renal dysfunction
(see WARNINGS: Renal Dysfunction).

Serum Transaminases: Data pooled from all patients undergoing CABG surgery in U.S.
placebo-controlled trials showed no evidence of an increase in the incidence of postoperative
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hepatic dysfunction in patients treated with Trasylol®. The incidence of treatment-emergent
inereases in ALT (formerly SGPT) > 1.8 times the upper Eimit of normal was 14% in both the
Trasylol® and placebo-treated patients (p=0.687), while the incidence of increases > 3 times
the upper limit of normal was 5% in both groups (p=0.847).

Other Laboratory Findings: The incidence of treatment-emergent elevations in plasma
glucose, AST (formerly SGOT), LDH, alkaline phosphatase, and CPK-MB was not notably
different between Trasylol™ and placebo treated patients undergoing CABG surgery.
Significant clevations in the partial thrombc)plastm time (PTT) and celite Activated Clotting
Time (celite ACT) are expected in Tra\ylol treated patients in the hours after surgery due to
circulating concentrations of Trasylot®, which are known to inhibit activation of the intrinsic
clotting system by contact with a foreign material (e.g.. celite), a method used in these tests
{scc Laboratory Monitoring of Anticoagulation During Cardiopulmonary
Bypass).

- OVERDOSAGE

The maximum amount of Trasylol® that can be safely administered in single or multiple
doses has not been determined. Doses up to 17.5 million KIU have been administered within

a 24 hour period without any apparent toxicity., There is one poorly documented case
however of a patient who received a large, but not well determined, amount of Trasylol® {in
excess of 15 million KIU) in 24 hours. The patient, who had pre-existing liver dysfunction,
developed hepatic and renal failure postoperatively and died. Autopsy showed hepatic
necrosis and extensive renal tubulur and glomerular necrosis. The relationship of these
findings to Trasylol” therapy is unclear,

DOSAGE AND ADMINISTRATION

Trasylol® given prophylactically in both Regimen A and Regimen B (half Regimen A) to
pattents undergoing CABG surgery significantly reduced the donor blood transfusion
requirement relative to placebo treatment, In low risk patients there is no difference in
efficacy between regimen A and B, Therclore, the dosage used (A vs. B) is at the discretion
of the practitioner.

Trasylol® is supplied as a solution (.()ntammg 10,000 KiU/mL, which is cqual to 1.4 mg/mL.
All intravenous doses of Trasylol® should be administered through a central line. DO NOT
ADMINISTER ANY OTHER DRUG USING THE SAME LINE. Both regimens include
a 1 mL initial (test) dose, a loading dose, a dose to be added while recirculating the priming
fluid of (he cardiopulmonary bypass circuit (* pump prime™ dose), and a constant infusion
dose. To avoid physical incompatibility of Frasylol and heparin when adding to the pump
prime solution, each agent must be added during recirculation of the pump prime to assure
adequate dilution prior to admixturc with the other component. Regimens A and B. both
incorporating 2 | ml initial (test) dose, are described in the table below:
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INITIAL (TEST)  LOADING “PUMP PRIME” CONSTANT

DOSE DOSE DOSE INFUSION DOSE
TRASYLOLY imL 200 ml, 200 ml. 50 midyr
REGIMEN A {1.4mg, or (280 mg, or (280 mg, or (70 mg/hr, or
10,000KIUY  2.0millionKR)) 2.0 million KIU) 500,000 KIU/Mr)
TRASYLOL® 1 mL 100 ml. 100 L. 25 ml/br
REGIMEN B {14 mg, or (140 mg, or {140 mg, or (35 mg/hr, or

10,000 KIU) 1.0 million KIUJ) 1.0 million KIU) 250,000 KIUthr)

The T ml initial (test) dose should be administered intravenously at least 10 minutes before the
loading dose. With the patient in a supine position, the loading dose is given slowly over 20-30
minutes, afler induction of anesthesia but prior to sternotomy. In patients with known previous
exposure to Trasylol™, the loading dose should be given just prior to cannulation. When the
loading dose is complete, it is followed by the constant infusion dose, which is continued until
surgery is complete and the patient leaves the operating room. The “pump prime™ dose is added
to the recireulating priming fuid of the cardiopulmonary bypass circuit, by replacement of an
aliquot of the priming fluid. prior to the insGtution of cardiopulmonary bypass. Total doses of

mare than 7 million KIUJ bave not been studied in controlled trials,

Parcnteral drug products should be inspected visually for particulate matter and discoloration
prior Lo administration whenever solution and confainer permit. [iscard any unused portion,

Renal and Hepatic impairment: Trasylol® administration is associated with a risk for
renal  dysfunction (see WARNINGS: Renal Dysfunction). Changes in aprotinin
pharmacokinetics with age or impaired renal funclion are not great enough to require any
dose adjustment. Phannacokinetic data from patients with pre-existing hepatic disease treated
with Trasylol™ are not available.

HOW SUPPLIED
Size Strength NDC
100 ml. vials 1,000,000 KIU 0026-8196-36
200 mL vials 2,000,000 KIU 0026-8197-63
STORAGE

Trasylol” should be stored between 2° and 25°C (36° - 77°F).
Protect from freezing.

Bayer HealthCare

Bayer Pharmaccuticals Corporation
400 Morgan Lane
West Haven, CT 06516
Made in Germany
Rx Only
04208181 11/06  ©2006 Bayer Pharmaceuticals Corporation 13116 Printed in USA
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Executive Summary
Introduction

Trasylol is an intravenously administered proteinase inhibitor drug manufactured from
bovine lung. Trasylol has anti-fibrinolytic properties and was initially approved in the
United States in 1993 for use among certain patients undergoing coronary artery bypass
grafting (CABG). The drug dosage is stated in terms of "KIU" or kallikrein inhibitor units.
Notable drug labeling supplements to the application were approved in 1994 and 1998.

Trasylol is approved "for prophylactic use to reduce perioperative blood loss and the
need for blood transfusion in patients undergoing cardiopulmonary bypass in the course
of coronary artery bypass graft surgery."

This Advisory Committee meeting is convened to discuss published clinical data and
recently submitted safety information pertaining to the risks and benefits of Trasyiol.
Specifically, the following topics are the focus of the meeting:

. The findings from two publications of observational clinical studies that assess
Trasylol effects.

-Mangano, D., et. al. The Risk Associated with Aprotinin in Cardiac Surgery.
New England Journal of Medicine. 354(4):353-65; January, 2006.

-Karkouti, K., et. al. A propensity score case-control comparison of aprotinin and
tranexamic acid in high-transfusion-risk cardiac surgery. Transfusion. 46(3):
3:327-38; March, 2006.

. Post-marketing reports of hypersensitivity reactions to Trasylol.

These topics are presented for discussion in order to optimize the usage of Trasylol
through potential label modifications or other regulatory mechanisms, including the
collection of additional clinical data.

At the Committee meeting, the published clinical data will be presented and discussed
by the publication authors. It is important to note that the publication authors assume
responsibility for the accuracy, integrity and interpretation of the published clinical data.
Hence, the potential strengths and limitations of this type of information should be
considered during any evaluation of its usage for regulatory considerations.

The post-marketing reports of hypersensitivity reactions to Trasylol consist of sponsor-
verified clinical data submitted to the Trasylol drug application, via submissions
consistent with routine post-marketing safety reporting to the FDA.

Trasylol Regulatory History

Summarized below are the most notable aspects of the FDA regulatory actions
regarding Trasylol.

1. Original approval: 1993

FDA approved Trasylol in December, 1993 for the relatively limited indication of:
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"prophylactic use to reduce perioperative blood loss and the need for transfusion in
patients undergoing cardiopulmonary bypass in the course of repeat coronary artery
bypass grafting (CABG) surgery. Trasylol is also indicated in selected cases of primary
coronary bypass graft surgery where the risk of bleeding is especially high (impaired
hemostasis, e.g., presence of aspirin or other coagulopathy) or where transfusion is
unavailable or unacceptable. This selected use of Trasylol in primary CABG patients is
based on the risk of renal dysfunction and on the risk of anaphylaxis (should a second
procedure be needed)."

This approval specifically cited the use of "Regimen A" in the dosage and administration
section of the label. Regimen A has subsequently been referred to as "full dose" or the
"high dose” regimen. Regimen A consists of a 1 mL test dose (10,000 KIU), a loading
dose of 2 million KIU, a "pump prime" dose of 2 million KIU and an intra-operative
constant infusion dose of 500,000 KIU/hr.

In support of the original approval, the sponsor submitted clinical data from two
confirmatory clinical studies conducted among patients undergoing CABG along with a
supportive clinical study that examined the use of Trasylol among patients undergoing
cardiac valvular surgery. In addition to "Regimen A," these studies also used a Trasylol
"Regimen B" which has subsequently been referred to as "half dose" or "low dose”
regimen. Regimen B consists of exactly one-half the dose of Regimen A, following the
test dose (ie., 1 million KIU loading dose, 1 million KIU pump prime dose and a constant
intra-operative infusion at 250,000 KIU/hr).

The studies supporting the original approval are summarized in Table 1.

Table 1. Studies submitted in support of the original approval

Study # Design Safety n | Regimen | Control Procedure
D-89-004 | R, DB, SC 171 A&B Placebo Repeat CABG
D-89-005 | R, DB, MC 212 A&B Placebo Valvular surgery

| D-89-006 | R, DB, MC 216 Aonly | Placebo | Primary and repeat CABG

R = randomized; DB = double blind; SC = single center; MC = multi-center

In the two CABG studies, fewer patients receiving Trasylol required any donor blood
when compared to patients receiving placebo. In general, the risk for use of donor blood
was reduced by half subsequent to the administration of Trasylol. The major efficacy
findings for the groups of subjects undergoing repeat CABG are shown in Table 2.

Table 2. Major efficacy findings in support of the original approval:
comparison of the numbers of patients who required donor blood transfusion

Study Regimen A Regimen B Placebo
D-89-004 22/53 (42%)* 23/49 (47%)* 40/52 (77%)
D-89-006 7123 (30%)* not studied 23/32 (72%)

*p £ 0.002 compared to placebo

Except for renal data, the safety data generally showed similar adverse event rates
among the study groups, including mortality rates. The findings were notable for the
observation that 3% of patients experienced "kidney failure" following Trasylol
administration while "kidney failure" was reported for 1% of placebo patients. The
incidence of "renal dysfunction” was also increased among patients receiving Trasylol
when compared to placebo (23% versus 12%). However, the available data supported a
determination that the renal dysfunction was reversible.
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The original approval findings also included the following observations that were
included within the product label:

-An increase in the risk for both renal failure and mortality was detected in a case-
controlled clinical study that examined Trasylol use among patients undergoing
hypothermic circulatory arrest.

-Trasylol had been found to prolong the activated clotting time (ACT) as measured by
the Hemochron method; hence the original review concluded that heparin administration
during bypass surgery should be based upon ACT findings from a method that was not
altered by the presence of Trasylol! in the circulation.

-Although no anaphylactic reactions were reported in the initial confirmatory clinical
studies, anaphylactic reactions had been reported in non-USA postmarketing experience
for Trasylol.

At the time of the original Trasylol approval in 1993, FDA cited the potential therapeutic
advance associated with the use of a drug that decreases the need for blood
transfusion, especially in light of considerable concern regarding the infectious risks
associated with allogeneic blood. Specifically, the FDA press release noted: "Aprotinin
can reduce the risks of bypass surgery for some patients," said FDA Commissioner
David A. Kessler, MD. "Fewer transfusions mean a much lower risk of infection or
possible adverse reactions to the blood." Notably, donor blood HIV-antibody testing was
initiated in 1985; hepatitis C antibody testing in 1990 and HIVp24 antigen testing in
1995.

2. Additional Dosage Regimen Supplement Approval: 1994

In 1994, the sponsor submitted clinical data from Study D-92-008 in order to support the
inclusion of Regimen B within the label's dosage section. This study was a randomized,
double-blinded, placebo-controlled study that examined Trasylol usage among patients
unidergoing repeat CABG. Three Trasylol dose regimens were examined: Regimen A,
Regimen B and a “pump prime only" regimen that consisted of a dose of 2 million KIU
added to the pump-prime only. Overall, 287 patients were enrolled and evaluated for
safety. The efficacy evaluation was confined to 254 patients. The safety and efficacy
findings for Regimens A and B were similar to those detected in the earlier confirmatory
clinical study that examined these dose regimens. The "pump prime" regimen did not
demonstrate efficacy. Based upon this second confirmatory clinical study's findings, the
product label was modified to cite the option of either Regimen A or B as an acceptable
Trasylol dosage.

3. Broadened Indication and Additional Clinical Data Supplement Approval: 1998

In 1996, the sponsor submitted clinical data from three new confirmatory clinical studies
in order to support a change in the product label's indication to cite the use of Trasylol
among "patients undergoing cardiopulmonary bypass in the course of CABG surgery."
This proposal was to broaden the indication to include all patients undergoing
cardiopulmonary bypass for CABG, not solely use among patients undergoing repeat
CABG or patients at high risk for bleeding during primary CABG surgery. Table 3
summarizes the three prospective clinical studies submitted in support of the new
indication.
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Table 3. Studies initially submitted in support of the broader indication

| Study # Design safety n | Regimen | Control Procedure
D-91-007 | R, DB, SC 99 A&B Placebo | Primary or repeat CABG
D-92-016 | R,DB, MC 704 A B, Placebo Primary CABG

\ pump only

| D-92-048 | R, DB, MC 873 A Placebo Primary CABG

R = randomized; DB = double blind; SC = single center; MC = multi-center

In addition to these prospective studies, the submission included a report from a
retrospective study (Study 25504) that reported Trasylol hypersensitivity findings from a
group of 387 patients with at least two Trasylol exposures.

Study D-91-007 was a pilot, pharmacodynamic study performed at a single clinical site.
Hence, this study was regarded as supportive to the other, more informative clinical
studies. The study findings supported the efficacy of Trasylol in reducing blood
transfusion requirements.

Study D-92-016 randomized patients with a broad risk of bleeding among placebo and
three Trasylol dose regimens. In the study, patients were stratified at randornization
based upon the risk for bleeding (high versus low, with predefined risk factors for
bleeding) and on the perceived risk for perioperative myocardial infarction (high or low,
with predefined criteria). Table 4 shows the major efficacy findings.

Table 4. Study D-92-016 efficacy

. Regimen A | Regimen B | Pump Prime Placebo
Variable n = 160 n = 168 h = 159 n =157
% requiring blood 33% 35% 33% 52%
Blood units, range 0-8 0-6 0-7 0-21

A notable Study D-92-016 observation was the finding that, among the 25% of patients
at low risk for bleeding, no statistically significant difference was noted among the
groups for the percentage of patients requiring blood transfusion.

Study D-92-016 safety findings showed a slight numeric excess in the rates of
myocardial infarction, as denoted by the site investigators (Regimen A 5%; Regimen B
3%; Pump prime 5% and placebo 2%). A blinded adjudication of the myocardial
infarction clinical data found only a numeric excess of infarctions in the pump prime
group. The rates of post-operative serum creatinine elevations were similar among the
study groups.

Study D-92-048 was an international study that randomized primary CABG patients with
a broad risk for bleeding to either placebo or Trasylol Regimen A. The study assessed a
primary endpoint of saphenous vein graft patency rates as determined by post-CABG
coronary arteriography and a secondary endpoint comparison of donor biood transfusion
requirements.

The study's primary endpoint result showed more patients with graft closure in the
Trasylol group (15%) than in the placebo group (11%). However, the rates for
myocardial infarction were similar (Trasylol 2.9% and placebo 3.8%) as were the death
rates (Trasylol 1.4% and placebo 1.6%). Exploratory analyses showed the higher rates
for graft occlusion were evidenced only at the non-USA sites.



The study showed a statistically favorable effect of Trasylol upon the need for blood
transfusion (38% versus 54%) with the treatment effect evident in the subsets of patients
either at high or low risk for bleeding.

Study D-92-048 safety findings revealed similar rates of adverse events between the
Trasylol and placebo study groups, including similar rates of renal dysfunction.

Study 25504, the retrospective clinical study, suggested that the risk for anaphylaxis
was 5% if the re-exposure occurred within six months of the initial exposure. The
anaphylaxis risk was 0.9% per re-exposure if the re-exposure occurred after six months.
Multiple re-exposures appeared to incrementally increase the risk for anaphylaxis.
Following review of the clinical data from the three prospective clinical studies and the
one retrospective clinical study, FDA issued a non-approvabile letter for the supplemental
application. The basis for this action related to the following observations: inconsistent
primary endpoint subset findings in Study D-92-016; concern regarding the risk for
anaphylaxis if patients had received Trasylol at primary CABG but subsequently required
Trasylol at a repeat CABG; and study of only the Regimen A in Study D-92-048.

Subsequently, the sponsor highlighted data from two additional clinical studies (Studies
SN0406 and SN0407 and submitted an exploratory reanalysis of Study D-92-048 and a
proposal to add a black box warning to the product label regarding the risk for
anaphylaxis. The additional clinical data included findings from 152 patients at low risk
for bleeding who were undergoing primary CABG. Both studies demonstrated a
reduction in the need for blood transfusion among patients receiving Trasylol (only the
Regimen A was examined). The exploratory re-analysis of Study D-92-048 focused
upon subsets of patients identified according to low risk for bleeding as well as USA
versus non-USA sites.

FDA determined that the totality of the clinical data, in combination with the revision of
the product label to include a black box warning regarding anaphylaxis was acceptable
and the supplement was approved in August, 1998. This approved indication is the
currently marketed indication.

Publications and Updated Safety and Efficacy Information
1. Publications, including FDA Comments:

Summarized below are highlights from 2006 publications and FDA public comments.
Copies of the publications are provided in the Appendix. Some of these publications cite
the use of tranexamic acid and aminocaproic acid, two drugs with anti-fibrinolytic activity.
These two drugs are not FDA-approved for use during cardiac surgery. The FDA-
approved indications for these two drugs are the following:

-Tranexamic acid: for use "in patients with hemophilia for short term use (two to
eight days) to reduce or prevent hemorrhage and reduce the need for
replacement therapy during and following tooth extraction.”

-Aminocaproic acid: for "enhancing hemostasis when fibrinolysis contributes to
bleeding.”

Also included in the appendix is an abstract publication of an on-going clinical study that
compares the usage of aprotinin to aminocaproic acid and tranexamic acid (the BART
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study, "Blood conservation using antifibrinolytics: randomized trial in high-risk cardiac
surgery"). Only summary (non-comparative) information is available from this study.

New England Journal of Medicine publication: In January, 2006 Mangano, et.al.
published a report of a multi-center observational clinical study that cornpared the use of
aprotinin to the use of two other drugs with anti-fibrinolytic activities (aminocaproic acid
and tranexamic acid) as well the use of no anti-fibrinolytic drug. In this study, 4374
patients undergoing coronary revascularization were assessed following the assignment
of each patient to the physician-prescribed anti-fibrinolytic drug regimen (patients were
not randomized to the study drugs or the no drug regimen). In order to adjust for
imbalances in baseline characteristics, the study authors used propensity-adjustment
methodology in multivariable logistic regression analyses of important study outcomes
among the study groups. The authors reported that, for patients undergoing "complex”
or primary coronary artery surgery, aprotinin administration was associated with a
doubling in the risk of renal failure requiring dialysis. Additionally, aprotinin
administration to patients undergoing primary coronary artery surgery was associated
with a 55 percent increase in the risk of myocardial infarction or heart failure and a 181
percent increase in the risk of stroke or encephalopathy. All three anti-fibrinolytic drugs
were reported to reduce blood loss.

Transfusion publication: In March, 2006 Karkouti, et.al. published (following an
earlier, on-line publication) a report of a single center observational clinical study that
compared the use of aprotinin to tranexamic acid among high-transfusion risk patients.
In this study, patients undergoing cardiac surgery with cardiopulmonary bypass were
assessed following the assignment of each patient to the physician-prescribed anti-
fibrinolytic drug (as in the prior publication, patients were not randomized to the study
drugs). Using propensity scores, 449 patients who received aprotinin were matched to
449 patients who received tranexamic acid. The study reported that all adverse events
occurred at similar rates, except for renal dysfunction which occurred in 24% aprotinin-
exposed patients and 17% tranexamic acid patients.

FDA comments: In February, 2006 FDA issued a Public Health Advisory regarding
Trasylol. In this Advisory, FDA anticipated a public discussion of the publication findings
and also recommended that physicians who use Trasylol should:

-carefully monitor patients for the occurrence of toxicity and report important
findings to the drug manufacturer and FDA,;

-consider limiting Trasylol use to those situations where the clinical benefit of
reduced blood loss is essential to medical management of the patient and
outweighs the potential risks.

2. Updated Safety and Efficacy Information:

Bayer, the holder of the Trasylol NDA has submitted updated safety and efficacy
information pertaining to Trasylol clinical studies and post-marketing reports. This
information, submitted over the past few months, includes integrated analyses from the
world-wide safety experience in cardiac surgery as well as clinical study experience for
the use of Trasylol in the prevention of bleeding associated with non-cardiac surgery.
Bayer will summarize these findings at the Advisory Committee meeting and the details
are not repeated here. Cited below is a brief summary of the sponsor's findings with a
special notation regarding hypersenisitivity reactions.
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Integrated safety and efficacy information: Overall, the sponsor's updated analyses
of safety and efficacy findings from the controlled clinical trial experience generally
appear consistent with the previously reported findings.

The integrated efficacy analyses continue to show that Trasylol administration decreases
the rate of blood transfusion among patients undergoing CABG with cardiopulmonary
bypass.

Notable summary findings from the updated and integrated safety findings of the
controlled clinical studies are:

The studies show similar mortality rates between control patients and patients receiving
Trasylol during CABG (2.9% among 2249 Trasylol patients and 2.5% among 2164
control patients). In this patient population, congestive heart failure rates are also
reported as similar (6.3% among Trasylol patients and 5.9% among placebo patients).

Myocardial infarction rates in the clinical studies that rigorously ascertained the events
showed similar rates (11% among 642 Trasylol patients and 11% among 656 placebo
patients).

Analyses indicate no increase in the incidence of serum creatinine elevations with low-
dose Trasylol versus placebo. However, the analyses did show an increased incidence
of creatinine elevations with full-dose Trasylol when administered in the presence of
peri-operative aminoglycosides (18% of 111 Trasylol patients and 9% of 117 placebo
patients).

Analyses disclose very limited controlled clinical study data for patients with baseline
serum creatinine values greater than 2 mg/dL (only 9 patients exposed to Trasylol
versus 1 placebo patient).

Hypersensitivity reactions: The sponsor has supplied a summary of Trasylol-related
hypersensitivity reports from 1984 through 2005. This analysis found a higher than
anticipated reporting rate for reactions during 2005. Using Poisson analysis and
estimates of product usage, the sponsor reports that spontaneous reports of
hypersensitivity reactions increased from 2004 (21/409,783) to 2005 (54/471,922). This
increase was mainly driven by an increase in the reporting rate of possibly associated
non-fatal cases from the US. However, the number of reports of fatal hypersensitivity
reactions increased from 4 in 2004 to 10 in 2005.

FDA has special concerns regarding the findings from the sponsor's summary of
hypersensitivity reactions. These concerns relate specifically to the occurrence of fatal
hypersensitivity reactions as well as to concerns regarding the utility of the "test" Trasylol
dose procedure in light of the apparent failure to predict fatal hypersensitivity reactions.
Notably, this test dose administration alone was reported to result in 19 deaths (included
among a total of 51 deaths associated with Trasylol hypersensitivity reactions).

In response to the hypersensitivity reports, the sponsor has proposed a risk minimization
plan that focuses upon additional physician education and outreach efforts regarding the
risk for hypersensitivity reactions, specifically encouraging more in-depth history taking
regarding any prior exposure to aprotinin. Additionally, Bayer proposes the development
of a blood test for the detection of IgG antibodies to aprotinin. This test is proposed for
use as a biomarker to detect patients who had previously been exposed to aprotinin.
The blood test is currently in a developmental stage.
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Summarized below are major observations regarding Trasylol hypersensitivity findings:

Incidence: The sponsor estimates a total exposure of 4.3 million patients to Trasylof
from 1984 through 2005. To date, 304 cases of suspected hypersensitivity reactions
were identified within the sponsor's global drug safety database. Independent
adjudication of these 304 cases estimated that 284 of the cases were hypersensitivity
reactions possibly associated with Trasylol (51 were fatal and 233 were non-fatal).

Risk factors: Given the limitations of the case reports, the following observations are
especially notable:

-133/284 (47%) cases had documented previous exposure to Trasylol; of the 51
fatalities that were adjudicated and assessed as possibly associated, previous
aprotinin exposure could be documented in 28 cases.

-90/107 (84%) cases in which the time of previous exposure was documented
had received the drug in the previous six months.

-38/139 (27%) cases in which the test dose administration was documented
experienced a hypersensitivity reaction despite a negative test dose resuilt.

-the majority of cases in which the surgical procedure was documented were in
the setting of procedures other than CABG surgery.

-aprotinin is contained with certain fibrin sealants, including Tisseel®, a product
marketed in the US with an indication for "use as an adjunct to hemostasis in
surgeries involving cardiopulmonary bypass and treatment of splenic injuries due
to biunt or penetrating trauma to the abdomen, when control of bleeding by
conventional surgical techniques, including suture, ligation, and cautery is
ineffective or impractical.”

A publication that cites a summary of 124 hypersensitivity reactions is included in the
appendix. This publication cites several risk factors for hypersensitivity reactions,
including ones similar to those the sponsor has identified. The publication authors
propose that the risk for a hypersensitivity reaction is greatest within the first several
months following an initial aprotinin exposure, as shown in the figure, below. In the
figure, the number of hypersensitivity reactions is shown on the vertical axis and the time
span between repeated aprotinin injections is shown on the horizontal axis.

The publication also outlines the concepts that suggest the detection of IgG antibodies to
aprotinin may serve as a biomarker for prior exposure. The publication notes that the
low concentration of IgE, as well as its relatively short half-life, may limit its usefulness in
an assay that attempts to detect prior aprotinin exposure.
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Test dose considerations: The product label cites the intravenous administration of a
10000 KIU (1 mL) intravenous "“test dose" at least 10 minutes prior to the loading dose.
The label notes that hypersensitivity reactions can range from skin eruptions, itching,
dyspnea, nausea and tachycardia to fatal anaphylactic shock and physicians are to
observe patients for the appearance of these signs and symptorns. To date, 19 patients
are reported to have died after administration of the test dose alone.
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Appendix: Publications

1. Mangano, D., et.al., The Risk Associated with Aprotinin in Cardiac Surgery. New
England Journal of Medicine. 354(4):353-65; January, 2006.

2. Karkouti, K., et. al. A propensity score case-control comparison of aprotinin and
tranexamic acid in high-transfusion-risk cardiac surgery. Transfusion. 46(3): 3:327-38;
March, 2006.

3. FDA Public Health Advisory, February, 2006.

4. Beierlein, W. Forty years of clinical aprotinin use: a review of 124 hypersensitivity
reactions. Annals of Thoracic Surgery; 79:741-8; 2005.

5. Fergusson, M., et.al, Incidence of massive bleeding in a blinded randomized
controlled trial of antifibrinolytic drugs in high risk cardiac surgery. Anesth Analg. 102:
SCA1-97; 2006.

37



Topics for Committee Questions
FDA anticipates posing questions relating to the following major topics:

1. An assessment of the clinical meaningfulness of the findings from the two published
observational clinical studies.

2. Perspectives regarding the clinical benefit associated with a reduction in the need for
blood transfusion among patients undergoing cardiac bypass grafting, especially in light
of current surgical procedures and transfusion practices.

3. Perspectives regarding the occurrence of hypersensitivity reactions and the options
to lower the risk for these reactions.

4. Considerations of potential product label alterations, or other options, to address
safety and/or efficacy concerns, in light of current surgical and transfusion practices.
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Summary of 2006 Advisory Committee Responses to Questions

Questions to the Committee:

. {Safety} Discussion: Published reports (Transfusion 2006: 46:327-38; NEIM 2006: 354:353-65) and an updated Bay
safety review are generally consistent in the detection of an tncreased nisk for renal dysfunction following apyotinin
administration. However. the NEJM report described several other sericns risks associated with aprotinin.

Pleaze consider the coaclusions from the publications and from Baver's controlled clinical studies and discuss whether
Trasylol usage, compared 1o no hemostatic therapy, 1s assoctated with increased risks for the following sertous adverse
events

Renal failure requinng dialvss
Myocardial infarcticn
Heart fatlure
*  Stroke or encephalopathy
In your dizcussions, please comment npoa whether any increased sisks apply only 1o specific subsets of CABRG/CPB patients;
for example, patients undergoing repeat CABG versus mutial CABG.

The commirtee agreed that the data are consistert with an asseciafion with aprotinin use and venal impairment, specifically
for an ficreasing crearinine, however, mast of the commiifiee were not convinced thar theye was a definite increased risk of
renal failure requiring dialvsis. The commitise alse agreed overall that there was no association between aprotinin use and
an fncreased risk ¢f myocardial infarction, heart failure, soroke or encephalopatky. Additionally, the committeg commented
thar these are short-tem outcomes and wa curvently have linle or vio data on the long-termeardiovascular outcomes in thase
panents.

In ferms of subgroup yisks, some committee members suggested that the visk-benefit s mos: favorable in those highest risk
patients such as those on andi-platelet therapy or who are undergoing complex surgery. The commiittee also point out, when
discussing increased risks, that these ave increased risks compared fo no peatment or placsbo, and not increased risk
compared to other agenis. The commiiree addifionally cited the fact that the available data indicare there is no improvemant
in mortality wirh apvofinin use.

{See raviscvipts for detailed discussioni

2. {Safety} Discussion: The identification of patients at high sisk for Trasylol hypersensitivity veactions predominantly
involves ascertamment of a history of any prier aprotinin exposure and the use of a "test dose” procedure. Bayer has
propesed a risk minmmization pregram focused upon bealthcare provider education and the possible use of an IgG assay to
detect prior aprotinia exposure. Please discuss the strengths and limstations of these procedures. In your discussion. please
consider the following questicns:

a. Towhat extent de you regasd these procedures, especially the nse of a "test dose,” as acceptable measutes to ideatify
patients at bigh 115k?

Tesr Dose:

The committee highlighred that nearly half of the reported patients wirth ypersensinvity reactions had reactions with the fest
dosz alone. Some of the commitiee found little predicrive valie in the ‘fest dose’ as o usefid screenming ol for identifiing
patients af high visk. Concerns raised inciuded usage in non-cardiac seftings such as hip replacement surgery, wheve CPB is
not readily available to resuscitate the paient should a reaction occur. Recommendations were made fo rename ‘inifial
dose’ as opposed 1o 'test deze’ to glleviare any possible false senze of security in implementing this drug therapy.

Mawny other members of the commiftee, however, found the test dase of value, cautioning against any decision to abandon the
rest dose alrogether. They emphasized itz value, specifically in the surgical ssiting when given slowly enough to recognize
early lypersensitivity sigas [inporension] and where CBP is readily available for rescueiresuscitation.
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IgG Assay:

The commitiee recagnizes that the IgG assay iz a work in progress, bur many found promize in the Sponser's RiskMAFP for
an JgG assay for identifiing high visk pafient. The commirtee applanded the sponsor on theiv effovis to exclude patients from
aprotinin freament, wio would screen pasifive. An aszay with a good neganve predicive value would be beneficial as a
screening tool, as long as it is coordinated and monitored closely in conjunction with rhe FDA, (i.e. defining under what
clinical situations the assav should be used and how to interprer assay data). The assqy should be tesied exrensively before
recommended for reutine clinical use.

Education:

The committes emphasized the need for educarion on having CPB vescue readily availabls foy resuscitation. Concern was
raised, though, in the complete relinnce of using the medical history to ideniifi high risk pafias for a ypersensitivity
reaction, as cases have been cired where such efforts failed te uncaver a previous exposure to the drug.

b. Please discuss whether the risks and consequences cf hypersensitivity differ for subsets of patients; for example, patients
undergoing repeat CABG versus initial CABG? Are the risks sufficieatly high for some subsets of patients such that Trasylet
should not be administered? If vo, which types of patients?

The committee had limited connmenis or vecommendations on singling out subgroups that may be ar higher visk for
hypersensitivity reaction. Those ‘vedo” CABG patients, especially those within § months of originally surgary, were
identified as a higher visk of hyvpersensifivity reaction. A4n additional suggestion was made for a national regisay of patients
who have received aprofinin, as g safery measure in idensifving patient exposure to the drug.

{See ranseript: for derailed discussion)

3. (Efficacy) Discussion: Since Trasylol was ongmally approved 1 1993, aflogeneic blocd wansfusion practices in CABG
surgery may have changed due to the wider use of autologous bloed and changes in the clinical criteria for transfusion.
Please discuss the importance of the Trasylcl benefit of reduced pericperative bleeding and the need for blcod transfusicns,
in the context of current cardicvascular surgical, anesthetic and bleod fransfusicn practices.

A majoriny of the commiftee agres that patisnts that present for surgery today ave even sicksr than in the past, with
proporiionally move pafients on ann-platelef therapy, re-opervations, fravsplants, stc. The committee agreed that the need jor
a reduciion in perfoperative bleeding ic a5 great as or greater thav when the drug was first approved. The commitiee also
cited that we have beter transfusion practice and safer blood products roday than in the past.

The commiztee recognized, thongh, that there should be caution in not reufively using the drug for everyone but ratrer,
sslecring out those padents [righ risk] who will bengfit the most jiom it. Recommendarions were made for a
guideline/conzensus paper on the topic for funne practice, in addivion re the use of darabases to pull information.

Recommeandaiions were made thar, because theve is {imited curvenr and bang-term data, Baver should be encouraged to
sponzov such prospective situdies ro gather this informarion. Orhers encowraged smaller fials and cbsayvational datasers to
gathar addidonal informarnion about patient populations, drug xsage and cutcomes.

{See transcripts for detailed discussion)
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4. {Safety and Efficacy) Bayer Pharmaceuticals has proposed modification of the Trasylol indicaticn statement to the
foltowing: “Trasylol is indicated for prophylactic use to reduce perioperative blocd loss and the need for blood transfission in
patients nndergoing cardiopulmenary bypass in the course of coronary artery bypass graft surgery who are at increased risk
for blood toss and blocd transfusions.”

a. Discussion: Please discuss the clinical considerations in identifying patients "wlho are at increased risk for bloed loss and
blood transfusion” For example, sheould this descriptor only apply to patteats undergoing repeat CABG?

A suggesnion was made te change the language from ‘at increased risk’ re ‘ar kigh risk” because this raised the question of
increased visk compared to whe? The majortiy of the committee cautioned in limiting usage to those pafients undergoing
repear CABG. TWhile theve was discussion to axpand rhe label to include other forms of cardiac surgery, thera were no data
fo suppeort any changes in the curvent label in fevms of expanding aprofinin use to other forms of surgery.

b. Vote: Highlights of Bayer's recent safety and efficacy data submissions to the FDA were presented at this meetinig along
with findings from two publications. FDA review of these data ts on-going and may be importantly impacted by fusther
analyzes or additional information submitted to the Trasylol NDA. Nevertheless, the Committee's perspectives regarding the
hightighted data will form an impertant component of the cu-going FDA review. Based upon the presentations today, de
you regard the totality of clinical data as supporting acceptable safety and efficacy for Trasylol usage among certain
CABG/CPB patients?

YES: 18 NO: ¢ ABSTAINED FROM VOTING: 1

c. Discussion: If your response to "b" 15 ves, please identify those patients tn which the safety and efficacy data sufficiently
support Trasylol usage. Specifically. does this populaticn include the proposed CABG/CPB patients "who are at increased
sk for bloed loss and blood traasfusion?”

Many of the commitree members found the label langnage accurate. Most of commistee agreed that theve should be Limited
restriction in the language, for the wse of the drug in repeat CABG patisniz, leaving these clinical decisions to the surgson.

Labeling language was recommended that in addition to an ‘ncreased visk of blood loss:blood transfusion’ there should be
language such as facrovs thar pu: vou at increased visk for the drug.’

The committee cited, as examples of those patients who at increased risk of blood less:blood transfusion, those on arti-
rlaveler therapy; redo CABGs; valveransplant patients; uremic patienss, and patients who are on nephrotoxe drugs.

Commiriee recommendarions for package labeling ircluded comments that there was ne demonsyation thar aprothiin
fmproves mortality (i.e. no data on improved outcome). Opinions varied however upon the appropriateness of including this
ape of “vo moyialin effert™ starement in the product label.

Addiionally, comments vegarding the uncertainty about the value of the ‘test dose’ should be reflected in fhe package label
fi.e. veconunendarion that a test dose be given in the complere absence of any data about patient histary).

d. Discussion: If yonr response to "b" is 010, please provide recommendations regardiag ways to obiain sufficient safety and
efficacy data for Trasyiol usage. For example would additional controlled clinical studies in specific CABG patients assist i
more thorcughly assessing Trasviol risks and benefits?

One commitice member abstained fiom vedng, citing the linired data available ro accurately identify who is at high risk for

bleeding, which vequires more researck, and that a decision analysis regavding rvearment versus no ireatment is dependant
upen that information. None of the commitree veted No' to this guestion.
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTERFORDRUG EVALUATION AND RESEARCH

PID& PID# D0O60185
DATE: June 1, 2006
FROM: Parivash Nougah, Ph.D. Epidemuologist

Division of Drug Risk Evaluation, HFD-430

THROUGH: Rosemary Johann-Liang, M.D.
Deputy Director,
Division of Drug Risk Evaluation, HFD-430

TO: George Mills, M.D_, Director
Division of Medical Imaging and Hemarology Products. HFD-160

SUBJECT: A crinque of study methodelogy of two recently published observational
papers on the safety of aprotinin (Trasylol®) NDA# 20-304

EXECUTIVE SUMMARY

Two recently published observational studies, by Mangano et al and by Karkouti et al,
reported aprotinin to be associated with risk of renal dvsfunction. Mangano et al also
found that aprotinin 1s associated with myocardial infarction and heart failure. Both
studies used propensity score modeling to adjust for certain potential confounders. The
reliability of the results by Mangano et al can not be assured because the authors failed to
provide evidence that:

(1) the propensity score mode] balanced covariates among treatment groups,

(2) there 1s 1o effect of geographic region, and

(3) missing values do not have a substantive impact on treatment effect.
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In contrast. the report by Karkouti et al discussed most of the sources of potential biases
1 their study, although 1t 15 not clear what variables were constdered m their final

propensity model.

Despite these limitations, these independent studies reporting from independent patient
populations provide a compelling argument for a primary association between aprotinn
and renal dysfunction. This association 15 further advanced by publication of a meta-
analysis of clinical trzals. On the other hand, the association between aprotinin and

myocardial infarction and‘or heart failure remains speculative at this time.

At this time, DDRE recommends HFD-160 consider additions to the approved labeling
for aprotinin to highlight the association between aprotinin and renal dysfunction pending
results of randonuzed, double-blinded trials. An analysis of spontaneously reported
adverse events with aprotinin and renal dysfunction are underway in our division (review
to be providad under a sepafate cover}. Although assessment of this drig-adverse

reaction association will be difficult based upon the AERS database alone, the case-

review study mught provide some insight about these associations.

Introducticn

Two recently published studies reported on the nsk of aprotinin use among cardiac
surgery patients. The first article, entitled The risk associated with aprotinin in cardiac
5urgei:1=“ was conducted by Mangano et al and was published mn New England Journal
of Medicine on Janurary 26, 2G06. In their analyvsis, Mangano et al, reported that
treatment with aprotmin treatment (See relevant current product labehing for aprotinin:
Appendix 1} m the setuung of primary cardiac surgery was associated with an increased
risk for a renal event (odds ratio (OR)=2.3; 95% CI 1.3 to 4.3} compared to exposure to
ne antifibrinolytic therapy. The odds ratio for a renal event mcreased 10 2.6 (95% CI 1.4
to 5.0) when stratified to patients undergoing complex cardiac surgery. Mangano et al
further reported that treatment with aprotinin in the setting of primary cardiac surgery to
be associated with an increased risk relative to no antifibrmolytic therapy treatment for a

cardiovascular event (OR=1.4) and a cerebrovascular event {OR=2.2}. These point
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estimates decreased and lost statistical sigmificance when stratified to patients undergoing

complex cardiac surgery.
P h

The second study entitled, A propensity score case-control comparison of aprotinis and
tranexamic acid in high-transfusion-risk cardiac surgery was conducted by Karkouti et al
and published in the March 2006 1ssue of Transfusion. These authors comparad
treatment with the antifibrinolytic agent tranexanuc acid to aprotinia in the setting of
cardiac surgery and reported treatment with aprotinn to be associated with a 1. 4-fold

increase (p=0.01) in the nsk for renal dyvstunction.

In light of these publications. FDA issued the following “Public Health Advisory™ on
February 8, 2006 (Appendix 2)

This consult follows a request made by the Division of Medical Imaging and Hematology
Products to provide a critique of the studies cited above. Below, we provide a brief
description of each study’s methodology followed by DDEE comments regarding the
study methodology and analysis. Please note that this document 1s limated m its review

scope to design and analytical aspect of the study.

Overview of the article by Mangano et al

Methods

Mangane and et al studied the nsk of thrombosis-related cardiac, cerebral, and renal
events associated with antifibrinoloytic therapy by using data from 3436 patients
scheduled for coronarv-artery bypass surgery with cardiopulmonary bypass. Afrer
reviewing the medical records of patients. they excluded 1033 patients from study for the
following reasons: withdrew from study before surgery (32), died before surgery (2), did
not undergo surgery or surgery was rescheduled (97}, did not undergo cardiopulmenary
bypass (132), were enrolled 1n another clinical trial (11), had mecomplete data (97).
recervad multiple anufibrinolytic agents (226), had no validation of drug type of dose{17),

received inadequate dose of antifibrinolytic agents (448). The remaining 4373 patients



were classified into four comparison groups: 1293 patients with exposure to aprotinun,
883 to aminocaproic acid (Appendix 1), 882 to tranexamic acid (Appendix 1), and 1374
to control (patients who did not receive antifibrinolytic treatment). The outcome events in

each annfibrmolytic treatment group were then compared to contro] patients.

The investigator examined four outcomes : (I} cardiovascular defined as Myocardial
infraction required erther new Q waves (Munnesota code 1-1-1 or 1-2-7) or new,
persistent ST-segment or T-wave changes (Minnesota code 4-1, 4-2, 5-1, 5-2_ or 9-2).
Heart failure defined as a cardiac output of less than 2.0 liters per minute associated with
a pulmonary-artery occlusion pressure above 15 mm Hg. a central venous pressure above
12 mm Hg. and S gallop. or rales. (2} Celebrovascular included clintcally diagnosed
stroke, encephalopathy. or coma. (3) Renal defined as a postoperative serum creatinine
level of at least 177 s mole per liter with an increase over preoperative baseline levels of
at least 62 g mole per liter. Renal faslure was defined as dysfunction requining dialysis or
in-hospital death with evidence at autopsy of acute renal failure. (4) Blood ioss was

assessed as chest-tube output during the first 24 hours after surgery.

The investigator used multivariate analyses to assess the nisk of each outcome associated
with treatment groups by considering 97 preoperative risk factors. Investigators used
nonparsunomous logistic modeling to developed propensity scores that distinguish those
with exposure to antifibninolytic treatment from control. Covanates (n=45) were
considered into generating propensity scores. The effect of each agent on outcome was
assessed by using multivanate logistic regression 1n which propensity scores as well as
other risk factors. In addition, a stratified analyses was planned for patients whose
elective surgery mvolved only coronary-artery revascularization and with no history of
cardiac or vascular surgery (“primary surgery’ group) versus the remainmng patients, who
where classified as “complex surgeries.” The dose response was assessed among a
subgroup of aprotinin group who received either a low-dose regimen (loading dose, 1
milhon kal-likrein-inhibitor units (KIU): total dose, =2 million KIU) or a high-dose

regimen (loading dose, 2 million KIU: total dose, 4 nullion KIU).
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Results

The investigators reported that patients with exposure to aprotinin group experienced an
increased risk for renal events (renal dysfunction or renal fatlure requiring dialysis) in
both patients with primary surgery {odds ratio (OR) = 2.3 and 95% CI 1.3 to 4.3} and
with complex surgery {OR=2.6; 95%% CI 1 4 to 5.0). Mangano et al further reported that
treatment with aprotinin was associated with an increased risk m cardiovascular events
{(OR=1.14) and cerebrovascular events (OR=2.2) only in patients who underwent primary
cardiac surgery. These point estimates decreased and lost statistical significance in
patients undergoing complex cardiac surgery. The investigators did not report treatment
with etther aminocaproic acid or tranexannc acid to be associated with increased renal,
cardiac or cerebral events. Major results from the study are shown on the rable on the
following page which 1s excerpted from Table 3 from the article and utled, “Table 3.

Propensity-adyjusted Effect of Treatment on Ischemic Outconmie Events.”
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Table 1

Patient Undergoing primary | Patients Undergoing Complex
surgery {(N=3013y* surgery (N=1361j)2
Outcome event comparisons P Value | Odds Ratio {93% CI*} | P-Value j 0Odds Ratio{953% CI}
Death
Aprotinin v5, coatrof 0.22 1.50 (0.79-3.34) 11.66 0.86{0.44-1.70)
Aminccaproic acid vs. coatrol 0.65 0.81(0.33-2.02) 0.01 0.25 (0.09-0.72)
Tranexamic acid vs. control 0.94 1.03(0.44-245) 0.13 0.49(0.19-1.23)
Propensity score <0.001 1.22{1.09-1.36}3 0.004 1.1§{1.06-1.3)
Renal event§

Aprotinin vs. control 0.006 3344137431 0.004 2.59{1.36-485)
Anunecaproic acid vs. coatrol 0.86 0.93(0.43-2.02) 0.23 0.56¢0.22-1 44}
Tranexamic actd vs. control 0.75 0.88(0.40-1.94) 0.33 1.47(0.68-3.19)
Propensity score =§.401 1.19¢1.08-1.30Y 0.58 1.02¢0.94-1.11)

Cardicvascular event §

Aprotinin vs. control 0.01 1.42(1.09-1.86) 0.67 1.08¢0.75-1.57)
Anunccaproic acid vs. contral 0.13 0.78(0.56-1.08) .18 0.74¢0.48-1.15)
Tranexamic acid vs. control 0.73 0.93(0.76-1.29) 0.93 1.02¢0.66-1.537)
Propensity score 0.001 | 1.08(1.03-1.11) 016 1.0400.9%-1.09)

Cerebrovascular event=
Aprotigin vi. contrel 0.02 213 {1.14-4.06) 0.41 1.29 {0.7-2.35)
Aminccaproic acid vs. contyol 0.84 0.92(0.42-2.05) .07 0.45(0.19-1.06)
Tranexamic actd vs. consrol 0.21 1.57¢0.77-3.19) 0.38 0.70 {0.32-1.5%)
Propensity score <0001 1.15¢1.08-1.30) 0.87 0.99(0.51-1.08)
Composite ontcome event*?*
Aprotinin vi. control 0.002 1.49(1.15-1.9D) 0.13 1.3000.93-1.8%)
Aminocaproic acid vs. contral 0.28 0.85¢0.63-1.15) 0.09 0.71(0.47-1.06)
Tranexanuc acid vs. control 0.69 0.94(0.71-1.26) 0.44 1.17(0.79-1.73)
Propensity score +0.001 | 1.09(1.05-1.14) 0.63 1.0140.97-1.06)

* CI denctes contidence interval

t The contrel grovp included 1022 patients, and the antifibriniolytic group 1991 patients. Values for the propensity scote were
missing for 87 patients inx the control group and 157 in the antifibrinolytic group.

1 The control group iacluded 352 patients, and the antifibrinclytc group 1049 patients. values for the prepensity score were
missing for 49 patients i the control group and 114 in the antifibriolytic group

§ A renal event was defined as either renal dvsfuacticn or renal failure requiring dialysis

¥ A cardiovascular event was defined as either myocardial infarction or heart failure.

= A cerebrovascular event was defined as stroke. encephalopathy, or coma

** The compesite outcome event category included all the cther ontcome event categories (death. tenal event. cardiovascular
event, aund cerebrovascular event).
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Connnents

1. Study data were received from many institutions across the Middle East, Asia, Europe,
and North America. The institutions or countries may have different care standards that
dictate the administration of these drugs (dose and rare of infussion). In addition, the
meathod of ascertaimment of medical injformation may be different across instirurion or
awionig counitries. There is no evidence in Hus article that the investigators conducted an

arvalvsis based on region af participating mstitution.

2. The investigarors stated thar 97 variables were cornisidered for use in the analysis. They
also mentioned that 45 variables were considered for genevation of the propensity score.
However, the autihors did not provide a list of these 97 vaviables nor the fist of 43
variables that were considered into generating the propensiny scove. It is alse nor clear

what subser variables firom 45 were selected in the final madel of propensin score.

3. To assess whether propensity scoring adiusted / balanced potential and available
confounders betwees comparison groups, the distribution of confounding variables
(covariates} berween comparing groups withis each propensify score strata should be
examined. Mangano et al do not demonstrate or state in their article whether such an
assessmient was conducted and what the results were. Therefore, it is not possible to

assess whether the propeusity score used in this stuéy adequatel controlied for the effect

of covariates on the neatment gffect.

4. 4 dose response analvsis is performed without consideration for the possibility of bias
due to confounding by selecrion. While high dose may be related to the outcowe avent, it
mayv also be related ro some baseline characteristics of parients, and hevica the result may
be biased if these cosfounding variables are ignored. In this article, there is no indication
that the imvestigarors exanined the possibility of such bias in their dose-response

analvsis.

3. 448 cases were excluded from the study population because they received inadequate

dose of antifibrinolvric agents. In the published article, the investigators do not state their
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definition of "inadequate dose’” and their rarionale _for exclusion of these cases. It would
be usefil if the authors woudd have addressed whether these fndividuals have a differen:
risk partern than those with an “adeguate’™ dose or if point estimates change with their

inclusion, either within the cositrol group or assignment to an exposed group.

0. The autliors report abour 10% of data fields relevant fo wmidtivariate analyvses were
missing., The investigarors did not indicare wherher they examined the impact of missing

values o their results. This would be important 1o assess the reliability of their resulis.

7. There are some inconsistericies in presentation of the residts. For example, within the
ABSTRACT section, the aithors state, “use of aprotinin was associated with a doubling
in risk of renal failure requiving dialysis among patients undergoing complex coronayy-
artery surgeiry.” However, there are no results of multivariate analyses for this onrcome
711 the body of the paper. Another example is the heading of Table 3 - which refers to
only ane onfcome “ischemic outcome events. " In contrast, the teble contains multiple
outcomes including dearh, renal eventis), cardiovascular eventis), cerebrovascular

event(s)and composire cutconies.

8. There is no clear definition of whati is considered to be “postoperarive” ontcome event
(i.e. an event which develops wirhin 24 hours of surgery, or within a week after surgery,

o1 some otlier time interval).

0. In this article, the authors displayved the trearment effiect for each treatment based on
one, common propensity scove { i.e. based on a model thar distinguishes probabilitv of
being assigned fo any bipe of antifibrinolytic treannent vs. no agent). When there are
more than 2 nrearment groups, a different propensin: score for eacl pair comparison
should be developed. From the text, it is clear that the authors considered different

propensity scores for each trearment paiv comparison and similar results were found.
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Overview of the article by Karkouti et al

Methotls

Karkouti et al conducted a matched propensity score study to examine the efficacy and
risk of aprotinin in patients who underwent cardiac surgery with cardiopulmonary bypass
at a single center from June 1999 to June 2004, From the baseline population of 10949
patients, 79 patents were excluded from the study because they did not recerve any
antifibrinolytic drugs (19) or participated 1n an antifibninolytic drug trial (60). A
propensity score was developed based on 585 patients who received aprotuin and 10,284
patients who recetved tranexamic acid. Multiple covariates were considered in the
generation of the propensity score (see Comment #1). The mvestigators were only able to

identify a matched tranexamic acid control for 449 out of the 586 aprotimin patients.

The efficacy of the treatment was addressed by the transfusion outcomes defined as the
percent of patients requining = 3 RBC uastes, 25 FFP uaits and 210 PLT unuts. The
transfusion outcomes also examined for those were at very high risk for massive
hemorrhage: those who had two or more previous stermotomies, those in whom bypass
duration was greater than 180 minutes. or those who underwent deep hypothermic

circulatory arrest (DHCA) for longer than 15 nunutes.

The adverse event outcomes were defined as follows: 1) Stroke defined as any new
persistent postoperative neurologic deficat; 2) acute renal failure, defined as a new
requirement for dialysis support: 3) acute renal dysfunction, defined as greater than 50
percent increase i creatitine concentration dunng the first postoperative week to more
than 100 umol per L 10 men, or a new requirement for dialysis support; 4) myocardial
wfarction, defined as a new g wave on postoperative elecrrocardiogram or MB
1soenzyme of creatine kinase of greater than 50 U per L, the CK-MB/CK ratio of greater
than 5 percent. and new electrocardiogram changes, 5) serious infection, defined as sepsis

or deep sternal infection; and 6) in-hospital death.

Results are summarized 1n the Table 2 (on the following page), which 1s excerpted from

Table 4 of the article. These results suggest exposure to aprorinin to be associated with
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1. 4-fold inecrease in the nsk for renal dysfunction based on comparison of incidence of
24% in the aprotinin group and 17% in the tranexamic acid groups (p=0.01). No other

outcome appeared clinically sigmficant.

Table 2

Aprotmm (n=449) Tranexamic acid (n=449}

Number | Proportion | Number | Proportion P value
Myocardial infarction | 12 0.03 10 0.02 0.7
Stroke 15 (.03 13 0.03 0.7
Renal dysfunction 107 0.24 75 0.17 .01

_ Renal failure 25 0.056 14 0.031 0.08

Serious infection 21 0.05 21 0.05 1.0
Death 30 0.07 33 0.07 67

Sice the matching groups were not balanced m respect to recombination factor VIla
(rFVIa} use, the investigators explored the association of renal events with aprotinin by
excluding patients who received rFWVIla. Excluding these patients did not alter the result
of association of aprotinin with renal function. They also examined the impact of
existing renal dysfunction on the association of aprotinin use with postoperative renal
function. These results (shown in Table 3 (below) which is a copy of Table 6 of the
article) suggest that aprotinin use seemis to be associated with worsening renal function

mainly i patients with existimg renal dysfunction.

Table 3
Postoperative renal dvsfunction Postoperative renal failure
requiring dialvsis
Tranexanue | Aprotinin P-value Tranexamic | Aprotinin Palue
acid patients | Patients acid patients | Patients
All patients
Abnormal preoperative renal function 23/126(0.18) | 34110(0.3L) | 0.03 8126¢0.06) [ 14110(0.13) | 0.1
Normal preoperative renal function 5243237016y | 73/339(0.22) | 1.09 6/323(0.027 | 11:336(0.03) | 0.3
Excludiag patieats who recetved fFV1Ia
Abnormal preoperative renal functica 2212400.18) | 31104(56.30) | 0.04 TA2400.08) | 14124¢0.13) [ 0.07
Normal preoperative renal function 30-321(0.16) | 6943353(0.21 | 01 573210002 | 10:333(0.03) | 0.3
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Connnents
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1. Propensity scores were used rto match aprotivin and tranexamic acid groups. No
Jurthey adjusmment for confounding was undertaken. It is not clear how many covariates
were original candidates for calculation of the propensity score and how many were
inciuded i the final model: the anthors mention 20 or 30 covariates (“vavriables ™) in
differaent secrions of their article. Also, the merhod by which variables were selacred is not
stated. For example, it is not clear whether stepwise, backward selection was performed

or ail variadles were forced into the model.

2. Propensity score adiustment is used ro reduce bias due to imbalances in covariates
within observational srudies. The ability of propensity scoves to adeguaraly compensare
Jor bias depernds on whether every possible and available confounding variable is
considered in the analysis (wherher ar propensity model development or in subseguent
anailvsis). Unobserved covariates, whether tireir confornding effects are nor known or not
coliected, couid still be a source of bias. Karkouti et al note that the possibiiinv of bias
due to unmeasured bias may exist in their estimates. The authors also srare rhar several
known important confounders were not collected in thecowrse of their study, although the
post hoc collection and analyvsis of some of these variables are shown to have similar
distribution in botii srearment groups tmarched groups) and therefore do nor appear to be

potentially important confounders.

3. Most of the aprotinin subjects had theiv surgery during the latter part of study period
compared to the marched tranexamic acid group. Since, with advancement of time, the
practice of medicine and diagnostic procedure generally improves, the estimate of
treatment effect in this study could have been biased if such changes influerice ourcome
evenrs. Karkouti et al believe if any changes have occurred in clivical practice it would
mast likely favor the aprotinin group. This shouwld result i1 a decrease in anv potential
rreannent effect attribured ro aprotinin. Thus, the [.4-fold difference in the visk for renal

dvsfunction could be an underestimate of the actual effect size.

4. 137 aprotivin meated patients could not he matched to patients who tranexamic

partents and therefore the results of the study are nor generalizable for all aprotinin users.
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As the aurhors mentioned, this study cannor address the yisk or benefit associared with

aprotinin among patients with high risk of hemorrhage.

5. Unilike Mangarno er al who examined the visk profiles of apropritin, tranexammic acid,
and aminocaproic acid with parients wio did not received any antifibrinolyvtic agent, the
studh by Karkouti et al does not provide amy isformatior on the risk of apropritin
compared to patienrs who were not treared with anyv antifibrinolvric drugs. There was no

negative concurrent conrvol to this study.

Conclusion/Discussion

The two articles are dense aud technucal. A hematologist and/or other relevant clinical
specialists’ review of the clinical components/conclusions would be helpful. This
review 15 lunited to an overview of the two articles with emphasis on study designs and
analyses. In general. the paper by Mangano et al does not include enough information to
asses the reliability of the study. particularly 11 respect to use of propensity score
modeling. In contrast. the paper by Karkout: et al 1s clearer and offers a better discussion

on the Iimitations of the results.

Despate these linuitations and differences in study populatons, study outcomes, and
designs, both studies report that aprotinin 1s associated with increase risk of renal
function. Karkout: et al report that aprotimin users are 1.4 nimes more likely to develop
renal dysfunctuon {p=0.01). Furthermore, aprotinin recipients were 1 8-times more likely
to develop renal fatlure, although this association was not statistically significant
(»=0.08). Karkouu et al, however, compared aprotinin risk only with patients who
received tranexamuc acid treatment (a medication which 1s not approved by FDA foruse
1n this setting). The study by Mangano et al does offer some insight on the aprotinin risk
compared to no treatment. Their study indicated that the odds of renal event {combmed
renal dysfunction and renal faslure requinng dialysis) in aprotinin recipients to be 2 4
tumes more than the odds of renal events in patients who do not recerve any

antifibrinolytic agents. However, no statistically different differences in risk for renal
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events were reported between apropritin users compared to recipients of tranexamic acid
or aminccaproic acid. Since the multvariate analysis results reported by Mangano et al
are limited to the renal composite outcome, 1t 15 not clear 1f aprotinin is associated with

renal dvsfunction alone, renal failure alone, or with both outcomes.

Individual clinical trials offer inconsistent evidence in support of any association between
aprotinin and renal dysfunction. The lack of consistency could be attributed to small
sample sizes and patient risk profiles (clinical trials often include lower-risk patients).
Brown et al conducted a meta analysis of randomized clinical trials comparing full-dose
aprofinin with placebo.3 They found the combmed relative risk to be 1.1 (95% CI: 0.7 to
1.8) for renal failure and 1.5 (95% CI: 1.1 10 1.9) for renal dysfimction. The analysis of
the clinical trials included by Brown et al is consistent with the results of these two
articles and furthers provides information in support of a causal association between

aprotinin and risk for renal dysfunction.

In summary, rwo mdependent ocbservational studies report an association befiveen
aprotitun and renal dysfunction. Iix addition, both studies describe a biological
mechamein outliiing biologic plausibility for this effect of aprotinmin and renal. Taken
together. and with further evidence provided by the Brown et al meta-analysis, these data
provide a compelling argument in support of an association between aprotinin and rmal
dysfuncuon. On the other hand, m regard to cardiovascular and cerebrovascular events,
the findings of these two articles are not consistent. Although Mangano et al reported an
assoctation between aprotiman and cardiovascular/cerebrovascular events, Karkouts et al
did not find these associations. Without replicated and/or supportive evidence, the study
by Mangane et al 1s insufficient at this time to provide a reliable evidence for an

assocration between aprotimn use and cardiovascular/cerebrovascular reactions.

At this timie, DDRE recommends HFD-160 consider additions to the approved labeling
for aprotinn to highlight the association between aprotinin and renal dysfunction pending
results of randomized, double-blinded trials. An analysis of spontaneously reported

adverse events with aprotimn and renal dysfunction are underway in our division (review
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to be provided under a separate cover). Although assessment of this drug-adverse
reaction association will be difficulr based upon the AERS database alone, the case-

review study might provide some insight about these associations.
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Appendix |

Agprotimin (TrasviolE). a serine protease inhibitor, 13 the only product approved by FDA
for the prevention of peri-operative bleeding and the need for blood transfusion in
patients undergoing cardiopulmonary bypass dunng coronary artery bypass graft surgery.
The FDA approval date for aprotinin was Dec 29, 1993,

The most frequent adverse events reported in US clinical trials for aprotinin appeared to
be cardiovascular events (atrial fibrillation, hypotension, mvocardial infarction, heart
farhure), fever, nausea and pulmonary events (1.e. lung disorder, pleural effusion). The
current product labeling for Trasylol contains a black boxed warning for anaphylactic
type reactions, particularly with re-exposure. The Adverse Reactions section of the
labeling mentions the following relevant adverse events ralated to urogenital and
cardiovascular body systems (listed m order of appearance):

+» Urogemtal-kidney function abnormal, urinary retention, urinary tract infection,
kidney failure, acute kidney failure. kidney tubular necrosis. oliguna

« Cardiovascular-atrial fibnllation, hypotension, myocardial infarction, atrial
flutter, ventricular extrasystoles, tachycardia. ventricular tachycardha, heart
falure. pencarditis. peripheral edema. hvpertension, arrhythmia,
supraventricular tachycardia. atnial arrthythmia, thrombosis, shock.
cerebrovascular accident, ventricular fibrillation, heart arrest, bradvcardia,
congestive heart failure, hemorrhage, bundle branch block, myocardial
tschemua, heart block, pericardial effusion, ventricular arthythnua, pulmonary
hypertension

With the exception of encephalopathy, the adverse events descnibed 1n the Mangano
publication are mentioned in the Trasylol (aprotinin) product labeling.

Tranexamic Acid (Cyklokapron® tablets and injection), a synthetic derivative of lysine,
is a competitive inhibitor of plasmunogen activation imndicated in patients with hemophilia
for short term use (2-8 days) to reduce or prevent hemorrhage and reduce need for
replacement therapy during and following tooth extraction.

The Adverse Reactions section of the labeling mentions the following relevant adverse
events related to thromboembolic events:

Worldwide postmarketing Reports: Thromboembolic events {eg, deep vein thrombosis,
pulmonary embolism, cerebral thromibosis, acute renal cortical necrosis and central
retmal artery and vein obstruction) have been rarely reported in patients receiving
tranexamic acid for indicartions other than hemeorrhage prevention i patients hemophilia.

The Precautions section of the labeling mentions that “Venous and arterial thrombosis or

thrombeoembolism has been reported in patients treated with CYKLOKAPRON. In
addition, cases of central retinal artery and central retinal vein obstruction have been
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reported. Patients with a previous history of thromboembolic disease may be at increased
nisk for venous or arterial thrombosis.

Aminocaproic acid (Amicar® syrup, tablets and injection), another synthetic lysine
derivanve with lower potency than franexamic acid, 1s useful 1in enhancing hemostasis
when fibrinolysis contributes 1o bleeding. In hife-threatening situations. fresh whole blood
transfusions, fibrinogen infusions, and other emergency measures may be required.
Fibrinolytic bleeding may frequently be associated with surgical complications following
heart surgery {(with or without cardiac bypass procedures) and portacaval shunt;
hematological disorders such as aplastic anemia, abruptio placentae hepatic cirrhosis;
neoplastic disease such as carcinoma of the prostate. lung, stomach, and cervix.

The Warnmgs section of the labeling mentions that i panents with upper unnary tract
bleeding, AMICAR admunistration has been known to cause intrarenal obstruction in the
form of glomerular capillary thrombosis or clots in the renal pelvis and ureters. For this
reason, AMICAR should not be used in hematuria of upper uninary tract origin, unless the
possible benefits outweight the risk.

Also the Adverse Reactions section mentions that both Cardiovascular events

(Bradycardia, hypotension, peripheral ischemia, thrombosis ) and Urogenital (BUN
increased, renal faslure).
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FDA Public Health Advisory
Aprotimun Injection (marketed as Trasvlol)

On January 26, 2006, The New England Journal of Medicine (NEJM) published an

article by Mangano et al. reporting an association of Trasylol (aprotinin injection} with
ser1ous renal toxicity and ischemic events {myocardial infarction and stroke) 1n patients
underpoing coronary artery bypass grafting surgery (CABG). Another publication
(Transfusion, on-hine edition, January 20, 2006, Karkouts, et al.y snggests an association
between aprotinin administration and renal toxicity among patients undergoing cardiac
surgery with cardiopulmonary bypass. FDA is evaluating these studies, along with other
studies m the literature and reports submitted to the FDA through the MedWatch program,
to determune if labeling changes or other actions are warranted.

While FDA is contimung its evaluation. we are providing the followmng recomunendations
to healthcare providers and patents:

Physicians who use Trasvlol should carefully monitor patients for the occurrence of
toxicity, particularly to the kidnevs, heart. or central niervous system and promptly report
adverse event information to Bayer, the drug manufacturer, or to the FDA MedWatch
program, as described at the end of this advisory.

Phyvsicians should consider limiting Trasylol nse to those situations where the clinscal
benefit of reduced blood loss is essential to medical management of the patient and
outweighs the potential risks.

The study reported i the NEJM was an observational study of panents undergoing
CABG who recetved either Trasylol, one of two other drugs intended to decrease peni-
operative bleeding (ammnocaproic actd or tranexamic acid), or no spectfic drug treatment.

A Hmitation of the study was that patients were not assigned at random to receive the
treatments, but rather hiad their treatment chosen by their physician as part of their
standard medical care. Consequently, patients receiving Trasylol may have been at
higher risk to begin with for these serious adverse events compared 10 patients receiving
1o treatment or trearment with another drug tutended te decrease bleeding. This
possibility prevents a direct assessment of whether Trasvlol altered the nisk for senous
adverse events. The study investigators used statistical procedures {(multivariable logistic
regression and propensity-score adjustment) to try to adjust for known differences
between the treattient groups. Using these procedures. their study concluded that
Trasvlol was associated with more adverse outcomes. Other findings in the study
suggested that patients recetving higher Trasvlol dosages were at greater risk than those
recerving lower dosages.

The study reported in the on-line edition of Transfusion was also an observational study
that wsed statistical methodology to compare sutcomes from patients undergoing CABG.
The patients in this study recerved, at physician direction, either Trasvlol or another drug
intended to decrease the risk for perioperative bleeding. This study suggested that
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Appendix 2
Trasylol admnistrarion increased the risk for renal dysfunction. This study has some of
the same lunitations as the NEJM publicatnion.

In pre-marketing cloucal studies conducted among approximately 3,000 patients
undergoing CABG. the risks and benefits of Trasvlol were determuned i clinical studies
that randonuzed patients to either a placebo or Trasylol. In these studies, the risks for
sertous renal toxicity and cardiovascular events were determined to be similar between
patients receiving Trasylol and those recerving placebo. However, in one study assessing
coronary graft patency, Trasvlol administration was associated with an increased nsk of
graft closure. The FDA will work with the authors of the publications and the
manufacturer of Trasvylol to carefully evaluate the risks and benefits associated with use
of Trasvlol 11 CABG. The FDA anticipates the public presentation of the recently
reported information and other data at an advisory committee i1 the near future. The
FDA will noufy health care providers and patients in a tumely fashion as new mformation
becomes available.
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FORDRUG EVALUATION AND RESEARCH

PID# D060
DATE: July 3, 2006
FROM: Susan Lu, R Ph., Safety Evaluator Team Leader

Drvision of Drug Risk Evaluation, HFD-430

THROUGH: Mark Avigan, M. D.. C. M., Director
Drvision of Drug Risk Evaluation, HFD-430

TO: George Mills, M.D., Director
Division of Medical Imaging and Hematology Products, HFD-160

SUBJECT: OSE Posmarketing Safety Review
Product: Aprotinin (Trasylol®)
NDA# 20-304
Event(s): Renal dysfunction and Overview of AERS reporting

*This docuinent contains proprietary diug use data which cannot be shaved outside of the FDA without
clearance from the drug vendors obtained through the Office of Surveillance and Epidemiology.”

EXECUTIVE SUMMARY

This consult follows a request made by the Division of Medical Imaging and Hematology
Products to conduct an overview of renal events associated with aprotinin reported to the
Adverse Event Reporting System (AERS) database. To contextualize the 1ssues raised in the
.\flagnganol and Karkouti~ published observational studies, AERS crude count analyses of selected
renal. cardiovascular and cerebrovascular events associated with aprotiuin as compared with
those associated with tranexamic acid and aminocaproic acid and an evaluation of reports of
renal failure associated with aprotnm is provided.

A total of 303 crude adverse event reports assoctated with aprotinin were identified in the AERS
database. of which 464 reports had a senious outcome mceluding 235 deaths. The majority of
reports (80%) were from domestic sources. Gender distribution was balanced with 78% of

" Maagage D, Tudor I, Dietzel C. The risk asscciated with aprotinin ia cardiac surgery. NETM 2006 (354):353-63

* Karkout: K. Beanie W, Dattile K, et 2], A propeasity scove case-contral comparisen of aprotinin and tranexamic
acid in high-transfusion-risk cardiac surgerv. Transfusion 2006:46({3):327-338
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reports occurring in pattents = 30 yvears of age. The 20 most frequently reported events were
hvpotension (97), thrombosis (64), cardiac arrest {(38), myocardial infarction (53), post
procedural complication (32), anaphvlactic reaction (40), renal failure acute (36), shock (33),
renal failure {31), procedural complication (29), coagulopathy {(28). pulmonary embolism {27).
blood pressure decreased (24), blood creatinine mcreased (21) cardiac failure (20), vascular graft
ccclusion (20}, disseminated intravascular coagulation (19), thrombocytopenia (19) and
hemorrhage (18). Most of these events are expected since they are either mentioned in the
product labeling or potential complicanons of cardiac surgery.

A comparnison of AERS crude counts of renal failure and impairment (HLT), selected
cardiovascular events (mvocardial mfarction, cardiac failure and cardiogenic shock) and CNS
hemorthages and cerebrovascular accidents (HLT) associated with aprotimn, tranexanuc acid
and aminocaproic actd was performed. The proportion of renal failure/impairment reports among
all adverse event reports associated with each drug was 2 to 3 tumes higher for aprotinin
compared to tranexamic acid and anmnocaproic acid. Likewise, the proportion of myocardial
infarction and cardiac fatlure reports among all adverse events reports was higher for aprotmin as
well. In contrast, the proportion of cerebrovascular events for tranexamic acid was higher than
aprotinun and aminocaproic acid. This comparison of AERS crude counts was performed in lieu
of reporting rate comparisons because of 1) lack of accurate drug usage data for products used in
surgical settings and 2) differences between these three products in regards to ttme on market,
route of admnistration and indications for usage.

A data mining analysis of crude report connts in AERS comparing renal failure/impairment
avents for aprotinn, franexamuic acid and aminocaproic acid showed an elevated signal score for
the following events for aprotinin: renal failure, acute renal failure, oliguria, renal tubular
necrosis. oliguria and renal impairment. Tranexamie acid and aminocaproic acid did not
demonstrate a signal for any of the aforementioned events terms. Data mming gquantifies reported
drug-event associations by producing a ranked set of scores which indicate varying strengths of
reported relationships between drug and events. However, elevated data mining scores do not
necessarily indicate causality or mcreased degree of risk and conversely, non-elevated scores do
not preclude an increase 1n drug related risk.

We reviewed 82 cases of aprotinin associated renal events reported as acute renal failure (31),
renal failure (26). renal impairment (12}, oliguria (8) anuria {4) and dialysis (1). 80% of cases
were reported from the US. The mean age of the patients was 62 years with a range of 1 to 85
vears and a female predonunance (64%) was observed. Fatal outcomes were reported for 39% of
cases. Cases were generally not well documented with information regarding time to onset of
event, cumulative aprotinint dose, laboratory data or complete medical history of patient. Patients
typically had medical risk factors such as advanced age, complicated post-surgical course and
co-morbidities; the most frequently reported were shock/low output syndrome (17), cardiac
arrest {12}, thrombocytopenic thrombotic purpura {10}, thrombosis (10), diabetes (6),
dissemmated mtravascular coagulation (4), underlyving renal dysfunction ¢4), infection (4),
cancer (4), heart fatlure (3) and anaphylaxis (3). Many patients had more than one risk factor for
renal dysfunction. The indication for apronunin usage was cardiac surgery in 79%0 of cases.

]
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In conclusion, a comparison of crude counts of renal failure and impairment, mvocardial
infarction. cardiac failure and cardiogenic shock (among all adverse event reports) showed
higher proportions for aprotinn when compared to tranexamic acid and anunocaproic actd. A
data mining analysis showed an elevated signal score for aprotitun and renal failure, acute renal
failure, oliguria. renal tubular necrosis. oliguria and renal impairment. In contrast, tranexamic
acid and aminocaproic acid did not demonstrate a signal for these events terms. An analysis of
§2 AERS cases of renal failure/impatrment showed that many patients had etther underlying risk
factors or expertenced concurrent events which may contribute to renal dysfunction. Admittedly,
in many cases it 1s difficult to make definitive attrtbutions regarding renal dysfunction either due
to the complexity of the case or mcompleteness of data provided, however the role of aprotinin
cannot be excluded. As an association between aprotinin and renal dysfunction is suggested in
two 1independent observational studies'? and analysis of spontaneous reports submitted to AERS.
Accordingly. we recommend revisions in labeling for aprotimn to alert healthcare professionals
to the potential sertous risks of renal dysfunction associated with aprotinin use.

BACKGROUND AND PRODUCT LABELING

An observational study published 111 the New England Journal of Medicine’ on Januwary 26. 2006
reported an association between aprotmin and mncreased risk of renal, cardiovascular and
cerebrovascular events as compared to patients who received tranexamic acid, aminocaproic acid
or no treatment. Another observational study published March 2006 in Transfusion” showed that
patients recerving aprotinin had a higher rate of renal dysfunction than those who recetved
tranexamic acid. Both studies uulized propensity scoring to adjust for observed confounders 1n
pattent groups. In light of these publications, the agency posted an “Alert for Healthcare
Professionals™ and a “Public Health Advisory” on the FDA website to provide guidance to
healthcare professionals using aprotinin. Baver has also posted a press statement and letter to
health care professionals on 1ts websites. An Advisory committee meeting has been scheduled
for September 21, 2006 to discuss this issue.

Aprotimun (Trasylol®), a serine protease inhibitor, 1s the only product approved by FDA for the
prevention of peri-operative bleeding and the need for blood transfusion in patients undergoing
cardiopulmonary bypass during coronary artery bypass graft surgery. The FDA approval date for
aprotintn was Dec 29. 1993

The most frequently reported adverse events in US placebo-controlled trials were cardiovascular
events (atrial fibrillation, hypotension. myocardial infarction, heart failure). fever, nausea and
pulmonary events (1.e. lung disorder. pleural effusion); the labeling states that these reported
events are frequent sequelae of cardiac surgery and not necessarily attributable to Trasylol
therapv. The Trasylol product labeling contains a black box warning for the nisk of anaphylactic
type reactions, especially 1n re-exposure within 6 months. The Adverse Reactions section
mentions the following relevant renal and vascular adverse events:

¢ Urogenital-kidney function abnormal, urinary retention, urinary tract infection, kidney
failure, acute kidney failure, kidney tubular necrosis, oliguria

s



¢ Cardiovascular-atrial fibrillation, hypotension, myocardial infarcrion, atnial flutter,
ventricular extrasystoles. tachvcardia, ventricular tachycardia, heart faslure, pericarditis,
peripheral edema, hypertension, arrhythmia, supraventnicular tachycardsa, atrial
arthythmia, thrombosis, shock, cerebrovascular accident, ventricular fibnillation, heart
arrast, bradycardia, congestive heart failure. hemorrhage, bundle branch block,
myvocardial ischemia, heart block, pericardial effusion, ventricular archythmia, pulmonary
hypertension

¢ Hematologic and Lymphatic: arterial thrombosis. pulmonary thrombosis, coronary
acclusion, embolus, pulmonary embolus, cerebrovascular accident and cerebral
embolism.

With the exception of encephalopathy, the adverse events described in the Mangano and
Karkouti publications are mentioned 1n the Trasvlel (aprotinin) praduct labeling.

Tranexamic Acid (Cyklokapron® tablets and injection), a synthetic denivative of lysine, 15 a
comperitive mhibitor of plasminogen activation indicated n patients with hemophilia for short
term use (2-8 days) to reduce or prevent hemorrhage and reduce need for replacement therapy
during and following tooth extraction. The Adverse Reactions section of the Cycklokapron
product labeling includes the following information regarding renal and vascular events:
“Hypotension has been observed when intravenous injection 1s too rapid. ... Thromiboembolic
events (e.g. deep vein thrombosis, pulmonary embolism, cerebral thrombosis, acute renal cortical
necrosts. and central retinal artery and vemn obstruction) have been rarely reported in patients
reverving tranexamic acid for indications other then hemorrhage prevention in patients with
hemophilia.

Aminocaproic acid (Amicar® syrup, tablets and injection), another synthetic lysine denivative
with lower potency to inhibit plasminogen activation than tranexamic acid, 1s useful 1n enhancing
hemostasis when fibrinolysis contributes to bleeding. In life-threatening situations, fresh whole
bloed transfusions, fibrinogen infusions, and other emergency measures may be required.
Fibrnolytic bleeding may frequently be associated with surgical complications following heart
surgery (with or without cardiac bypass procedures) and portacaval shunt: hematological
disorders such as aplastic anema, abruptio placentae: hepatic cirrhosis; neoplastic disease such
as carcinoma of the prostate, lung, stomach, and cervix. The Adverse Reactions section of the
Amicar product labeling include the following relevant events: hypotension. thrombosis, stroke,
BUN increased. renal failure

USAGE DATA FOR APROTININ, TRANEXAMIC ACTD AND AMINOCAPROIC ACID

Premier’s database 1s a large hospital drug utilization and financial database. The data are
derrved from over 450 acute care facilities and include approxiumately 18 million mnpatient
records. On an annual basis, this constitutes roughly one out of every seven inpatient discharges
i the United States. Data are available from January 2000 through the present, but have a lag
time of approximately six months.



Hospitals that contribute information to this database are a select sample of both Premier and
U.S. institutions, and do not necessarily represent all hospitals in the U.S. Data are collected
from this sample of participating hospitals with diverse characteristics based upon geographic
location, bed size, population served, pavers and teaching status. The data collected include
demographic and pharmacy-billing tnformation, as well as all diagnoses and procedures for
every patient discharge. Preliminary comparisons between participating Premier hospital and
patient characteristics and those of the probability sample of hospitals and patients selected for
the National Hospital Discharge Survey (NHDS) appeared to be very similar with regard to
patient age, gender. length of stay. mortality, primary discharge diagnosis and primary procedure
groups.

. i . . . . . . .
The following table” sununarizes the rotal projected wmnpatient discharges associated with
aprotinin. tranexamic acid and aminocaproic acid from the 1* quarter of 2000 through the oud
quarter of 2003,

Table 1.
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Based on the projected inpatient discharges by year, 1t appears that the reported usage of
aprotinin has increased steadily from 2001 to 2005. During the same tme period, the use of
aminocaproic acid appears to have declined while the use of tranexamic acid remained constant.
Usage data such as these are often used 1o place a qualitative or quantitative adjustment for
exposure on counts of adverse event reports (e.g., MedWatch reports). Quantitative approaches
result in reporting rate comparisons. Reporting rate calculations are typically based on case
counts divided by dispensed prescriptions. Standard reporting rate comparisons require 1) very
similar drug products (e.g.. time on market, route of delivery, spectrum of indication(s)) and 2)
belief that reporting practices are sumilar for similar drug products over the observed reporting
period. Furthermore, standard reporting rate comparisons require an accurate estimate of drug
exposure or utilization within the population. Because of multiple indications for use and
different available dosage forms for these 3 products, reporting rate comparisons based on
estimates of exposure provided by the Premier data may not provides a reliable estimate of
exposure. Despite concerns that these products are not sinular given disparate indications (e.g.,

* Premier Rx Market Advisor. Premier Heakthcare Informatics, On-Line. Data extracted 1/25/06. Drug Usage
Specialist:Laura Governale



fibrinolytic therapy in the setting of CABG; reduction or prevention of bleeding in patients with
hemophiha). this consult will include an analysis that 1s based on a comparison of the
proportions for the event of interest to all adverse event reports for each of the drugs of concem.
Such comparisons have been utilized 1 previous ODS consults and are somewhat analogous to
data-mimng.

Adverse Event Repotting System

Swmmary of all events

The AERS database was searched on February 8. 2006 for all adverse events assoctated with
aprotnin. tranexamic acid and aminocaproic acid. The crude count of reports (all, serious,
deaths) by product 1s shown i Table 2.

| Table2. Crude counts of AERS reports’ from Marketing Approval Date through 2/8/06
Drug Approval Date | All Reports (US) | Serious reporty Death
Aprotigin 1293 303 (401) 464 235
Tragexamuc acid 12/86 22001 202 27
Anunocaproic acid 664 199 {162 118 37

As of February 8. 2006, the AERS database contained a total of 503 crude reports for aprotinin.
464 reports had a serious outcome death (233), hospitalization (147), life-threatening (87),
disabled (13) and required intervention (42)6‘ There were 307 expedited (15-day), 78 direct, 117
peniodic and one RA summary reports. The vears of reporting ranged from 1994 to 2006. Most
reports {80%) were from domestic sources. Gender distribution was balanced with 78% of
reports occurring in patients of »50 vears of age. The majonity of reports were coded with
Preferred terms (PTs) that are classified under the following System Organ Classes (SOCs):
Vascular Disorders (235). Cardiac Disorders (200), Investigations (118), Injury, Potsoning and
Procedural complications (117), Renal and Urinary Disorders (103) and Respiratory, Thoracic
and Mediastunal Disorders (101). The 20 most frequently reported events were hypotension (97),
thrombosis (64), cardiac arrest (38), myocardial infarction (33), post procedural complication
(52), anaphylactic reaction (40), renal failure acute (36), shock (33), renal failure (31),
procedural complication (29). coagulopathy (28), pulmonary embolism (27), blood pressure
decreased (24), blood creatinine increased (21) cardiac failure (20), vascular graft occlusion (20),
disseminated intravascular coagulation (19), thrombocyiopenia (19) and hemorrhage (18). A
majorty of these events are expected since they are either mentioned i the product labeling or
possible sequelae of cardiac surgery.

* May contain duplicates
* Regulatory definition of serious outcome includes death, hospitalization, life-threatening, disability,
congenital anomaly, requiring intervention, and other

® A case may report more than one outcome.



There were 220 crude reports associated with tranexamic acid in the AERS database. 202 reports
had a serious outcome including death {27). hospitalization (111). hife-threatening (34), disabled
(22), required intervention (12) and congenital anomaly (1). The years of reporting spanned from
1987 to 2006. Most of the reports onginated from forergn sources; United Kingdom (32%),
Japan (25%). Denmark (7%) and Sweden (6%) were most often cited. Only 12 reports (5%)
origmated from domestic sources. The majority of reports were coded with Preferred tecms (PTs)
that are classified under the followmg System Organ Classes (SOCs): Nervous System Disorders
{773, General Disorders and Administration Site (61), Investigations (51). Respiratory, Thoracic
and Mediasunal Disorders (50), Vascular Disorders (30}, Skin and Subcutaneous Disorders (29)
and Blood and Lymphatic System Disorders (28). The most frequently reported events were
pulmonary embolism (18), cerebrovascular accident {13), cerebral infarction (12), pyrexia (12),
cardiac arrest (11), depressed level of consciousness (11) dvspuoea (11), renal fatlure acute (11),
shock (9), anaenua (8), blood creatimine increased (8), coagulopathy (8), dissenunated
intravascular coagulation (8), drug imteraction (8}, vomiting (8), abdominal pain (7}, deep vein
thrombosis (7), and malaise (7).

The AERS database contained 199 crude reports for ammocaproic acid. 118 reports had a senous
putcome including death (37), hospitalization (31). life-threatening (11), disabled (5). and
required intervention (8). There were 65 expedited (13-day), 41 direct and 93 pertodic reports.
The vears of reporting ranged from 1970 to 2006 and 96% of reports were domestic. The
mayority of reports were coded with Preferred terms (PTs) that are classified vader the following
Swstem Organ Classes (SOCs): Vascular Disorders (45), Nervous System Disorders (39),
General Disorders and Administration Site (30), Investigations (30), Cardiac Disorders (28),
Gastrointestinal Disorders (23). Imjjury, Poisoming and Procedural Complications (20) and Skin
and Subcutaneous Tissue Disorders (18). The most frequently reported events were hypotension
(17}, thrombosis (12), cardiac arrest (10). myopathy (10), dermatitis (9}, medication error (7},
blood creatitune phosphokinase increased (6). bload creatinine increased (6). cerebrovascular
accident (6). coagulopathy (6). vomiting (6}, blood pressure decreased (35), bradycardia (5),
confusional state (5). convulsion (3), dizziness (3}, haemorrhage (3), myocardial infarction (5),
and renal failure {3).

Comparison of AERS rveports of Renal, Cardiovascuiar and Central Nervous System Events

A search of the AERS database was conducted on 2/8/06 to identify all (U.S. and foreign) reports
of renal. cardiovascular and central nervous system (CINS) events, specifically reports related to
renal failure/impairment, myocardial wfarction, heart failure, stroke and encephalopathy. A
comparison of crude counts of AERS reporting (foreign and U .S} with proportions of selected
renal, cardiovascular and CNS reports compared to all adverse event reports for each product are
provided.

This analysis 1s simalar to comparison of reporting rates. As noted above, comparisons based on
a proportion of all reports are used in this analysis as usage data may not provide a reliable
estimate of exposure. Therefore, a proportion 15 calculated with application of all reports as a
surrogate for exposure/utilization of the product in the population.
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Table 3 contains the counts of renal adverse events in AERS for MedDRA term (HLT) Renal
Failure and Impamnem and Renal tubular necrosis (PT) with the proportions of selected renal
adverse events among all adverse event reports for aprotmin, tranexamic acid and aminocaproic
acid.

Table 3. Comparison of Crude AERS Report Counts of Selected Renal AEs from markeﬁng date to
2/8/06 for aprotinin, tranexamic acid and aminecaproic acid ‘

MedDRA Event TermiProportion of AE report to Aprotinin Tranexamic Ammocap: oic
all AE veports for drug Acid acid
All AE reports {domestic and foreign) 303 220 199
Reual Failure & Impairment (HLTY 34 17 10
Proportion of Renal Failure & Impaivment (HLT) /all 18.6% 7.7% 3.0%
AE reposts

Repal Failure Acute (PT) 36 i1 4
Proportion of Renal Failure Acute {(PT) /all AE sepots T.2% 5.0% 3.0%
Reual Failure (FT} 31 1 5
Proportion of Renal Failure (PT) /all AE reports 6:1% 0.43% 2.5%
Renal Impaisment (PT) 13 i 0
Proportion of Renal Impairment {PT) /all AE reports 3.0% 0.43% Na
Oliguria (PT) 13 3 1
Proportion of Oliguria (PT) /all AE reposts 2.6% 1.4% 0.3%
Anuria (PT) & 5 0
Proportion of Anugia (PT)all AE reports 1.2% 22% Na
Renal Tubular Necsosis (PT) 4 | i
Proportion of Renal Tubulay Necrosis (PT)all repaorts {1.8% 0.43% 0.3%

As shown 1n Table 3. for the majority of renal related events, the crude report counts and the
proportions of renal farlure/impainment 12POITs Were higher for aprotinin (18.6%) than for
tranexanmuc acid (7.7%) and aminocaproic acid (5%).

Table 4 contains the counts of selected cardiovascular events in AERS for the MedDRA terms,
Acute Myocardial Infarction (PT). Myocardial Infarction (PT), and Heart Failures (HLT) and
proportion of selected CV adverse events to all adverse event reports. In general, erude report
counts and proportion of selected cardiovascular events/all AE reports for aprotinin was greater
than for tranexamic acid and anunocaproic acid.

Table 4. Comparison of Crude Counts of AERS Reporis for Selected Cardiovascular Aes from
‘marketing date to 2/8/06 for aprotinin, tranexamic acid and aminocaproic acid

MedDRA Event TermiProportion of AE yeport Aprotinin Tranexamic Acid Azninomproic
7all AE reports for drug (=503 {R=220} Acid (n=199)
Myocardial Infarcrion {PT) 33 6 5
Proportion of Myocardial Infarcrion (PT) /all AE 10.5% 2.7% 1.5%
1800115

Acute Myocsrdial Infarction (PT3 2 2 0

"MedDRA HLT Reaal Failure and hmpairment consists of following preferred tesms (PT): acute renal failure,
anuria, Crush syndrome, dinbenic end stage renal disease, haemolytic uraemic syndrome. hepatorenal failure,
hepaterenal syndrome, aail-patella syndrome, neonatal anvria, oligutia, pancreatorenal syadrome, postoperative
renal failure, postrenal failure, renal failure, renal failure acute, renal failure chronic, renni failure neonatal, reasl
unpairment, renal anpainsient necnatal, scleroderma renal crisis, tranmatic anuwria
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Proportion of Acute Myocardial Infarcuon (PT)/all 0.4% 0.9% NA
AE reports

Cardiac Failure (PT) 20 1 g
Proportion of Cardiar Failure (PTVall AE reposts 4.0% 1.43% NA
Cardiac Failure Congestive (PT) 3 0 2
Proporiion of Cardinc Failure Congestive (PT)all AE 0.6% NA 1.0%
1e00rts

Cardiogenic Shock (PT) 8 0 G
Progortion of Cardiogenic Shock (PT)all AE regotts 1.5% NA NA

Table 5 contains the counts of selected central nervous system events i AERS for MedDRA
tenms, Central Nervous System Haemorrhages and Cerebrovascular Accidents (HLT)® and
Encephalopathy (PT) and the proportion of cerebrovascular events 1o all adverse event reports.

_?abig_ 5. Comparison of Crude Counts of AERS Reports for Selected CNS AEs from marketing date to 2/8/06

MedDRA Event Termn Aprotinin Tranexamic Armninocaproic
(n=503) Acid (n=220) Acid (n=199)

CNS Haemorrhages and Cerebrovasewlar Accidents 28 33 11

(HLT)

Proportion of CNS Haemwcrthages and 5.6% 159 5%

Cerebrovascular (HLT vall AE repors

Cerebravascular Accident (PT) 14 13 &

Proportion of Cerebrovascular Accident {PT) :all AE 2.8% 5.9% 3.0%

1Ep0Lts

Cerebral Infarction (PT) 9 12 0

Propostion of Cerebral Infacction (PTyalt AE repotts 1.8% 5.5% NA

Cerebral Artery Thromboss (1) 1 6 1

Proportion of Cerebral Artery Thrombosts (PT)all 0.2% 0.3% 0.5%

AE reports

Encephalepathy (PTH 0 1 0

Propostion of Encephalopathy (PTYall AE reports NA 0.5% NA

As shown m Table 3. the proportions of selected cerebrovascular events were generally higher
for tranexamic acid than aprotinin and aminocaproic acid.

Swmmary of AERS Reports of Renial Evenits for Aprotinin

For the period through February §, 2006, the AERS darabase contained 82 unduplicated cases
that were identified by the active ingredient aprotinin or the trade name Trasylol and the
MedDRA term “Renal Failure and Impairment” (HLT). Demographic and summary information

of these cases are provided in Table 6.

¥ Central Nervous System Haemorrhages and Cerebrovascular Accidents (HLT) coniists of 68 MedDRA PT terms
including cerebrovascular accident {PT). Cerebral Infarction (PT) and Cerebrat Artery Thrombosis (PT).



Table 6. Characteristics of Renal Failure and Impairment case series (n=81)

AGE (years) mean - 62
(n=64) median - 68
range - 1to 85
GENDER male - 26 (36%)
0=72) female - 46 {64%)
REPORTED RENAL Renal falure acute — 31
EVENT Renal failure — 26
Renal impairment - 12
Oliguria — 8
Anuria — 4
Dialysis — 1
OUTCOME Death — 32
(a case may have = | Hospitalization - 21
outcome} Life-threaterung - 12
Required mtervention — 3
Disabilitvy — 1
INDICATION FOR USE Cardiac surgerv — 65
(n=82) Spinal surgery — 4
Organ transplant surgery — 3
Vascular surgerv —2
Cerebral hemorrhage — 1
Coagulopathy — 1
Leukemia—1
REPORTING COUNTRY |US-65
(n=81) Japan — 8, Tarwan — 1
Great Britamn — 2. Germany — 2, Spain -1 , France -1 _ Poland -1
TYPE OF REPORT Expedited — 48 (13 from the medical literature)
Direct— 17,
Periodic — 17

Eighty-two patients experienced renal faitlure/impairment reported as acute renal faslure (31).
renal failure (26), renal impairment (12), oliguria (8), anuria (4) and dialysis (1}. The mean age
of the patients was 62 years with a range of 1 to 85 years. A female predominance {(64%) was
observed. Fatal outcomes were reported for 39% of cases. Other senious cutcomes included
hospitalization (21), life-threatening (12}, required intervention (3) and disability (1).
Information regarding time to onset of event and cumulative aprotinimn dose administered was
generally not provided or unclear in the reports. Although most cases did not include information
on laboratory results (BUN, creatinine levels), 14 cases noted an mcrease in blood creatinme
levels. Most reports did not provide complete medical history, however, a majority of patients
either experienced concurrent events or had underlying medical conditions. The most prevalent
events‘underlying medical conditions included shocklow output syndrome (17), cardiac arrest
(12), thrombocytopenic thrombotic purpura (10). thrombosis (10), diabetes (6). disseminated
intravascular coagulation (4), renal dysfunction (4}, infaction (4), cancer (4), heart failure (3) and
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anaphylaxis (3). Many patients had more than one risk factor. Two-thirds of reports lacked
information on conconmuitant medications; in reposts documenting information on concomitant
medication use, the most frequently reported were hepann (10), protamine (9). digoxin (3),
dobutamine (4), norepiephnne bitatrate (3). aspirin (4), furosenude (3), and nitroglycenn (3).
Also reported was use of aminoglycosides (4) and ACE mnhibitors (3).

The mdications for use were reported as cardiac surgery (63), spinal surgery (4), organ transplant
surgery (3), vascular surgery (2), cerebral hemorrhage (1), coagulopathy (1) and leukemia (1). In
65 patients where aprotinin was used for cardiac surgery, CABG (31) and mutral‘aortic valve
replacement (20) were the procedures most frequently cited. Three cases where aprotinin was
used for organ transplant surgery were kidney/pancreas, bilateral lung and liver transplant.

Tharty-two cases with a fatal outcome were reported as renal fatlure (16). acute renal failure (8).
anuria (3), renal unpairment (2), oliguria (2) and anaphylaxis associated with dialysis (1). Gender
was provided 1n 29 cases with 17 (38%) females and 12 males. Overall, most deaths occurred
patients greater than 60 vears of age, however, there were two deaths in pediatric patients; a one-
year old child undergoing surgery for multiple congenital cardiac anomalies experienced
systemic thrombosis with heparin/protamune reversal and a 14 year old female awaiting a heart
transplant expertenced renal failure and cardiac arrest following a ventriculoplasty. Most patients
were undergoing cardiac surgery. although 1n 5 cases, the indication was reported as acute
promyelocytic leukemia (1), bilateral lung transplant (1), cerebral hemorrhage (1), aorto —
subclavian Y prosthesis (1) and thoracoabdeominal aortic aneurysm repair (1).

As noted above, most reports did not provide information on time to onset to renal event,
laboratory results related to renal function and concomitant medication usage. Furthermore,
patients undergoing cardiac surgery are at risk of renal dysfunction. However, there were a few
relatively unconfounded cases where aprotinin use was temporal to the development of renal
dysfunction. Two representative cases are summarized below.

FDA# 3814926/Mfr# 200110551BWH US  Periodic report

67 year-old male with history of diabetes, hivpertension, unstable angina, myocardial infarction,
but no histery of renal disorder, was administered a full dose of aprotinin during CABG surgery.
Medications given prior to surgery included metoprolel, certvastatin. aspirin, mtroglycerin (prn)
and benazepril. Pre-operatively, laboratory tests showed BUN 135 and creatiine (0.9) within
normal limats. During the post-op period, the patient experienced acute renal failure. Laboratory
tests one day after surgery showed BUN 29 and creatinine 2.1 were elevated. 7 days after surgery
BUN (36) remained elevated and creatinine (1.2} returned to normal. Dialysis was not needed.
The patient recovered and was discharged.

FDA# 5352357 us Direct report

54 vear-old female with past history of breast cancer with doxorubicin mduced cardiomyopathy
and medication allergies, received 5 nullion umits of aprotnin during heart transplant surgery.
Pre-transplant continuous therapy included lorazepam, tamoxifen, digoxin, furosemide, heparin,
dopamine, dobutamine and multivitamins. One day following surgery (3/13), she developed
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acute non-oliguric renal failure attributed either to aprotinin or hypotension during surgery. No
nephrotoxic drugs were given duning the post-op period. Serum creaunine levels were reported
as follows:

¥4 13 518 77 6/12 2.0
515 33 523 6.0 626 1.2
¥17 67 527 34

Renal failure was treated with furosemide and hemodialysis started on 318 and contnued
ntermuttently until 6:9. Recovery was complicated by surgery for ruptured splenic artery, cardiac
arrest and grade 3 rejection. Renal function eventually recovered and patient was discharged
from hospital on 6/28.

DATA MINING ANALYSIS

A data mining analysis of the AERS database was conducted ? by Joseph Tonmng M. D DDRE.
The algorithm used for this analysis was the Multi-1tem Ganuna Poisson Shrinker (MGPS)._}Q’R
which analyzes the records contamned 111 large post-marketing drug safety databases and then
quantifies reported drug-event associations by producing a set of values or scores which indicate
varying strengths of reporting relationships between drugs and events. These scores, denoted as
Empirical Bayes Geometric Mean (EBGM) values, provide a stable estimate of the relative
reporting rate of an event for a particular drug relative to all other drugs and events 1n the
database being analyzed. MGPS also calculates lower and upper 90% confidence limaits for
EBGM values, denoted EBOS and EB93 respectively.

Methodology

The data mimng analvsis was conducted using WebVDME software (Ingredient Suspect, Run
323, dara current as of Apnl 28, 2006). Drugs were analyzed by ingredient name and mncluded
aprotinin, tranexamic acid, and aminocaproic actd. Search terms included all Preferred Terms
(PTs} in the “Renal Failure and Impairment™ High Level Term (HLT) 1n the MedDRA coding
hierarchy. One additional term. renal tubular necrosis, was also mcluded i this analysis. This
latter term 15 1 the “renal vascular and 1schemic condition™ HLT, but was included due to 1ts
potential clinical relevance, given the potential phanmacotoxicity of thesz drugs.

MGPS darta nuning scores of various terms described above which were reported in conyunction
with aprotinin, tranexamic acid, and amunocaproic acid use are presented in the following tables
and figures. Data mining scores for aprotinin are presented in Table 7; these same scores are
graphically displayed in Figure 1. Data mining scores for tranexamic acid are presented in Table
8 and Figure 2 and scores for aminocaproic acid are presented in Table 9 and Figure 3. Data
mng drug-event scores are sorted by descending EBGM value. Frequency of cases (N) and
lower and upper confidence limits (EBO3, EB93 respectively) are also presented.

P Do popeg ar2iyss of ASPS wiz WebVIME ceducrad on May 24, 2006,

13 TuMonchel W, Pragibon T Erpicical bayes scresping for nooln-ien: associations Prozaedings of he confererce o knowladze discovery axnd dara; 2001 Aug 26-20; Sac
Disgo (T4} ACM Prass 6774

1 Szardran A, Machado G, O™aill 27 Use of Scresuing Algenithrs 2us Tompuiar Systems to Effcizmly Signad Higher- Tram-Expectad Combinators of Drag: md Svenss
inthe US FDA's Sponfazzous Eeports Database Drag Sefety 2002 23:381-390



As previously noted, EBGM scores indicate the strength of the reporting relationship between a
particular drug and event. For example, in Table 7, the EBGM of aprotinin-oliguria = 13.4,
indicating that this drug-event combination occurred approximately 13 times more frequently
than expected i the AERS database under the assumption of independence (1.e., no association
between the drug and the event). A drug-event combination having an EB05 > 2 indicates 95%
confidence that this drug-event combination occurs at least at twice the expected rate when
considering all other drugs and events 1n the database. A drug-event combination having an
EBO3J > 1 indicates 95% confidence that this drug-event combination occurs at least at a higher-
than-expected rate considering all other drugs and events in the database.

Resules

For this data miming analysis, we defined a “signal” as any drug-event combination having an
EBO5 = 2. In this analysis. aprotinin (Table 7, Figure 1) demonstrated signals for the following
PTs: oligunia (EBO3 = 6.1); renal tubular necrosis (EB03 = 3.5); renal fatlure (EB0S = 4.4);
renal failure acute (EBOS = 3.8); and renal impairment (EB0S = 2.8). Conversely, tranexamic
acid and aminocaproic acid did not display a signal (EBO3 > 2) for any of these event terms.
Unlike aprotinin, tranexamuc acid (Table 8, Figure 2) had no reports for renal tubular necrosis,
but did have 2 reports coded with the “renal failure chronic™ term. Only 3 tenns i the “Renal
Failure and Impainment” HLT were reported with aminocaproic acid (Table 9, Figure 3). These
terms included renal failure, renal failure acute, and oliguria, none of which had an EB03 score 2

2. There was also one case of renal tubular necrosis reported for aminocaproic acid (EBOS =
0.28).

Table 7. Data Mining Scores for Aprotinin and Renal Events in the “Renal Failure and
Impairment” HLT

MedDRA Preferred Term | N | EB05| EBGM | EB95 ]
Oliguria 13| 6.133 | 13434 22951
Renal rubular necrosis™ 9| 3475 84131 20283
Renal failure 37| 4365 57981 7.647
Renal failure acute 33| 3.842 5.167 6.863
Renal impairment 16 | 2.847 4.358 6.496
Anuria 6| 178 31597 6.967

*Thas term 1s in the “Renal vascular and tschemic condition” HLT
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Aprotinin
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Qliguria | N=13

Renal tubular necrosis — N=9
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Renal impairment Ne=16
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Figure 1. Data Mining Scores for Aprotinin and Renal Events in the “Renal Failure and
Impairment” HLT

{INote that in ali figuses, bar length and cofor is detemuned by the EBGM value for the drug-event.
Confidence intervals are depicted by the black lines and number of cases [N] are also bsted.)

Table 8. Data Mining Scores for Tranexamic Acid and Renal Events in the “Renal Failure
and Impairment” HLT

[MedDRA Preferred Term ‘N | EBO5 EBG&T EBSL“'E«]

Anuria 5| 1.894 492 | 19446

Renal failure acute 7 1365 2.566 4.495

Renal failure chronic 2 0626 1.92 4.872

Oliguria 2] 0.556 1.686 4.2

Renal impairment L] 0177 0.733 2.227
1

Renal failure 0.126 0.524 1.595
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Tranexamic Acid
ITEM

Anuria-] ] {2
Renalfallure acute, b
Renal failure chronic - b——— N=2
Qliguriay ol N=2
Renal impairmant -1 N=1
Renal failure ——1 N=1

i 1

10 15 20
EBOS - EBGM - EB95

Oh -4

0

0< EBGM < 1< EBGM < 2< EBGM £ 4 <« EBGM £ 8 <« EBGM < o
] =

Figure 2. Data Mining Scores for Tranexamic Acid and Renal Events in the “Renal Failure
and Impairment” HLT

Table 9. Data Mining Scores for Aminocaproic Acid and Renal Events in the “Renal
Failure and Impairment” HLT

~EB05 | EBGM
0.937 1.965 3.74
0.764 1.737 3.51
Oliguria 0.251 1.04 3.166
Renal rubular necrosis™® 0.28 1.162 3.549

*This term 1s in the “Renal vascular and 1schemic condition” HLT

'MedDRA Preferred Term
Renal failure
Renal faitlure acute

bt | 1| g || 2




Aminocaproic Acid

ITEM
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Figure 3. Data Mining Scores for Aminocaproic Acid and Renal Events in the “Renal
Failure and Impairment” HLT

Discussion

The higher the EBGM score (and accompanyving EBOS, EB95 confidence ntervals) for a
particular drug-event, the higher the association berween that drug and event. given the database
being analyzed. Note that this “association” is a factor of the relattve reporting of various events
among all drugs in the database. The scores discussed in this section provide an indication of the
association of various MedDRA PTs with aprotinin, tranexamic acid. and aminocaproic acd
given the data analyzed. However, the causal nature of this association (in all patients exposed
to the drug worldwide) cannot be elicited from an MGPS data mining analysis alone, since the
association scores (EBGM values) from such an analvsis are generated from the AERS database.
It 15 also 1important for the reader to understand that an elevated EBGM score of association for a
particular drug-event combination does not prove causality or an increased relative nisk of that
drug-event. Sinularly, the absence of an elevated EBGM score for a drug-event cannot be
interpreted as a definte lack of toxicity for that drug-event. Finally, reporting and detection
biases can occur and effects of concomutant illnesses or therapy cannot be controlled for in data
muning analyses using MGPS. Because of the spontaneous nature of reporting, the results of this
analysis should not be interpreted as a formal comparison of treatment groups or relative nisk.

A companson of AERS crude counts of renal failure and stmpairment (HLT). selected
cardiovascular events (inyocardial infarction, cardiac fatlure and cardiogenic shock) and CNS
hemorrhages and cerebrovascular accidents (HLT) for aprotinin, tranexamic acid and
amunocaproic acid was performed. The proportion of renal failure/impatrment reports among all
adverse event reports was 2 to 3 times higher for aprotinin compared to tranexamic acid and
anunocaproic acid. The proportion of myocardial infarction and cardiac failure reports among all

18



adverse events reports was several folds higher for aprotinin as well. In contrast the proportion of
cerebrovascular events for tranexamic acid was higher than aprotinin and aminocaproic acid.

A data mming analysis comparing renal failure/impairment events for aprotinmn, tranexanmc acid
and anunocaproic acid showed an elevated signal score for the following events for aprotinin:
renal failure, acute renal failure, oliguria, renal tubular necrosis, oliguna and renal impairment.
Tranexamic acid and amunocaproic acid did not demonstrate a signal for any of the
aforementioned events terms. Data mining quantifies reported drug-event associations by
producing a ranked set of scores which mdicate varying strengths of reported relationships
between drug and events. However, elevated data muning scores do not necessarily indicate
causality or increased degree of nisk and conversely, non-elevated scores do not preclude an
increase m drug related risk.

We reviewed 82 cases of renal events reported as acute renal failure (31), renal failure (26). renal
impairment (12), ohgurna (8) anuna (4) and dialysis (1). Fatal outcomes were reported for 39%
of cases. Many cases lacked information regarding time to onset of event, cumulative aprotinin
dose, laboratory data, concomitant medications or complete medical history of patient. Most
patients experienced concurrent events or had underlymg medical conditions which could
contribute to renal insufficiency; the most frequently reported were shock/low output syndrome
(173, cardiac arrest (12). thrombocytopenic thrombotic purpura (10), thrombosis (10), diabetes
(6). disseminated intravascular coagulation (4), underlying renal dysfunction (4), mfection (4),
cancer {4). heart failure (3) and anaphvlaxis (3). Some patients had more than one risk factor.
The mdication for aprotinin usage was cardiac surgery in 79% of cases.

Although analysis of AERS reports of renal dysfunction, companson of crude counts of renal
dysfunction (among all AE reports) and data nuning analysis was suggestive of an association
between renal dysfunction and aprotinin, the following should be considered:

¢ Many studtes have demonstrated that renal dysfunction 1s a potential complication of

ardmpuimonarv bypass surgery, the setting in which aprotinin 1s approved for use. =
4 Other adverse events such as myocardial infarction and heart fatlure which may
contribute to renal failure are frequent sequelae of cardiac surgery.

¢ In clinical practice, the use of aprotinin may be selectively limited to patients with the
highest risk of hemorrhage (e.g. complex surgical procedures requinng pmljonged CPB
support) and likely those of higher risk for postoperative renal dysfunction.”

e Aprotimn is the only agent approved 1o reduce the need for blood transfusion 1n panents
underpoing CABG. The extent to which tranexamic acid and aminocaproic acid are used
off label 1 high risk cardiac surgery 1s not known.

¢ Inthe 82 AERS cases of renal failure and impairment associated with aprotunn, patients
typically had medical risk factors such as advanced age, complicated post-surgical course
and co-morbidities.

2 Chertow GM. Levy EM et al. Independent association between acute renal failure and mortality following cardiac
Sgery . Am J Med. 1998;104:343-8
13 Conloﬂ PF et al. Acute renal faslure following cardiac surgery. Neplwol Dial Transplant 1959 14:1158-1162

™ Mazzarella V et al. Renal functicn urdergoing cardiopulmoenary bypass operations. J Thesac Cardiovase Surg
1992:104:1623-7



In conclusien, a comparison of crude counts of renal failure and impairment, myocardial
infarction. cardiac failure and cardiogenic shock (among all adverse event reports) showed
higher proportions for aprotinin when compared to tranexamic acid and aminocaproic acid. A
data mining analysis showed an elevated signal score for aprotimn and renal failure. acute renal
failure, oliguria. renal mubular necrosis, oliguria and renal impairment. In contrast, tranexamic
acid and aminocaproic acid did not demonstrate a signal for these events terms. An analysis of
82 AERS cases of renal failure/impairment showed that many patients had either underlying risk
factors or experienced concurrent events which may contribute to renal dysfunction. Admattedly,
1 many cases 1t 1s difficult to make definstive attributions regarding renal dysfunction esther due
to the complexity of the case or incompleteness of data provided, however, the role of aprotinin
cannot be excluded. An association between aprotinin and renal dysfunction 1s suggested in two
recent published studies and spontaneous reports submitted to AERS. We recommiend revisions
in labeling for aprotinin in order to alert healthcare professionals to the potential serious risks of
renal dysfunction associated with aprotinin use.

Susan Lu, R Ph.
Safety Evaluator Team Leader, DDRE

Attachment A
Case Summary of Renal Failure/Tmpairment Cases Reported to AERS
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH
DATE: November 28, 2006
TO: George Mills, M.D., Director

Division of Medical Imaging & Hematology Products, HFD-160

THROUGH: Gerald Dal Pan. M.D.. M H.S., Director
Office of Surveillance and Epidemiology, HFD-400

FROM: OSE Trasviol RiskMAP Review Team

DRUG: Trasvlol (Aprotinin)

NDA: 20-304

SPONSOR: Bavyer Phatmaceuticals

SUBJECT: OSE Review of Risk Minimization Action Plan (RiskMAP)

PID #: 2006-788

1 EXECUTIVE SUMMARY

This consult follows a request by the Division of Medical Imaging & Hematology Products
(DMIHP), for the Office of Surveillance and Epidemiology (OSE) to review a nisk
minimization action plan (RiskMAP) submitted by Baver Pharmaceuticals to manage the risk
of hypersensitivity associated with the use of aprotinin (Trasylol), a product indicated for
prophylactic use 1o reduce penioperative blood loss and the need for blood transfusion in
patients undergoing cardiopulmonary bypass i the course of coronary artery bypass graft
surgery. The RiskMAP proposed by the Sponsor consists of education for prescribers and,
potentially, an aprotinin-specific IgG assay (not currently commercially available) to identify
patients at highest risk for a hypersensitivity reaction.

We have reviewed an analysts submitted by the Sponsor of hypersensitivity reactions
associated with the use of aprotinin contained in the Sponsor’s global safety database.
Additionally, Susan Lu in the Division of Drug Risk Evaluation (DDRE) reviewed cases of
hypersensitivity reactions associated with the use of aprotinin contained in the FDA's
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Adverse Event Reporting System (AERS). The Sponsor’s analysis of their postmarketing
database of hypersensitivity cases and Ms. Lu’s review of the AERS cases of anaphylaxis
raise concerns about the adequacy of the labeling of Trasylol regarding hypersensitivity and
anaphylaxis. The Sponsor proposes to use education reinforcing information m the labeling
as the primary tool to manage the risk of hypersensitivity reactions. We do not believe that
stressing the infonmation in the current labehing would suffice to manage the risk. We note
that the Sponsor currently educates practitioners abour the safety information contained in the
cucrent labeling. The RiskMAP proposal does not appear to differ substantially from current
education, and cases of hypersensitivity, including cases with fatal outcomes, have continued
to occur despite thus education. Based on the reviews of hypersensitivity reactions undertaken
by the Sponsor and Ms. Lu, we have recommendations regarding changes to the Trasylol
labeling. If the labeling 1s enhanced to mclude the safety messages detailed below, then
education may be an appropriate tool to help manage the risk of the product.

The Sponsor’s proposed education focuses on cardiothoracic surgeons and cardiothoracic
anestliesiologists. While these physicians are the primary Trasylol prescribers, use data
provided by Baver show that non-cardiac surgeries comprise 4% of the use of Tmsyloll.
Sumilarly, an analysis of use data undertaken by Dr. Laura Govermnale i the Division of
Surveillance, Research and Communication Support (DSRCS) showed that non-cardiac
surgeries comprise about 3% of the use of Trasylol.” Non-cardiac surgical settings would be
unlikely to provide for the capacity either in personnel or in equipment to implement
emergent cardiopulmonary bypass (CPB), a strategy recommended to help manage
anaphylactic reactions 1o Trasylol We recommend that the Sponsor develop a strategy to
1dentify physicians who are using Trasylol i such non-cardiac surgical settings and contact
these physicians to educate them on the labelad mdication and the requirement to have
emergent CPB capability when Trasylol 1s used.

The Sponsor proposes to conduct a pre- and post-launch survey of hospital records to
evaluate compliance with the test dose procedure and to obtam data regarding prior aprotinin
exposure. Additionally, the Sponsor proposes to admintster a survey to a sample of
prescribers to document receipt and application of the key safety messages in the educational
program. Additional details should be submitted regarding the survey methodology and the
survey instrument. In addition to these steps to evaluate the success of the RiskMAP, we
recomunend that the Sponsor momitor the non-cardiac use of aprotimin to evaluate the success
of the RiskMAP in decreasing the use of aprotumin 111 settings where emergent CPB 1s not
available.

2 BACKGROUND

Trasylol (aprotimin injection) 1s a natural protease inhibitor obtained from bovine lung. It
modulates the systemuic inflanumarory response (SIR) associated with cardiopulmonary
bypass (CPB) surgery by reducing the inflammatory response which translates mto a
decreased need for allogeneic blood transfustons, reduced bleeding, and decreased

i Bayer submission to NDA 20.304 dated October 6, 2606,
* Govemnale L. Analvsis of inpatient use of Trasyle]” (apretinin); NDA 20-304. Data extracted Octcber 2008
from Premiar Rx Mavketddvisor.



mediastinal re-exploration for bleeding. The FDA approved Trasylol in December, 1993 for
proplivlactic us= to reduce pentoperative biood loss and the need for transfusion in patients
undergoing cardiopulmonary bypass in the course of repeat coronary artery byvpass grafting
{(CABG) surgery. Trasylol also was indicated i selected cases of primary coronary bypass
graft surgery where the risk of bleeding 15 espectally high (impatred hemostasis, e.g.,
presence of aspirin or other coagulopathy) or where transfusion 1s unavailable or
unacceptable. This selected use of Trasylol in primary CABG patients was based on the risk
of renal dysfunction and on the nisk of anaphvlaxis (should a second proceduse be needed).
The original mndication was broadened 11 1998 for use 1 patients undergoing primary
CABG. Additionally, a "black-box™” warming for anaphylaxis was added to the labeling.

Two studies’ were published earlter this year examining the incidence of serious renal and
cardiovascular toxicity following Trasvlol admimistration to pattents undergomng coronary
artery bypass grafiing surgery (CABG). In response to the studies, the Agency 1ssued a
Pubiic Health Acvisory”. and the Agency committed to a public discussion of the safety risks
assoctated with aprotinin.

As part of the Sponsor’s safety review following the publication of the studies, the Sponsor
conducted a review of hypersensitivity reactions from their global safety database.
Hypersensitivity reactions comprise about one-half of the total cases in the Sponsor’s
postmarketing safety database for aprotinin. Based on the Sponsor’s review of their safety
database, the Sponsor submutted a RiskMAP for hypersensitiviry.

The safety of aprotinin was discussed at a September 21, 2006 meeting of the Cardiovascular
and Renal Drugs Advisory Commnttee. The Advisory Commuttee considered all three safety
r1sks mentioned above, cardiac toxicity. renal function impatrment and renal fatlure, and
hypersensitivity’. The Advisory Committee did not find the evidence presented to them
reparding renal failure requiring dialysis and cardiac toxicity to be persuasive of increased
risk for these toxacities. The Advisory Committee believed that the evidence is supportive of
a finding that aprotinin 15 assectated with renal function impairment, but the Advisory
Committee did nrot find this to be parnticularly conceming,6 The Advisory Commuittee found
anaphylaxis to be the most concerming of the nisks considered at the meeting.

Of note, prior to the September 21, 2006 meeting, the Sponsor had received prelunmmary
results from a large observanonal safety study of patients from a hospital database. The
preliminary findings from this new observational study showed that use of Trasylol nught
inerease the chance for death, sertous kidney damage, congestive heart failure, and strokes.
These data were not considered by the Advisory Commuttee at the September 21 meeting.
FDA 1s still evaluating these new data and the implication of the data for safe use of the drug.

} Mangano DT, et al. The risk associated with aprotinin m cardiac surgery. N Engl J Med 2006, 354: 4: 333,65,
Karkouti K. et al. A prepensity score case-control comparisca of aprotinin and tranexamic acid {n high-
transfusion-risk cardiac surgery. Transfusien 2006; 46: 327-38.
“ Public Health Advisory available at intp:/www fda. gov/cder/drugiadvisory/aprotinin htm,
* The clinical trial data from randomized controlied trials and the observational studies of Mangano et al and
Karkouti et al were presented as evidence regarding renal and cardiac toxicity. Postmarketing data from Baver’s
global postmarketing safety database and AERS were presented as evidence regarding hiypersensitivity.

Quick minutes; Cardicvascular and Renal Drug Products Advisory Conunittee; September 21, 2006.
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Regarding the Sponsor’s proposed RiskMAP for hypersensitivity, the members of the
committee endorsed educating physicians about: 1. the risk of hypersensitivity with
aprotinin; 2. recogmtion of hypersensitivity reactions in the OR setting; and 3. resuscitation
of patients who experience an anaphylactic reaction. However, the members expressed doubt
that education alone would manage the risk Although the committee agreed that the value of
the test dose is questionable, they did not recommend that the practice of giving a test dose
be stoppedi? Memnibers of the commuttee expressed special concem regarding the use of
aprotinin in settings 1 which emergent CPB 15 not possible; that 1s, the use of aprotinmin for
non-cardiac surgery. While acknowledging that the aprounin-specific IgG assay is not
available to be mcorporated into the RiskMAP at this time, and, when available, the assay
may have limitations® that could impede 115 effectiveness 1n preventing hypersensitivity
reactions, the commuittee nevertheless urged the Sponsor to move forward with development
of a pomnt-of-use aprotnn-specific IgG assay.

This review is limited to the management of hypersensitivity (notably, anaphylaxis), the risk
for which the Sponsor has submitted a RiskMAP. Depending on the evaluation of the
additional safety data contained in the observational safety study that was revealed recently,
additional r1sks might be incorporated into the RiskMAP in the fisture.

3 SAFETY RISK—ANAPHYLAXIS
3.1 Assessment of Postmarketing Data

The Sponsor submutted a review of hypersensitivity cases contained in their global
postmarketing database for 1984 10 2005, They cite a total of 291 cases of hvpersensitivity
possibly associated with aprotimn. including 52 cases with fatal outcomes. Notable findings
in their review mclude:

o 138291 (47%) of the cases documentad previous aprotinin exposure;
o 93138 {67%)} of cases with documentation of the timing of previous exposure
reported re-exposure within & months;
* A test dose was administered m 139 cases:
o Hypersensitivity reaction occurred with test dose alonie in 81 cases, including
19 fatal cases:
o The test dose was negative but a reaction occurred with the therapeutic dose in
38 cases, including 9 fatal cases.
Susan Lu 11 DDRE searched the FDA s AERS database for reports of anaphylaxis with
aprotinin. She reviewed 70 reports of anaphylaxis with aprotinin, including 23 cases with

" The value of the test dose was a discussion itetn, net a votiag question for the conumittee.
8 Although the idea of an aprotinin-specific IgG assay is attractive, several issues surrouading the aszay may
fut its effectiveness in preventing hvpersensitivity reactions:
a. the assay has not been proven to be valid and reliable;
b. the assay is expected to yield false positive results; that is, there will be sonie patients who will have
mieasurable aprotinin IzG who would aot have an anaphytactic reaction if they received aprotiain; and
¢. theassay may yield false negative results; that is. there will be some patients who do not have
measurable aprotinia IgG whe will have an anaphylactoid reaction if thev receive aprotinin.
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fatal outcomes. Notable findings in Ms. Lu’s review of the AERS cases were similar to the
Sponsor’s findings from the review of their global postmarketing safety database.

A test dose was adnunistered 1 49 cases
o In 23 cases, the hypersensitivity reactions occured after the test dose alone.
inchuding 10 fatal reactions
o In 20 cases, a reaction occurred with the therapeutic dose despite a negative
test dose
o In 34 cases, previous exposure to aprotinm was documented, including 29 cases in
which the timing of the previous exposure was known (20 cases = 6 months; 9 cases
= 6 months)
¢  Where the reason for use was stated, 25% of patients received aprotinin 1n the course
of CABG surgery; the most frequently reported reason for use was valve surgery
¢ The most frequently observed sign of hypersensitivity observed was hypotension

The data presented by the Sponsor and the AERS data reviewed by Ms. Lu show that the test
dose 15 problematic. The Sponsor stated that hypersensitivity reactions occurred with the test
dose alone 11 81 cases of the 139 cases in their database that reported the use of a test dose.
Nineteen of the reactions to the test dose were fatal. In 38 cases, including 9 cases with fatal
outcomes, the test dose was negative but a hypersensitivity reactuon occursed with the
subsequent therapeutic dose of aprotimn. In the cases m AERS, 23 patients experienced a
hypersensitivity reaction with the test dose alone, including 10 cases with fatal outcomes.

Trasylol labeling contains information about the possibility of anaphylactc reactions {both
with no prior exposure and with re-exposure) and use of a test dose in the boxed waming,
warning, precautions, and adverse reactions sections. The exact language 1s mcluded in
Appendix 1.

3.2  AMledical Literatnre

Beierlein et al” summarized 124 hypersensitivity reactions reported m the medical literature
from 1963 to 2003 The authors concluded the followingm:

1. the risk for a hypersensitivity reaction upon re-exposure to aprotunn appears to be
greatest within the first several months following an umtial aprotinin exposure, as
shown 1n the figure reprinted from the article, below.

? Beierlein W, Scheule AM, et al. Forty years of climical aprotinin use: a review of 124 hypersensitivity
reactrons. Ann Thorac Sweg 2003; 79: 741-8.

L The publication did not state whether or not any authors kad financial ties with Bayer Pharmaceuticals, the
Sponser for Trasvlel
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Fig 2 Time spans boteoent repecthond aproiinis expossres,

The number of hypersensitivity reactions is shown on the vertical axis and the time span between
repeated aprotinin injectrons is shown on the borizontal axis.

2. the detection of IgG antibodies to aprotinin may serve as a biomarker for prior
exposure.

Dietrich et al! prospectively studied aprotunin re-exposure in 121 patients at five German
medical centers. The patients had a mean re-exposure interval of 1654 days (range, 16-7136

days). Three patients had anaphylaxis with re-exposure. All three patients had re-exposure
intervals less than 6 months (22, 23, and 25 days).l‘

4 PROPOSED RISKMAP"
4.1 GoaliObjectives
The Sponsor lists as the goaliobjective for the Trasylol RiskMAP:
The RiskMAP will identify those patients most at risk of a hypersensitivity reaction

to Trasylol and provide information to reduce these patients from re-exposure to the
drug within the period of highest risk of hypersensitivity.

OSE Comiment: The RiskMAP shouid inciude an additional goal to decrease the use of
aprotinin in settings m which CPB is not avaifabla.
4.2 Toals

The tools proposed by the Sponsor are narrowing of the mdication for use, healthcare
practitioner education on the risk of hypersensitivity, and utilization of a potential aprotinin

1 Dietrich W, et al, Anaphylactic reactions to aprotinin re-exposure ia cardine surgery. Anesthesiclogy 2001:
95: 64.71.

: The authors had financial ties with Bayer Pharmaceuticals.

B RisEMAP proposal available in EDR, NDA 20-304, May 17, 2006 submission.
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immunoglobulin assay to identify patients at risk for a hypersensitivity reaction. These are
described 1n more detail below.

4.2.1 Narrewing of the Indication for Use

The Sponsor 15 proposing to narrow the indication for use in patients at higher risk of
bleeding. The supplement was submitted 1n September 2006, prior to the Advisory
Committee meeting, and proposes to narrow the mdication to patients undergomg primary
CABG who are at increased risk for bleeding The current approved indication and the
Sponsor s proposed indicanion are provided in the table below.

Current approved indication Proposed indication

prophylactic use to reduce perioperative prophvlactic use to reduce perioperative

blood loss and the need for blood transfusion | blood loss and the need for blood transfusion

in patients undergoing cardiopulmonary in patients undergoing cardiopulmonary

bypass the course of coronary artery bypass | bypass the course of coronary artery bypass

graft sswurgery,24 graft surgery who are at increased nisk for
blood loss and blood transfusions.

4.2.2  Aprotonin IgG Assay

An aprotonin IgG assay 1s proposed to predict patients who may experience hypersemitivitfv.
Baver has stated that Trasylol will be contraindicated 1 patients who have a positive result’
to the IzG antibody test. The Sponsor acknowledges that the assay 15 not commercially
available; however, the Sponsor indicated that they are committed to incorporating the assay
into the RiskMAP when the assay becomes available.

The danger of the test dose, and the difficulty in diagnosing anaphylactic reactions in the OR
setting point to the need to develop another method to detect aprotimn hypersensitivity.
Although the 1dea of an aprotinin-specific IgG assay 15 attraciive, several 1ssues surrounding
the assay may hmut 1its effectiveness i preventing hypersensitivity reactions:

a. the assay is not commercially available, and, according to the Sponsor, the
development of a point-of-use assay 1s even more distant;
the assay has not been proven to be valid and reliable;

¢. the assay is expected to yield false posttive results; that 1s, there will be some patients
who will have measurable aprotinin IgG who would not have an anaphylactic reaction
if they received aprotinin; and

d. the assay may yield false negative results; that 1s, there will be some patients who do
not have measurable aprotinin IpG who will have an anaphylactoid reaction if they
recerve aprotinin.

u Approved Avgust 1938; approval letter available at http www fda gov/eder/foi‘applettet/1998/20304:04 pdf
B Baver submission September 12, 2006.
¥a positive result would be any measurable antibodies.
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While acknowledging these limitations, the Advisory Comnutiee urged the Sponsor to move
forward to develop a point-of-use aprotinin-specific IgG assay.

OSE Comment: We concur with the Advisoiy Commitree.
4.2.3 Healthcare Practitioner Education

The mam component of the RiskMAP 1s education. The Sponsor proposes educating
cardiothoracic surgeons and cardiothoracic anesthesiologists about hypersensitivity reactions
with aprotimin.

4.2.3.1 Current educational initiatives

The submission describes the education imitiatives that the Sponsor currently undertakes
regarding hypersensitivity reactions. These mclude:

v Sales representatives training includes a discussion of hypersensitivity, and sales staff are
directed to engage with the prescriber on thus nsk;

« Full prescribing and waming information are provided with promotional pieces left with the
prescriber;

¢ Discussion of information related to hypersensitivity i the Product Information Label via
sales representatives and medical science liaisons: and

t Incorporation of information on the risk of hypersensitivity into visual aid marerial and
external presentations.

4.2.3.2 Proposed educational initiatives

TFarget audience

The Sponsor has identified the primary target audience for the proposed education as 2,811
cardrothoracic surgeons and 3,473 cardiothoracic anesthesiologists. Patients discharged from
the hospital who have been prescribed Trasvlol are a secondary target. Finally, healthcare
practitioners (HCPs) who report an adverse event with Trasylol to the Sponsor will be
targeted to recerve safety messages.

OSE Comment: The Spousor’s proposed education focuses on cardiothoracic surgeons and
cardiothoracic anesthesiologists. While these pinsicians are the primary ITrasylol
prescribers, use data provided by Baver and use data generated by DSRCS show that non-
cardiae surgeries comprise 3-4% of the use of Ti msy."o!i . Non-cardiac surgical settings
would he unlikelv to provide for the capacity eitlier in personnel or in equipment to
implemenr emergent CPB, a strategy recommended ro help manage anaplyviactic reactions to
Trasviol.

Educational messages

I Bayer submission to NDA 20-304 dated October 6, 2006.
Governale L. Anabysis of inpatient use of Trasylel” {aprotinin); NDA 20-304. Dara extracted October 2006
from Premier Ry Marketddvisor.



The Sponsor states that the educational program will stress the following messages:

t The appropniate indication for use (CABG surgery requining CPB);

© The risk of hypersensitivity is increased with re-exposure within 6 months;

v The importance of taking a complete medical history to uncover the use of cross-reacting
products;

t The correct use of the test dose, including the need to observe the patient for 10 mmutes
after administration of the test dose;

+ Encourage readiness for anaphylactic reaction with the test dose and the therapeutic dose;
© Information on cross-reacting products; and

v Distribution of medical literature regarding hypersensitivity with aprotinm.

Proposed Educational Activities and Materials
The Sponsor states new educational matenials will be produced which will convey and
emphasize key safety messages. The new matertals include:

1. asafery sheet (not explained);

2. safety messages displaved on the www, Trasylol.com website;

3. patient chart labels to be placed in the hospiral notes of patients who recerve Trasylol
to inform the patients” subsequent healthcare providers of Trasylol exposure;

a slide educational program to be delivered by the Sponsor’s medical sctence hasons;
educational meeting programs for cardiothoracic anesthesiologists and cardiothoracic
surgeons;

6. arapid interactive e-communication targeted at cardiothoracic anesthesiologists and
cardiothoracic surgeons;

educanonal materials intended for distributton by prescribing physicians to patients to
inform the patient of exposure to Trasylol and the risk of subsequent exposure; and

8. communication of safety messages to HCPs who report adverse events with Trasylol.

s

~1

OSE Comment

»  The sponsor did not describe the basis of the chosen educational tools. For example,
what is the rationale for each of the educational activities and materials? How is the
setting (where the educational activities will take place} expected to affect the
leariiing process?

o A kev elament of the implementation of the educational plan is the persoral contact
foutreach) to be niade by the Sponsor’s staff (Cardiothoracic Sales Specialists and
Medical Science Liaisons) with the prescribers. This and other aspects (Trasyiol
website, scientific programs, etc.) of education are described adequately; however,
sonme educational tools are less well described.

4.3 Assessment af the Effectiveness of the RiskMAP

The Sponsor proposes to conduct a pre- and post-launch survey of patient hospital records
noting the cases where the test dose was recorded, the history of aprotinin exposure, and
previous surgery within 6 months of the current hospital visit', The Sponsor also proposes a
structured follow-up questionnaire to be used 1n a sample of prescribers to document the

3 v - . o .
¥ previous surgery withun 6 months of the present suygical procedure may suggest previous aprotinia exposure,



receipt and application of the information described in the key safety messages from the
educational program.

OSE Comment:

¢ The Sponsor has not described how they plan to monitor the nse of aprotinin in
settings that do not affer emergent CPB.

¢ No survey instrionent and limited merhodelogy was provided to evaluate the
effectiveness of the educational plan in the RMP. For example, who will receive thie
survey, how will the sample be determined, and what are the selecrion crireria?
What controls will they use to minimize bias? What controls will they use to
compensate for the limitations associated with their methodology? How many
phvsicians/patient records will be surveved? How will the survev be administerved?
What questions will be posed on the surver instrument?

5  DISCUSSION/CONCLUSION

The RiskMAP proposed by the Sponsor consists of education for prescnbers and, potentially,
an aprotnm-specific IgG assav {not cumrently commercially available) to identify patients at
highest risk for a hypersensitivity reaction. The Sponsor also plans to narrow the idication
for use to patients undergoing CABG (requinng CPB) ar higher risk for bleeding. We have
the following concerns regarding this RiskMAP proposal.

1. Although we believe that educating about the nisk of hvpersensitivity 15 crucial, we
have limsted evidence that education alone has been successful m managing the
stgmificant risks particularly for a product that has been marketed for an extensive
period of time. The AC members also felt that education alone may not be sufficient
to minimize the nisk. The Sponsor also would need to assure the Agency that their
educational efforts are rigorous and their plans to evaluate the educational efforts are
equally rigorous. The Sponser should continue to consider additional tools to
menimize the risk.

The education proposed for prescribers appears to be similar to educational efforts the
Sponsor describes as current practice. We note that the educaton currently being
undertaken hias not prevented the occurrence of additional cases, including fatal cases.
We do not believe that education surrounding the current labeling would be
sufficient.

e The approprniate indication for use (CABG surgery requiring CPB) — the
indication has always been for primary or repeat CABG and we assume the
company has not promoted 1ts use for other indications, however a sigmificant
proportion of patients being treated with aprotinin are for other cardiovascular
surgeries. Overall. about 96-97%% of use 1s foﬂr cardiac surgeryw, but CABG
surgery comprises only 60% of Trasylol use™’. The Sponsor hasn’t indicated
what they will do to prevent 1ts use m non-CABG surgenies

b

1 Baver submissicn to NDA 20-304 dated October 6, 2006.

Governale L. Analysis of inpatient use of Trasylol™ (aprotinin); NDA 20-304. Data extracted October 2006
from Premier Rx Marketddvisor.

** Bayer submission to NDA 20-304 dated October 6, 2006.
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The risk of hypersensitivity 15 mcreased with re-exposure within 6 months -
Although we agree that the 6-month period following exposure to aprotinin 1s
the period of highest risk from re-exposure to aprotinin, postmarketing data
support a conclusion that hypersensitivity reactions can occur when re-
exposure occurs after six months have elapsed from the previous dose. In fact,
an examunation of cases of anaphylaxis cases in AERS shows that in one-third
of the cases with documented previous exposure to aprotin, re-exposure
occurred longer than 6 months from the previous exposure. For the above
reasons, we believe the contramdication for re-exposure with aprotinin should
be extended to 12 months.

The importance of taking a complete medical history to uncover the use of
aprotinin and of cross-reacting products” 21 _ Patients may not know if they
have been exposed to aprotimn, and phiysicians may be unaware of procedures
likely to entail exposure to aprotinin-containing products. Even a review of
the patients” medical records may not reveal previous exposures to aprotinin
or aprotinin-c ontaining products. [n Europe, previous exposure to aprotinin is
assumed for patxems with previous cardiac, major orthopedic, or upper
abdominal surgery.” ? A similar approach should be included in the U.S.
labeling and 1n their educational plan; that 15, previous exposure should be
assumed for patients who have had previous surgery i which aprotinin or
cross-reacting products are frequently used. The Sponsor should develop a list
of procedures that may entail exposure to aprotinin or aprotinin-containing
products. This list should be wcluded 1 the Trasylol labeling.

The correct use of the test dose, including the need to abserve the patient for
10 mmutes after admmistration of the test dose - The postmarketing data show
that the tast dose is problematic. The Sponsor stated that hypersensitivity
reactions occurred with the tast dose alone 1n 81 cases of the 139 cases in their
database that reported the use of a test dose. Nmeteen of the reactions to the
test dose were fatal. In 38 cases, including 9 cases with fatal outcomes, the
test dose was negative but a hypersensitivity reaction occurred with the
subsequent therapeutic dose of aprotinin. In the cases in AERS, 23 patients
experienced a hypersensitivity reaction with the test dose alone, including 10
cases with fatal outcomes. We encourage the reviewing division to work with
the Spensor to develop a less dangerous method to safely adnunister the test
dose 10 patients pending the development of an aprotinin-specific IgG assay.
Suggestions from the Cardiovascular and Renal Drug Advisory Conmmittes
included giving the test dose very slowly and only when emergent
cardiopulmonary bypass is avatlable (in a// cases, not solely in cases with
documented listory of previous aprotinin exposuse), and pre-treating patients
with antithistamines and steroids.

' Use of Tisseel, a cress-reacting fibrin glue, has been increasing, with projacred exposures of = 110,000
patients in 2005, Govemnale L. Tisseel use based on hospital discharges with billing charges for Tisseel Data
from Premier Healthcare Informatics.

“ Beierlein W et al. Forty vears of clinical aprotinin use: a review of 124 hypersensitivity reactions.

Thorace Surg 2005; 79: 741-8.
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¢ Eacourage readiness for anaphylactic reactron with the test dose and the
therapeutic dose - The labeling lists the s1gns and symptoms that may signal a
hypersensitiviry reaction. These include skin eruptions, 1tching, dvspunea,
nausea, tachycardia, and circulatory fatlure. Ms. Lu's review of the cases m
AERS shows that the most frequently reported sign of anaphylaxis is
hypotenston. Skin eruptions may be hidden by surgical draping, and
svmptoms that would ordinarily be reported by patients (e.g., dyspaea, nausea,
itching) may not present because the patient 1s anesthetized and mechanically
ventilated. Additionally, there are other factors, including other medications
used in the OR setting. and the patients” underlying disease, that could
account for hypotension, and may delay the diagnosis of hypersensitnvity. In
fact. i six of the fatal AERS cases. the reporter acknowledged that the
medzcal team did not recognize that the patient was experiencing an
anaphylactic reaction at its initial presentarion. The labeling should state that
the most frequently reported sign of anaphyvlaxis 1s hypotension.
While. in theory, the IgG assav 15 a good 1dea, 1t 15 not commercially available, and,
according to the Sponsor, the development of a point-of-use assay is even more
distant. Moreover, the assay 15 expected 1o vield false positive results; that 1s. there
will be some patients who will have measurable aprotinin IgG who would not have an
anaphylactic reaction if they received aprotnin: and the assay may vield false
negative resules: that 1s, there will be some patiznts who do not have measurable
aprotiun IgG who will have an anaphvlactoid reaction 1f they recetve aprotinm.
While we encourage the Sponsor to continue to develop this assay, we believe the
assay's validity and reliability to predict anaphylactic/ hypersensitrvity reactions must
be proven. If the assay 15 a proven predictor of such reactions, the Sponsor will need
to consider a practical way for all patients to be tested with the assay.
Recent observational studies raise concerns regarding the safety of aprotinin. In
addition to the Mangano and Karkouti studies™ that raised questions rega{dmg the
carchac and renal safety of aprotinin, two additional observational studies™ suggest
that aprotinin may be associated with increased mortality. These studies must be
reviewed for their unplications for the safe use of Trasylol. While 1t 1s possible that
the gathering evidence from the observanonal studies is the result of the channeling
of sicker patients into treatment with aprotinin, 1t 1s also possible that aprotimin
actually causes mcreased mortality as compared with the comparator theraptes. The
data from the observational studies should be analvzed to determine which of these
posstbilities explains the results of the observational studies. If the answer to this

5 Manganc DT. et al. The risk associated with aprotinin in cardiac surgery. N Engl J Med 2006. 354; 4: 353.65.
Karkouti K, et al. A propensity score case-control comparison of aprotinin and tranexamic acid in high-
wansfiston-rsk cardiac surgery. Transfasson 2006 46: 327-38.

“ Schneewetss S, etal. Mertahty and cardicvascular and renal cutcomes in recipients of aprotinin,
aminceaproic acid and trapexamic acid during CABG surgerv—report on computerized iupatient data from the
Premier Perspective comparative database. Initial study report September 13, 20C6.

Nesintide Administered Pert-Anesthesta Study Investigators. Nesiritide shows hint of survival benefit in
chronie-HF panents undergomg CABG. Available at URL bttp:/fwww.theheart. org/article/ 741265 .do
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question is not clear from this analysis, slle Sponsor should conduct a randomized
controlled trial to address this question.™

6 COMMENTS/RECOMMENTATIONS FOR THE DMIHP AND THE SPONSOR
A, Labeling Recomuiendations

¢ The Sponsor and the reviewing division should cousider contraindicating re-exposure to
aprotinin within 12 months.

* Use of aprotinin should be contramdicated for patients who have had a procedure in the
previous 12 months in which use of aprotinin 15 suspected (e.g., heart surgery).

¢ The labeling should stress that usual symiptoms of hypersensitivity may 1ot be present or
may be obscured by the OR setting. and that the most frequently observed sign of
hypersensitivity 1s hypotension.

® The labeling should stress the danger of the test dose and the failure of the test dose to
predict a hvpersensitivity reaction 1n many cases. The labeling should advise that
aprotinin, including the test dose, be admunistered only when emergent cardiopulmonary
bypass is available, and only after pre-treating with antihistanunes and steroids.

B. RiskMAP Conments and Recommendations

¢ Dlease include as a goal of the RiskMAP to reduce the use of aprotinin 1n settings in

which emergent CPB is not available (1.e . non-cardtac surgery).
¢ Educaton and Outreach Plan

o While cardiothoracic surgeons and cardiothoracic anesthestologists are the

primary Trasylol prescribers, use data provided by Bayer show that non-
cardiac surgeries comprise 4% of the use of 'l'rzusylol2 . Non-cardiac surgical
settings would be unlikely to provide for the capacity either m personnel or in
equipment to implement emergent cardiopulmonary bypass (CPB), a strategy
recommended to help manage anaphylactic reactions to Trasvlol. We
recommend that the Sponsor develop a strategy to identify physicians who are
using Trasylol in such non-cardiac surgical sethings and contact these
physicians to educate them on the labeled indication and the requirement to
have emergent CPB capability when Trasylol 1s used. Because education s
the key tool that will be used to nuninuze the nisk of hypersensiaivity, the
educational efforts must be as effective as possible. To this end, the Sponsor
needs to provide additional information to the Agency about their educational
efforts:
Describe the basis of the chosen educational tools. Explain how any acquired
background mformation shaped the rationale for each of the educational
activities and materials, and how the setting {where the educational activities
will take place) 15 expected to affect the learning process.

Q

= We note that the Advisory Committee encouraged the Sponser to conduct such a tial.
=y . - » . - oy
=" Bayer submissicn to NDA 20-304 dated October 6, 2006.

13
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o Describe to what extent the following elements were considered 1 developing
the educational activities and materials: Characteristics of the targeted CT
surgeons and C'T anesthesiolog:sts that would be important to their ability o
recerve and implement the education (such as, but not limited to:
demographics, learmng preferences, and educational needs)

¢ Input from the target audience during educational material
development

e Adaptabality of the educational materials to meet the needs of differant
educational activities or settings

¢  Oppormunity(ies} for the target audience to demonstrate what they have
learned (feedback)

¢ Please provide additional informaton about the implementation of the

following educational materials and activities.

o A list of the educational materials to be supplied by prescnbers to
patients on discharge from the hospiral

o An explanation of the proposed “rapid mteracive e-commumication”

C. Assessment of the Effectiveness of RiskMAP

The Sponsor proposes to conduct a pre- and post-launch survey of patient hospital records
noting the cases where the test dose was recorded, the history of aprotinin exposure, and
previous swgery within 6 months of the current hospstal visit. The Sponsor also proposes a
structured follow-up questionnaire to be used in a sample of prescribers to document the
receipt and application of the information described 1n the key safety messages from the
educational program. No survey mstnunent and linnted methodology was provided to
evaluate the effectiveness of the educanonal plan in the RiskMAP.

Submit all survey methodology mcluding, but not limited to:

¢+  Who will recerve the survey?

e How will the sample be detenmined?

e  What are the selection criteria?

¢  What controls will thev use to minimize bias?

s What controls will they use to compensate for the lunitations associated with their
methodology?

s How many physicians/patient records will be surveyed?

« How will the survey be adminsstered?

e  What questions will be posed on the survey instrument

e Submit the survey instrument that will be used.

* Develop a strategy to momitor the success of decreasing the use of aprotinin in

settmgs in which emergent CBP 15 available.

14
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D. Recommendations fer further Risk Assessment

s  We recommend the Sponsor ascertain the cause of the death in the I3 Drug Safety Study
entitled “Mortality of Cardiovascular and Renal Qutcomes i Recipients of Aprotinin,
Amunocaptroic Acid and Tranexamic Acid dunng CABG Surgery.”

¢ Two additional observational smdies” suggest that aprotinin may be associated with
increased mortality. The data from studies must be reviewed for their implications for the
safe use of Trasvliol. While it 1s possible that the pathering evidence from the
observational studies is the result of the channeling of sicker patients mto treatment with
aprotinin, 1t 1s also possible that aprotinin actually causes increased mortality as
comupared with the comparator therapies. The data from the observational studies should
be analyzed to determane wiuch of these possibilities explains the results of the
observational studies. If the answer to this question is not clear from this analysis, the
Sponsor should conduct a randomized controlled trial to address this question. We note
that the members of the AC encouraged the Sponsor to conduct such a irtal.

7 . N . . P s .

©" Schueewelss S, et al. Mortality and cardiovascular and renal outcomes in vecipients of aprotiain,
anunccaprote acid and tranexamic acid during CABG surgery—report on computerized inpatient data from the
Prenuer Perspective comparative database, Initial study report September 13, 2006,

Nesiritide Adaunistered Peri- Anesthesia Study Javestigators. Nesiritide shows hiat of survival benefit in
chronic-HF panents undergoing CABG. Available at URL hitp:iwww.theheart.orz/article/ 741 2635.do
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Appendix 1. Trasvlol labeling of hypersensitivity‘anaphyvlactic Reactions

The Boxed Warnings states the following:

Anaphylactic or anaphylactoid reactions are possible when Trasylol® is administered.
Hypersensitivity reactions are rare in patients with no prior exposure to aprotinin. The risk of
anaphylaxis is increased in patients who are re-exposed to aprotinin-containing products. The
benefit of Trasylol® to patients undergoing primary CABG surgery should be weighed against the
risk of anaphylaxis should a second exposure to aprotinin be required. {(See WARNINGS and
PRECAUTIONS).

The Warnings section states the following:

Anaphylactic or anaphylactoid reactions are possible when Trasylol® is administered.
Hypersensitivity reactions are rare in patients with no prior exposure to aprotinin. Hypersensitivity
reactions can range from skin eruptions, itching, dyspnea, nausea and tachycardia to fatal
anaphylactic shock with circulatory failure. If a hypersensitivity reaction occurs during injection ar
infusion of Trasylo!®, administration should be stopped immediately and emergency treatment
should be initiated. it should be noted that severe {fatal) hypersensitivity'anaphylactic reactions
can also occur in cennection with application of the test dose. Even when a second exposure to
aprotinin has been tolerated without symptoms, a subsequent administration may result in severe
hypersensitivity/anaphylactic reactions.

Re-exposure to aprotinin: In a retrospective review of 387 European patient records with
documented re-exposure to Trasylol®, the incidence of hypersensitivity/anaphylactic reactions
was 2 7%. Two patients who experienced hypersensitivity/anaphylactic reactions subsequently
died, 24 hours and & days after surgery, respectively. The relationship of these 2 deaths to
Trasylol® is unclear. This retraspective review also showed that the incidence of a hypersensitivity
or anaphylactic reaction following re-exposure is increased when the re-expesure occurs within 6
months of the mit:al administration {5.0% for re-exposure within & months and 0.9% for re-
exposure greater than 6 months}. Other smaller studies have shoan that in case of re-exposure,
the incidence of hypersensitivity/anaphylactic reactions may reach the five percent level.

Before initiating treatment with Trasylol® in a patient with a history of prior exposure to aprotinin or
products containing aprotinin, the recommendations below should be followed to manage a
potential hypersensitivity or anaphylactic reaction: 1} Have standard emergency treatments for
hypersensitivity or anaphylactic reactions readily available in the operating room (e.g.,
epinephrine, corticasteroids). 2) Administration of the test dose and loading dose should be done
only when the conditions for rapid cannulation {if necessary) are present. 3) Delay the addition of
Trasylol® into the pump prime solution untl after the loading dose has been safely administered.
Addition:lielij, administration of H1 and H2 blockers 15 minutes before the test dose may be
considered.

The Precautions section states the following:

General: Test Dose: All patients treated with Trasylol® should first receive a test dose to assess
the potential for allergic reactions. The test dose of 1 mL Trasyiol® should be administered
intravenously at least 10 minutes prior to the loading dose. However, even after the uneventful
adnynistration of the initial 1 mL test-dose, the therapeutic dose may cause an anaphylactic
reaction. If this happens the infusion of aprotinin should immediately be stopped, and standard
emergency treatment for anaphylaxis be appled. It should be noted that hypersensitivity/
anaphylactic reactions can alse occur in connection with application of the test-dose. {see
WARNINGS }
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Alergic Reactions: Patients with a history of allergic reactions to drugs or other agents may be at
greater risk of developing a hypersensitivity or anaphylactic reaction upon exposure to Trasylol®.
(see WARNINGS )

Loading Dose: The loading dose of Trasyloi® should be given intravencusly to patients in the
supine position over a 20-30 minute period. Rapid intravencus administration of Trasylol® can
cause a transient fall in blocd pressure. (see DOSAGE AND ADMINISTRATION ).

Lise of Trasyicl® in patients undergoing deep hypethermic circulatory avest: Two U.S. case
control studies have reported coniradictory rasults in patients receiving Trasylol® while
undergoing deep hypothermic circulatory arrest in connection with surgery of the aortic arch.

The first study showed an increase in both renal failure and mortality compared to age-matched
historical contrals. Simular results were not observed, however, in a second case confrol study.
The strength of this association is uncertain because there are no data from randomized studies to
confirm or refute these findings.

The Adverse Reactions section of the labeling states the following about hypersensitivity,

Hypersensitivity and Anaphylaxis: See WARNINGS.

Hypersensitivity and anaphylactic reactions dunng surgery were rarely reported m
U.S. controlied clinical studies m patients with no prior exposure to Trasylol®
(1;1424 patents or =0.1% on Trasylol® vs. 1/861 patients or 0.1%% on placebo). In
case of re-exposure the incidence of hypersensitvity’anaphylactic reactions has been
reported to reach the 3% level. A review of 387 European patient records mvolving
re-exposure to Trasvlol® showed that the incidence of hypersensitivity or
anaphylactic reactions was 3.0% for re-exposure withm 6 months and 0.9% for re-
exposure greater than 6 months.
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EXECUTIVE SUMMARY

Aprotinin {Trasylol") 1s indicated for prophylactic use to reduce perioperative blood loss and the
need for bleod transfusion 1 patents undergoing cardiopulmonary bypass (CPB) in the course of
coronary artery bypass graft surgery (CABG) who are at an increased risk for blood loss and
blood transfusion.

In 2006, two studies reported on the nisk of aprotinin use among cardiac surgery panents. On
September 21, 2006 an Advisory Committee (AC) met to discuss climcal and observational data
questioning the appropriateness of using prophylactic aprotunin wyjections to reduce penoperative
blood loss and the need for blood transfusion in patients undergoing cardiopulmonary bypass in
the course of coronary artery bypass graft surgery. This discussion followed the February 8, 2006
FDA Public Health Advisory for the use of aprotunin injection. On September 27, 2006, a few
days after the AC meetinng, the sponsor told FDA thar 1t had conumussioned a safety study. The
preluminary results for this study dated September 13, 2006, were not submutted for discussion at
the September 21, 2006 AC meeting. The Agency issued another Public Health Advisory on
September 29, 2006.

This review provides a description of the 13 Drug Safety study methodology and analysss and
comments on the study’s prefuninary results. The 13 report presents results from a large hospital-
based cohort study that used administrative data to assess risk of acute revasculanization, acute
heart failure, stroke. acute renal failure, and all cause in-hospital death for recipients of aprotinin
compared to users of other annfibrinolytics (tranexamic and amumocaproic acid). The strength of
this study 15 1ts abihty to wdentify and capture mfonmation on a large number of patients
undergomg CABG surgery. The main limitations are its use of adminsstratsve data rather than
clinical data from the medical records to identify medical outcome and to ascertamn covariates that
mutigate patient nisks. In addition to multivaniate analyses, the investigators conducted sensitivity
and limited sub- analyses, to evaluate potential confounding,

Despite the linutations discnssed above, the analyses conducted by the 13 Drug Safety Group
offer a robust assessment of aprotuun use and also confirm renal effects reported by other studies.
Elevated nisks for cardiovascular events, and stroke, however, were likely associated with
uncontrolled confounding n this studv. Elevated nisk estimates for death were also reduced when
controlling for confounders but remained elevated nonetheless. The risk estrmates for death
appeared to be hughly correlated with the risk estmates for renal events. Risk estimates for renal
dysfunction remained stable when analyses were adjusted for confounding and show a high
{ikelthood for an association with aprotinm use. OSE/DDRE recommends that medical records
be reviewed to confirm renal falure, to identify the possible cause of in-hospetal death, and 1o
assess the possible contribution of liver disease to morbidity and/or mortality after aprotinum use.

If a process 15 underway to re-analyze data collected by other mvestigators, OSE supports the
Agency’s efforts to also obtain and re-analyze the 13 Drug Safety’s Premier data 1n an effort to
reproduce and standardize the analys:s of all three datasers and to evaluate, 1 this and other
databases, whether liver disease 15 a possible outcome of aprotinin use. Re-analysis of the
Premter data should inchude a stratified analysis by propensity score deciles or quintiles and
should adjust for days-since-surgery.

1 BACKGROUXND/HISTORY

Aprotinin {Trasylol*}1s indicated for prophylactic use to reduce perioperative blood loss and the
need for blood transfusion m patients undergomg cardiopulmonary bypass (CPB) in the course of
corenary artery bypass graft surgery (CABG) who are at an mcreased risk for bloed loss and
blood transtusion.
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In 2006, two studies reported on the risk of aprorinin use among cardiac surgery panents. The
first article!, published m New England Joumal of Medicine on January 26, 2006 reported that
treattent with aprotinin 1n the setting of primary cardiac surgery was assocrated with an
mereased risk for a renal and cardiovascular events compared to treatment with no antifibninolytic
therapy. The risks decreased (renal events) or disappeared {cardiovascular events) when the
analysis was limited to patients undergoing complex cardiac surgery.

The second study’, published in the March 2006 issue of Transfusion, reported a 40% increase
risk for renal dysfunction associated with aprotinin treamment compared to treatment with
tranexanuc acid in a single serting of cardiac surgery.

The D1vision of Medical Iinaging and Hematolozv Products requested the Office of Surveillance
and Epidemiology requested the Division of Drug Rusk Evaluation (OSE/DDRE) to provide a
esitique of the studies cited above. The critique’ was completed on June 1, 2006. This document
was limuted w1 scope to reviewing the design and analvucal aspect of the srudy

In light of these publications, FDA issued the following “Public Health Advisory™ on February
8. 2008 (Appendix 1). At the same tume, the product label was modified to more prominernly
advise prescribers about the potential risk of adverse renal events when using this product.

On September 21, 2006 an Advisory Comnuttee {AC) met to discuss clinical and observatonal
data questionung the appropriateness of using prophylactic aprotinin ingections to reduce
penoperative blood loss and the need for blood transfusion in patients undergoing
cardiopulmonary bypass ta the course of coronary artery bypass graft surgery. This discussion
followed the February 8, 2006 FDA Public Health Advisory for the use of aprotinin injection.

Prior to the AC meeting, the sponsor had comnussioned an observanonal clinical study to
quantify the association between serious cardiovascular and renal outcomes among persons
uadergoing coronary artery bypass graﬁ (CABG) surgerv. This study was based on a proposal
prepared by the confract research organization i3 Drug Safct\ a division of Ingenix
Pharmaceutical Servi 1ces, Inc. to use the Premmer Perspective Comparative Database. an inpatient
adminstrative database. On September 27, 2006, a few days after the AC meeting, the sponsor
told FDA that it had comumissioned this safety study. The prelimmary results for this study dated
September 13, 2006, were not submitted for dzscussxon at the September 21, 2006 AC meetmg
The Agency issued another Public Health Advisory® on September 29, 2006 (Appendix 2).

This review provides a description of the 13 Drug Safery study methodology and analysis and
comments on the study’s preliminary results.

2 REVIEW METHODS AND MATERIALS

The study was evaluated for consistency, completeness and whether the study and analytical
methods could actueve the sty objectives. The research methods assessed include the study’s

o Design

= Data Sources

o Informed Consent
< Study Time Periods
< Population Selected
o Exposure Cniteria

to



< Disease Qutcome
= Sample Size
- Analyrcal Methods

3 RESULTS OF REVIEW

3.1 OBJECTIVES

The investigators conducted a cohort study to quantfy the associahion between aprotuun use and
serious carcdiovascular and renal cutcomes and in-hospital death from any cause compared to
amunocaproic acid and tranexamic acid use among pattents wadergoing CABG surgery.

OSE Comnents on Objectives

The investigators proposed to conpare cardiovascular. renal and in-hospital mortality outcomes
m CABG patients recerving the antifibnnolytic aprotinin with those recerving aminocaproic acud
and tranexamic acid. The objectives stated m this report are consistent with the proposed
objectives.

3.2 DEsesIGN

The imvestigators used a hospital-based retrospective cohort design to compare the experience of
patients undergomg a CABG procedure that required cardiopulmonary bypass and mtravenous
adnunistration of antifibrinolytics during surgery.

OSE Comments on Study Design

Although not specifically stated, because the mvestigators refer to the study population as a
cohort, 1t 15 assumed that the study design 1s that of a retrospective cohort that will assess the
mcidence m each treatment group and summarized by calculating the relative risks of aprotinin
treatment to that of other antifibrinolytic treatments.

Use of a retrospective cohort design 18 appropriate to evaluate exposure and outcome. Although
thie Prenuer data 1s based on information related 1o reunbursement, establishing a chronological
sequence 1s relatively straightforward.

3.3  INFORMED CONSENT

The draft review does not mentien IRB review/approval and informed consent. The protocol.
however, does mention constraints imposed by the Health Insurance Portability and
Accountability Act (HIPAA). The protocol also states that medical record review woeuld need to
be done uander oversight of an appropriate institutional review board (IRB) to use patient
1dennfiable data for linkage to medical records. No medical record abstraction was done for the
prefumnary study.

OSE Comments on Instituiional Board Review (IRB) 7 Informed Consent

Because of the proprietary nature and the database used for the study and the agreements m place
between Premuer and the hospitals, 1t 15 not expected that the mvestigators could obtain informed
consent. It 1s expected, however, that the investigators submut their protocol for IRB review and
approval. Neither the draft report nor the study protocol mentions IRB review and approval. The
report does state, however, that Premuer provided a de-identified data set for the present analysis,
which was fully compliant with the 1996 Health Insurance Portability and Accountability Act
(HIPAAJ.
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3.4 DATASOURCE(S)

Diara for thas study were dravwn from the Prenmuer Perspective Comparative Database (PCD), a
large hospital-based, service-level comparative database in the United Stares (US). The PCD
provides detatted resource utilization data along with patient primary and secondary diagnoses
and procedure codes for approximately one-sixth of all hospitalizations m the US, with broad
geographic diversity.

The Premmer database has been used for research studies in the past, including ones examining the
relation between penoperative drug vse and mortality. Detailed service-level information 15
avatlable for each hospital stay and inciudes mnformation such as drug utilization by product name
and strength. quanity dispensed. and wmt cost of drugs, department costs, charge detail as well as
surgeon and hospital charactenstics. Patient level information includes demographics, principal
and secondarv diagnoses, principal and secondary proceduses. length of stay, cost of care, day-of-
stay data, and mode of discharge including death. but not cause of death.

The Premuer database was proposed because Prenuer 15 able to go back 1o hospatals for chart
reviews for patients of mterest under oversight of an appropriate imstiturional review board (IRB)
to use patient identifiable data for linkage to medical records.

QSE Contnents on Data Sources

Limitations of using clams data for research are well known and acknowledged by the
nvestigators. Lumndtations that may affect this study mclude incomplete pre- and post-operative
data capture, mmimal infonmation on patient’s medical and behavioral history, and medical codes
that maxunize re-imbugsement rather precisely reflect a patient’s health coandinon.

The data source used 1s consistent with what was proposed m the onginal protocol. Medical
record review, however, was not imtiated nor completed for the prelmmnary report.

3.5 STUDY TIME PERIOD(S)

The study incorporates three vears of Premuer data beginnung April 1. 2003,

OSE Conunents on the Stiudy Thne Period(s)

The Premier analytical database captures information on patients undergoing CABG beginning
Apnl 1, 2003, The investigators state that the Prenuer database captures CABG information for a
three year peried. Based on this information, st 1s assumed that the total study period 15 between
Apnl 1. 2003 and March 31, 2006. There 1s no reference ix the report, other than the adnussion
vear covanate listed m umvarate tables where the complete time period 1s referenced.

The protocol had oniganally proposed a longer study period begmning January 2001 and
extending through September 2005 but the mvestigators reported revising the tune peniod when
they leamed that ouly after Apnl 1, 2003 were all procedures, test orders, and medication
dispensing consistently and reliably coded with mformation about the day they were
admumstered. According to the investigators, data before Apnil 1, 2003 were excluded from the
study. It was later learned, however, that the dataset actually mcluded procedures/adnussions
starting January 1, 2003,

3.6 POPULATION

The study included afl patients 18 yvears or oider within the Premuer database who underwent a
CABG procedure {(1CD-% CM procedure code 36.1x) that required cardiopulmonary bypass and
intravenous adminstration of aprotinin, amunocaproic acid, or tranexannc acid. Patients were
followed to the end of their hospitalization.
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Patsents were excluded if they:
e Recenved multiple antfibrinolytic agents during surgery;

* Recerved less than two nuilion wmts aprotinin {i.e., fewer than two wials), less than 10g of
anunocaproic acid (1.e. fewer than two wials), or less than [ g of tranexamme acid (Le. less
than one full vial);

e Did not recerve any antifibinolyncs.

The index day was the date of the CABG procedure. Follow-up tune started on the day following
the index day for all outcome except ischemic stroke and death which were observed beginmng
with the day of surgery. Observation for potennal study outcomes continued uati! the end of the
hospital stay during which the CABG procedure occurred. Patients transferred to a second
facility were followed up until the date of transfer.

The followmg pauent characteristics wege included in the analytical database:

Deniographic Age. sex, race, low income status (Medicaid or indsgent), marital status
{living with partner)
Admission Year of adnussion. admission type, dav of CABG surgery after

admission. smergency admission

CABG Surgery Type Redo. complex {any other surgery m addition to CABG). number of
vessels involved, percutanous coronary procedure or thrombolysis
during mdex hospitalization but before CABG surgery, use of plasma
expander dusing surgery, use of a cell saver, whole blood, red cells,
plasma, or plateler transfusions during surgery, cardiac arrest dunng or
before CABG surgery, and diagnosis related group {DRG} severity

coding.
Health History Diabetes, hypertension. liver disease, COPD/asthma, cancer, old MI, old
(as recorded in the stroke, angina, renal faiture, heart faslure.
dizcharge diagnoses)
Health History Warfann use and arrhythnua before the index day
(Identified via drug rize &
proceduresy

Hospital charactensstics  Teaching status, location (Midwest, Northeast, South, and West, and
srban‘rural}, hospital size {(number of beds), CABG volume, hospital
aprotinm preference (proportion of all antifibninolytic use)

About 44% of patients received aprotuun and 54% amunocaprote acid. The few remaming

patients recerved tranexanuc acid and were included with the anunocaproic acid recipients for
primary analyses of aprotinin versus other antfibrinobytics.
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OSE Comments on the Study Population

Because the origmal stady encompassed a longer time period, the crigmal proposal projected had
wdentified 104,539 discharges that recerved an antifibrinolytic agent and of these, 73,905
hospitalizations dunng which CABG was performed. The prelimmary study reports on 66,435
qualifying patients.

For this study, investigators used the ICD-9CM's 36.1x code (bypass anastomosts for heart
revascularization) to identify CABG patients. Underascertaintment of CABG surgery 1s not likely
to be a major concem since the procedure 1s costly and reimbursement 1s likely clasmed. To
identify CABG surgery patients, however, other studies have mncluded the 36.2 (Heart
revascularization by arterial implant} ICD-9 CM code as well for post-operative surveillance that
have used claims databases®. A claim for CABG surgery is not likely to differ by treatment
group.

Informanon on patient demographics and surgery are ldeely reliable if recorded. Identification of
outcome depends on the accuracy of ICDY codes. Results of laboratory tests and other diagnostic
procedures are usually not recorded. Capture of any medical diagnoss depends on the accuracy
of the information recorded. These limutations are acknowledged by the investigators. When
evaluating relative risks, underascertaimment per se 1s not likely to be a major problem unless data
capture of the covariate 15 unbalanced across treatment groups. Costs® of the antifibrinolytics
vary stgnificantly with aprotinn being significantly more costly than anunocaprosc acid or
tranexamic acid. Consequently, information on prior medical history or existing medical
complications that would justify use of the more costly aprotinin would more likely be recorded
for clamns purposes when compared to the lower cost antifibrinolvtics and could introduce
unbalance in the treatment groups. Unidentified residual confounding rematns a concem for this
study.

When posstble, the sensttivity and positive predicted value of selected diagnostic and procedure
codes should be verified by reviewing at least a sample of medical records. The investigators for
this study had proposed to review some medical records but had not completed that task for the
report under review.
37 EXPOSURE
The srudy ncluded three drug exposure groups on the day of the mndex CABG procedure:

»  Aprotimmn mtravenous {IV)

¢  Ammnocaproic acd IV and

¢ Tranexamic acid IV

Becanse of relatively small number of tranexannc acid users, the primary analysis combined
anunocaproic acid and tranexamuc acid into one non-aprotunin antifibnnolytic group. For this
study, exposure refesred to aprotinin exposure and exposure to non-aprottn antifibrinodytics was
considered the referent exposure group.

Aprotitun use was further caregonized into low dose (24 nullion IV units) and high dose (=4
nullion IV units) on the day of CABG surgery to evaluate a possible dose response effect. Oral
use was sporadic and not considered 1 the analysss.

OSE Comments on Exposute

The investigators excluded patients who received multiple antifibrimolytic agents during surgery,
those who recerved less than two mullion vnits aprotimn (1e., fewer than fwo vials), less than 10g
of anunocaproic acid (1.e. fewer than two vials), or less than | g of tranexamic acid {Le. less than
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one full vial), and patients who did not recerve any antifibrinolytics without providing any
justificatton for domg so. It is understandable why they would exclude patients who received
multiple antifibrinolytics since including them would make drug-related outcome difficult to
mterpret. It is unclear why patients who did not recerve any antifibninolytic were excluded since
an important guestion that remains unanswered 15 whether use of any antifibrinolytic really
umproves morbidity and mortaliry.

3.8 DISEASE OUTCOME OF INTEREST

The outcomes 1n thus study were assessed durmng the hospital stay following the day of the mdex
CABG surgerv. The outcomes considered were

* Acute coronary revasculanzation {indicated by the presence of codes for thrombolysis,
percutanous transhumnal coronary angioplasty (PTCA), or redo CABG),

s Stroke (excluding hemorrhagic stroke),

e Acute heart falure (indicated by the presence of codes for dobutanune use or left
ventricular assist device use),

e Acute renal failure (indicated by the presence of codes for hemo- or peritoneal dialysis
or hemofiltration), and

e In-hospetal deaths.

For all outcomes other than stroke. the exposure risk window was from the day after CABG
suwrgery to the end of hospitalization. In addition, it was assumed that the outcome occurred on
the day the respective charges were recorded 1 the database. No narrower timing mformation
(e.g. hour) was available withun the Prenuer database.

OSE Comments on Quicome of Initerest

According to the protocol. outcome to be measured for this study included myocardial wfarciion,
stroke, heart fatluge, dialysis, and death. Codes were provided in the protocol for all outcomes
except myocardial infarction. Codes were also provided i the protocol for acute
revasculanization and acute renal fashure as well. The study report does not address myocardsal
afarction at all. The investigators noted that since chronology was critical m this study, they
focused on an outcome that could be reliably identified by procedure codes.

Renal insufficiency could not be deternuned in the absence of laboratory values in the Prenuer
database therefore acute renal farlure was defined as “renal failure” or "renal failure requinng
dialysts”.
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OSE/DDRE has several concems about outcome identification and ascertainment i the study
report. These mclude lack of specificity i using ICD-9 CM codes to identify some outcome as
noted by the investigators, differences in length of the observation period to ascertain outcome,
and differences m duration of hospital stay.

ICD-9 CM Codle - Specificity

The sensitivity and specificaty of ICD-9 diagnostic and procedural codes vary depending on the
seriousness and knowledge of the disease under study. For example medical record review of
cases ntially identified usimg only ICD-9 codes in some studies have shown a sensitivity of §7%
for code 410 to identify a myocardial infarction {MI) and a specificity of 100%° On the other
hand, the sensitrvity and specificity for the ICD-9 procedure codes and CPT codes to identsfy
thrombolysts in ischemuce stroke were 55% and 98% respectively’.

Although. the codes used i this studyv are, for the most part, specific enough to idennfy the more
serious disease conditions such as post-operative acute myocardial infarction (81%)¢, acute renal
failure and in-hospital death, they may not be specific enough to remove residual confounding
assoctated with the serious condirions lacking more specific ICD-9 codes such as heart failure,
stroke, renal dvsfunction, and acute revasculanzation. Consequently, diagnostic and procedural
ICD-9-CM codes used to 1dentify the adverse events and covanates need to be verified agamst
mformation available in the medical tecords. The mvestigators proposed medical record review
at least for a sample of records but the current report only presents data based on claims.

Lensth of Observation Penod (Follow-up)

Following CABG surgery, patients remamed hospitalized, were transferred to other facilities, or
were discharged at different rates. The probability of an outcome to be observed, therefore,
differed across patients. What 15 more of a concemn for this study, however, 1s whether the rate of
ascertamment and follow-up differed by treatmment group. Since aprotinin s indicated for msh
risk patients, 1t 15 highlv likely that aprotimm recipients would need fonger hospatal stays, have
more serious outcome, and consequently be at higher risk of hawving any outcome observed. The
mvestigators did not provide any mformation as to whether there differences in the length of
observation across treatment groups. In addinon, a time-to-event analysis would have been very
appropriate to analyze these data to adjust for differences 1n length-of-observation.

Duration of Hospital Stay

The mvestigators observed prescrimng preferences 1 the Prenuer data. They could not assess the
full impact of these prescribing preferences because the database contamned only procedural and
diagnostic mformation codes that related to the hospital stay and contained very linuted
mformation on pre-exasting medical conditions. The mvestgators did perform sub-analvses
evaluating duration of hospital stay for acute renal failure and death to assess whether the nisk
estimates were affected when more pre-existing patient medical mformation was available (See
Section 3.10.1.3 and Table 6). According to the authors, these sub-analyses showed that
nusclassificanon and vnder ascertamment differed by the number of davs a patient was 11 the
hospital but were non-differential across treatment groups and subsequently would not unpact the
risk ratios observed. Inforniation on the prevalence of renal fatlure prior to CABG mncreases with
the number of days in the hospatal and, with the exception of patients hospitalized six or more
days, the relative risk decreases with mereasing mformation. Can the mcrease i the prevalence
of acute renal fatlure indicative of more information on pre-existing conditions with mereasmg
hospital stay or is the increase i prevalence more wndicative of a group of patients who are sicker
and need more hospitalization?
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3.9 SAMPLE SIZE

An a prioni power calculation estimated that there would be at feast 90% power to detect relative
risks of 1.3 or greater for outcomes occurnng i 1 % or more of CABG surgenes under a wide
range of assumptions about how many aprotinin users would be available. The calculations
assume a ratio of aminocaprosc acid to aprotium of 0.38 observed in the Premuer data.
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Usors of Aprotinin

OSE Comments on Sample Size

Sample size information in the report was extracted from the Sample Size and Power section of
the March 3, 2004/March 3, 2006 proposal. Although these calculations were based on a larger
number of potential (n=73,905) aprotmnin users, the power estimates remain refevant to the actual
counts observed 1n the study.

3.10 STATISTICAL ANALYSES

The investigators proposed primary analyses which 1ncluded univanate and multrvaniate analyses
and secondary analyses that included cohont restrictions and use of propensity scores to adjust for
confounding by indication (use of aprotinin). Sensitivity analyses were also done 1o assess the
effect of mcomplete medical histories for patients with short hospital stays. Analyses on medical
record abstraction were not done since medical abstractions were niot completed for this
preliminary report.

3.10.1 Primary Analyses

3.10.1.1 Univariate Analyses

Unadyusted risk ratios (RR) and risk differences (RD) for developing study outcomes during
hospital stay wege estunated by cross-tabulating the primary exposure {aprofinin vs. non-aprotinin
antifibrinolytics) with each study outcome (acute revasculanization, acute heart failure, stroke,
acute renal failure, death) and 95% confidence limits were calenlated.
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3.10.1.2 Multivariate Analyses

Using logistic regression, the mvestigators estimated age and sex adjusted odds ratios and odds
ratios adjusted for all patient and hospital covariates. The protocol stated that a backward
selection procedure would be used to reduce the number of covanates adjusted. In the analysis,
all identified covariates were used instead. The covariates used m the logistic regression were:

Apge

Ag63

Sex (male)

Racefetharcity: Whate (reference), Black, Other
Smoking {current, past)

Admission vear (2003, 2004, 2005, 2006(Q1))
Emergency adnussion

Day of CABG

Low 1ncome status

Mantal status(w/partner)

Redo cardiac surgery

Additional cardac surgery

Number of vessels (1,2, 3. 4%)

Pre-existing percutanous coronary procedures
Fibrinolytic medications or direct thrombin indubstors prior or duning CABG
Plasma expander {vesno)

Cardiac arrest

‘Whole blood or red cells during CABG (post-baseline}
Platelets or plasma during CABG (posi-baseline)

Use of a cell saver dunng CABG (post-baseline)
Hospital CABG volume {0-99. 100-500, »500)
Hospital size (<400, 400-649. 650+ beds)

Teachmg hospiral

Rural hospatal

Region (Midwest, Northeast, South (reference), West)
Diabetes (if recorded in the discharge diagnoses)
Hyperiension (if recorded in the discharge diagnoses)
Liver disease {if recarded 1 the discharge diagnoses)
COPDYasthma (if recorded m the discharge dsagnoses)
Cancer (if recorded i the discharge diagnoses)

Old MI (if recorded m the discharge diagnoses)

Old stroke (if recorded m the discharge diagnoses)

3.10.2 Secondary Analyvses

Twa secondary analvses were performed: cohort restrictions and adjustments based on propensity
scores calculated based on the probability of recerving aprotuun treatment.

3.10.2.1 Cchort Restrictions

The analyses i the primary analyses were repeated for patients with complex surgery and
separately for those patients who stayed at least 1. 2, 3. 4, 5, or 6 days in the hospital for the mdex
CABG surgery. With tlus progressive restriction of the population, an mcreasing number of days
were available to provide information on patient charactenistics before the CABG surgery.
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The secondary analyses
1. Excluded users of tranexatmc acid from the comparison group,

2. Restricted the study population 1o patients

a. Undergoing complex CABG surgeries.

b. Treated mn lugh-volume facilities or by high-volume surgeons,

¢. Having diabetes, and

d. Not transferred to other hospitals within the first 2 days post-operation.

3.10.2.2 Propensity Scores

Coefficients (propensity scores) were obtained from a logistic regression model that was used to
compute predicted probability of aprotinin exposure among study cohort members. The
regression used all measured covariates described above as predictors of aprotinia use. The
mvestigators designated the fitted probability for each patient as his'her propensity for aprotin
treatment (propensity score}. Were omtted from the analysis members of the aprotinin and
comparator groups whose propensity scores did not overlap {1.e. did not fall within the range of
scores for the other group). The analyses were repeated for each study outcome. adjusting for
quanties of propensity score.

3.10.2.3 Sensitivity Analyses

Because a small proportion of patients may have been transferred to another wnstitution easly after
CABG surgery 5o that potential events were not recorded i the database, the wnvestigators
conducted a sensitivity analysis excluding patients who left the hospital withm 2 days after
CABG surgery for any reason other than death.

3.10.2.4 Generalized Estimating Equation (GEE) Analysis

The generalized estimating equations (GEE) was used to explore whether adjusung for clustering
of patients within hospitals would increase standard errors of the mamn effects in the regression
analvses. In this report the odds ratios were considered to be a good approximation to the relanve
risk ratio mn the case of rare outcomes.

3.10.3 OSE Comments on Analyses

Univanate and multivanate analyses are appropnate models to analyze such complex data.
Following CABG surgery. pattents remained hospitalized, were transferred to other facilities, or
were discharged at different rates. Not all patients undergomng CABG were followed for the same
length of time and consequently were at different 115k of having an outcome observed. It1s
smpostant that anv analysis take into consideration the observed time for each patient while in the
hospital. An appropnate survival time (Tume to event) analysis should have been considered.

Any differences observed across treatment groups would be parucularly concerning if the
observed tune period also differed by treatment group.

3.11 RESULTS

3.11.1 Primary Analyses

Of 162.687 patients undergoing surgery during the study time period, 66,435 patients (40.8%)
were included in the study. Of the 162,687 patients unttally identified, 77,732 (48%) recerved no
antifibrinedytics. and 18,304 {11%) recetved inadequate doses or muluple doses and were
therefore excluded from the analysis.
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3.11.1.1 Univariate Analyses

Accorcing to first figure m the 13 report, 66,435 patents were included 1n the analysis and of
these, 29,358 {44%;) recerved aprounm and 37,077 received either aminocaproic acid (1=35,719})
or franexamuc acid {n=1,358). Among the 42596 patients undergoing complex CABG surgery
19,232 (45%) recerved aprotinin and 23,364 (54%) received either of the other two comparators.

Table 1. Characteristics of 66,435 patients undergoing CABG Surgery

Demographic Aprotinin %y Other %%
N 29,358 37077

Apge 65~ 17 446 594 25,170 544
WhiteBlack 4811 84.5 39200 78.8
Smoke* 5334 18.2 6.391 172
Surgery Aprotinin 29 Other %
Redo Cardiac* 1.273 4.3 602 38
Additional Cardiac* 7.604 26.2 7.176 19.6
Complex CABG* 15,232 633 23,364 63.0
Hospital/Region Aprotinin % Ocher %%
CABG Volume 150-500 12,032 410 13,527 36.3
Haspital size beds 630+ $.632 325 11,408 30.
Southem Region 18170 61.9 20403 350

* Lower bound of zhe 93% confidence intervals above 1.6

In summary, according to the umvanate analyses (Table 1), patients recerving aprotuin were
somewhat older, of white or black race, and were more likely to smoke than patients receiving
other annfibrmolytics. Patients receiving aprotinin were also more likely to have redo, complex
and‘'or additional cardiac surgery. Finally i this coliort, more of the aprotinin use occurred mn
patients at hospitals with 100-300 CABG volume per year inn hospitals located in the South, and
somewhat more at hospitals with 630 or more beds.

Table 2. Age and sex adjusted relative risk ratio (RR) for cumulative incidence of in-
hospital health outcomes ammong 66,435 patients undergoing CABG surgery.

Antifibrinolytics Relative

Outcome Aprotinin Other Risk Ratio 9520 (CIy*
N 20,358 37,077

Acute revascularization 88 Q3 1.17 0.87-1.56
Acute heart failnre 4,036 4,480 1.1t 1.06-1.17-
Stroke 619 37 1.30 1.15-1.43
Acute Renal Failure 1.339 965 135 1.61-1.80
In-howpital death 1,365 940 175 1.50-1.80

* O = Coufidence inrervals
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Relative to patients receiving non-aprotinm anufibrinolvtics, patients recerving aprotinun had a
75% higher mcidence of developing acute renal failure or dyving and less than a 15%5 increased
risk of experiencing a stroke or acute heart failure while in the hospital. These relatve risk ratios
were based on age- and sex-adjusted cumulative incidence rates (Table 1).

3.11.1.2 Multivariate Analyses

With multvariate adyustment {see Section 3.10.1.2 for a hist of covartates), the estumated risks
were over 50% higher for aproutun recipienits than for reciprents of other antfibrinolytics with
respect to acute renal failure and m-hospiral deaths and 20% higher for stroke (Table 3).
Aprotinin recipients had an 8% micrease m nisk for acute heart failure. Adpsting for other
covanates decreased the risk ratios for acute heart faslure and stroke but increased the nisk ratio
for acite revasculanization, acute renal fatlure, and in-hospital deaths.

Table 3. Multivariate logistic regression results for in-hespital outcomes
for the full cohort (N = 66,435)

Qutcome Relative Risk Ratio 9590 CI
(RR)

Acute revascualanization 1.30 0846-1.76

Acute heart failme 1.0G8 1.03-1.14

Siroke 1.20 1.07-1.33

Acute renal failure 1.7 155-1.86

In-hospitat death 1.68 1.53-1.84

= I = Confidence mtervals

Results from the multivanate analvses showed that other covariates were mportant predictors for
the study outcomes. Table 4 lists informaton on covanates that account for an mcreased risk of
at least 50% or more. Region 15 an important independent predictor of acute vascularization.
acute heart failure, and death.
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Table 4, Measured predictors of the study outcome included in the multivariate analyses that
show a minimum of 50% increase in risk.

Acute Revascularization: Other race, emergency admission, CABG surgery on first day, no
additicnal cardiac surgerv, cne vessels included in the surgery, use of
platelets or plasma during CABG, no cancey, undergoing surgery at a
large hospital with fewer than 300 CABG procedures, located in the
West (RR 2.1 and Nostheast.

Acute Heart Failure Additional cardiac surgery, cardiac arrest. platelets or plasma during
CABG. diabetes, iver disease (RR 2.9)*_ large bospital with low CABG
volume in the Midwest.

Stroke CABG day 6 or more of hospitalization. old stroke. and hospital with
high CABG vohune.
Acute Repal Fatlure Aprotimin. black {RR = 3.1Y*. CABG on dav 6 or more of hospitalization

(RR=2.21* platelets or plasma duriug CABG, diabetes (RR=2.6)*, and
ltver disease {RR=7 5y%*,

Death Aprotinin, female, more than 1 day in hospital before CABG. redo and
addittonal cardiac surgery, casdiac arrest {RR 3.9)¥* platelets or plasma
during surgery. diabetes, no hivpertension, liver disease (RR7.9)**,
hospital in the Scuth.

Lrver disease, identified as a code on the discharge summary, could indicate a prior historv of
frver disease or 1t could indicate liver complhications identified dunng hospitalization. Liver
disease, however, appears to be a very unportant predictor for most of the outcomes evaluated but
1s particularly notable for acute renal failure and death (Table 3) suggesting a possible liver-renal
mvolvement that leads to death. Medical record review would be necessary 1o further define such
an association

Table 5. Odds Ratio and 95% confidence intervals (CI) for liver
disease as an independent predictor of outcome in the
multivariate analysis.

Qutcome Odds Ratio 93% C1
Acute revascularization [ 019 -3.07
Acute heart failure 2182 249-343
Steoke 1.48 0.99-221
Acute renal failure 748 6.20-9.02
In-hospital death 7.94 6.5 -9.36

3.11.2 Secondary Analyses

3.11.2.1 Cohort Restricticns

In an effort to 1denuty amfacts ansing from possibly imadequate baseline patient information, the
mvestigators examined the associations between aprotuun use with renal failure and death i
subsets of the cohort that showed unusual doctors/hospitals or hugh nsk patients (Table 6) and i
patients with longer hospital stays (Table 7), allowing for capture of more complete baseline data.
There were no appreciable differences i nsk estimates observed when comparing the full model
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with the linuted models for acute heart failure, stroke. and acute renal farlure (Table 6). Risk
estimates wcreased for acute revascularization and 1n-hospital deathis when the analysis was
ltmited to high volume phvsicians. The risk estumates decreased for in-hospital deaths m the
analyses that were limited to high volume hospitals. There were no appreciable differences 1n
risk estimates between the full model and the models lmuted to patients with at least 2 days of
hospital stay after thewr CABG surgery (Table 8).

Table 6. Multivariate logistic regression risk estimates of in-hospital outcomes for the full
cohort and restricted to medium and high CABG volume hospitals and to medium and high
volume physicians.

Limited to medium & Limited to medium &

Full Cohort high volume hospital  high velume physiciaus

(=100 CABG) {>50 CABG)

66,435 63,672 35,126
Oulcomne RR 9580 C1 RR 95%0 CI RR 9394 C1
Acute revascularization 130 0.96-1. "ﬁ 1.34 088-1.83 1.33 1.08-2.23
Acute heart failure 108 16311 1.08 1.02-1.13 1.06 1.00-1.12
Stroke 1.20 1.67-1. 35 1.21 1.67-1.36 1.18 1.04-1.35
Acute renal failure 1.70 1.35-1.8 1.69 1.34-1.86 1.74 1.57-1.93
Death 1.68 1.53-1 84 1.53 1.33-183 1.73 1.53-1.91

t RE = Risk Fatio; 85%: T = #3% Confidence Interval

In addition, the report provides mformation on the association between aprotnin vse and renal
failure and in-hospatal deaths as a function of mcreasing covanate mformaton before CABG
surgery. Table 7 shows results of a multivariate adjusted model for acute renal fasfure that
meclude the mcreasing information on prior treatment for renal failure (dialysis or hemofiltration)
and heart failure {medication use} associated with longer hospital stays before the index day.
There was no systematic effect of increasmng the required pre-surgery davs in the adjustment. The
relative risk estimates for renal fatlure decreased from 1.70 (1.53-1.86) to 2 mumimum of 1.36
(1.15-1.61) for patients with ar least 3 hospital davs prior to the ndex CABG surgery. but the
relative nisk estimate was lngher for patients with longer stays {RR=1.54; 95%, CI 1.25-1.89).
For the death outcome, mcreasing the number of hospital days required before the index day also
chd not result in any meanmgful or systematic changes mn effect estumates.
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Table 7, Muldvariate adjusted models showing the association between aprotinin use and of renal
failure as a function of increasing covariate informmation BEFORE CABG surgery.

Day of CABG during index hospitalization

1+ 2 - 4+ 5= 6~
Study Size 66,435 43258 29,563 21,710 15,347 18,535
Number of events 2,304 1,753 1.400 1,184 993 808
Effect of apretinin
Relative Risk 1.70 1.57 1 45 1.36 1.40 1.54
939 Confidence Interval 1.35-1.86 1.38-1.79 1.25-1.69 1.15-1.61 {.17-1.68 1.25-1.89
Prevalence of rena) failure - 18 23 T8 34 4.2
priorto CABG
Prevalence of heart failute - 281 iz9 0.0 46.9 533

Prict 1o surgery

The report also states that the associations were present to the same extent in panents undergoing
complex CABG surgery. in patients with diabetes, 1n patients treated at high-volume facilities or
by high-volume surgeons, and m patients not transferred to other hosprtals withun the first two
post-operative davs. The September 13, 2006 reporf, however, does not show supporting data.

3.11.2.2 Propensity Scores

Propensity score analyses showed sinular results (Table 8) compared to traditional modeling of
the full cohort for all health cutcomes.

Table 8. Multivariate logistic regression risk estimates* of in-hospital outcomes for the full cohort
using traditional modeling, using propensity score analysis, and restricted to patients who stayed at
least 2 davs after the index CABG surgsry.

Full Cohort Fel cohort Limited teo patients
(traditional modeling) [propensity score modeling**} staying for at least 2
days post CABG

66,435 63,672 55,126
Outcome RR 9585 C1 RR 9505 (1 RR 9305 CI
Acute revascularization 1.30 0.96-1.76 1.34 $.96-1.75 1.30 3.96-1.76
Acute heart fatlure 1.08 1.03-1.14 1.09 1.04-1.15 1.08 1.03-1.14
Stroke 1.20  107-1.35 1.21 1.07-1.36 1.20 1.06-1.35
Acute renal failure 1.70 1.55-1.86 1.67 1.53-1.82 1.69 1.55-1.86
Death 1.68 1.53-1.84 1.64 1.50-1.79 1.67 1.53-1.84

* BE = Rizk Rare; 73 CI = 93% Confidence Inrerval
= Lring fogicric regresrion adinzring for quinsiss af propenciny soores giter rimming non-overicpping areas af the propencity scores
ameng rested and wntreated patients.

3.11.2.3 Aproetinin Dose

High-dose aprotinin use was associated with a higher risk of acute 1evascularizatton, acute renal
failure. and mn-hospital death (Table 9).
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Table 9. Risk estimates* for high-dose aprotinin used during CABG
surgery compared te low-dose aprotinin use,

Quitcome RR 9459 CI
Acute revascularization 1.87 1.16-3.00
Acute heart failure 1.08 0.98-1.1¢
Stroke 1.15 0.96-137
Acute renal failure 1.2 1.06-1.38
Death 131 1.16-1.42

RR = Rizk Raria; 93% £ = 85 Confidence Inverval

3.11.2.4 Sensitivity Analyses

Sensitivity analyses explored how strong an unmeasured confounder would have to be to explain
the findings regarding acute renal failure and death. The results of these analyses showed thatif a
hypothesized confounder elevated the risk for death seven-fold, 1t would also need to have a six-
fold greater prevalence of aprotinin use to produce sufficient confounding to explain an apparent
risk ratio of 1.7.

3.11.3 OSE Comments Study Results

This large hospital-based cohort study used admunistrative data to assess nisk of acute
revascularization, acute heart failure, stroke, acute renal failure, and all canse in-hospital death for
recipients of aprotinin compared to users of other antifibrinolytics (tranexamic and aminocaproic
acidy. The strength of this study s its ability to identify and capture information on a large
mumber of patients undergoing CABG surgery (n=66,435) compared to the other studies.

The main linutation of this study, acknowledged by the investigators, 1s its use of admunistrative
data rather than clinical data from the medical records to dentify medical outcome and to
ascertain covanates that mutigate patient risks. Patients who usually undergo CABG procedures
have complex climcal condiions (medical lustonies) that could affect surgical outcome not all of
which may be captured by admnistrarve data usless the clamms for these conditions influence
reimbursement. The potential bias due to selective assignment of parients to aprotinin based on
their climcat profile. therefore, may not be addressed completely without reviewing the patients”
medical records.

Although. the codles used in this study are, for the most part, specific enough to identify the more
serious disease conditions such as post-operative acute myocardeal infarction, acute renal failure
and mn-hospital death, thev may not be specific enough to remove residual confounding associated
with the serious conditions lacking more specific ICD-9 codes such as heart failure, stroke, renal
dysfunction, and acute revasculanizanon. Consequently. diagnostic and procedural ICD-9-CM
codes used to wdenufy the adverse events and covanates need to be veafied agamst informiation
available 1n the medical records. The mvestugators proposed medical record review at least for a
sample of records but the current report only presents data based on clamms. The sponsor claims
thar medical records cannot be reviewed for these dara. the 13 Drug Safety group claim they can,
have done so in the past, and they have a contract in ready should they be given the authorization
to proceed wath this analysis. OSE has knowledge that some medical record review can be done
on a linred basis.

Findmngs for m-hospital death, stroke, and acute heart failure in this stily are not as convineing as
results for acute renal fasture. The mvestigators acknowledge and demonstrate i their secondary
analyses that the risk estunates for in-hospital death, stroke, and acute heart failure decrease with
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increasing covanate adjustment {Table 10} suggesting the existence of possible residual or
unmeasured confoundmig. The risk estimates for acute renal farlure, however, barely change with
mereasing adjustments.

Table 10. Comparison of visk estitnates for death, acute heart failure, stroke and renal
failure based on degree of covariate adjustment and limications (see Table 2 and Table 6).

Outcome Crude Risk AgeSex Full Hospital Physicians
Estimate  Adjustment adjustment (2100CABG)  (=30CABG)

Death 1.84 173 1.68 1.33 1.73
Acute heart failure 1.14 i1l 1.08 1.08 1.06
Stroke 1.36 1.30 1.20 1.21 1.18
Acute renal failure 1.73 175 170 1.69 174

In addstion to multivanate analyses, the mvestigators conducted sensitivity and lunited sub-
analyses, 1o evaluate potential confounding. Despite the study's linutations, the findings showing
an mcreased risk for acute renal failure are compelling for several reasons. The study resulis are
consistent with

1. Spontaneous adverse event reports
2. Results from other reported stodies

3. Adverse events occurring at a frequency of 22 % n the clintcal trials and noted m the
label

3.11.3.1 Risk Estimates Counsistent with spontaneous Adverse Event Reports

A previous OSE/DDRE review” summarized spontaneous reports from the Adverse Event Report
System (AERS) database. This review noted that disproportionality analyses tdentified greater
than expected probabilities for cardiovascular and renal events {including renal failure and renal
necrosts) for aprotinm but not for ammnocaprore acid or tranexamic acid.

Manual review of the cases in thus review confirmed the higher proportion of case reports with
renal failure and unpairment, myocardial infarction, cardiac failure and cardiogenic shock but not
for tranexamic actd or amunocaprose acid.

Table 11 presents more recent Empartcal Bayestan Geometne Mean (EBGM) scores and
confidence linuts for aprotinm, aminocaproeic acid, and tranexanuc acid for most MedRA
preferred terms {PT) events identified n the clinical tnals as having an adverse event occurrence
of 2% or more in the aprotimn treated group compared to placebo. Although the EBGM scores
are measures of disproportionality for each drug and shoutd not be directly compared, the results
do pomt to a hugher proportiton of renal events reported for the aprotinin product. Although not
addressed by the 13 Drug Safety analysis, the disproportionality analysis suggests that thrombotic
events, although expected m this type of surgery, are more frequently reported for aprotinn,
Could an mcrease frequency of thrombosis m the aprotinin treated group explain an merease 1n
cardiovascular events observed in the observational studies? Visualization of cumulative EBGM
scofes with a lower bound {(EBO35) of 2.0 or greater in the confidence intervals 1s presented by
yvear m Appendix 3 for aprotuun, aminocaprore acid, and tranexamuc acid.
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Table 11. Empirical Bayesian Geometric Mean Scores (EBGA) and Confidence Intervals for

Aprotinin, Aminocapreic Acid, and for Tranexamic Acid for some Selected MedDRA

Preferred Termas (PT) Events Observed in Clinical Trials.

EVENT Aprotinin Aminocaproic Tranexamic Acid
Acid

MedDRA PT EBGM 90094 C1 EBGXM 90% CI EBGM 90% CI
Thrombosis 168 137204 8.6 3.7-183 i3 1.7-67
Sheck 86 5.8-12.5 0.6 0.1-18 4.1 2.2-73
Cerebrovascular Accident 21 16-28 1.8 0.9-33 37 2357
Thrombophlebitns 1.9 0.6-438 - -- 13 0.3-4.0
Pulmonary Embelus 54 4.0-7.1 20 6.9-41 12.2 6.8-18.8
Myecardial [nfarcica 3.0 2.4-36 1.8 10-30 15 G.7-2.7F
Fenat Failure 7.1 5788 1.7 5.8-33 0.5 0.1-1.%
Acrute Reaal Failure 9.9 §.0-121 1.9 0¢335 2.7 1.5-4.6
Renal Tubular Necresis 4.4 33148 1.1 0335 -- -

3.11.3.2 Risk Estimates Consistent with ather Reported Studies

Risk estimates for renal adverse events are also consistent with results reported by other
mvestigators {Table 12). Two of these studies have been previously reviewed by OSE'DDRE’.
Although the defitstion of renal events differed across studies and the comparator groups selected
for each study also differed, the risk estinates are fairly consistent.

Karkouti et al* reported that aprotinin users with normal preoperative renal function were 1.4
tumes more likely to develop renal dysfunction (p=0.09) and 1 5-times more likely to develop
renal farlure requiring dialysis (p=0.08), although these associations were not statistically
significant. The results were statistrcally significant only for posteperative renal dysfunction
anong patients with abnormal preoperative renal functton. The mvestigators 11 tlus study used
propensity scores to match patients recerving aprotinin with patients who received ranexamic
acad treamment (Table 12). Propensity scores in thss study were calculated based on the
probabilaty of receiving aprotinin treatment. Pattents who could not be matched were excluded
from the analvsis.

Mangano et al.' also detected and increased risk of renal events (combined renal dysfunction and
renal faillure requiring dralysis) among patients recerving any antifibnnolytic treatment (aprotuun,
ammocaproic actd, and/or tranexanuc acid) compared to patents recatving no antefibrinolytic
treatment. In thus study, aprotiun remained an independent predictor of renal events after
adjusting for other covanates.
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123



Table 12, Summary of adjusted® risk estimates for post-operative renal events.
) 1 p P

Study Design Comparator Renal Event Risk Significance
Group Ratio
13 Drog Safety Retrospective  Aminocaproic Acute renal 1.7 1.6-1.9
Cohort acid/tranexanuc failure
acid
Mangano et at*”’ Prospective Ne antifibriolytic Renal Event” 2.6 1.4-5.0
Cuobort
Karkoutt et al* Case Control  Tranexamic acid Renal 14 p=0.09
(matched} dysfunctienw"
Renal faslure’ 13 p=0.3
Coleman et Retrospective  Lack of aprotinin Renal 20 1.4-39
alifeas Cohest dysfunction

® Included adiuzanentz with or matched uring propensin: scores (P5: and anal zed using PS guintilezs-decilss.
** Pyopensity scove (P3i calculaed ov probabilin: ¢f recening any anrifibrinobitie;

=2+ DS caleulated bazed on probadiline of recening aprotinin,

* Remal dvsfuncrion and renal faflure for patientz undergning complex zurgevy.

¥ Proportic: af renal even: in apraninin weared patients 10 proportion in wanexomic acid treaved patienss

Table 13 summarnizes Mangano et al’s results’ for each study outcome evaluated. The table shows
a decrease in risk estimates with propensity adjustment for all outcome including renal events in
the full cohorf analyses. For patients undergoing complex surgery, the nisk estimate increased for
renal events in the mamn multivanate model without propensity adjustments but the increase
disappeared with propensity adjustment. With propensity adjustment, the risk estimates were
elevated 1n patients undergoing complex surgerv only for m-hospital deaths.
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Table 13. Comparison of odds ratios® and 93% confidence intervals results® from multivariate
logistic regression modeis without (MLR) and with (MLR_PS) propeasity score adjustments for
patients undergoing primary and complex surgery, Mangane et al 2606,

Aprotinin vs. Control {No use)

Primary Surgery

Complex Surgery

Cutcolne Odds Ratio 95300 CI  Odds Ratio 95% CI
Death MLR 1.6 0.8-33 0.9 §.4-17
MLR_PS 1.2 11-14 1.2 1.1-13
Renal Event MLR 23 1.3-4.3 2.6 14-50
MLR_PS 1.2 1.1-1.3 1.0 08-11
Cardiovascular Events MLR 14 1.1-18 1.1 {.8-1.6
MLER_BS 1.1 1.0-1.1 1.0 1.0-1.
Cerebrovascular Event: MLR 2.2 1.1-4.1 3 0.7-2.4
MLR_PS 12 1.1-13 1.0 09-11

¥ Rowunded to the ane decimal piaes.

3.11.3.3 Risk Estimates Consistent with Clinical Trial Data in the Lahel

The 13 Drug Safety renal results are also consistent with some of the renal nisk estimates from the

clinical treal adverse event data summarnized in the product’s label. Although the relative risks

observed are stated to be not statisticallv signeficant (possibly due to the small number of

observations), the ratio of aprotimin meidence rates compared to placebo mcidence mtes for

aprotiun were of the same magnttude as those observed in the observational studies. The relative

risk for renal faslure was 1.7 and for kidney tubular necrosis 1t was 2.0 {Table 14). The relative
risk for acute renal fatlure was only 0 8, however.

Table 14. Incidence Rates of Adverse Events (< 296) By Treatment for all Patients
from US Placebo-Controlled clinical trials

EVENT Aprotinin (A)  Placebo (P)  Relative Risk
AP
N 2,002 1,084
Thrombosis 1.0 0.6 17
Sheck 0.7 0.4 18
Cerebrovascular Accident G.7 21 03
Thrombophlebitis 0.2 0.3 04
Deep Thrembophlebitas 0.7 1.0 0.7
Pulmoaary Embolus 0.3 0.6 0.3
Kidney Failure 1.¢ 0.6 1.7
Acute Kidney Failure 3.5 06 0.8
Kiduey Tubular Necrosis 0.8 04 RE1
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3.12 Trexps!!

In October 2006, OSE provided an analysts of drug utilization pattems for aprotinin®®. Thar
review showed that, based on mpatient data from Premuer data, use of aprotinin had increased
dramatically since 2000 and replaced ammocaproic acid as the most frequent hemostatic agent
used beginning m the third quarter of 2005, Greater than 97% of aprotitun use was associated
with operations inrvolving the cardiovascular svstem dunung 2005.

This review updates the informarion presented in the previous report. To establish consistency,
the trend data are restricted to the JCD9 Operations ~Cavdiovascuiar System for the three
hemostatic agents compared and are presented by year (2000 to 2006) and by quarter (2004 to
2006).

Figure | confinms the earlier trends in the Premier “database that, for cardiovascular operations,
aprotinin use has steadily increased from the year 2000 and surpassed use of ammocaproic acid in
2005. The trend data suggest. howewer, that use of aprotinin may be decreasing beginning 1
2006. Use of tranexamic acid remams very low.

“*The drug use dataﬁ;t{;x’nmriou cannat be released to the public/non-FDA personnel without contractor approval
obtained through the FDA/CDER Office of Surveillance and Epidewmiology. =%

Figure 1. Total nunber of nationally projected hospital discharges billed for
selected hemostatic agents from Premier network of hospitals, Year 2000 - 2006
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Source: Premier Rxddavier ddvicor™ Years 2000 - 2005, Exvacred Jdy 3, 2007.

Figure 2 shows trend data by quarter beginung 11 Q1-2004 through Q4-2006. The downward
trend m hospital discharges mentoning aprotinm use begins towards the end of 2005 and
continues through the second quarter of 2006 then stabilizes. The beginning of the downward

¢ Frajecivd Pariant Distharges represent national et Praper Pevspeerive™ comanz dum from approximarely 450 hospiral:
Srow Jarmunry 2000 hrough presemt with ¢ lag time of § monthe. Tha hocpitals thar conmibuse irxformarion m thiz darabaze o ¢
seiect savgple of barh Premier and U5, institurions, and de wot nececzarily reprecent all hospitals in the US. Theze data do not
include ous-pariery vrearmpers in hogpital clivdcs nor emergency deparmment: urdess the patient is admired,
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trend coincides with the first published paper (Mangano et al’, January 26, 2006) that raised
concems about the risk of aprotinin use and followed by the FDA September 8, 2006Public
Health Advisory {Appendix 1). Use began to stabtlize after the publication of the second paper
(Karkouti et al*, March 2006).

Figure 2. Total number of nationally projecied hospital discharges
billed for selected hemostatic agents from Premier network of
hospitals, 102004 - 4Q2006 By Cuarter
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Table 13 shows that between 2000 and 2005 patrents who received aprotinin during their
cardiovascular operations were more [ikely to have longer hospital stays than patients receiving
anunocaprotc acid or tranexaniic acid but the average hospital stay for amunocaproic acid has
steadily increased over the years to be nearly comparable (10.2 days) to the average stay for
aprotuun {11.6 days) in 2008 suggesting that aminocaproic acid may have been used for more
complex surgenies m 2006,

Table 15, Average length of stay (ALOS) for patients rveceiving aminecaproic acid, aprotinin, and
tranexamic acid by year - linited to cardiovascular operations.

2000 2001 2002 2002 2004 2008 2006 Total
Total 8.7 a7 9.9 99 10.1 10.6 10.7 10.1
Aminocaproic acid 83 ¢3 8.4 9.3 9.8 9.9 10.2 9.6
Aprotinin 114 11.2 1.2 10.8 10.7 11.2 11.6 111
Tranexamic acid 2.4 106 .3 89 83 89 90 9.0

Source. Premior RxMaries Advizor™ Yeavs 2000 - 2608, Exwacred July 3, 2007,

““Ilie drng nse datasinformanion caunot be released to the publicsnon-FD.4 personnel withott contractor approvel
obtained through the FDA/CDER Office of Surveillance and Epidemiology. *
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4 DISCUSSION

The 13 report presents results from a large hospital-based cohorr study that used admenistrative
data to assess risk of acute revascularization, acute heart failure, stroke, acute renal failure, and all
cause m-hospital death for recipients of aprotinin compared to users of other antifibrinolvtics
(tranexamic and anunocaproic acid). The strength of this study 1s 1ts abilsty to 1dentify and
capture information on 3 large number of patients undergomng CABG surgery. The main
limitation, acknowledged by the investigators, is the use of adnunistrative data rather than clinical
data to 1denufy medical outcome and to ascertain covariates that nutigate patient risks. In
addition to multivanate analyses, the mvestigators conducted sensstivity and limated sub-
analyses. to evaluate potential confounding.

Despite the study’s hatations, the findings showing an increased risk for acute renal failure are
compelling because the results are consistent with results from other studies, with labeled adverse
events from in the clinical tnals, and with reports of spontaneous adverse event. Liver disease as
an mdependenrt predictor of renal failure and death could suggest a possible hepatic-renal
association that results etther because aprotinin is used in a vulnerable population (pre-exssung
lrver disease) or because of 1-hospital medical complications. Findings for in-hospital death,
stroke, and acute heart faifure m this study decreased with mcreasing covarate
adjustnient suggesting the existence of possible residual or unmeasured confounding.

To confirm findwngs, the investigators proposed to validate renal and death outcome through
medical record verification which the mvestigators claim 15 possible whereas the sponsor claims
1t 15 nof possible. In addition, the mvestigators have revised the protocol and himuted its scope to
the renal and death outcomes.

The resules of this large study supports the renal associations with aprotinin use seen in the other
observatronal studies whetler these studies compared aprotmin use with other antsfibrinolytics or
with no use. These other studies were smaller mn scope but had access to more detailed and
specific clinical data. In addition. there 15 currently m progress a Canadian climeal trial? designed
to determume 1f aprotinin use 15 super1or to epstlon-aminocaprosc acid and tranexamic acid in
decreasing postoperative bleeding, 1n mminizing exposure to any blood product. and in
decreasing both fatal and life-threatening or sertous post-operative conclusions.

5 CONCLUSIONS

Despite the ltmitations discussed above, the analyses conducted by the 13 Dmig Safety Group
offer a robust assessment of aprotiun use and also confirm renal effects reported by other studies.
Elevated nisks for cardiovascular events, and stroke, however, were likely associated with
uncomtrolled confounding 1n thus sady. Elevated risk esrimates for death were also reduced when
controlling for confounders but remained elevated nonetheless. The risk estimates for death
appeared to be haghly correlated with the risk estimates for renal events. Risk estimates for renal
dysfunction remained stable when analyses were adjusted for confounding and show a high
hikelihood for an association with aprotinm use. OSE/DDRE reconumends that medical records
be reviewed to confirm renal failure, 1o identify the possible cause of m-hospital death, and to
assess the possible contribution of liver disease to morbidity and‘or mortality after aprotinin use.

If a process 1s underway to re-analyze data collected by other tnvestigators. OSE supports the
Apgency’s efforts to also obtain and re-analyze the 13 Drug Safety’s Premuer data in an effort to

4 Blood Conservation using Antifibrinolytics: A Randomized Trial in High-Risk Cardiac Surgery Patients
(BART).
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reproduce and standardsze the analvsis of all three datasets and to evaluate, in this and other
databases, whether liver disease s a possible outcome of aprotin use. Re-analysis of the
Premuer data should mclude a stratified analysis by propensity score deciles or quintiles and
should adsust for days-smce-surgery.

6 RECOMMENDATIONS

Neo changes to the aprotinm label are advanced with this review.

(89
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APPENDIX 1: FDA PUBLIC HEALTH ADVISORY, FEBRUARY 8, 2006

FDA Public Health Advisory
Aprotinin Injection (marketed as Trasylol)

On Januvary 26. 2006, The New England Jownal of Medicine (NEIM) published an article
by Mangano et al. reporting an association of Trasylol (aprotinin injection) with serrous
renal toxicity and 1schemic svents (myocardial infarction and stroke) 1 patients
uandergoing coronary artery bypass grafting surgery (CABG). Another publication
(Transfusion, on-line edition, January 20. 2006, Karkout:, et al.) suggests an association
between aprotinin administration and renal toxicity among patients undergoing cardiac
surgery with cardiopulnmionary bypass. FDA is evaluating these studies, along with other
studies in the literature and reports submitted to the FDA through the MedWatch
program, to determine if labeling changes or other actions are warranted.

While FDA is continuing its evaluation, we are providing the following recommendations
to healthcare providers and patients:

¢ Plhivsicians who use Trasylol should carefully monitor panents for the occurrence of
toxicity, particularly to the kidneys, heart, or central nervous system and promptly report
adverse event information to Bayer, the drug manufacturer, or to the FDA MedWatch
program. as descnibed at the end of thus advisory.

« Physicians should consider limuting Trasylol use to those situations where the cluical
benefir of reduced blood loss 13 essenhal to medical management of the patient and
outweighs the potential risks.

The study reported 1 the NEIM was an observational shuly of patients undergoing
CABG who recerved either Trasylol, one of two other drugs intended to decrease peri-
operative bleeding (anunocaproic acid or tranexamuc acid), or no specific drug
treatment.

A limitation of the study was that patients were not assigned at random to receive the
treatments, but rather had their treatiment chosen by their physician as part of their
standard medical care. Consequently, patients receiving Trasylol may have been at
higlier risk to bagin with for these senous adverse events compared to patients receiving
no treatment or treatment with another drug intended to decrease bleeding. This
possibility prevents a direct assessment of whether Trasylol altered the risk for serious
adverse events. The study investigators used statistical procedures (multivariable logistic
regression and propensity-score adjustment) to try to adjust for known differences
between the treatment groups. Using these procedures. their study concluded that
Trasylol was associated with more adverse outcomes, Other findings in the study
suggested that patients receiving higher Trasylol dosages were at greater risk than those
recerving lower dosages.

The study reported 1n the on-line edition of Transfusion was also an observational study
that used statistical methodology to compare outcomes from patients undergoing CABG.

2
|
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The pauents in this study received, at physician direcuon, either Trasylol or another drug
mtended to decrease the risk for pertoperative bleeding. This study suggested that
Trasylol administration increased the risk for renal dysfuncuon. This study has some of
the same limitations as the NEJM publication.

In pre-marketing clinical studies conducted among approximately 3,000 patients
undergoing CABG, the risks and benefits of Trasvlol were determuned ta clinical studies
that randonuzed patients to either a placebo or Trasvlol. In these studies, the nisks for
serious renal toxicity and cardiovascular events were determined to be simiilar between
patients receiving Trasvlol and those receiving placebo. However, i1 one study assessing
coronary graft patency, Trasylol adnunistration was associated with an increased risk of
graft closure. The FDA will work with the authors of the publications and the
manufacturer of Trasvlol to carefully evaluate the rnisks and benefits associated with use
of Trasylol m CABG. The FDA anticipates the public presentation of the recently
reported information and other data ar an advisory committee 1n the near future. The
FDA will notify health care providers and patients in a timely fashion as new mformation
bacomes available.
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APPENDIX 2: FDA PUBLIC HEALTH ADVISORY, SEPTEMBER 29, 2006

FDA Public Health Advisory
Aprotinin Injection (marketed as Trasylol)

September 29, 2006

Since January, 2006, FDA has been conducting a safety review of Trasylol {aprotmin
injection). The review was triggered by the results of tivo published research studies: one
that reported an increase in the chance of kiduey failure, heart attack and stroke in
patients treated with Trasylol compared to those treated with other similar drugs, and the
other that reported an increase in kidney dysfunction compared to another drug. On
September 21, 2006, FDA held a public meeting of the Cardiovascular and Renal Drugs
Advisory Commiittee to discuss the safety and overall risk-benefit profile for Trasyviol. At
that meeting, the committee discussed the findings from the two published observational
studies, the Baver worldwide safety reviaw, and the FDA review of its own post-
marketing database.

On September 27. 2006, Bayer Pharmaceuticals told FDA that it had conducted an
additional safety study of Trasylol. The prelinunary findings from this new observational
study of patients from a hospital database reported that use of Trasylol may increase the
chance for death, serious kidney damage, congestive hieart fathure and strokes. FDA was
not aware of these new dara when it held the September 21, 2006, Advisory Comumittee
meeting on Trasylol safety. FDA is actively evaluating these new data and their
implications for appropriate use of the drug.

While FDA conducts its evaluation of this new safety study, we recommend the
following to healthcare providers:

+ Physicians who use Trasylol should carefully momitor patieats for the occurrence of
roxicity, particularly to the kidneys, heart, or brain, and promptly report observed adverse
event information to Bayer Pharmaceuticals, the drug manufacturer, or to the FDA
MedWatch progwm by phcme { SOO-PDA 1088) by fax (1-800-FDA-0178), or by the
Internet at hittp:/ g ¢ ¢

+ Phvsicians should cousxder hxmtmg Tr’lsvlol use to thosc situatons where the clical
benefit of reduced blood loss 15 essential to medical management of the patient and
outweighs the potential risks.

These recommendartions are sumilar 1o those provided in a February 8, 2006, FDA Public
Health Advisory and information sheets for health care professionals and patients which
were basecl on the pubhshed smdxcs mentmned abmc See

Trasylol works to slow or prevent bleeding, and is used to reduce blood loss and the need
for blood transfusion during some fypes of heart surgeries. Trasylol is made from the
lung tissue of cartle.
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In the published studies and the recently supplied Bayer study, patients were not assigned
at random 10 receive various treatments, but racther had their treatment chosen by their
physician as part of their standard medical cage. Consequently, in these safery studies,
patients receiving Trasviol may have had a higher chance for serious complications to
begin with as compared to patients recesving 1o treatment or treatment with another drug
intended to decrease bleeding. Tlus possibility complicates the assessment of whether
the available studies show that Trasvlol treatment, rather than other factors, increased the
chance for serious kidney or heart complications.

The new study was done for Baver by a contract research orgamization. Exastng hospital
data from 67,000 records of patsents undergomng coronaty artery bypass graft surgery
were examined. 30,000 of the patients were treated with Trayslol and 37,000 were
treated with alternate products. Using complex epidemiological and statistical methods,
the report suggested that patients recerving Trasyiol were at increased risk for death,
kiduey failure. congestive heart failure and stroke.

Healtheare providers and patents are encouraged to report adverse event information to
FDA via the MedWatch program by phone {1-800-FDA-1088), by fax (1-800-FDA-
0178). or by the Internet at http/“www fda gov/medwatch/index hitml.
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APPENDIX 3: EBGM SCORES BY YEAR

EBGM scores for aprotinin, anunocaprosc acid and tranexamic acid by vear.

(The monder in each box represents the number of reporss for the year. The color represents vie sivength of the
disproporsionality ZBGM zignol Only events wish a signal of 2.0 or more lower bound of the confidence interval are
presented)
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Empirical Bayes Geometric Mean (EBGM),

The Bavesian algorithm used for the data mining analysis was the Multi-Item Ganuna Poisson
Shrinker (MGPS). P *This algorithm analvzes the records contained in large post-marketing drug
safety database and then quantifies potential dig-event associations by producing a ranked set of
vahlues or scores which mdicate varying strengths of reporting relationships between drugs and
events., These scores, denoted as the Empirical Bayes Geometric Mean (EBGM), provide a stable
estimate of the relative reporting rate of an event for a particular drug relative to all other drugs in
the database bewmg analyzed. MGPS also calculates lower and upper 90% confidence linuts for
EBGM values, dencted EBOS and EB9S5 respectively.

An examination of the relative frequency of reports for aprotimn, ammnocaprosc acxd, and
tranexamic acsd was conducted by applying the MGPS algorithm to FDA's AERS database
{(WebVDME 6.0) MedDRA preferred terms (PT) were used for the analysis.

¥ DuMouchel W, Pregibon D. Emypirical baves screening for multi-item associations.
Proceedings of the conference on knowledge discovery and data; 2001 Aug 26-28; San Diego
{CA): ACM Press: 67-76.

¥ Szarfman A, Machado 5G, O'Neill RT. Use of Screening Algorithms and Computer

Svstems to Efficiently Signal Higher-Than-Expected Combmations of Drugs and Events
1 the US FDAs Spontaneous Reports Database. Drug Safety 2002; 25:381-392.

M = . fod . Y Py ’ - . = . ‘.

* The version of AERS used in this analysic ic the CBAERS version. The CBAERS database is a veformartred, integrated
tde-nermalized: version of the AERS darabasze containing wider tables wirk move complete data in each table,
Jmcilitating sysrematic vermieval and analyses.
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EXECUTIVE SUMMARY

On June 1, 2006 DDRE reviewed two recently published articles on the risk of antifibnnolytics
att aprotinin use among cardiac surgery patients. In February 2007, investigators from the first
study published the results of a long-term monality follow-up of patients who wnderwent
coronary artery bypass graft (CABG) surgery and whose results were reported i the 2006 paper.

The investigators hypothesized that use of blood-sparing therapies i general, exther aprotinm (a
serine protease whibitor). or the lysine analogs in patients presenting for coronary artery surgery
may be associated with higher long-term all-cause mortality.

This review reports on the long-term mortality follow up study. The results of the analysus
provide evidence that 1} pattents recerving aprotinin during CABG swrgery differed on
demograpluc characteristics and type of surgery (Table 3) from those who receive other
antifibrinolytics: 2) aprotinin may be an independent predictor of mortality although the nisk
estimates are sosnewhat decreased when ntroducing propensity adjustments in the analytical
models; 3} that calculated propensity scores predict antafibrinolytic rather than aprotinn use and
may not sufficiently adjust for the higher risks for which aprotinin is mdicated; 4) the mncreased
nisk observed for aprotinin may be a surrogate for wumeasured confounding associated with
related medical and surgical complexity; and finally, the rate of follow-up s imbalanced across
treatment groups m this study. Study participatton rates are lower for centers using tranexatric
acid and the loss-to-follow-up rate 15 higher in the no-use and aprotinin group and lowest for the
anunocaproic acid group. Results would differ if all or many of the patients who were lost-to-
follow-up were deceased. Other researchers’ concerns about possible differences across
participating centers, nussing covarnates usually predictive of CABG outcome, and the
mterpretation of observed results have been addressed with post-hoc analyses and the results of
these analvses did not modify the ininial study results.

OSE supports the Agency’s efforts to obtam and re-analyze the onginal data provided by Dr
Mangano to reproduce and re-analyze the data 1 an attempt 1o assess residual confoundmg. Re-
analvsis may shed some light on patient’s pre-surgical risks and their effects on m-hospatal
mortality and geographical differences. Re-analysis of the long-tenm mortality data, however.
cannot resolve the possible biases introduced by different rates of follow-up. No changes to the
aproriun label are advanced with this review.

1 BACKGROUND/HISTORY

O June 1, 2006, the Office of Surveillance and Epidemtology, Division of Drug Risk Evaluation
(OSE/DDRE} reviewed’ two recently published articles on the risk of antifibrinolytics and
aprotinin use among cardiac surgery patients. The first article’, published in New England
Joumal of Medicine on January 26, 2006, reported that treatment with aprofimun m the setting of
primary cardiac surgery was associated with an mereased nisk for renal events (odds ratio (OR) =
2.3:95% CI 1.3 to 4.3), cardiovascular events (OR=1.4; 95% €I 1.1 to 1.9}, and cerebrovascular
events (OR=2.2: 93% CI 1.1 to 4.1) compared to no exposure to antifibrinolytic therapy. The
second article®, published i the March 2006 issue of Transfusion, a case-control comparison of
aprotiun and tranexamuc acid in lugh-transfusion-nisk cardiac swegery, compared treatment with
the anufibrinolytic agent tranexamic acid to aprotinin in the setting of cardiac surgery and
reported treatment with aprotiun to be associated with a 1.4-fold mcrease {(p=0.01) 1n the nsk for
renal dysfunction.

At that time, OSE/DDRE recommended additions to the approved labeling for aprotitun to
highlight the association between aprotimn and renal dysfunction pending results of the Canadian

Ll
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Blood Conservation using Antifibrinolytics: A Randomized Trial in High-Risk Cardiac Surgery
Patients {BART), a randomuzed, double-blinded chinical traal.

Shortly after a September 21. 2006 CardioRenal Advisory Comnuttee meeting on the 1ssue. draft
results of another aprotmin study”, lead by Dr. Schneeweiss of 13 dmug safety, was made available
by Baver Pharmaceuticals, the sponser.

In February 2007, Mangano et al* published the results of the long-term mortality follow-up of
patients who underwent coronary artery bypass graft (CABG) surgery and whose results were
reported i the 2006 paper.

This review reports on the Mangano et al's” 2007 long-term mortality follow-up study.

2  REVIEW METHODS AND MATERIALS

The published study was evaluated for consistency. completeness and whether the study and
analvtical methods achieved the study objectrves. The research methods assessed mclude the
study

Design

Data Sources

Informed Consent

Study Time Periods

Population Selected

Exposure Criteria

Disease Outcome

Sample Size

Analvtcal Methods

KOO0

LU 8 TR S I T i B

3 RESULTS OF REVIEW
3.1 OBJECTIVES

3.1.7  Smudy Objecrive

The investigators hiypothesized that use of blood-sparing therapies in general, exther aprotinn (a
serine protease mhibitor), or the lysine analogs 1n patents presenting for coronary artery surgery
may be associated with higher long-tenm all-cause mortality.

Consequently, the investigators proposed to contrast fong-term (5-vear) all-cause mortality i
panents undergoing CABG surgery who recetved any of two lysine analog antifibrinolytics
(armmocaproic acid and tranexanuc acid), or serme protease mhubitor aprotimin with CABG
patients recerving no antibleedmg agent during surgery.

3.1.2 OSE Comments on the Study Objectives

It 13 important to note that the objective of this study is 1o contrast long-term mortality among
panents who had any anufibrinolyties during surgery with those that did not recerve any blood-
sparung therapy.

3.2 DESIGN

3.2.7 Study Design

The mortality study was a prospectve follow-up study designed to evaluate the mortality
expenence of the 4,374 patients undergomg CABG surgery. Of these, 1,374 received no
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antifibrinolytic therapy, 1,295 received aprotumn, 883 recerved aminocaproic acid, and 8§22
received tranexanuc acid. The results of this study were published elsewhere-.

Of the mimnal 69 participating centers (Table A-1), the wavestigators stated that 62 sites m North
and South America, Europe, and Asta agreed to complete the S-year long-tenm study. Seven
centers (498 panents) did not participate in the post-discharge phase of the long-term follow-up
study.

Investigators mterviewed patients and recorded responses on validated mstruments at 6 weeks, 6
months, and annually at 1. 2, 3. 4, and 5 vears following hospital discharge. All data fields were
adrudicated centrally at the Ischenua Research and Education Foundation by bhinded
mvestigators. National death registries such as the Social Secunity Death Registry were used to
suppltement death mnformation. All patients observed in the long-term follow-up as well as those
who died i the hospital were included in the survival analysis. Only patients observed for the
long term follow-up were mcluded m the multivanate logistic analvsis. Patients observed ia the
long term follow-up study and subsequently lost-to-follow-up {13%5) were included i the
analyses until they were censored on the date of last contact.

2.2 OSE Conunents on Study Design

The long-term mortality sty design 1s a sumple follow-up of panents who underwent CABG
surgery tn the onignal study. The mvesngators stated that only 62 (90%) of the oniginal 69
centers participated it the mortality study although only 61 centers are listed as participating: and
7 centers panicipated onty in the m-hospital phase (Appendix 1).

The authors state that only 13% of the patients were lost-to-follow-up. With 90% of centers
participating in the study and §7% of patients. 1t 15 possible to estimate reliable population rates if
1t can be assumed that the reason for non-particspation is random across treatment groups. The
loss-to-follow-up rate, however, does not appear to be random in tlus study, but appears to differ
across antifibrinolytics groups {Table 1 and Figure 1).

Table 1: Cumulative Percent of Patients Lost-to-Follow-up by Antifibrinolytic Type
at Time of Surgery (Number of Patients Lost-to-Follow-up), Figure 1 in Mangano et

al, 2007°,
Aminocaproic  Tranexamic

Neune  Aprotinin Acid Arcid Total
Follow-up Tie (1,238) 1,277y (849) (512) (3,.876)
£ weeks a1 1 0.1 0.3 1.0
§ months 24 13 G.2 0.9 2.2
1 vear 38 22 0.2 1.3 30
2 years 6.1 8.2 0.4 4.1 5.5
3 vears 28 948 09 87 8.2
4 years 11.0 11.8 t.2 0.3 8.9
3 years 177 15.0 14 123 134

Patients receiving no antifibrinolytics at the time of surgery had the lughest overall loss rate
(17.7%) compared to the group recerving anunocaprotc acid (1.4%). Patients receiving aprotinin
(13%) had the next highest loss rate. The loss 1s lugher for the no-use and the aprotimn groups
and consistently lowest for the ammocaproic acid group (Figure 13, The losses in the control (no-
use) treatment group occur early 1n the follow-up period compared to losses for aprotmin and
tranexanuc acid treatment groups. Although the mvestigators stated that Nattonal Social Secunity

(%]
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Death Registries were searched, there 5 a concern that some deaths may have been missed. Since
follow-up appears more complete for the anunocaproic acid treatment group and this treatment
was used only in North America, it is possible that follow-up was less complete for centers in
other countries. The investigators did not specify when and how frequently the National Death
Registry searches were completed and what tume periods were covered in the search. Because the
proporton of losses across groups 1s not balanced, there 15 a concem that the mortality rate
observed may not reflect the actual mortality rates in the study population.

Figure 1: Percent Loss-to-Follow-up by Treatinent Group
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15 4
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3.3 INTORMED CONSENT

3.3.1 Informed Consent

The 1nvestigators state that the study was initiated following institutional review board approval
and written imformed consent was obtamed. Specific mformation as to when this informed
consent was obtained was not detailed in this publication. The 2008 publication, however, states
that mformed consent was obtained prior to scheduling surgery.

3.3.2 OSE Contments on Informed Consent

OSE has no specific comments; the investigators appear to have followed acceptable research
guidelines mvolving human subjects.

3.4 DATASOURCE(S)

3.4.1 Data Source(s)

I the onginal shady, which forms the basis for the long-term mortaliry follow-up, the
mvestigators enrolled patients according a sampling rate of N + 50 where N was the number of
expected myocardial revasculanzation surgeries expected during a 1-year pertod at each
mstitution. There were 69 participating mstitutions in the original study 1 North America (p=40
or 58%). South America (n=2), Europe {n=23 or 33%). the Middle East (n=1), and Asia (n=3)
{Appendix 1). Approximately 63% of the centers were 11 North America and Europe in the main
study. Only 62 stated (61 listed) mstitutions participated in the long-term mortality follow-up
study: 39 1 North America, 21 12 Europe and 1 i Asia, the majority (97%) from North America
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and Euwrope. Although 7 (8) centers did not participate in the long-term follow-up study, 7 of the
8 did contribute to the in-hospital phase of the mortality study (Table A-1 i the Appendix).

3.4.2 OSE Conmmnents on Data Sources

Although the authors state thar 62 of the 69 sites participated in the long-tenm follow-up study,
the listing at the end of the published article lists 8 non-participating sstes. In-hospital deaths
from the 7 non-participating sites with 498 patients were included in the survival analysis but not
i the long-term analysis. Since 97% of the participating sites were located 1n North Amernica and
Europe. non-participatng sites may have been exciuded due 1o the difficulties of following
patient population over a long pertod of ime and’or the lack of National Death Registries i those
countries.

3.5  STUDY TIME PERIOD(S)

2531 Srtudy Time Period(s)

Enrollment commeniced on November 11, 1996. The in-hospital phase was completed on June
30, 2000. and the long-term follow-up was completed on January 5, 2006, Patients were
mterviewed at 6 weeks, 6 months, 1.2, 3, 4, and 5 years following their surgery.

2.3.2 OSE Conunents on Stuedy Tinre Period(s)

The authors provide dates for the long-term modtality study and the frequency of patient
mterviews. No time period or dates are provided for the National Death Registry searches
although death registries may have a lag of two or more vears. Based on the ume period
provided, it 1s assumed that patients were enrolled for the CABG susgery study over a 5-year
pertod between November 11, 1996 and June 2000, ar least at the North Amernican and European
centers.

3.6 POPULATION

3.6.1 Smdy Population

Although no addittonal information 15 provided in this paper on the study population. the
eligibility critena for sty enrollment in the initial study required patients to be at least 15 yvears
of age, not enrolled 1 another smdy or tral. and t able to engage 11 a pre-operative mterview.

3.6.2 OSE Comments on tlhe Study Population

The authors present the demograpluc and baseline characteristics for all patients undergoing
CABG in Table 17 of their paper. This information is identical to the information presented in
Table 1* of the 2006 paper but 1t also includes information on geographic regions not included in
the oniginal paper. A complete copy of the authors” Table A1 can be found tn Appendix 2. The
geographic charactenstics are summarized m Table 2 of this review.

Table 2 shows that. 1 the ongmal study, amunocaproic acid use occurred mostly in North
America (95.8%5) and to a lesser extent in South America (4.2%). Thus excluding the centers
from the Middle East, South Amenica, and two of the three Asian countries should not seriously
unpact the observations for this product. In fact, since the majority of the patients were enrolled
at North American, Euvropean, and Asian centers for aprotin (98.6%%), anunocaproic acid
(96.1%), and no-use {90.1%}, exclusion of the Middle East and South Amencan countries should
not affect the estimates observed for these products m the mortality study. The non-participating
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Asian centers contributed observations to the no-use and tranexanuc acid treatment groups. It is
unclear, however, how excluding two of the three Asian centers impacted the overall balance.
Results for the tranexamic acid (62.3%) are more likely to be impacted by excluding the Astan,
Naddle East, and South American centess.

Table 2: Number and proportion of study subjects in the initial study by region and the mortality follow-
up study [limited to North America, Europe, and Asia (1)} by antifibrinolytics received.

Control Aprotinin Aminocaproic Tranexamic Any
Acid Acid Antifibrinolvtics
1.374 1.293 883 5 3,000

Region N % N N % N ~ %
Europe 90 3575 895 4694 o - 405 493 L3 435
North America wg e 377 30 846 958 20 292 1463 488
Asia 27163 o 0 - N2 N 07
Niddle East 19 14 22 o - 6 78 6 22
South America 0 07 17 13 37 42 9 112 146 49
Mormality Stady 1358 901 1277 986 846 961 S12 623 2438 879

o7 Ameriea. Euwrope, Asa(13)

3.7 EXPOSURE

3.7.1 Exposure

Study subjects undergoing CABG surgery who were enrolled in the muitial study were esther mven
antifibrinolytic (aprotinin, amimocaproic acid or tranexanuc acid) or no antifibrinolytic therapy at
the time of surgery.

3.7.2 OSE Comments on Study Exposire

Exposure classification in the mortahity study 1s straightforward since the study exanunes the
five-vear mortality expenience of patients enrolled in the mtial study. These patients either
recerved or did not recetve antifibrinolyiic therapy during their CABG surgery. The
mveshgators, however, do not address whether any of these patents were subsequently exposed
to the same or different anufibnmolvtics during the 5-vear observation peniod and whether they
had additional cardiac surgery. Any additional exposure to antifibrinolytics and cardiac surgery
could confound the observations. Since follow-up information was obtained by mterview and
from medical records, 1t would seem that information on additional exposure would be available.

3.8 DISEASE OUTCOME OF INTEREST

3.8.1 Disease Outcome of Interest

The study examues all-cause mortality.

3.8.2 OSE Comments on Disease Outcome of Interest

Although all-cause mortality 15 a definttive outcome not subject 1o 1ssues surrounding case
defimitions. findmg and documenting deaths i1s more difficult. As was discussed in Section 3.2.2,
this study had an imbalance in follow-up rates across treatment groups over five years. The
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mvestigators do not discuss the follow-up methods used other than to mention that Social
Secunty Death Registnes were queried. Consequently, st 15 difficult to assess the quality and
completeness of the follow-up and the resulting measured outcome. How many attempts were
made 1o contact patients? Was a relative contacted of direct contact was upsuccessful? When and
how frequently were the registries queried?

Figure 2: Proportion deceased by initial type of antifibrinolytics therapy
given: observed deaths compared to ohserved deaths and patients lost-to-

follow-up.
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If it can be assumed that all the patients lost-to-follow-up were deceased (Figure 2), the
differences observed between no anniftbrinolvhic use compared to aprotiin use would be much
narrower {16% when wcluding lost to follow-up vs. §9% when only including documented
deaths). The anunocaproic acid treatment group 1s the only antifibrinolytic tharapy group where
combning the known deceased with those lost-to-follow-up would make very little difference 1
the proportion of deaths observed.

Geographucal and regional differences may be important surrogate confounders for incomplete
follow-up which in turn may explain differences in follow-up rates since the quality and
completeness of death registries may vary by country,

3.9 SAaMPLF SIZE

3.9.1 Sawmple Size

All CABG patients from the 62 (61) participating centers were imcluded m the morraliry follow-
up study (n=3,876 or 88.6% of the oniginal 4,374 CABG population).

3.9.2 OSE Commenrts on Study Sample Size

Since this study 15 designed to assess mortality rates in all patents that have undergone CABG
surgery during the mutial study period, sample size per se ts not so much of a concern. The
mortality population under study comprises approximately 89% of the total population and nearly
106% of those from the North American and European centers. Of concem, however, 15 the
imbalance of follow-up across for treatment groups as discussed in Sections 3.7 and 3.8
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3.10 ANALYSES AND/OR STUDY RESULTS

3.10.1 Analyses

Three methods were used to assess the mortality impact of antifibrinolytic treatment during
CABG surgery:

Survival analysis
Multivaniable logistic regression, and
Propensity score adjustment

A Cox Proportional Hazard (Survival) analysis was performed on all 4.374 pattents enrolled in
the in-hospital study. The Cox Proportional Hazard regression model with covarrate-adjusted
survival was used for this analysis. The ongin time was set as the time and date of surgery and
patients were night censored at the time of last contact. All but one center participated n this in-
hospital phase of the studv. The proportional hazards assumption was evaluated and time-
dependent covanates were incleded in the model. Cumulative mortality was calculated as 1
munus the adpusted survival.

Lad g e

The multiple logistic reoression anabysis mncluded 97 perioperative risk factors to evaluate the
assocration of drug group with 5-year mortality among patients participating in and completing
the 5-year foliow—up program. The final model assessed the association of each treatment
(aprotinin, aminocaproic acid, or tranexannc acid versus no treatment} with 5-year moriality in
the presence of the sigmificant covanates and also mcluded in-hospital outcome events.

Propensity score adjustinents were used to assess selection bias not adequately controlled by
standard multivariable approaches. Propensity scores were calculated for any antifibrinolytic
treatment versus no treatment using a nonparsimomous logistic regression model. The model
mcluded 45 treatment selection covartates. The derrved propensity scores were then used for
multrvanable covarnate adjustiment together with the antifibninolvtic drug indicator varsables.
Propensity scores were also tncluded in some of the Cox models.

Dose-response secondarv analyses for panents who recesved a low-dose or a lugh dose-regimen
were also performed. These analyses compared the mortahty expenence of aprotiuun patients
wath that of control patients.

3.10.1.1 OSE/DDRE Comments on Analyses

The mvestigators selected vanous methods to analyze their data.

The Cox Proportional Hazard (Sunvival} model 1s appropriate to assess long-term follow-up

provided the hazard ratio remams constant over time. For this study, the mode} allows
mcorporation of the survival expenience for all imtial 4,374 patents undergoing CABG surgery
untii the date of last contact. This model was also used by the mvestigators to evaluate survival
for the cohort members (4,249) who survived their index hospitalization at the 62 (81)
partncipating centers. It 1s unclear, however, whether the variables listed in Tables 2 and 3 in the
publication (see Appendix 3) were the only vanables included in the model after intial unrvanate
evaluation of the 97 covariates referenced’ in this publication and listed in Appendix 4 of this
review or whether the tables lists only the covanates that independently predicted death. The
survival analysis was done both with and without propensity score adjustments. Just like 1 the
2006 publication. it remains unclear which vaniables were used 1o dertve the propensity score and
which ones were used as covariates in the model.

Db v irgforg LTFU_Death_Appendix_Lihont
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Finally, the Cox proportional hazards model assumes that the hiazard for one group 15 proportional
over time to the hazard for the comparator group. The aprounin cumulative mortality curves in
Figure 3 of the published paper appear to be mcreasing over time faster than that for other
treatment groups. Whether thus change i slope 1s sufficient to affect the results of the survyval
analysis needs to be explored fucther.

Figure 3: Cumulative mortality curves compared among study groups, Mangano e¢ al, 2007 Figure LY
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A multvanate logistic regression analvsis was performed using the 97 penoperative risk factors
to predict long term morntality for only the patients {3,876) enrolled at the 62 (61) centers that
participated i1 the S-year follow-up study. The investigators used this model to assess the
treatment effect for aprotinin, aminocaproi¢ acid, and tranexamic acid separately compared with
no treatinent over the S-vear follow-up. Although use of propensity adjustments is not mentioned
i the methods section, 1t 15 assumed that these models were run with and without propenssty
adjustments because odds ratios for models with and without propensity score adjustments are
mentioned in the results section. Results for this analysts are not tabulated. It is unclear why this
model was selected to analyze the subset of patients enrolled at paticipating centers. According
to the mvestigators, the risk estimates obtamed by each model were not much different than those
obtamed by the survival model. It 1s at least reassuring to note that differences observed were not
due to the model selected.

Propensity scores were calculated to obtain a probabihity of being treated with an antifibrinolytic
compared to no antifibrinolytic treatment dunng surgery. The score captures information on at
feast 45 treatmient selection covariates. There are two issues with the way propensity scores were
calculated and used:

1} Of the 37 pentoperative covariates referenced (Appendix 4), 1t 1s unclear wiuch covanates
were included in the mode] used to calculate the propensity score, which ones were used
m the analvtic models {Cox Proportional Hazard / Multivariate logistic regression) for
analvsis, and which ones were completely onutted. Both of the analytic models were
used with and without propeasity adjustments,

2) Propensity scores were calculated based on the use of any anfifibninolytic compared to no
use. Only one of the three antifibrinolytics used has been approved for the CABG
mdscation in the U S, and then only for high risk surgeries. Both papers show that the
antifibrinolytics differed significantly from the control group but alse across groups.
Fewer patients who received aprotimin were African Amenican, had some college

11
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education, and had an urgent or emergency surgery than those recetving the other
antifibninolytics. Aprotinin patients, however, were more likely to have had valve,
carotid, liver disease, and complex surgery than pattents recerving the other
antifibrinobytics treatments. Therefore, a combined propensity score for antifibrinolytic
rreatment may not completely adjust for differences in nsk.

Takle 3: Selected imbalances for aprotinin group with other antifibrinolytics
groups, Mangane et al,, 2007,

Aminocaproic Tranexamic
Aprotinin Acid Acid

%o %o 2%
African American 4.3 157 128
Education {zome college or more 216 431 293
Urgent or emergency surgery 4.8 18.9 17.3
Congestive Heart Falore 431 27.9 337
Complex Suzgery 3382 323 26.6
Valve disease 25.4 9.9 i5.2
Carotid disease 17.2 12.2 123
Liver disease 1.7 7.5 8.0

3) Dose response analyses were done to assess whether mortality increased with mereasmg
dose. Dose-response analyses provide insights into cansality assessment when dose
mformation 15 available.

3.10.2 Results

Table 4 summarizes the survival and multevanate estimates reported from the analytical models
that compare each antifibrimolvtic with no use. Other mmportant predictors of mortahity 1dentified
by the models are presented publication’s tables 2 and 3 and are attached in Appendix 3 of this
FEVIEW.

Rask estimates for apronnis were consistently predictive of mortality whether all patients were
analyzed (survival analyses) or only those in the long-term follow-up and whether adjustments
were made with propensity scores. Anunocaprotc acid and tranexamic actd were not predictors
of n-hospital or long term mortality after adjusting the analytical models wath the other
covanates.

According to the survival model, the most smportant {p = 0.001) mdependent predictors of
mortality included medical history covanates (congestive heart faslure, diabetes mellitus, and
peripheral vascular disease), complex surgery, prior warfarin use, creatimune of more than 1.3
mg/dl on adnussion, and preoperative myocardial infarction. Some of these covanates (complex
surgery, congestive heart failure) showed 1mbalance across annfibrinolytic treatment groups
(Table 3).

Aprotimn was also an independent predictor of mortality. When propensity scores were
mitroduced 1n the survival model, the same covartates independently predicted death. The
statistical ssgruficance for aprotinin as an independent covanate, however, decreased to a
probability of 0.008 instead of p < 0.001.

Detatled nisk estimates obtained from the multivariate logistic regression were not presented in
the publication for any other covanates except the antifibnnolytics.
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Table 4: Hazard (HR) and Odds Raties (OR) with 95% Confidence Intervals (CI) reported for 5-year
wortaliry study, Mangano et al, 2007

Aminocaproic Tranexamic
Aprotinin Acid Acid

Cox Proportional Hazard Model HR 95% CI HR 95% CI HR 95% (I
All pattents (n=4 3743 148 1.19-183 103  080-133 1.07 0.BO-1.45
Survivors 147 114130 109 082-146 112 0.79-160
All patients with Propeasity Score 137 1.09-1.73 (.89 0468117 104 077-141
Survivers with Propensity Score 143 1.10-1.88 1.03 0.77-1.41 112 979-1.60
Multivariate Logistic Regression OR 95¢ CI OR 958p CI OR 934 (I
Participating Center {n=3.876) 1.31 1.17-194

With propensiry score 148  1.13-1983

With in-hospital non-fatal eveats as covariates 152 114202 106 0.77-1.45 1106 0.73-162

Table 5 presents the results of the dose response analysss for aprotinin. These results indicate that
the risk of death increased with higher doses of aprotinin used. The confidence mterval, however.
are wider at the higher doses probably due to the small number of patients recerving the higher
doses.

Table §: Association between aprotinin dose and mortality, Mangano et al, 2007,

Dose Odds Ratio 959% Confidence Interval
Control 1.00 Reference
Low doset 1.58 114220
High doset¥ 247 1.08-395

7 Low doze = loading = 1 millier KIU: total -+ 3 million XTT
#% High doze = loading =2 million KIU toral = 4 miflion KIL.

3.10.2.1 OSE/DDRE Comments on Study Results

The nsk estimates obtamned from the survival analyses and the multivanate analyses are very
stmilar and point to an independent effect for aprotinm on long-term mortality. Although sl
sigmficant, the effect of aprotnin decreases somewhat when propensity scores are included mn the
analytical models. Given that, with the exception of age, all other independent predictors of
mortalify are varrables that measure pre-existing medical conditions, or pertoperative nisk factors
that assume increased nisk at surgery, 1t 15 possible that the independent effect of aprotinin may be
a surrogate for unmeasured or residual confounding.

The argument supporting an independent and increased nisk associated with the aprotinin is the
consistency of the nsk estimates observed across all analytical models used and the dose-response
association observed with increasimg exposure to the product.

The arguments against supporting an independent and increased nisk for aprotnun includes the
fact that the nisk estunates for aprotnin are of the same magmtude as that for medical and’or
pentoperative predictors as well as the imbalance observed for follow-up across treatment groups.
Even the dose-response relationship, usually a good predictor of causality, may fail if the
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probability of recerving any dose of aprotinun treatment 1s directly associated with medical and
surgical complexity.

Adyustment for confounding by mdication, in this study, would have been more efficient 1if the
propensity scores had been calculated based on the probability of recerving aprotitun rather than
the probability of being prescnibed any antifibninolytic.

4 DISCUSSION

This review reporis on the long-term mortality follow up study. The results of the analyses
provide evidence that patients who receive aprotinm during CABG surgery differed on
demographics and type of sirgery (Table 3) from those who receive other antifibrmolytics.

These differences may be an indication that the covanate labeled “aprotinan’ may serve as a
surrogate for residual confoundmng, of the aprotinin tmay be an independent predictor of mortality.
That the risk estinates decrease somewhat when mtroducing propensity adjusiments in the
analvtical models argues 1n favor for the existence of residual confounding.

An uneven follow-up across treatment groups also points to a potentially snportant bsas that
could affect the results of this long-term mortality study. The loss-to-follow-up rate i1s lugher in
the no-use and aprotinm treatment groups and lowest for the anunocaproic acid group. Results
would differ :f aft or many of the patients who were lost-to-follow-up were deceased. Although
survival analyses stratified on follow-up tune since surgery could provide a better estimate of
mortality during the early period of follow-up, the smbalances appear as early as 6 months for
aprotimun and the no-use control group. An aggressive follow-up strategy would be the only way
to assess the imbalance effect on long-term mortality. Finally. the participation rate 13 lower
(62%) for centers using tranexamic acid conpared to centers using aprotinin {98%).
anunocaproic acid {96.1%6). or no use (90.1%).

The June 13, 20467 Journal of the Amencan Medical Association (JAMA) 1ssue contams four
letters to the editor addressing additional concemns about the Mangano et al’s mortality study as
well as the investigators™ replies.

Schametzkyet al® raised concerns about site-level bias suggesting differential enrollment between
European and North American centers (also addressed in this review) and suggested additional
analyses be done for pattents treated mn Ewropean centers versus those treated i North American
centers. The analyses were presented in the reply’ and showed very little differences which were
attributed to small numbers created when stranfyving by centers:

Europe HR =148:93%:CI=1.10-2.00
North America HR = 1.39; 95% CI = 0.96-2.00

Coca and Parikh® commented on the investigators’ discussion attributing a probable mechanistic
role of aprotinin as a mediator of long-term death via coronary thrombosis. Coca and Pankh
suggested that chromic kidney disease as defined may be induced by acute kadney 1ury rather
than artental thrombosis may mediate long-term hazards assoctated with aprotituin. They
suggested that the mivestigators stratify their analyses by acute mjury stats using a sensitive
definition (=235% rise in serum creatinine’ to address their hypothesis. Mangano and others in
thesr response presented results of their re-analyses evaluating the association of aprotinin use and
acute perioperanive renal myury. Their analysis of in-hospital renal events found a significant
assoctation with long-term mortality that was sinular to that observed for thrombosis-related
events and concluded that both acute vascular thrombosts and acute renal toxicity may account in
part for the relationship benween aprotinu and long-term mortality.

Renal myury related HR=176.95%CI=1.22-250
Thrombosis related HE =137.935°CI=1.09%172
14
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Shuhatber” questioned whether Mangano and others considered preoperative hemoglobin levels
either as covanates n the analvtical models or included in calculating propensity scores since
hemoglobin levels are correlated with worse CABG ouwtcome. This author also questioned
whether mstirutional policies regarding the mean number of grafts per patient, perioperative
blood loss, blood-saving teclmiques, and the level of hemoglobm resulting m transfusions could
mtroduce bias when pooling results. The mvestigators responded by stating that covariates
capturing information on anemia were included both in the Cox proportional hazard and
propensity score-adjusted analyses and found that neither hemoglobin level {admission, pre-
operative, bypass, post bypass, intensive care wut, post intensive care untt, and at discharge) nor
1ts temporal change had any independent effect on long-term mortality. In addition, inclusion of
surgical vantables mcluding condwt-related factors had nunimal effects on findings but no results
were included to support these statements.

Habib*® raised the concemn that two mmportant dererminants of long-term CABG outcomes were
not included in the analyses: 1) the extent of coronary disease such as the number of vessels
mvolved and 2) differences in grafiing approaches across centers such as completeness of
revascularization. use of mwwemal thoracic artery grafting, and arterial versus vemn grafting wich
affect long-term CABG outcomes. The mvestigators responded by refeming to Figure 3 m the
original article that show findings by five different nsk indices. With respect to differences
across sites, the inclusion of internal mammary (thoracic) artery was routine (83%%) and radial
artery use was uncommon {11.6%). Finally, m the presence of ither covanate, the adjusted HR
were sumlar for aprotinin

Thoracic artery condmt HR =1.42; 95% CI=1.13-1.77
Radsal artery condmt HR =148, 95%CI=1.18-1.85

Neither aminocaproic nor tranexatiuc acid were associated with inereased mortality in the
presence of etther conduit covanate.

5 SUMMARY

The results of the analvsis published by Mangano et al (2007} provide evidence that patients who
receive antifibrinolvtics differ on demographic, prior medical lustory, and surgical charactenstics
from those who do not (Appendix 2). The paper also notes that

s Panents recerving aprotinm during CABG surgery differ from those who receive
anunocaproic acid and tranexamuc acid (Table 3).

o  Rusk estimates obtained from survaival and multivanate analyses mdicate that aprotinin is
an idependent predictor of mortality although the risk estimates are somewhat decreased
when 1ntroducing propensity adjustments in the analvtical models.

»  Propensity scores calculated predict antifibrinolytic rather than aprotinin use and may not
sufficiently adjust for the higher nisks indicated for aprotinmn use and consequently the
mcreased risk observed for aprotinin may be a surrogate for residual or unmeasured
confounding and correlated with medical and surgrcal complexaty.

e  Study participation rate 1s lower at centers using tranexamue acud (62% vs. 2 9094}

e The rate of follow-up 1s unbalanced across treatment groups in this study. The loss is
higher in the no-use and aprotinin treated groups and lowest for the aminocaproic acid
treated croup (Section 3.2%. Results would differ +f all or many of the patients who werz
lost-to-follow-up were actually deceased.

e  (Other researchers xdettified concerns about differences across participating centers,
missng covanates usually predictive of CABG outcome, and the mterpretation of the
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observed resuits although post-hoc analyvses in response to these concems did not modify
the study results.

6 RECOMMENDATIONS

OSE supports the Agency’s efforts to also obtamn and re-analyze the original data provided by Dr
Mangano in an effort to reproduce and re-analyze the data in an attempt to assess residual
confounding. Re-analysis may shed some light on patient’s pre-surgical risks and their effects on
m-hospital mortalsity and geographical differences. Re-analysis of the long-term mortality data,
however, cannot resolve the possible biases introduced by differing rates of follow-up.

No changes to the aprotiiun label are advanced with this review.

16
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APPENDIX 1 -STUDY CENTERS

Table A-1. Centers Participating in the Aprotinin and Coronary Artery Bypass Graft Swrgery Observationa] Studies,
Mangano 1006 and 2007

Country Center Investigator
t Umted States *University of Chicage. [IL §. Aromson
2 *Weiss Memonal Hospital S. Aronson
3 *Beth Israsl Deaconess Medical Center, Boston MA M. Comunale
3 *Mdaszackusetss General Hospital AL D" Ambra
3 TlUmversity of Rochester M Eaton
& *Baystate kledical Center R Epgleman
7 *Baylor College of Medicine IFitch
8 *Duke Meadica! Center K Grichnik
3 *Umversity ¢f Texas Health Science Ceuter at San Antonic Hospral  CB Hantler
3¢ *Andie L. Murpby Memensl Veterans Hospital C3 Hantler
il *5t Lude"s-Roosevelt Hespital Z Hillel
12 *New York University Medical Center M Kanchuger &J Ostrowski
i3 *Stacford Univeraity Medical Center Chf Mangano
i4 *Yale Urniversity Madical Center I Mathew, M Foawes, & P Barash
i3 *Univessity of Wisconsit M McSweeney & R Welman
ié *Unreersiry of Arkansas for Medical Sciences CA Napolitano
17 *Duscovery Allisnce L& Neshit
i8 #*Veterans Affairs Medical Cesser, Mitwaukes N Nijhawan
19 *Texas Heart Instifute N Nussmeler
20 *Mercy Madical Center N Nussieeier
2% *Juiversity of Anizona S Polson
2 *University of Texas Medical School EG Prealizza
23 *Emory Unaversicy Hospital 7 Ramsay
24 *Xaiser Foundsnon Hospital G Poach
23 *Thornas Jefferson University Hospital N Schwamn
28 *Hahnemarn University Hospital N Schwann
27 *WA Medical Center, Houston S Shenag
28 *Marmmonides Medicai Center K Shevde
3 *4t Sinat Medical Cene L Skore-Lesserson & D Bronkeim
32 *University of Michizan I Wakr
31 *Universiry of Washingion B Spiess
32 *VA Medical Center, San Francisco Wallace
33 Auwstia *University of Graz H Metzler
34 Cavads *University of British Columbia D Anglex & JP O’'Connor
33 *Tte Toronto Hospital D Cheng
35 *Laval Hospital, Québec, D. Coté
37 *Heslth Sciences Cewre. University of Manitoba P Duke

18
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Table A-1. Centers Participating in the Aprotinin and Coronary Artery Bypass Graft Surgerv Observational Studies,

Mangano 2006 and 2007

Country Center Iuvestigator
38 *Jwrversisy of Ontawa Heart Insumute JY Dupuws & M Hynes
3% *Vmversity of Alberta Hosprtat B Finnegan
46 *Monreal Hearr Insurate R Marinean & P Conture
41 *St Michael's Hospital, Uriversity of Teronto D Mazer
£ Columbia TiFundacion Chmico Shao JC Villalba & ME Colmenares
43 France *Centre Hospitalier Régionale Universtraire, Le Bocage C Guard
£ *Hospital Pasreur C [setra
43 Gemmany *Umversizat Wirzburg CA Gremm & N Roewer
16 *Universitit Bonn A Hoeft
47 *Unrversay of Halle R Loeb & JFadke
32 *Westfalische Wilhelms- Urdversitdr Munster T Mollheff
45 *Uhiversitit Heidetherg J hfotsch & E Maran
it *Ludwig-Maximrlizns Universicdt E Ot & P Useberfuhr
3 *Umiversitdt Krankenhaus Eppendorf J Scholz & P Touner
32 *Geerg-August Unsversitdt Géttingee H Sopatag
33 Hwmpary *Orszagos Kardiologiat Imsezet A Szekely
54 Isdua *Escorts Heart Instisute R Junesa
33 **Apolio Hospital G Mam
56 Istael t*Eadassah University Hospural B Drenger, ¥ gozl & E Elami
57 Laly 1+5an Raffaele Hosprtal, Universita de Milano C Tommasino
38  Mexico Tiinstimto Nacicnai de Cardiolem Pluna
58 TheNetherlands  #¥University Hospital Maasimich: P Roekaerts & S Delange
&0 Poland *Instimte of Cardiclozy R Pfitzner
6: Fomoana *Institute of Cardiclogy D Filrpescu
£2  Thailand *+Surwa) Eespital U Prakanrattana
€3 Unrted Xinpdow:  *Glenfield Hospital DIR Duthie
54 *St Taomas™ Hospital RO Feneck
€3 *Tze Cardiotheracic Centre, Liverpoo! MA Fox
88 *South Cleveland Hospital D Park
&7 *Sowtkhampten General Hospitsl D Smits
&8 *\Manchestar Roval nfrmary A Volbira
83 *Papworth Hospital A Vuylsteke & BD Latimer

¥ Participaved in the in-hospita! phaze and the dizcharge phaze of the long-tern mortaliny zoudy.
# Did wot parricipate i the in-hospital phaze and the dizcharge phase of the long-term mortality shedy.
** Pavaicipated sa the the sn-kospiral phaze but not Hw pocr-discharge phase of the fong-tevm mortalin: study.
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APPENDIX 2 BASELINE POPULATION CHARACTERISTICS

Table 1. Sawine Chutactiishes of 43174 Study Patienss by Traitrent
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APPENDIX 3 - CO

PROPORTIONAL HAZARD MODELS
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APPENDIX 4 - COVARIATES

The following are the 97 covariates selected prospectively for mulitvariable analysis.

Cardiovazcular Variables

History of hypertenzion

Hisrory of antthypertensive Rx
{icrory of szcking: vegalariy smoked

E:ztory of smeeking: cuivent

ity of diabetes

Hisrary of diabetes VDDA

History of diaberes ZDDM}

Histary of hypercholestzolenzia

Hiztory of sngina

History of unstable angina

Praop: 2zgina‘izchemn

Praop: Left main corcnary disezze
{eardiac catheterizatzon)

Histary of myecardial mfaretion

E:ctory of myocardial infarction within 3¢ days
{prior to surgerv)

Hisory of numbser of myocardial infavetions i+ |

Preop: myocardial infamstion
Eiztory of CEF

v of CHF with hospialization
szion: CHF

reop. cxrdiomezaly [CXEK)
zop left ventricular anewryim
{eardiae cathetevization)
Preop: EF (minimum) (cardiac catheterizat:on)
Zraop: EF fnonmal-mild v moderate sevare)
{eardiac cathetenzation)
Praop. IABP
History of dyerhvtheeis
{istary of tachyarrhythmiag
Histary of conduction sbuomality
Bistory of haart bleck
Hisrory of unknows dysizythmia
sorv of valve diseaze
oy of PTCA
{1story of corenay eandartereciomy
{istory of coronary 2lReraciomy
Histary of mitracasonary stemt
Hisiory of CABG
Eizzory of valve suizery
Hizrory of other cardiac suzery
Eiztory of other nozcardiac mmgery

. ey v

LAt

Cerebrovazcular Variables
History of carofid disease
Hizstory of wansient ischemic attack
Eiztory of symcope

Listory of zeizures
History of smoks
1:0t01v of haad trauma
Eictary of carofid endartarectomy
Adonssion: sooke

Ja e

Renal Variables
Hiztorv of ranal &iszaze

Preop. creatinine

Gastroingestinal Vartables

tory of gaztromtestina] dizease
History of liver disease

Hiztory of alcakel abuze

Other Orzan Variables

History of hematelagic disorder
Hiztory of anemia

Admission: hemogiclm < 10 g
History of IV diug use

History of pulmonary disease
Histery of peripheral vascular disease

Surgical & Demographic Variables
Surgery. emergency

Surgery. wgeat

Surgery: CABG cnly

Surgary: CABG = valve (without other
cardiac/moncardiac surgery)

Surgary: othey combized surgery

Surgary: > ¥ grafts

Demo: gender

Dexo: B3A

Deme: sthnicity-African-Amernican or Eispanic or
Am. Indian

Dexce: sthmieity-Asian

Dexe: ethndeity-Caucasian

Deme: ethuicity-Hispanie

Dero: age

Dexe: privaie fnsurancs

Medication Variables

Precp: Medications-ACE inhibisors

Infraop: Medicationz-ACE izhibitors

Precp: Madicarion:-antiarchytamics

Inracp: Madicationz-antarrthythmics

Precp: Madicahion:-antenagulants

Inqasp: Medicaticns-anticoazulants

Precp: Medications-beta blockers

Intacp: Medications-beta blockers

Precp: Medication:-bronchodilators

Intracp: Medications-bronckedilators

Precp: Mazdications-calciux: channel blockers
Insracp: Medicaticns-caleinm ehannel blockars

Admizsion: Warfarin commadin (past week)
Precp: Mrdications-duwetics

Inttacp: Medications-disret:es

Preep: Medications-inotropes

Intracp: Medicationz-i
Precp: Madicatian
Praop: Medicationz-K~ chaznel blocker:
Preop: Meadication:-platelet indsibitcrs
Precp: Mzdications-peripheral vasedilaters
Intracp: Medications-transfusion: FFP
Intaop: Medicationz-trans fazion: RBL
Itraop: Medications-trans fesion-platalets

Inacp: Medicationz-antibiotics
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Statistical Section: Mangano, Karkouti, and i3 Drug Safety
Observational Studies of Aprotinin

Primary Reviewers

Mark Levenson, Ph.D. (Mangano & Karkouti Studies)
Chris Holland, M.S. (i3 Drug Safety Study)
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1.0 EXECUTIVE SUMMARY

1.1 Background and Review Objectives

Aprorinin 1s currently indicated for prophylactic use to reduce perioperative blood loss and the
need for blood transfusion mn patients undergoing cardiopulmonary bypass 1n the course of
coronary artery bypass graft surgery who are at an increased risk for blood loss and blood
transfusion. Aprotinin is the only product labeled for this indication. Three recent observational
studies have provided results that suggest that the use of aprotinin may carry with it increased
risks of certain adverse cardiovascular and renal outcomes, mcluding mortality.

Although patients who were admunistered aminocaproic acid or tranexamic acid were used in the
analvsis. these products do not have labeling as deseribed for aprotnin.

The label for aminocaproic acid states “Anunocaproic acid 15 useful in enhancing
hemostasis when fibrinclysis contributes to bleeding. In life-threatening situations, transfusion of
appropnate blood products and other emergency measures may be required. Fibninolytic
bleeding may frequently be associated wath surgical complications following heart surgery (with
of without cardiac bypass procedures) and portacaval shunt.”

The label for sanexamic acid states that 1t 1s “mndicated 1n patients with hemophihia for
short term use {two to eight days) to reduce or prevent hemorrhage and reduce the need for
replacement therapy duning and following tooth extraction.”

In January 2006 a paper by Mangano, et al. published m the New England Jowrnal of Medicine'
reported that the use of aprotmn during coronary artery bypass graft (CABG) surgery wath
carciopulmonary bypass (CPB) was associated with increased risks of renal. cardiovascular, and
cerebrovascular adverse outcomes compared to not using an anti-bleeding agent.

In March 2006 a paper by Karkouts, et al. published in 7 ransfision” reported that the use of
aprotinin for patients undergoing cardiac surgery with CPB is associated with an increased nisk
of renal adverse outcomes compared to the use of tranexamic acid. The cardiac surgenes
included CABG surgery, as well as valve surgery, and combination surgeries.

In September 2006 a prelinunary report conducted by 13 Drug Salfety3 and commnussioned by the
sponsor of aprotinin was released to FDA. The results suggested that, for patients undergoing
CABG surgery with CPB. use of aprotinin is associated with increased nsks of renal failure,
heart failure, stroke. and in-hospital death compared to the use of aminocaproic acid and
tranexanuc acid.

In February 2007 a paper by Mangano, et al. i the Journai of the American Medical Association
{(JAMA)™ reported an increase in long-term mortality associated with aprotinin compared to not
using an anti-bleeding agent. The paper was based on long-term follow-up of the patients

described n the 2006 NEIM paper.

FDA recerved patient-level data and supporting documentation for each of the three studies. For
the Mangano study, specific protocols for the prospective data collection, and analysis plans
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were submutted. For the Karkouti and 13 Drug Safety studies no protocols were provided. Details
of study design and conduct were limited to the published article (for Karkouts), the preliminary
report (for 13 Drug Safety study), and responses to FDA questions. These materials were the
basis of the FDA review of the studies.

The Mangano, Karkout1. and the 13 Drug Safety studies were all based on observational data.
The studies emploved similar methodology including nmluvanate regression and propensity
score methods to adjust for difference in baselme risk factors among the comparison groups.
Table 1 summarnzes kevs aspects of the three observational studies.

Table 1: Manzano, Karkouti, and 13 Drug Safety Study Sumunaries.

Patients Study Reported Statistical
Study Reference Group MmN Sigmficant Findings
Mangano No agent Aprotin: 1,293 Renal composite event*¥3
Cardiovascular eventt
Reference: 1374 Cerebrovascular eventt

Long-term mortality*®
Karkouti” Tranexanuc acid Aprotinin: 586 Renal dysfunction

Reference: 10,284

13 Drug Safety Anunocaproic acitd  Aprotimn: 29 358 Acute renal failure
and tranexanic Acute heart failure
acid Reference: 37.077 Stroke

Death {in-hospital)

* Entire analysis group

T Primary-swrgery subgroup

I Complex-surgery subgroup

*Complex-surgery (the population consisted of three npes of patients: CABG, CABG + valve,
Vahve alone, with CPB)

The Mangano studv was a mulu-center international, prospectively planned observational study.
The Karkoutt study was a retrospective study at a single Canadian hospital. The 13 Drug Safety
study was unique among the three studies i that 1t was based on an admimstrative claims
database and not on clinical data.

The objective of the statistical review is to evalnate the validity and robustness of the
conclusions of the Mangano, Karkouti, and 13 Drug Safety studies. Int particular, the review
exanunes the sensitivity of the study conclusions to the statistical methads employed in the
studses and unplements alternative methods. To the extent possible, the review examines each of
the studies with conunon methods. The methods promote transparency, effective diagnostics, and
ease of mterpretation.

~
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1.2 Review Findiugs
Table 2 displavs the results of the re-analysis of the three studies.

Table 2: Mangano, Karkouts, and 13 Prug Safety FDA Re-analvsis Estunates

Mangano Karkouti 13 Drug Safery

Outcome RR (953% CI) RR {93% CT) RR {95% CT)
Renal composite 1.63(1.03, 2.60)

Renal failure 2.05(1.05,3.99) 1.38(0.86.2.23) 1.82(1.61, 2.06)

Renal dysfunction 1.26 (0.76, 2.11) 1.53¢1.11, 2.1)*
Myocardial infarction 1.16{0.88.1.39) 1.42(0.71, 2.83)
Heart failure 1.05{0.75. 147 1.20(1.14, 1.26)
Coronary revascularization 1.47(1.02, 2.12)
Stroke 1.36(0.70, 2.64) 1.72(0.93,3.19) 1.24(1.07. 149
Death {in-hospital} 0.91 (0.54. 1.53) 1.18(0.79, 1.76) 1.54(1.38,1.73)

Nore: Deftnitions of the ourcomes differed among the studies. See relevant sections for
definifions.
*Based on analvsis of a subser of patients with the necessary dara.

1.2.1 Renal Outcomes

The review showed that aprotinm had the clearest effect on renal outcomes. In all three studies,
the review showed significant renal effects of aprotimin. In the review of the Mangano study, the
renal fatlure outcome, consisting of new dialysis and renal death, showed the most consistent
effect. Karkouti reported a statistically significant effect on a renal dysfuncuon outcome,
consisting of new dialysis or elevated creatinine levels. Data were not available to re-estimate
this outcome using the commen methods. However, the review did find for this study that
although not statistically significant, the effect on the renal farlure outcome, consisting of new
dialysis, was present in a range of patients. The review of the 13 Drug Safety smudy showed a
statistically significant effect on the renal failure outcome, consisting of new dialysis. For this
study, the estimated renal failure effect was the largest among the estunated outcome effects.

1.2.2 Cardiovascular Outcomes

The effect of aprotinin on cardiovascular outcomes was less clear. Mangano had found a
statistically significant effect on a composite cardiovascular outcome, consisting of myocardial
mnfarction and heart faslure, for primary-surgery patients. The review found the effect was nearly

s
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statistically sigmficant for this outcome and subgroup. However, the effect was not consistent
across patients. Karkouti did not see an effect on mivecardial infarction, the cardiovascular
outcome considered i that study. The review did not find this effect either. The 13 Drug Safety
study reported a statsstically significant effect on heart fatlure. The review showed a staustically
significant effect as well. For both the study reported and the review result, the upper limit of the
confidence interval for the estimate was relatively small compared to those of other outcomes.

1.2.3 Cerebrovascular Outcomes

Mangano reported a stanstically stgnificant effect for a composite cerebrovascular outcome,
(consisting of stroke, encephalopathy. and coma) for the primary-surgery patents. The review
focused on the stroke outcome and did not show a statistaically significant effect on stroke for the
full analysis group or for the pnimaryv-surgery subgroup. For the Karkouti study, neither Karkoun
nor the review showed a significant effect on suoke. For the 13 Drug Safety study, the study and
the review showed a stanstically sigmficant effect on stroke.

1.2.4 Mortality Qutcomes

For in-hospital death. nerther Mangano nor Karkouti showed a statistically sigmficant effect. The
review of these studies did not show an effect esther. For this outcome in the 13 Drug Safety, the
study and review showed a statistically significant effect.

The Mangano study was the only study among the tlwee that evaluated long-term mortality. The
review produced similar statistically significant effects on mortality. The review showed an
estimated nisk ratio for aprotinin versus control at 4 years was 1.39 (95% CI: 1.05, 1 84) and at 5
vears was 1.26 (95% CIL: 0.98, 1.62}. These were stmilar i size to the hazard ratio estimate
report by Mangano of 1.37 (93% CI: 1.09. 1.73). However, there was an apparent difference in
the follow-up between the aprotinin patients and the control patients. For the control patients,
27% had no post-hospital follow up or were lost to follow up compared to 17% for the aprotinin
patients.

The current review findings show a long-term mortality effect of aprotinin. Further analysis 15
being performed to understand the geographical effect and the effect of differential follow up on
this outcome.

Further analysis of the 13 Drug Safety study will compare aprotinun patients to patienis who
received no antifibrninolytic agent and will analyze outcomes using methods to adjust for varyving
lengths of in-hospital stay. At the nme of this review, data to conduct such analyses were
requested but not available. As part of this statistical review, the principal results reported by the
studies were reproduced by following the same methods employed by the respective studies.

2.0 INTRODUCTION
2.1 Background
Aprotinin 1s currently indicated for prophylactic use to reduce perioperative blood loss and the

need for blood transfusion m patients undergoing cardiopulmonary bypass in the course of
coronary artery bypass graft surgery who are at an mncreased nisk for blood loss and blood
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transfusion. Three observational studies have provided results that suggest that the use of
aprotimin nmiay carry with 1t increased risks of certam adverse outcomes.

In January 2006 a paper by Mangano, et al. published 1n the New England Jowrnal of Medicing
reported that the use of aprotmn dunng coronary artery bypass graft (CABG) surgery with
cardiopulmonary bypass {CPB) was associated with increased risks of renal, cardiovascular, and
cerebrovascular adverse outcomes compared to not using an anti-bleeding agent.

In March 2006 a paper by Karkouti, et al. published in Transfusion” reported that the use of
aprotinin for patients undergoing cardiac surgery with CPB 1s associated with an increased nisk
of renal adverse outcomes compared to the use of tranexamic acid. The cardiac surgeries
included CABG surgery, as well as valve surgery, and combination surgenes.

In September 2006 a prelimimary report conducted by 13 Drug .‘5§atf‘et}3 and commissioned by the
sponsor of aprotinin was released to FDA. The results suggested that, for patients undergomg
CABG surgery with CPB. use of aprotinin 1s associated with mcreased risks of renal failure,
heart faslure, stroke, and in-hospital death compared to the use of aminocaprotc acid and
tranexamic actd.

In Febmuary 2007 a paper by Mangano, et al. 1 the Jowrnal of the American Medical Association
(Jf’g,\/LA]f{h reported an increase m long-term mortality associated with aprotinin compared to not
using an anti-bleeding agent. The paper was based on long-term follow-up of the patients
described 1n the 2006 NEIM paper.

FDA recerved patient-level data and supporting documentation for each of the three smudies. For
the Mangano study, specific protocols for the prospective data collection, and analysis plans
were submutted. For the Karkouti and 13 Drug Safery studies no protocols were provided. Details
of study design and conduct were limited to the published article (for Karkouti), the prehimmary
report (for 13 Drug Safety study), and responses to FDA questions. These matenals were the
basis of the FDA review of the studies.

Although patients who were administered amnocaproic acid or tranexamic acid were used in the
analysts, these products do not have labeling as described for aprotiun. The label for
aminocaprosc acid mjection solution mdicates thar it 15 useful for enhancing hemostasis when
fibrinolvsis contributes to bleeding. Tranexamic acid 1s indicated 1 patients with hemophihia for
short term use (two to etght days) to reduce or prevent hemorrhage and reduce the need for
replacement therapy dunng and following tooth extraction.

2.2 Objectives

The objective of the statistical review is to evaluate the validity and robustness of the
conclusions of the Mangano, Karkouti. and 13 Drug Safety studies. In particular, the review
examunes the sensitivity of the study conclusions to the statistical methods employed m the
studies and implements alternative methods. To the extent possible, the review exammes each of

10
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the studies with conumon methods. The methods promote transparency, effective diagnostics, and
ease of mterpretation.

3.0 STATISTICAL METHODS

The Mangano, Karkout. and the 13 Drug Safety studies were all based on observanonal data.
The studies employed similar methodology including multivariate regression and propensity
score methods to adjust for difference in baseline nisk factors among the companson groups.
Data for each study were abtained by FDA so that the study results could be verified and the data
could be re-analyred for statistical robustuess. This section describes the statistical methods
used for the reanalysis. In this document the term re-analysis refers to the alternative
methodelogy applied by FDA to examine the statistical robustness of the studv findings. The
term distinguishes the alternarive methodology from the methodologies emploved by the study
investigators and verified by FDA. Issues relating to the original analyses conducted by the
investigators can be found in Section 4.1.2 for the Mangano study, Section 5.1.2 for the Karkout1
study, and Section 6.4 for the 13 Drug Safety study.

The staustical analysis approach used in the re-analysis was designed to promote transparency.,
effective diagnostics, and ease of interpretation. The statistical analvsis emploved propensity
score methiods. Propensity score methods adjust for differences in baseline nisk factors between
treatment groups. Propensity scores estimate the probability of assignment for a patient to one of
two treatment groups based on patient-leve] baseline risk factors.

The statistucal analvsis had three chief components:
1. The choice of climically relevant and statistically appropriate risk factors.
2. The development of the propensity score model, and the evaluation of treatment group
balance.
3. The estumation of treatment group effects.

Component 3 makes use of procedures described 1n the paper by Rosenbaum and Rubin’.

For concreteness, it 1s assumed in this section that the two treatment groups to be compared are:
patients who received a drug (treated group) and patients who did not receive a drug (control
group}. The methodology applies to the comparison of any two groups of patients. The specific
groups to be compared are given in the sections pertaming to each of the three smdies.

3.1 Choice of Risk Factors

Medical, emdemiclogical, and statstical expertise and input from the review team was used to
select the nisk factors. The crtena for the selection risk factors were:

Clinieal relevance to adverse events and treatment choice

Availability in the data collected in the study and provided to FDA

Appropriateness for propensity score model

Completeness of information across patients (no large amount of nussing information).

0119

Rusk factors used in a propensity score model should relate to patient-level treatment assignment
based on the baseline nisk profile of the patient. Predictors of treatment based on aggregates of

11
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patients, such as hospitals or regiens are not suitable for use in the propensity score model.
Additionally, pattent-level treatment decisions not based on the patient risk are pot suitable.

The selected risk factors were divided into two classes. The primary risk factors were considered
the most mmportant. A second set, the sensitivity visk factors, were used for sensitivity analysis.
The specific nsk factors are described 1n further detail in the relevant sections for each study.

Continuous risk factors such as age were converted to discrete variables based on the quartiles of
the nisk factor variable. The quartiles were based on the full analysis group.

3.2 Choice of Strata

The re-analysis of the 13 Drug Safety Study employed stratification to control for non-patient-
level characteristics. For example, factors such as hospital characteristics can be useful for
improving the predictability of a propensity score model. Since a surgeon’s propensity to
prescribe aprotinin may vary from one hospital to the next, hospital characteristics can be used to
create strata for which strata-specific propensity scores are estimated. The large study sample
size 10 the 13 Drug Safety study allowed for multiple hospital charactenistics to be chosen for the
creation of hospital-level strata.

The goal of the hospital characteristic selection was to choose factors that were influential with
regards to aprotinin use and balanced well enough to prevent an inadequately represented
treatment group within one of the strata. Thus, a hughly influential characteristic that was
sparsely represented by one of the treatment groups would not meet the objectives since 1t could
result i small treatment group sample sizes within the strata represented by that characteristic.
Details pertaining to the hospital-level strata for the 13 Drug Safery study are provided in Section
6.10.

3.3 Propensity Score Modeling and Evaluation of Balance

The propensity score model was developed and evaluated based on the risk factors identified by
the review team. No use of the outcome values was used in the propensity score modeling. The
propensity model was based on multivariate logistic regression. All the primary risk factors were
included in the model. The sensitivity risk factors were considered 111 a stepwise regression
(forward and backward) procedure. Pre-defined levels of significance were usad in the stepwise
procedure to determine what terms to add or remove. For the 13 Drug Safety study, two-way
interactions between the primary nisk factors were also considered in the stepwise regression
procedure.

For each study. the factors selected from the stepwise procedure for the full analysis group and
primary treatment group comparison analysis were vsed in all propensity models for the study.
That 15, the selection of non-primary risk factors was performed only once for each study.
However, the propensity scores were estimated separately for each subgroup and teatment group
comparison. The estimated propensity scores were fixed for each subgroup and treatment
comparison and did not vary by outcome.
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Patients with miussing values for any of the risk factors used mn the model were dropped from the
analysis. Because risk factors with a large number of mussing values were not considered in the
propensity model, the numbers of patients dropped from the analyses were not large. The number
of patients dropped was surmmanzed.

For each subgroup and treatment group companson, the effectiveness of the propenstty score
was evaluated using graphical methods and either ANOVA or logistic regression models. All
primary and sensitivity risk factors, including those not i the propensity model, were evaluated.
Quantiles of the predicted propensity scores were used to define propensity score strata. Deciles
were used for the re-analysis of the Mangano and 13 Drug Safety studies. Quuntiles were used
for the re-analysis of the Karkouti study because of the smaller study size i that study.

A two-way model was used to test the significance of the treatment group effect on the risk
factors adjusting for the propensity score quantile. Risk factors with a statistically sigmficant
treatment group effect were graphically analvzed with dotplots to determune the magnitude and
direction of the rrearment group umbalance.

Boxplots were used to evaluate the overlap of the propensity score distributions between the
reatment groups.

3.4 Estimation of Treatment Effects

Direct standardization was used to estiniate the treatment group estimates and effects®. The
number of patients in the treated group within each quantile was used as the standardization
weight for the quantile. With the use of these weights, the estimates reflect the treated-group
patient population.

Propensity strata were defined by the quanule. Within each propensity stratom, the proportion of
patients with the outcome event for sach treatment group was estimated. For a binary outcome
with no censoring, the proportion was equal to the number of patients with events divided by the
number of patients. The associated variance was based on the binonual distnbution. For a binary
outcome with censoring, the Kaplan-Meier estimate was be used. The associated vanance was
based on the Greenwood formula.

The summary measures were the overall estimate for each treatment group, the estimate of the
risk ratio between the treatment groups, and the associated 93% confidence intervals. For the 13
Drug Safety study, nsk differences were also calculated.

The followmg formulas were used. Let 5 be the number of strata, let ¢; be the outcome estimate
for treatment group 7 and stratum ;, and m; be the number of treated patients in strarum f. then the
overall outcome estimate for the treatment group 7 15

Z m e,

E =i —

4

> m,

=l

)
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The vartance of the estimate 15

: 3
}: m’ var(e;)

var(£)) = W’"‘/ -
)
el

For the Mangano study. s=10 since deciles were used for the propensity strata. For Karkouti,
523 since quintiltes were used for the propensity strata. For 13 Drug Safety estimates, 5=10 for
the estimates within each hospital characteristic stratum, since deciles were used within each
stratiun, and s=10%k for the overall estimates, where & represents the number of hospital
characteristic strata.

The 95% confidence mterval for the estimate 1 E, =1 96\‘ var(E))

The csnmate of the risk ratio of the weatment groups and its 93% confidence interval are,
respectiv eIV

£ nar{E) xar(Ez)‘
E, \9’ El E

The estinmti of the difference between treatment group and its 95% confidence interval are,
respectively

E -E, and E, - E, 2196 var(E.) + var(E,)

The number of patients in each treatment group and stratum were reviewed to easure individual
stratum <id not have too few pattents of either treatment group for reliable estimates.

The type 1 error rate of 0.05 was used 10 judge statistical sigmficance. No adjustments were
made for miultiple comparisons.

3.5 Choice of Outcome Measures

For the outcome measures, the statistical review primarily used the outcome measures as defined
in the studtes. In certain cases, which are noted i the relevant sections pertaining to the
mdrvidual study, minor modifications were made to the outcome definition. No sensitivity
analvses were done that looked at alternative definitions of these outcomes. For all studies, renal,
cardiovascular, cerebrovascular. and mortality outcomes were available. Qutcomes were defined
differently between the studies.

4.0 MIANGANO STUDY
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4.1 Study Summary

The sources for the evaluation of the Mangano study were the published NEJM® and JAMA*
articles and submissions from Dennis Mangano of the Ischemia Research and Educatton
Foundaton.

The Mangano study was based on patients from 69 international centers. Of these, 39 were North
American centers. Patients undergomg CABG surgery with CPB were eligible for enrollment.
The study had four treatment groups, consisting of patients receiving each of aprotinim,
amunocaproic acid, and tranexaniic acid. and patients who did not receive one of these anti-
bleeding agents. The latter group 1s referred to as the control group. The data collection was
prospectively planned. The choice of treatment was not controlled by study.

Data on patients were collected during the hospital stay mcluding baseline risk factors and renal,
cardiovascular, cerebrovascular, and all-cause death outcomes. Follow-up. post-hospital
mortality information was collected for 3 years, at 6 weeks, 6 months. 1. 2. 3 4, and 5 years
through surveys and death registries.

Overall. 3436 patients were enrolled. Among these patients. 371 were not considerad because
they did not meet? the enrollment cniteria. such as undergomng CPB. An additional 691 patients
were not considered because they recerved inadequate dose or multiple agents. or there was no
validation of dnig or dose. The remainmg 4,374 patients formed the full analysis group.

The analysis performied by Mangano was based on a pre-specified analysis plan and pre-
specified definitions of the risk factors and outcome measures were prospectively planned.

The study used two principal methods to compare outcomes among the treatment groups. The
first method was multivanate regression. For the in-hospital outcomes. logistic regression was
used. For the follow-up cutcomes, a time-to-event analysis was performed with Cox proportional
hazards regression. Risk factor covariates were mcluded i the regressions to adjust for
differences in baseline r1sk factors of the patients among the treatment groups. All four treatnient
groups were mcluded in the regressions.

The second principal method used propensity score methodology. For the principle findings, the
propensity score was defined as the probabulity of a patient of receiving any of three agents
versus not receivmg an agent. The propensity scores were estimated using the predicted values
from a multivariate logistic regression. The deciles of the estimated propensity scores were used
as a covariate in the regression models in the estimation of the treatment effects on the outcomes.
For some regression estimation of reatment effects, but not all, additional risk facrors were
inchuded as covanates.

For the mn-hospital outcomes, the study analyzed subgroups of primary and complex surgery
patients. Primary surgery was defined as elective surgery, involving CABG only, and with no
history of cardiac or vascular surgery. Other surgeries were defined as complex. The propensity
score for the entire population were used in the subgroup analysis and were not re-estimated for
the subgroups.
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For the analysis presented in the NEJM paper, panents were removed from the analysis due to

missing covariate information. For the JAMA paper analysts. missing covanates were imputed.

Seven of the 69 centers did nof participate 1 the follow-up portion of the study. The fime-to-

event analysts included the patients from these seven centers. As for any pattent m the study, if a
patient from one of these centers had an event (a death) i the hospatal, the event was countad at

the time (relative to surgery) of the event. If they did not have an event, their observation time
was censored at their hospital discharge dare.

The distnibution of the patients among the four treatment groups varied among geographical
regions. Table 3 shows that the majorities of the control patients and aprotinin patients were in
the European region. Nearly all of the aminacaproic acid patients were 1a the North Amenican
region. The differences in geographical distributions among the four treatment groups have
consequences on the treatiment group comparnsons. Differences m standard of care and patient
population may be confounded with treatment exposure.

Table 3: Mangano studyv: Patients by treatment group and geographical region.

Control Aprotinin Aminocaproic Tranexamic

N=1374 N=1265 N=883 N=822
Region n (%) 11 (%) n (%) n (%)
Europe 790 (57 899 (69) 0(0) 405 (49)
North Amlerica 328 (24) 377(29) 846 (96) 240 (29)
Other 256 (19) 19 () 37 (&) 177 22}

4.1.1 Onutcomes
Table 4 shows the ourcomes used in the Mangano study.
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Table 4: Mangano studyv: Outcomes.

Outcome

Definitian

Renal failure (in-hospital)

Renal dysfunction (in-hospital}

Renal composite (in-hospizal)
Myocardial infarction (in-hospital)

Heart failure {in-hospital}

Cardiovascular composite (in-hospital)
Stroke (in-hospital)

Cerebrovascular composite (in-hospital)

Death (in-hospital)

Death: 6 weeks, 6 months, 1. 2. 3, 4, 3 years

Required new dialysis or in-hospital death with
evidence at autopsy of acute renal failure
Required a post-operative serum creatinine
level of at least 177 pmol/L with an increase
over preoperative baseline levels of at least 62
umolL

Renal dysfunction or failure

Required either new Q waves or new,
persistent ST-segment or T-wave changes
Required output of less than 2.0 liters per
nunute associated with pulmonary-artery
occlusion pressure above 18 mm Hg, a central
venous pressure above 12 mm Hg, an §3
galiop, or rales.

Myocardial infarction or hieart fathire
Clinical diagnosed

Cluucal diagnosed stroke, or encephalopathy,
coma

Based on surveys and death registries

4.1.2 Review Issues

The review 1ssues for the Mangano study chiefly relate to the propensity score approach used by

Mangano.

Mangano used a single set of propensity scores that estmated the probability of the use of any of
the three anti-bleeding agents versus the control. When companng mdividual agents versus the
control, the use of these propensity scores may not achieve proper balance of the nisk factors
between treatment groups. This balance for individual comparisons has not been adequately
demonstrated. Additionally, Mangano used the same propensity scores for compartsons within
subgroups. Again, this use of propensity scores may not achieve proper balance.

The use of propensity scores in regression to estimate treatment effects requires the overlap of
the treatment group propensity score distributions. The overlap has not been demonstrated.

The regression treatment group effect estumates are not obvious in their underlying influences
and their mterpretability. It 1s not clear which subsets of patients influence the estimates.
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Additionally. there were geographical differenices in the usages of the agents. These differences
among the treatment groups may confound medical care and patient population ssues with
treatment effects. No adjustments for geographical differences were made by Mangano.

Sectton 4.2 summarizes the patient population and disposinon of the Mangano study. Following
this summary, Section 4.3 presents the findings related to the review of the propensity score
approach used by Mangano. This includes results on the effectiveness of the Mangano approach
i1 achieving balance between the aprotitun and control groups and results on the overlap of the
propensity score distributions between the groups. Section 4.4 presents the findings from the re-
analysis of the study based on the alternatve methods described in Section 3.0. The altemarive
method specifically addresses the pair-wise comparison between the aprotinin and control
groups. Because the alternatuve approach 1s based on stratification and direct standardization, the
underlying influences and the interpretability of the estimates are clearer. Section 4.3
summarnizes the current findings of the review.

As part of the review of the study, the principal results were reproduced based exactly on the
nlethods used by Mangano. For the NEJM paper. these results include the odds ratios and
associated confidence intervals and p-values for the renal composite outcome for the full patient
group, the renal composite, cardiovascular composite, the cerebrovascular composite, and death
outcomes for the primary-surgery and complex surgery-subgroups. For the JAMA paper, these
include the hazard ranos and associated confidence mtervals and p-values for the mortality
outcome.

4.2 Patient Population and Disposition

Table 5 shows the baseline characteristics for the apronnin patients and control patients. The
baseline characteristics are the risk factors identfied by the FDA review team (see Appendix).
They meclude all the primary risk factors and the sensitivity nisk factors selected i the stepwise
procedure. For most of these characteristics, there were statistically sigmificant differences
between the two trearmeant groups with the aprotinn group showing a higher frequency of
baseline nisk factors.
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Table 53: Mangano studyv: Patient baseline characteristics.

Characteristic g-t:;;'.? : A;:;;:;;n P-Value*
Demic: Age {mean = 3d) 63.18=z9.77 64.93=622 < 001
Dema: Male (%) BG.8 785 0.135
Demo: Body surface area (mean = 54} 1.89=020 192£0.19 <001
Demec: African American or Hispanic da) 39 4.3 0.542
Medical History: Diabetes %) 280 273 0.683
Medical History: Hematologic disorder &y +.4 7.4 <001
Medical Historv: Liver disease (%) 77 117 <001
Medical Hisrory: Platelet abnormality (%0} 1.1 1.9 0.101
Medical Histeryv: Renal disease %) 13.0 188 < (01
Medical History: Valve disease el 123 254 <001
Maedical Histoyy: Hypertension {29) 603 70.0 «.001
Medical Hastory: Congestive heart fasture %) 3532 428 <. 001
Medical History: Pulmonary disease (%0) 174 253 <001
Medical Historv: Angina 2% 92.8 878 <001
Surgical History: Previcus sternotomy o) 3.3 127 <.001
Suizical Histery: Aortic vascniar (%a) 1.1 0.9 0.670
Surgical History: PTCA P 16.1 17.3 <301
Surgical History: Noncorcnary angioplasty %) 13 33 0.002
Preop. Medicaticns: Anti-thrombotics (%) 359 71.6 <001
Preop. Medications: Aspirin £2%) 580 £0.2 0.242
Preop. Medicatons: Hepana (%) 262 293 0.077
Precp. Medications: Warfarin (2%) 4.0 7.0 <001
Preoperative Factors: Angina (%) 16.7 149 0.193
::ielif:mtive Factors: Congestive heart ) 15.4 191 0.013
Preoperative Factors: Creatinine »1.3 mgdL (%) 13.8 151 0.338
i’i:zpe:'ative Factors: Ejection fraction = ) 18.0 154 0.071
Preoperative Factors: MI %) 154 156 0.863
Surgical: CABG only ) 88.3 80.5 <.001
Sutgical: Elective () na 14.8 <. 001
Surgical: Number of mraphs 2 3 (%) 731 633 2.001
Missing Conntt {n} 67 73
*P-values for percentages based on chi-square test. P-values for means based on t-test.
FNumber of patients with at least one missing characteristic.
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Table 6 shows the unadjusted outcome rates by treatinent group. For each outcome except for
stroke, the aprotinin group had a stanstically significant, higher rate of the outcome.

Table 6: Mangano study: Unadjusted outcome rates.

Control ' Aprotinin
Outcome N=1374 N=1295 P-Value*
(%) (%)

Renal Composite 27 8.0 <2001
Renal Daalysis 1.2 3.1 <.001
Renal Dysfunction 24 3.6 <.001

Cardiovascular Composite 137 222 <001
Myocardial Infarction 126 16.4 0.005
Congestrve Heart Failure 52 88 <001

Stroke 1.7 27 0.093

Death (all cause, m-hospital) 23 43 0.004

*P-values based on chu-square test.

There was an apparent difference in the follow-up between the treatment groups. Table 7 shows
the disposition of the patient populanon by five mutually exclusive categories. Among the
control patients. 10% of the patients had no post-hospital follow-up compared to 1% of the
aprotinin patients. Overall, for the control patients, 27% had no post-hospital follow-up or were
lost to follow-up compared to 17% for the aprotinin patients. Excluding patients who died m the
hospital, 27% of the control patients had no post-hospital follow-up or were lost to follow-up
compared to 1820 of the aprotinun patients.

Table 7: Mangano study: Patient disposition.

Control Aprotinin
N=1374 N=1295
n (%) n (%)
In-hospital death 322 36 (4
Post-hospital death 96 (7) 167 (13)
Completed 3-year follow-up . )
with no death 881 (64) 849 (66)
No post-hospital follow-up 136 (10) 18 (1)
Lost to follow-up in the post- 9 "
J § 3

hospital period 229(17) 205 (16)
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4.3 Mangano Methods Evaluation

Thus section presents the evaluation of the statistical miethods used by Mangano.

The Mangano propensity scores estimated the probability of receiving any of the three active
agewts versus not receiving any agent. Table 8 shows the statsstical significance of differences m
the risk factors between treatment groups after adjusting for the propensity score using the
ANOV A method described 1in Section 2. Two sets of p-values are given. The first set reproduces
those given in Table 1 of the JAMA article and gives the statistical significance for comparison
between patients who received anv agent and the control pattents. None of the risk factors were
sigmficantly different basad on this test.

The second set of p-values gives the statistical significance for comparison between aprotinin

patients and control patients based on the same propensity scores. For this test. 7 of the nisk
factors had statistically significant differences.
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Table 8: Mangano study: Risk factor significance afier adjusting for propensity score.

Any Agent vs. Aprofinin vs.
Characteristic Control Control
P-Value™ P-Value™

Demo: Age ' 0.715 0.243
Demo: Male 0.828 0.394
Diemo; Ethnienty-African American or 0.242 < (01
Hispanic

Demo: Some college (at least) 0433 =.001
Surgery: Emergency or Urgent 0.633 0.680
Hx: Angina (imputation} 0.525 0.529
Hx: Hypertension (imputation) 0.515 0.261
Hx: Myocardial infarction (imputation) 0.804 0.624
Hx: Congestive heart failure {imputation 0.459 = (001
Hx: Diabetes (imputation) 0.367 0012
Surgery: Complex 0.432 0.003
Preop: Ejection fraction < 44% 0.682 0.761
Hx: Pulmonary disease (imputation) 0.858 0.142
Preop: Creatiune > 1.3 mg/dL 0.558 0.751
Hx: Renal disease (imputation) 0971 0705
Hx: Valve disease (imputation} 0.620 0.022
Hx: Carotid disease (1mputation) 0.422 0.004
Hx: PTCA {imputation) 0.705 0.337
Hx: Liver disease (iiputation) 0.902 0.17
Hx: Stroke (imputation) 0.638 0.139
Hx: Diabetes (IDDM) 0.502 0.216
Hx: Intracoronary stent (imputation) 0.892 0.345
Hx: Heart block (2 or 3 degree) 0817 0.769
Hx: Coronary atherectomy (impurtanon) 0987 0912

Figure 1 further explores one of the risk factors that had a statistically significant difference-
“Surgery: Complex.” Above each of the 10 propensity score strata, the fraction of patients with
the risk factor for each treatment group 1s plotted. The figure also contains the number of patients
in each treatment group for each stratum. The higher numbered strata correspond to subgroups of
patients with higher estimated probability of recerving aprotinin. These patients may be
considerad higher nsk of adverse outcomes, since aprotinin use, as seen m Table 5 was
associated with lugher frequency of baseline risk factors.

R
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For 4 of the strata, including the 3 highest strata. the aprotinin group had notably higher
fractions. It appears that the risk factor was not effectively balanced between the treatiment

groups.

Figure 1: Mangano study: “Surgerv: Complex” by treatment group and propensity score stratum.
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Figure 2 is similar to Figure 1 but compares the fractions of patients who were in the North
American region. In 7 of the 10 strata, the control group had higher fractions than the aprotimin
group. Note that overall. there was a lugher percentage of aprotinin pattents in the North
American region than of control patients (see Table 3). The difference between the within-
stratum and overall results is explained by the different numbers of patients in each stratum for
each treatment group.

The difference in percentages within the stratiun between the treatment groups represents a lack
of balance in the treatment comparison based on propensiry score alone.
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Figure 2: Mangano study: North American region by treatment group and propensity score
stratum.

2
~ | W Confrol
B Aprofinin
©
®
8 $
=
o
E 2
«
. L)
1% o .
@ L
5
g o » ® o
X o ® # ®
T ®
» [
o o
= % $3 12123 1R 13 14 158 13 1
= s DT oA 147 I ez T &5 74 35
T | -] | ] ] I T [ [

1 2 3 4 5 5 7 8 9 10

Propensity Score Strata

Figure 3 shows the Mangano propensity score distributions by treatment group. As seen i the
figure. the rwo distributions of propensity scores did not entirely overlap. In particular, the
control group had propensity scores at a low range that the aprotinin group did not.
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Figure 3: Mangano Swdy: Propensity scores by treatment group.
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Figure 4 shows the propensity score distributions by trearment group and propensity score
stratum. The figure also contains the number of patients in each treatment for each stratum. The
lack of overlap in the distnbutions is apparent in stratum 1.
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Figure 4: Mangano Study: Propensity scores by treatment group and propensity score stratum.
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4.4 Treatment Effect Re-Analysis
This section presents the results of the re-analysis of the Mangano study using the methods
described in Section 3.0

Table Al in the Appendix gives the primary and sensitivity risk factors selected by the review
team for the propeusity score model. The risk factors included all those considered in the
Mangano JAMA propensity score model with the exception of two risk factors that were not
included becavse of the large number of missing values for these risk factors, These risk factors
were “Hx: Carotid disease” and “Hx: Hypercholesterolemia.” Table Al notes the sensitivity risk
factors selected by the stepwise regression procedure.

Among the control patients, 67 (4.9%) had missing mformation for at least one risk factor in the
propensity score model and 73 (5.6%;) of the aprotinin pattents had such mussing information,

Two risk factors showed a stausticaily significant difference between the treatment groups after
adjusting for the propensity score. They were “Surgical History: CABG™ and “Surgical History:
Previous stemotomy.” Figure 5 shows the “Surgical History: CABG™ risk factor by treatment
group and propensity score stratum. The difference in treatment groups appears to be principally
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in the highest stratum. The risk factor “Surgical History: Previous sternotomy ™ had a similar
patiern.

Figure 5: Mangano study."Surgical History: CABG” by treatment group and FDA propensity
scote stratum.
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There was no statistically sigmficant difference in the fractions of patients in the North American
region between the treatment groups after adjusting for propensity score.

Figure 6 shows the propensity score distributions by treatment group and propensity score

stratum (decile). Overall, there was good overlap between the distributions of the two treatment
groups with some differences in the highest stratum.

186



Figure 6: Mangano Study: FDA propensity scores by treatment group and FDA propensity score
stramim.
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Table 9 gives the re-analysts treatment group and treatment effect estumates for the m-hospital
outcomes. Figure 7 plots these outcomes estimates. Among the outcomes, the renal failure and
the renal composite outcomes {consisting of renal failure and renal dvsfunction) were statistically
significant. The renal dysfunction outcome was not sratistically significant.
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Table 9: Mangano study: Re-analysis in-hospital outcome estimates and treatment effecrs.

Outcome Control (%) Apz‘g;:;mn Aprsztgx;g:: 'g;)u frel
Renal Composite 48 78 1.63 (1.03, 2.60)
Renal Failure 2.5 31 2.05(1.05.3.99)
Renal Dysfunction 43 54 1.26 (0.76,2.11)
Cardiovascular Composite 195 22 1.14 (0.94, 1.38)
Myocardial Infarction 14.8 16.4 1.10 (0.88, 1.39)
Congestive Heart Failure 84 88 1.05(0.75,1.47)
Stroke 20 28 1.36 (0.70, 2.64)
Deatli (all-cause in-hospital) 46 42 0.51 (0.54, 1.53)

Figure 7: Mangano study: Re-analysis in-hospital outcome estimates.
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Figure 8 and Figure 9 show the renal composite and myocardial infarction outcomes by
reatment group and FDA propensity score stratum. For the renal composite outcome, the
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aprotinin group had higher fractions in all but 1 of the 10 strata. For the myocardial infarction
outcome, the observed treatment effect was not consisted across sirata.

Figure 8: Mangano Study: Renal composite outcome by treatment group and FDA propensity
score stratum.
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Figure 9: Mangano Study: Myocardial outcome by treatment group and FDA propensity score
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Table 10 gives the re-analysis treatment group and treatment effect estimates for the follow-up
mortality outcomes. Figure 10 plots these outcomes estimates. The aprotinin group had higher
mortality estimates than the control group, starting at 6 months. As seen m the Table 10, the
treatment effect for the years 3 through 5 were statistically or nearly statistically significant.

Table 10: Mangano study: Re-analysis follow-up mortality and treatment effect estimates.

Outcome

6 Weeks
6 Months
1 Year

2 Years

3 Years
4 Years

3 Years

Control (%)

Aprotinin

(%)
48
7.0
8.2
10.7
13.0
15.9
18.1

Apretivin/Control

(95% CT)
0.93 (0.57, 1.51)
1.10 (0.73. 1.68)
1.16 (0.79, 1.71)
1.27 (0.90, 1.79)
1.34 (0.98. 1.83)
1.35 (1.05, 1.84)
1.26 (0.98, 1.62)
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Figure 10: Mangano study: Re-analysis follow-up mortality and estimates,
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Figure 11 shows the 3-vear mortality estunate by treatiment group and FDA propensity score
stratumy. The higher mortality rates for the aprotinin group were seen in 9 out of the 10 sirata.
Similar patterns hold for vears 4 and 5.
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Figure 11: Mangano study: 3-Year Mortality by treatment group and FDA propensity score
stratum.
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The subgroup of pauents undergoing primary surgery was analyzed. This subgroup consisted of
1.022 control patients and 796 aprotinin patients. The propensity scores for this subgroup did not
show imbalance m the risk factors and there was good oveclap i the propensity score
distributions between the treatment groups. There was a significant regional difference after
adjusting for propensity score. The control group had higher fractions of North American
patients.

Table 11 gives the re-analysis in-hospital outcome and treatment effect estimates for this
subgroup. Also, tncluded in the table are estimates from the Mangano NEJM paper when
available. For this subgroup, the renal failure, myocardial infarction, and cardiovascular
composite ourcomes were nearly staristically significant.
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Table 11: Mangano study: Primary surgery, re-analysis and Mangano NEJM in-hospital outcome
and treatment effects estimates.

Re-Analysis Marigano T\EJ’.\I
g Analysis®
) i Aprotinin Aprotinin/Control Aprotinin‘Control
Outcome Control (%) (04) RR (95% CI) OR (95% CT)
Renaj Composite 32 5.1 1.59 (086, 2.84% 234 (127,430
Renal Fathue 1.7 37 223094, 5.31)
Renal 2.6 32 1.21{0.60, 2.46)
Dysfunction
Cardiovascular 16.2 202 1.23(0.98, 1.38) 1.42 (1.09, 1.86)
Comgposite
Myacardial 13.0 16.6 1.27{0.98, 1.66}
[ufarction
Congestive Heart 4.5 6.4 1.41(0.87, 2.29)
Failute
Stroke 13 16 1.48(0.66,334)
Death (all cause, in 20 25 1.28 (G.57.2.85) 139 (076, 3.348)
hespital}

* Available only for composite outcomes.
Figure 12 and Figure 13 explore the renal composite and myocardial infarction outcomes by
propensity strata. For the renal composite outcome, 1 9 of the 10 strata, the aprotinin group had

higher fractions. For the myocardial infarction outcome, the pattern was less clear. For this
outcome, in the highest stratum, the control group had a igher fraction.
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Figure 12: Mangano Study: Primary surgery, renal composite outcome by freatment group and FDA

propensity score stratum
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Nete: For strata 3 and 5, both groups had zere events,
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Figure 13: Mangano Study: Primary surgery, myocardial mfarction by treatment group and
propensity score stratum.
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4.5 Summary and Discussion

The staustical review has addressed several important 1ssues of the Mangano study. These
imchade the effectiveness of the Mangano propensity scores in achieving balanced treatment
group comparisons, the use of regression to estunare treatment effects, and the existence of
regional differences.

It was found that the Mangano propensity scores did not achieve balance between the aprotinin
and control groups for important risk factors. Differences between the treatment groups in these
risk factors mayv lead to biased treatment effect estimates. Additionally, there was a regional
difference between the trearment groups that persisted after the propensity adjustment.

It was found that the Mangano propensity score distributions of the aprotinin and control
treatment groups did not overlap in the lower range of propensity scores. Withour overlap over
the whole range of estimated propensity scores, the treatment group effect estimates are sensitive
to the form of the regression model.

The Mangano study was re-analyzed with an alternative approach based stratification and direct
standardization. The approach promotes ransparency, effective diagnostics, and ease of
interpretatton. Using this approach, the treaunent group effects were estumated for the aprotinin
patient population.

The treatment comparison considered was between aprotuun patients and control (1o agent)
patients. In addition to the full group of patients, a subgroup of primary surgery patients was

analyzed.
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The renal composite (renal failure or dysfunction) cutcome was statistically significant for the
full group of pauents. The renal failure outcome was nearly statistically sygnificant for subgroup
of primiary surgery patients. The aprotmin patients had consistently mgher fractions of the renal
composite outcome over a range of patient risk levels, as measured by propensity score.

For both the full group of pattents and the subgroup of primary surgery patients, it appears that
the renal composite effect was assoctated with renal failure and not necessarily renal
dysfunction. For neither group of patients was the renal dysfunction cutcome statistically
sigmificant,

For the myocardial infarction outcome. no statsucally significant difference between the
treatment groups was found in the whole population. For the subgroup of prumary surgery
patients, the difference was nearly stanstically significant.

The effect of aprotinin on the renal composite outcomie extends over a range of patient risk level
The effect was seen for both 1n the full group and primary-surgery subgroup and over a range of
propensity scores for both groups.

The effect of aprotinin on the myocardial outcome was not pronouvnced. The effect was not seen
it the full group and was nearly significant for the primary-surgery subgroup. Withim the
subgroup, the effect was not consistent across patients, as measured by propensity score.

The effects of aprotinin on mortality at the ttme points 3 through 3 vears were statistically or
nearly statistically significant. The estimated risk ratio for aprotinin versus control at 4 years was
1.39 (93% CI: 1.05. 1.84) and ar 5 years was 1.26 (93% CI: 0.98, 1.62}). These were sumilar in
s1ze to the Mangano hazard ratio estimate of 1.37 (95% CI: 1.09, 1.73) (calculatad with
propensity adjustment).

However, there was an apparent difference 1 the follow-up between the aprotimn patents and
the control patients. For the control patients, 27% had no post-hospital follow-up or were lost to
follow-up compared 1o 17% for the aprotinin patients.

As i any observational study, there exists the potential for unadjusted confoundmg. Differences
1n treatment groups may be related o vnmeasured nisk factors or measured risk factors that are
not properly adjusted for.

Work 15 ongoing on subgroups based on geographical regions and subgroups based on age, sex,
and race. Additionally, analysis of the patients with the highest propensity scores may lead to
further understanding of the highest risk patents.

5.0 KARKOUTI STUDY
5.1 Study Summary

The sources for the evaluation of the Karkouti study were the published article and data
submitted to FDA by Keyvan Karkouts of the Unnversity of Toronto
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The Karkout: study was a retrospectrve cohort study of 5 years of surpical data at a single
Toronto, Canada hospital. Patients undergoing cardiac sargery with CPB were eligible for the
study. The cardiac surgenies included CABG surgery, as well as valve surgery, and combination
surgeries. The agents aprotiin and tranexamic acid were compared for safety and efficacy.

The hospital guidelines reserved aprotinin for high-risk patients and tranexamic acid for other
patients. According to the paper. aprotinin was reserved for patients with active endocarditis,
undergoing complex surgery requuring prolonged CPB, or had at least two previous sternotomies.
According to Karkout:. 1n practice there were deviations from the gurdelines, which created the
possibility of comparing the agents.

According to the article. there were 10,870 patients available in the study. Of these 586 (5.4%6)
received aprotinm. The majority of aprotinin patients underwent valve or combination surgeries.
In contrast, the majority of tranexamic acid patients underwent only CABG surgery.

Note that there were 33 patients with duplicate records in the tranexaniic acid group in the
dataset recetved by FDA. The duplicated records were removed from the FDA analysis.

The study used propensify scores and matching to estimate treatment effects. The propensity
scores of receiving aprotinin were estimated using the predicted values from a multivanate
logistic regression. Patients receiving aprotimin were matched to those receiving tranexamic acid
using a greedy matching procedure based on the estimated propensity scores. Among the
aprotinin patients, 449 were matched to a tranexamic acid patient. The study showed that the
matched pairs were comparable in terms of the risk factors.

The study assessed safety outcomes with paired comparisons within each match pair using
conditional logistic regression.

511 Outcomes

Table 12 gives the safety outcomes used in the Karkourn study. In the Karkoutt study, the renal
dysfunction outcome was a composite outcome encompassing either a new need for dialysis or
elevated creatimne levels. There was no outcome based only on creatinine levels. The renal
dysfunction cutcome was only available for the 449 matched pairs of patents.
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Table 12: Karkouti study: Safety outcomes.

Outcome* Definttion
Renal failure (mn-hospital) New requirement for dialysis support
Renal dysfunction (in-hospital) 50% increase in creafinine concentration

during first postoperative week to more than
100 umol per L i women and 110 pmol per L
i1 men or a new requarement for dialysis
SupporT

Myocardial infarction (in-hospital) New Q wave on postoperative
etectrocardiogram OR
MB 1soenzyme of creatme kinase = 30 U per
L. the CK-MB/CK ratio ™ 5% and new
electrocardiogram changes

Stroke (in-hospital) Evidence of a persistent neurclogical deficit

Death {m-hospital)

*There was one additional safety outcome, senious infection, that was not considered 1n the
review.

5.1.2 Review Issues

The primary review objective for the Karkouti study was to re-analyze the study using the
methods described in Section 3.0. The re-analvsis explored the robustness of the study
conclusions and allowed for more direct comparisons between the aprounin studies.

Section 5.7 summarizes the patient population and disposition of the Karkouts study. Section 5.3
presents the findings from the re-analysis of the study. Section 5.4 summarizes the current
findings of the review.

As part of the review of the study, the principal results were reproduced based exactly on the
methods used Karkouti. These results include the p-values for the treatment group comparisons
for the renal dysfunction, renal failure, myocardial infarction, stroke, and death outcomes.

5.2 Patient Population and Disposition

Table 13 gyves the baseline charactenstics for the aprotinin patients and tranexamic patienits. The
baseline characteristics included in the table are those nsk factors identified by the FDA review
team (see Appendix}. Note that race informanen was not collected m the study. The
characteristics mclude all the primary risk factors and the particular sensiuvity nisk factors
selected 1 the stepwise procedure. For most of these characteristics, there were statistically
significant differences between the two treatment groups. Rigk factors related to the hospital
guidelines for the use of aprotmin, e.g., active endocarditis and CABG only surgery. showed that
the expected differences between the treatment groups.
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Table 13: Karkout: study: Pantent baseline charactenstics.

Tranexamic

Characteristic Acid AE;:;;!?“ \Ff;; o*
_ 1 v=10251 T :

Demo: Age {mean =sd) 62391201 5539 +£16.61 <001
Demo: Female (%) 253 34.6 < 001
Medical History: Diabetes %o} 26.7 118 <001
Preop. Medications: Aspirin (%e) 36.1 171 <001
Preop. Medications: Heparin (%) 212 18.8 0.163
Preoperative Factors: Angina (%3) 430 143 <.001
Preoperative Factors: Artial %) 38 188 < 001
fibrilarion
Preaperative Factors: Congestive (%a) 20.0 514 =001
heart failure
Preoperative Factors: Creatinine (%) 15 46 <.001
abnormal
Preoperative Factors: Ejection (%) 202 227 0.148
fraction + 40%
Preoperative Factors: Endocarditis (%0) 05 §2 <061
Preaperative Factors: Hb level {(mean=sd) 134301508 12734+20.72 =001
Preoperative Factors: INR {mean = sd) 1.09+0.19 120+£0.30 =001
Preoperative Factors: MI (%) 16.5 72 =001
Preoperative Factors: PLT count {mean=sd) 232.02+£6923 2254318041 0.028
Preoperative Factors: Recent (%) 89 324 <001
catheterization
Preoperative Factors: Shock (%e) 1.2 4.1 <.001
Surgical: Urgent (%) 17 189 <501
Surgical Historv: Previous (%) 50 61.1 <.001
stermotoiny
Surgical: CABG ouly (%) 66.9 10.9 <.001
Surgical: Number of graphs 3 (%) 66.3 183 =001
Missmg Counrt . () 45 13

*P-values for percentages based on chi-square test P-values for means based on t-test.

+Number of patients with at least one nussing characteristic.

Table 14 gives the unadjusted outcome rates by treatrent group. For each outcome except for

myocardial infarction, the aprotinin group had a statistically significant, higher rate of the

outcome.
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Table 14: Karkouti smdy: Unadjusted outcome rates.

Tranexamic . .

Acid Ap_rotmm

Outcoine ’\';l 0251 N=586 P-Value*
ST (%)

(%)
Renal Failure 1.2 38 = 001
Myocardial Infarcuon 23 14 0.867
Stroke 1.3 36 <001
Death {ali cause, in-hospital) 15 72 <001

*P-values on chi-square test.

5.3 Treatment Effect Re-estimation
Thus section gives the results of the re-analysis of the Karkouti study using the methods
described in Section 3.0,

Table A2 in the Appendix gives the primary and sensitrvity risk factors selected by the review
team for the propensity score model. The risk factors included all those considered in the
Karkouti with the exception of two 115k factors, cardiac arrest and pump duration. These risk
factors were not included m the propensity score modeling, because they age perioperative and
may be considered outcomes and not risk factors.

The 1tial propensity score model estimated the effect recerving aprotiniu versus tranexamic
acud for the full patient group. Five strata were used for propeusity score strata rather than 10

because of the smaller number of aprotinin patients as compared to the other studies.

Among the tranexamic acid patients, 43 {¢.4%) had mussing information for at least one nisk
factor in the propensity scare model and 13 (0.2%) of the aprotinn patients had such missing
mformation.

Figure 14 shows the propensity score distributions by treatment group and propensity score
stratum. Strata 1 through 3 had insufficient aprotinin patients for analysis.
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Figure 14: Karkouti Study: FDA propensity scores by wreatment group and propensity score
stratum.
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An analysis subgroup of patients consisting of patients in strata 4 and 5 was defined. The
subgroup had 353 of the 586 full-group aprotinin patients (94%). Table 15 gives the baseline
characteristics for the subgroup, Comparing Table 15 to Table 13, it is seen that the analysis
subgroup has much more sinilar rates for CABG only surgery between the treatment groups.
Only 17.2% of the tranexanuc acid patients and 8.0% of the aprotinin patients in the subgroup
underwent only CABG surgery.
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Table 15: Karkout: study: Patient baseline charactenistics, analysis subgroup.

Characteristic

Demo: Age

Demo: Female

Medical History: Diabetes
Preop. Medications: Aspirin

Preop. Medications: Heparin

Preoperative Factors:

Preoperative Factors:
fibnlation

Preoperative Factors:
heart farlure

Preoperative Factors:
abnormal

Preoperative Factors:
fraction =< 40%%

Preoperanve Factors:
Preoperauve Factors:
Preoperative Factors:
Preoperauve Factors:
Preaperauve Factors:

Preoperative Factors:
catheterization

Preoperative Factors:

Surgical: Urgent

Angina
Artial

Congestive
Creatinine
Ejection

Endocarditis
Hb level
INR

MI

PLT count

Recent

Shock

Surgical History: Previous

sfermnotomy

Surgical: CABG only

Surgical: Number of graphs =3

Missing Count?

{mean = sd)

(%)
)
(%)
)
%)

%)
(%)

(%)

(%)
{mean = sd)
{mean = sd)
(%)
{mean * sd)
%)
(%)
©a)
%)

(%)

)

(n)

Tranexamic
Acid
N=3759
6052+ 1471
33.7
160
226
183
240
118

2
-
ta

v
|

206

1.3
132.65+16.57
112+£0.24
10.8
22559 +£69.02
202

172
31.8
0

Apratinin
N=353
547921659
349
10.8
163
192
12.8
19.5

N
b2
lad

6.7
225 54 £ 81.57
327

38
18.3
63.7

80
15.6
0

P-

Value*
<.001
0.388
0.002
< 001
3.633
<001
< 001

<001

0.01

*P-values for percentages based on chi-square test. P-values for means based on t-test.
*Number of patients with at least one nuissing characteristic.

The propensity score were re-estimated for the analysis subgroup. Figure 15 shows the
propensity score distnbutions by treatment group and propensity score stratum for this subgroup.
The overlap 1n the distriburions of the two treatment groups for the sirata appeared good.
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Figure 15: Karkouti Study: FDA propensity scores by treatment group and propensity score

stratum, analysis subgroup.
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The only statistically significant difference in risk factors after adjusting for propensity score was
the factor “Preoperative Factors: ML Figure 16 shows that the difference between treatment

groups for the risk factor was predomunately in stratum 1.
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Figure 16: Karkouts study: “Preoperative Factors: MI” by rreamnent group and FDA propensity
score stratum, analysis subgroup.
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Table 16 gives the re-analysis treatment group and weattuent effect estimates. The table includes
the treatment effect estimates based on the Karkouti matched patients. The Karkout article does
not include these estimates, but they were calculated using the method siated in the Karkouti
article. The renal dysfunction outcome estimates could not be re-analyzed because the outcome
was available only for the matched patients. Figure 17 plots the re-analysis treatment group
estimates.

For none of the outcomes avatlable for the re-analysis was there a statistically significant
treatment group effect. This is in agreement with the matched patient analysis. However, the

matched-pair analysis showed a statistically significant renal dysfonction outcome treatment
group effect.
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Table 16: Karkouti study: Re-analysis and matched-patient ourcome and treatment effects

estimates, analysis subgroup.

Outcome Tm(x});;)&ml
Renal dvsfunction™

Renal failure 4.1
Myocardial 18
Infarction

Stroke 21
Death (in-hospital) 6.1

Re-Analysis

Aprotinin (%)

[l
th O

36

72

Apretinin/Tran.
Acid
RR (95% CI)

1.38 (0.86.2.23)
142 (0.71, 2.83)

1.72(0.93,3.19)
1.18 (0.79, 1.76)

Matched-Pair
Analysis
Aprotinin/Tran,
Acid
OR (95% C1)
133 (1.1, 2.12)
1.85(0.94, 3.63)
1.22(0.51,2.95

1.15 (0.55, 2.43)
0.90 (0.54, 1.51)

* Renal dysfunction outcome was only available for matched patients,

Figure 17: Karkouti study: Re-analysis outcome estimates, analysis subgroup.
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Figure 18 shows the renal failure outcome by treatmesnt group and FDA propensity score
stratuny. In 4 of the 5 strata, the aprotinin group had a higher fraction for the outcome than the

contro] group,

Figure 18: Karkouti study: Renal Failure by treatmient group and FDA propensity score siratum,
analysis subgroup.
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§.4 Summary and Discussion

The Karkout1 study was re-analyzed with an alternative approach based on stratification and
direct standardization. The approach promotes transparency, effective diagnostics, and ease of
interpretation.

Based on initial propensity score estimates, an analysis subgroup of patients was defined that had
suffictent numbers of patients for each treatment group and propensity score stratum. This
subgroup contained the vast majority of the mitial aprotinin patients (553/386, 94%). The
patients in the subgroup were majority valve or combination surgery patients. The propensity
scores were re-estunated for the subgroup. The new propensity score estimates effectively
balanced the twreatment groups with respect to the risk factors. There was good overlap in the
propensity score distributions of the two treatment groups.
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For the analysis subgroup of patients, the renal failure, myocardial infarction, stroke, and 1n-
hospital death outcome treatment group effects were not statistically significant. Although. the
renal failure outcome did not have a statistically significant treatment effect. the aprotimin group
had a higher rate of the outcome over a range of patient-risk levels. represented by propensity
score.

The results were simular to those reported 11 the Karkouti study, which used matched-pair
analysis. Both the re-analysts approach and the matched-pair analysts provide treatment group
effact estimates for the aprotinin patient population.

The Karkouu study also analyzed a renal dysfunction outcome (new dialysis or elevated
creatinine levels). The outcome was not available for the entire patient group and could not be
re-analyzed

Based on the matched-pair analysis, aprotinin was associated with higher nisk for the renal
dysfunction outcome.

As 11 any observational study, there exists the potential for unadjusted confounding. Differences
in treatnient groups may be related to unmeasured risk factors or measured risk factors that are
not properly adyusted for.

Work 15 ongoing on subgronps based on age and sex.
6.0 I3 DRUG SAFETY STUDY

6.1 Data Source

An analysis data set provided by the spouser (supplied by 13 Drug Safety) in a subnussion dated
March 8, 2007 represents the primary source data for this review. This analysis data set was
used for the draft version of the study raport dated September 13, 2006.

This analysis data were derived from Premier’s Perspective Comparative Database (PCD). This
15 a large hospital-based, service-level comparanve clamms database. Approxmmately one-sixth of
all hospitals across the United States provide data to the database. Collected patient information
includes patient demographics (1.e. age. gender, and admission source), principal and secondary
diagnoses, principal and secondary procedures, pavor, length of stay, cost of care, drug
utilization, department cost and charge detail. day-of-stay, and physician specialty. Detailed
service level mformaiton 1s available for each hosptal day. This mcludes medication
information (1.e., drug nante and strength, quantity dispensed and nmt cost). In-hospital
mortality information is also obtained.

A limitation of the data 15 an inabthity to fully characterize the temporal relationships between
events. which are represented by codes. Even though some codes have dates associated with
them. the absence of timnes makes 1t difficult to deternune whether an event occurred before or
after other events that occurred on the same day. For example, if a dialysis and a CABG
procedure were charged on the same day. one would not know which event occurred first. Other
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codes, such as those for certain discharge diagnoses, do not have dates assoctated with the
diagnosis, so one would have to ufer whether they represent pre-existing conditions or events
that occurred during admission.

6.2 Patients

The origmal data extract from the Premier database identified 162,687 patients who undenwent
CABG surgery between January 1, 2003 and March 31, 2006 (the draft study report incorrectly
states that the start of this tune period was Apnil 1, 2003). Of these, 16 patients were excluded
for either being <18 vears of age of having an unknown gender and 77,732 were excluded
because they recerved no IV antifibninolytic during CABG. Of the 84,939 patients who received
an IV anufibrinolytic during CABG surgery, 3.112 received multiple antifibrinolytic agents and
15.392 recesved what was considered to be an imadequate dose of an antifibrinolytic agent. An
inadequate dose was defined as less than two mullion units (1.e. fewer than two vials) for
aprotinin, less than 10g (1.e. fewer than two vials) for aminocaproic acid, and less than 1g (Le.
fewer than 1 vial) for tranexamic acid. The exclusions left 66,4335 patients who were eligible for
the study and who represent the full study population.  Of these patients, 29,358 received
aprotinin, 33,719 received ammocaproic acid and 1,338 received tranexamic acid. Figure 19
provides a patient flowchart that summarizes these resulrs,

162,667 patients
undergoing CABG surgery

18 <18 years old or unknown sex

77,732 received no IV AF during
CABG

84,939 patients received IV
AFs during CABG surgery

» 3,112 received multiple AF agents

15,392 received an inadequate
66,435 patients in the study dose of their AF agent

}

37.077 patients in non-aprotinin group

29,358 patients in
aprotimin group [

35,712 in aminocaproic acid 1,358 palients in ranexamic
group acid group

Figure 19: Study Flowchan (source: study report)
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Data for the subjects who recetved no antifibrinolytic agent has been requested so that
comparisons between aprotinin pattents no treatment patients could be made. However, at the
tune of this report these data were unavailable.

6.3 Outcoines

Study outcomes and their definitions, along with other comments and limitations of their
denvations are provided i Table 17. Acute coronary revascularization, stroke, acute heart
failure, acute renal failure, and death were cutcomes used in the 13 study.

Table 17: Study Outcomes and their Defuutions and Derivations

Outcome Definition Comments/Limitations

Death Any patient with a discharge
status of “Expired” (UB-29 codes
20-29 and 40-42)

Stroke Indscated by the presence of a s Assumes that discharge diagnoses of
discharge code for post-operative stroke, 1 the presence of procedure use on
stroke or ischesmuc stroke the day of or after surgery. wese for strokes
{excluding TIA), or procedure that occurred after surgery onty.

codes for stroke diagnostics
and/or therapeutics. Excludes
hemorrhagic stroke

Acute renal Indicated by the presence of + Not assessed for pauents with pre-existing
. ki . . N -
failure'? codes for hemo- or peritoneal renal faslure and patients with no post-
dalysis or hemofiltration surgery follow-up.

s Excludes events on the day of surgery.

» Discharge diagnosis of renal failure not
required

* Not based on lab {creatimne) values

Acute heart Indicated by the presence of » Not assessed for patients with no post-
failure' codes for dobutanune use or left surgery follow-up.
ventricular assist device use.  Excludes events on the day of surgery.

« Dobutamine use not as severe as left
ventricular assist device use.
» Baselme dobutanune use not accounted for.

Acute coronary Indicated by the presence of ¢ Excludes events on the day of surgery.
revascularization' codes for thrombolysis. PTCA. or e Not assessed for patients with no post-
redo CABG sirgery follow-up.

' Three hundsed fiftv-three (333) patients were discharged on the day of their CABG surgery. For outcomes that
could not be assessed ca the day of surgery. the implementation by 13 Drug Safety counted patients as not having the
outcome for these patienss. In this review. outcomes that can not be assessed on the day of surgery are set to
missing for these patients,

“ The implementation by i3 Drug Safety counted post-surgery dialysis as a renal failure outcome when pre-surgery
dialysis was present. In this review, this outcome is missing if pre-surgery dialysis codes exist.
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Unless footuoted 1n the table above, the derivations of these outcomes came directly from the 13
Drug Safety analytic data set. Without a medical chart review. the sensitivity and specificity of
these outcome defumtions is difficult to ascertam.

6.4 Review Issues

The primary analvsis in the 13 Drug Safery report utilized multivariate logistic regression models
to estimate risk ratios associated with aprotinin use. With this approach. treatment group effects
are adjusted to account for treatment group differences relating to confounding risk factors. One
drawback is that the model can fail to adequately create a balance between treatment groups if
the factors do not adequately overlap. Without proper investigation, such an occurrence will
often go unnoticed. * The purpose of propensity score methodologies i3 to create a balance
between treatment groups with respect to the measured confounding risk factors. Proper
implementation requires that the balance between groups be checked and venfied before going
ahead with analysis. In the original 13 study report, the information provided about the balance
between treatment groups with respect to nisk factors was limited.

A secondary analvsis in the 13 report made use of propensity score methods, but there are
problems with the implamentation. Most notably. many of the covariates used m the propensity
score model are mvalid propensity sconing covariates because they are either not associated with
the outcomes, they are not measured or determined before the decision to admunister an
antifibrinolytic agent, or they are not patient-level factors. These are discussed i further detail
mn Section 5.8,

As a result of the methodalogical deficiencies, the primary focus of this review was on a re-
analvsis of the data using the same analysis data set used for the 13 report. Unless otherwise
noted, the derrations of the covanates and outcomes were not altered. Comparisons between
results conducted for this review and results reported 1n the 13 smdy report appear in Section
6.13.

Although available in the Premier database, the 13 Drug Safety analysis did not make use of
patients who recetved no antifibrmolytic agent. At the time of this review. data for these patients
had been requested, but not yet recerved.

6.5  Primary Analysis

Risk rarios between treatment groups were calculated for each of the outcome measures defined
in Table 17 for the full study population (defined m1 Section 6.2). Associated 95% confidence
intervals were calculated as described in Section 3 4.

Because of the small number of patients in the tranexamic acid group relative to the aprotinin
and anunocaproic acid groups, these two groups were combined to represent the control group.

6.6  Sensitivity Analysis
Although the Premuer darabase 1s a large and comprehenstve source of information for the
research objectives, there are certamn limatations (described below) that could present a bias to
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overall conclusions. In order to test the tmipact of these limitations, a series of sensitivity
analyses will be performed.

6.6.1 Analyses to Adjust for the Length of Hospital Stay

In the context of this study, a patient’s follow-up penod is defined as the number of days in the
Liospital fallowing CABG surgery. If one group has a longer follow-up peniod, then the chance
of observing events is greater. In order to address this potential cause of bias, two sensitivity
analyses were to be conducted. One evaluated outcome rates on a per patient-week basis. For
this. the unit of analysis was the total number of events for a particular group divaded by the total
nuniber of weeks of follow-up for patents in that group. For outcomes that can be ascertained
on the dav of CABG surgery. the follow-up period includes the day of surgery. For all other
outcomes the follow-up period does not include the day of surgery. Parients who were
discharged on the day of surgery could not be evaluated for these outcomes.

Another way to handle the 1ssue of differing follow-up times 1s with time-to-event
methodologies. However. the analvtic data set used for this report lacked sufficient information
to conduct such analvses. This wformation has been requested and will be used for future
analyses.

6.6.2 Analyses to Address the Iimpact of Baseline Covariate Informatian

Agnother shortconung relating to claims data 1s that manv of the vanables (outcomes and risk
factors alike). are not explicitly collected. They are derived from what 15 observed in the data.
Four risk factors used 11 the propensity score models could only be assessed on the days prior to
CABG surgery (renal failure, warfarin use, angina, and anti-archythmia doug use). Since 34% of
the patients received CABG surgery on the day of their hospital admission, there exists a
substantial number of patents for whom the true value of these risk factors 1s unknown. Many
of the remaining risk factors. although ascertamable for patients undergomg surgery on the day
of their hospital admission, are more likely to be observed with increasingly long pre-surgery
hospital stays.

In order to investigate whether the overall results may change in the presence of increasing
covariate mformation, the propensity score methodology was repeatedly run on patient
populations that are restricted to patients who spend 1 and >3 davs i the hospital prior to the
index CABG surgery. For each set of propensity score models, the c-statistic, a measure of the
models” predictive ability, was retamed to deternune if the approach does result in more accurate
propensity scores.

6.6.3 Analyses that Excludes Patients in the 10® Propensity-Score Decile

Preluminary results suggested that propensity score balance was generally very good. However,
in a few of the hospital-level strata, box-plots of the 10® decile revealed a number of aprotmun
patients with high propensity scores thar were unmatched mn the control group. Such a result
may mdicate that the aprotinin group still had a higher risk of adverse outcomes.

In order 10 mvestigate whether the overall results mav be mfluenced by potential imbalances 1n
the 10 deciles. an analysis that excluded all patients 1n all 10% deciles was performed. In order
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to determine whether these patients were truly at lugher risk, a simular analysis that only includes
patients 1 the 10% decile was also performed.

6.7 Subgroup Analysis

Subgroup analyses were conducted on the following subgroups:
o Males

Females

Elderly (=635 yvears of age)

Non-elderly (<63 vears of age)

Whites (Caucasian)

Non-whites (Blacks and “other™)

For each subgroup, the methods used were 1denncal to those used for the primary analysis with
exception that patients were divided into propeusity score quintiles mstead of deciles. This was
to avoid strata sample sizes for the smaller subgroups that may be considered too small to
conduct a meaningful analysis.

6.8 Baseline Characteristics

6.8.1 Patient-level Risk Factors

Many of the factors used 1u the 13 Drug Safety mulivanate logistic regression mode! and used
for their propensity score models were not considered candidate risk factors for the propensity
score models 1 this review. This was either because the factor was not a patient-level factor
{such as hospital characteristics and surgeon CABG volume), 1t was not defined as a strictly pre-
operative factor (such as cardiac arrest, fibrinolytic or direct thrombin inhibitor use, plasma
expander use, or the transfuston-related factors), or 1t was nof related to the safety outcomes
(marital status, vear of admussion). The factor for complex surgery was not used because it 1s a
composite of three other factors: Redo cardiac surgery. additional cardiac surgery. and previous
coronary procedurs.

Table 18 sumumarizes. by treatment group, the patient-level risk factors considered for the
propensity score models. Because of the large sample size, the power to detect small treatment
group differences 1s relatively large. As a result, the p-value associated with the treatment group
difference 1s less than 0.05 for most of the nisk factors, even when the difference between groups
appears small. For example, 71.5% of Coatrol patients are males comparad to 70.8% of

aprotunn patients. The p-value for this difference 15 0.044. The only factors for which the
associated p-values are (.03 are COPD/asthma (p=0.061} and diabates (p=0.628).
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Table 18: Sunmary of Panent Risk Factors by Treatment Group—Al Antifibrinolytic Patients

Treatnent Group

Aminocaproic and

Tranexamic Acid Aprotinin
ON=370TT) {¥N=29,3%5)

Risk Facter u (%) n (%) p-Value!
Patient age {1 018
Mean=3D §52=10.82 66.8=10.86
*ediag (Range) §6.G(18.0.89.0) §7.0(19.0- 83.0)
Age Quardle «QR01%

=38 10441 (28.2) 7109 230

39-687 18062 27.1) 374258

68-74 22222 TITR.0,

w=75 8328 (22.5) 218270
Race category «(.001%

White T34 2236878}

Black 1998 ( 3.4y 1343(46.3)

Other ITRLY 4347 (15.5)
Male 28497 (715 2377276.8) 0.044#
Emergency admission 19577 (3283 14722300} <1 001%
Liver disease 3IFEC1LM A7 (LA =0 001%
Redo cardiac surgery 602 (18} 1273 (4.3 <3 O01%
Additional cardiac surgery T8 1184y 7644 (26.2) <, 001%
Previous coronary procedure 47157107 3926 (13.8) Q0182
Preexisting renal failure 396010 490 1.7 <0052
Warfarin drags 21408 264 (0 (.00
Smoking history 331 (172 533418 0.001=
Low income status 157242 1033(3.5) <3 0018
Hypertension 4338 (63.7) 19022 (54.8) 0.013#
COPDiasthna 8228249 T122(24.3) 1.061
Cancer 3062(83) 699(9. =001

! p-Valne is from a chi square test for categerical data and a t-test for continwous data
bl Y 3 w, » - .
* Only assessed on the day prior 1o swrgery. so value is coded as “unknown’ 1f surgery was on the day of adanssion

% p=0 03
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Table 18: Summary of Patient Risk Factors by Treatment Group—All Antifibrinolytic Patients

(continued)
Treatinent Group
Aminocaproic and
Tranexamic Acid Aprotinin
(N=31.077 (N=29,358)
Risk Factor 1 {46} n (%) p-Value!
Antiarrhythmia drugs” 00018
No R EAREY) IR RAERY)
Yes 3039(8.0 2484 (8.5)
Unknown 13317 (33.% 9863 (33.6)
Angina (use of nitrates) «.001#
No 10107 27.3) £688 (29.6;
Yes 13635 (36.8) 10807 {36.8)
Unknown 13317651y 9863 (33.6;
Diabetes 26180 (70.6) 26679 (70,45 G528
Old MI pHE S EN 4371149 «0.001%
Old stroke 1619¢4.4) 1526 ¢5.2) =Q001#%
CABG dav (relative to hospital admission} =3 0015
Meaut5D 31=281 33=3.06
Medizn (Ranga) 25(10-610) 20(18-470)
CABG day category (refative ro hospital “0.001%
admission)
! 133170359 9865 (33.6;
2 7701 (23.8) 3989 {2043
33 10612 28.6) 2420287
&+ 3447 (147 3086 £17.3)
Number of vessels affected at CABG =QO01%

1

‘or 1 I

i+

5637 (18.0}
12793 (34.5)
11485 310
5112 (16.3;

§105 Q0.8)
0447 (323
8943 (30.5;
4861 (16.6)

* p-Value 15 from a chi square test for categorical date and a t-test for conzinnons data

* Only assessed on the day prier to surgery. s¢ vaiue is coded as mknown' if surgery was o the day of aduussion

#po0.03

Many of the nsk factors occur at higher rates 1n the aprotinin group. The exceptions are with
respect to males (rates shown above). emergency admissions {32.8% 1n the control group vs.

50.1 1n the aprotmin group). and hypertension rates (65.7% 1in the conirol group vs. 64.8 in the

aprotinin group). Such a result demonstrates the need for propensity score adjustments.

6.8.2 Hospital Characteristics

Table 19 summmarizes the hospital characteristics by treatment group. For all charactersstics
except mural‘urban status, the p-value associated with the treatment group difference 15 <<0.03.
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Table 19 Summary of Hospital Characteristics

Treatment Group

Aminocaproic and

Tranexamic Acid Aprotinin
(N=37077) (N=19,358)
Risk Factor n (%) n{%) p-Valuel
Hospital beds «3.501=
Mean=5D $35.1£220.28 3176=23741
Median (Range} 46301200 - 1836.0) 476.0{120.0- 1836.0)
Bed size category “3.00i=
low {=<400) 13567 (36.9) 10622 (36
Medium (400-643) 12002 (32.4) 9097 (318}
high {650+) 11408 (30.8) 9632 (32.8}
Hospital CABG volume =0.001%
Mean=5D 25+958 235=037
Median (Range; 30010-3.0) 3o06-30
Hospital geographic area 0.00t=
MID'WEST 7364¢19.9; 4873 (166

NORTHEAST
SOUTH
WEST
Teaching hospital
Rural hospital

4415 {11.9)
20403 (3500
4893 (13.2)
20819 (36.7)

2701 {73

2326 (8.6)
817G (8L
3783 {12%)
13674 (3343
2160 ¢7.4)

&
s

8
o

o}
ol
(]
—

* p-Value is from a chi square tes: for categoncal data and a t-tes: for continuous dats

# p<0.05

6.8.3 Hospital Length-of-Stay

Table 20 displays descriptive statistics for the total hospital length of stay, the day of CABG
surgery relative to hospital admission, and the number of days between CABG surgery and
hospital discharge. The number and percent of patients with zero days of follow-up 1s also

summarized.
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Table 20: Hospital Length of Stav, Day of CABG Surgery, and Number of Follow-up Days

Aminecapreic and

Tranexamic Acid Aprotinin
Category N=3T.07T) (N=29,338)
Hospital Length of Stay
Mean = SD 9421743 10.5749.05
Median (Pange) 701178 2.0(1-2063
Day of CABG Surgery
MearxSD 310281 334 2309
Mledian {(Range) 20(1-61% 200147
Number of Follow-up Days
MeantSD 7.331657 824 £8.11
Median {Racge) 6.0(0-173 6.0 (0-204
Zero Davs of Follow-up
n (24) 11600.33 237 (08

On average, aprotinin patients have lengths-of-stay and follow-up periods that are roughly one
day longer than non-aprotinin patients. The day of the CABG surgery relative to hospital
admission 15 similar between the two groups. More than twice as many aprotinin patients have
zero davs of follow-up compared to non-aprotinin patients. Of these patients, all but 6 aprotinin
patients and 1 non-aprotinin patient died on the day of the dav of surgery. As mentioned in
Section 6.3, patients with zero days of follow-up were dropped from analyses of outcomes that
could not be assessed on the day of CABG surgery {acute renal failure, acute heart failure, and
acute coronary revascularization}.

6.9 Propensity Score Modeling

Table 21 lists the 25 model terms selected for all propensity score models. There were 9 prunary
risk factors selected with input from project statstcians, climicians, and epidemiologists. They
were forced to be imncluded regardless of the statistical significance relauve to the other model
terms. The remaunng model factors were selected by the stepwise selection algorithm as
described in Section 3.1. The only candidate nisk factors not chosen by the stepwise procedure
were hypertension, diabetes, and cancer, leaving 10 terms for model inclusion. Of the 36
possible two-way interactions (9 choose 2}, 6 were chosen by the procedure.
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Table 21: Propensity Score Model Factors

Primary Risk Factors Additional Risk Factors Interaction Terms
Age guartile Race Gender by Redo cardiac surgery
Gender CABG day caregory Age quartile by Additional cardiac
Emergency admission Number of vessels Sprgery

Additicaal cardiac surgery by Redo

Liver disease Smoking history X
) . cardiac surgery
Redo cardiac surgery Low income statas o .
N ) Pre-existing renaf fashue by Age

Additional cardiac surgery Asthma quattile
Previous coronatry procedure Anti-arrythmic medications Pre-existing renal failure by
Pre-existing renal fatlure Aagina (use of nitrates} Previous coronary procedusre
User of warfana O1d mryocardial infarction Eiver disease by Warfarin use

Old stroke

6.10 Selection of Strata

As discussed in Section 3.2, hospital characteristic strata were chiosen so that statum-spectfic
propensity scores could be developed with greater predictive ability than non-stratified scores.
The chosen hospital factors were south vs. non-south, high CABG volume (650) vs. non-lugh
CAGB volume. and teaching vs. non-teaching. This resulted in 2°=8 strata. The number of
patienits 10 each treatment group for each of these 8 stratum 15 shown in Table 22.

Table 22: Strara and Sample Sizes

Number of
.{lninocapr.oic a{zd Number of

Stratum Trmi::’:::‘:&“d Aprotinin Patients
South, High Volume, Teaching 10,803 6,469
South, High Volume, non-Teaching 3417 3776
South. Low Velune, Teaching 869 3,342
South, Low Velume. non-Teaching 5314 4383
Noa-South, High Violue, Teaclhung 6.093 3481
Noa-South. High Volume. non-Teaching 1,612 2452
Non-South, Eow Volume, Teaching 3.054 2,372
Nea-South, Low Volume, nen-Teaching 5915 2873
Total 33077 20358

Qverall, the control group 1s 26% larger than the aprotinin group. Identifving the strata where
this sampling ratio (1:1.26) 1s noticeably different substantuates the need for stratiun-specific
propensity score models. Examples are the South. Low Volume, Teaching stratum
(ratio=1:0.26) and the Non-South, High Volume. non-Teaching stratum (ratio=1:0.66) where
there are considerably more aprotimn patients; and the Non-South, Low Volume, non-Teachmng
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stratum (ratio=1:2.06) where the number of control patients 1s more than double the number of
aprotifin parients.

6.11 Assessment of Propensity Score Balance

Post-adjustment balance was assessed as described 1 Section 3.3, One diagnostic used was
logistic regression models that treated the risk factors as responses and the decile, treatment
group, and decile-by-treatment group interaction as model factors. In the tnvestigation, the
treatment effect was not found to be sigmificant at the 0.05 level in any case. The treatment-by-
decile interaction was significant for the age quartile factor for 2 of the § strata. With the
possible exception of some of the 10™ deciles in some of the strata. box-plots revealed very good
propensity score balance across the deciles. As aresult of the pood balance, no patients were
dropped from the promary analysis because of inadequate balance.

6.12 Primary Analysis of Outcomes

Table 23 displays crude (unadjusted) outcome rates, risk differences (RDs). and nisk ratios (RRs)
for each of the six outcomes. The sub-sections that follow provide results for 2ach outcome
adjusted for hospital characteristic and propensity score dectle strata.

Table 23: Crude (Unadjusted) Qutcome Rates, Risk Differences. and Risk Ratios

Treatment Group
Aminecaproic and
Tranexamic Acid Aprotinin
N=370TD (N=29,355) Risk Difference Risk Ratio

Risk Factor n {%) n (%0} (950 CT) {9505 CI)
Dizath 4037077 (2.3 E366/2933B(4T) 00210018, 0.024) 1.84 (1.6, 199}
Swoke FHAAT0TT LY 61529358 ¢ 2.1y 0.006¢ 0004 0008y 1312 15D
Acute Renal Failure® 60936567 (1.7;  BRHIABGIGCINY 0014(0012 0017y 1.86(1.68 208
Acute Heart Failure! 48036961 (12,13 405623127 {13.9) 0.018(0.013,0023) 1.13(1.10,1.208
Agute Coronary Revasculanzation® Q36961 (0.5 88720121 (0.3y  GO00(0.000, 0000 11B8(0.88 137

* Only patienzs with post-surgery follow-up are included in the analysis
* Patients with pre-existing renal failure are excinded from the analysis

6.12.1 Death

Figure 20 and Figure 21 display the RDs and RRs, respectively, by stratum and overall for the
outcome of death. Results are consistent across all § strata. In all strata, the risk is higher among
aprotimun patients. In all but one stratum for the risk difference (the second smallest one) and all
but two strata for the risk ratio (the smallest two) the Cls do not overlap the reference point of
equality between groups (0 for the RD and 1 for the RR). The overall nisk difference estimate
of 1.64 indicates that one can expect an additional 1.64 deaths in the aprotinin group compared to
the control groups per 100 patients in each group. The overall risk ratio of 1.54 mdicates that the
nsk of death 1s 34% greater m the aprotinin group compared to the control group.
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Strata (N)

South, High Velume, Teaching { 17272

South, High Voiuma, Mon-Teacking (7163 )
South, Low Voiume, Teaching (4211 )

South, Low Vziume, Nor-Teaching { 9887 )
Ken-South, High Veiume, Teaching { 9584 )
Mon-South, High Woitme, Mor-Teachirg { 4364 )
Mor-South, Low Veiume, Teaching { 5423 )
Mon-South, Low Yolume, Mon-Teaching { 3785 )

Overall { 83428 1

All Antifibrinolytic Patients
Cutcome= Death

4 -2 G 2 4

! i | I i

Risk Difference per 100 Patients

ROTE: Vaiugs greaies than T indicate goaster risk for aprotinin patents

RD (35% Cl)

151{C58,2.28)
152(0.77.257)
D54 {-1.37, 225
1.35{0.42,2.28)
135¢1.11,272)
184(C.21,225)
255(1.23,3.83)
1.92(0£8, 257}

1844 128,20%)

Figure 20: Rusk Dafferences for Death

Strata {N}

South, High Yolume. Teathing { 17272

South, High Voiume, Mor-Teaching { 7783 )
Zaudh, Low Waiuma, Teaching (4211}

Zoutn, Low Yolume, Mom-Teacking ( 9367 )
Ron-Gouth, High Yoiumae, Teacking ( 2584 )
Kon-Sout, High Voiume, Mon-Teaching { 4084
Non-South. Low Volurne, Teaching { 5428 }

Nor-South. Low Vsiume, Non-Teaching ( 87838 1

Owerall { 83435

All Antifibrinolytic Patients
Outcome= Death

—
0.1

[ i 1
032 1 3.16

RR and 95% Confidence Intervai

MOTE: Valuss greater thar 1 incicate graater nsk for aprodnin patents

1
10

RR (5% Cf}
1421127175
1.4%{120,23%)
1.154{C.7D, +34)
1.38{1.09,1.74;
1.74{1.37,2.20)
218{0.83,50%)
1534 133,257
1851 1.203,218)

194 {138,173

Figure 21: Risk Ratios for Death
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6.12.2 Stroke

Figure 22 and Figure 23 display the RDs and ERs, respectively, by stratum and overall for the
outcome of stroke. Results are relatively consistent across all § strata. The nisk is higher among
aprotintn patients 1n all but one strarum. The 93% Cls contam the point of equality in all bur 2
strata (for both the RD and RR). The overall 85% CI lies above the point of equality for both the
RD and RR. The overall RD estimate 15 .41, The overall RR estimate 15 1.24.

Strata ()

South, High Velume, Teaching{ 17272

South, High WYo:ume. Nor-Teaching { 7163}
South. Lew “eiuma. Teaching (4211

South, Low Voiume, Mon-Teacking ( 9887 }
Han-South, High Wislume, Teaching | 2584 }
han-3outh, High Yoiume,. Non-Teaching ( 4084 }
Mon-Zouth, Low Woiume, Teaching ( 5428 |

Man-South, Low Yolume. Non-Teaching { 8783 )

Ceralt { £8435 |

All Antifibrinolytic Patients
Outcome= Stroke

RD (95% C))

e 028(-0.15 0.70}
<<<<<<<<< ... S 0.22¢-0.82, 119}
o B 013{-1.34 107
- 0.27{-0.42 085
B 0.5¢{0.10, 1.13}
R— 0.39¢-0.22.221

- 1.15¢ £.29, 4.90)

2. 084 (0.0, ¢ 23)

- 0.4140.34,088)

MOTE: Yalues greater thar C indicate greater isk ‘a7 apretinin patients

Risk Difference per 100 Patients

Figure 22: Risk Dafferences for Stroke
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All Antifibrinolytic Patients
Outcome= Stroke

Strata (N} RR {95% Cl)

Zouth, High volume, Teaching { 17272 ) T 1.15{ 082, 1.509

South, High Yaiumea, Man-Teaching (71853 } . 1.1%¢C.73, 168}
Zouth, Low Voiume, Tesching ¢ 4211} e B D331 C48, 1.771

South, Low Yoiume  Non-Teaching { 2567 ) i e 1.12{€.83,1.5Y)
Hen-South, High Yoilume, Teacking ( 9584 § o R 1.3% { C.BE, 1.50}
Kon-South, High Youima, Man-Teaching (4064 ) - 1584 {0.71,4.78}
MNon-Couth, Low Wsiume, Teacking (5425 ) e G 1.95¢ 1.24,3.15)
MNor-Soutn, Low Volume, Mor-Teachking { 5725 | “a 143{1081,2202)

Owerall | 25425 § —— 1.24 {107, 1.44)

| T | T |
0.1 032 1 316 10

RR and 95% Confidence Interval

POTE: Values greater than 1 ingicate greatar risk fer aprotinin patents

Figure 23: Risk Ratios for Stroke

6.12.3 Acute Renal Failure
Figure 24 and Figure 23 display the RDs and RRs, respectively, by stratum and overall for the

outcome of acute renal failure. Results are consistent across all 8 strata. For all strata and for the

overall result, the risks are higher among aprotinin patients and the 95% Cls do not contain the

point of equality for any RD or RR. The overall RD estimate 15 1.40. The overall RR estimate 15

1.82.
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All Antifibrinolytic Patients
Qutcome= Renal Failure

Strata (N)
South, High Volume Teaching{ 1£031) s
South, Higa Voiume, Non-Teacring { TOIZ ) e — g
Sowh, Low Voiume, Teaching (4285 ) -
Scu. Low Yolurne, Mon-Teazking (971D ) s e
Non-Geul, High Yolume, Teashing (8414 ) s e

Non-South, Hign Wolume. Nor-Tedzhing ($023 )
Hon-South, Low Vo'ume, Teaching (8263 )

Hon-South, Low Yoiume, Non-Teaching {2652 )

Drograli { BE2CH

T T T T
-4 -2 0 2 4

Risk Difference per 100 Patients

GOTE: Values greater Tan £ indicatw greawr risk for aprotisin pacests

RD (35% CJ)
1061665, 1.50)
145 {068,231
185(1.00,2.78)
130(085.212)
.24 (0.0%, 1.52]
$40{0.72, 2013
182(C82,28%)
205 112, 2901

140 {114, 187}

Figure 24: Risk Differences for Acute Renal Faslure

All Antifibrinolytic Patients
Outcome= Renal Failure

Strata (N)
South, High Yolume Teashing { 14921
South, High Vourne, Ner-Teaching (7082 )

Sewh, Low Youme, Teaching {4095 )

INCGTE: Valugs greater than | inticale greater risk for apretinin paterts

Scut, Low Volume. HonTeaghing [ 4710 ) i

Non-Scud, High Volume, Teashing (8414 ) o e
Naon-South, Mgh Volume, Non.Teaching (£023) - A

Non-South, Low Yoiume, Teazning [ §288) o g
Hon-South, Low Yorume, Ner-Teazning (8652 = -

Cuerall { 63228 1 e
{ 1 1 I |
0.1 D32 1 315 10
RRand 95% Confidence Interval

RR (95% C)
1231125 187
186( 125,298
325( 144,721
1B (127,24%
©36(1.04, 175}
3T 168.758
125(122,271)

L2148, 274

1221 181,208

Figure 25: Risk Ratios for Acute Renal Fatlure
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6.12.4 Acute Heart Failure

Figure 26 and Figure 27 display the RDs and RRs, respectsvely, by strarum and overall for the
outcome of acute hieart failure. Results are relatively inconsistent across the 8 strata, but
consistent between RD and RR results. For both the RD and RR. estimates for 6 strata indicate a
higher risk among aprotimn patients. For half of those 6 strata, the 95% CI does not contain the
point of equality. The overall nisk is hugher among aprotitim patients and the 95% CIs do not
overlap the pomt of equality. The overall RD estimate 15 2.30. The overall RR estimate 1s 1.20.

Strata (N}

South, High Yelume, Teaching{ 171E8)

South, High Veiume. Non-Teaching (7345 }
South, Low Voiume, Teaching (4383}

South. Low Voiuma, Mor-Teaching ¢ 8828 )
Nen-South, Bigh Velume, Teaching (35341 )
lon-Sauth, High Vo:ume Mor-Teacking (40£3 }
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Figure 26: Risk Differences for Acute Heart Failure
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Figure 27: Rusk Ratios for Acute Heart Failure

6.12.5 Acute Coronary Revascularization

RR{95% CI)

168 ( 0.85.1.15)
112(062.127)
2.210183,2.69)
P10 161164
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125 (053, 1.87)
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1120109, 1.2¢}

1.200114.1.28)

Figure 28 and Figure 29 display the RDs and RRs, respectively, for acute coronary
revasculanzation. Among the 8§ strata, results i 6 suggest a higher risk among aprotinin
patients, results m 1 suggests a lower risk, and results 1 1 suggests no difference. The 53% Cls

contain the point of equality for all but one stratum. For the overall estimates, the lower limits of

953% CIs are just above the points of no difference. The overall RD estimate 15 0.10 and the

overall RR estimate 15 1.47.

224



Strata {N}

Sout. High Velume, Teadhing { 17188 )

South, Migh Welume, Non-Teaching { 7145 )
South, Low Volume, Teaching (4183}

South, Low Voiume. Mon-Teachirg ( 9628}
Kon-South, Righ Yeiume . Teaching (8541)
Hon-South, Migh Voiumse, Mar-Teachlng (4043 ]
Man-South, Low Yolume . Teaching ( $387 )

Nor-South, Low Voiume, Mon-Teacking { 87583 )

Onmrall { 63082

All Antifibrinolytic Patients
Outcome= Revascularization

-
{ { f 1
-1 05 0 05 1

Risk Difference per 100 Patients

MOTE: Vatues greater than Cindicate greater risk %7 aprofirin patents

RD {95% Ci)
2.09(-0.08, 025
807 {-0.10, 023,
D50{-048.042
097 {-0.02. 035
003 (-0.14,021
0.27 {C.04.5.50)
D18{-051.0.20)
926(-004.081

DG 001, 0.18)

Figure 28: Risk Differences for Acute Coronary Revasculanzation
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Figure 29: Risk Ratios for Acute Coronary Revascularization
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6.13

Sensitivity Analvses

Four primary sensitivity analyses were conducted. They as follows:

Details

Analysis of Patients with »1 Day in the Hospital Prior to CABG Surgery
Analysis of Patients with >3 Days m the Hospital Prior to CABG Surgery
Analysis of Patients in Propensity Score Deciles 1-9

Analvsis of Outcomes per Patient Weeks

pertaining to these analyses are described in Section 6.6, Table 24 and Table 25

summarnze the RDs and RRs. respectively, from each of these analyses. In most cases,
conclusions are unchanged from the pnimary analysis with respect to the direction of the estimate
{positive or negative for RDs, =1 or <1 for RRs) and whether or not the confidence intervals
contain the pomt of no difference between groups. Exceptions are as follows:

All sensitivity analyses of Acute Coronary Revascularization resulted 1n RD Cls that
overlap 0 and RR CIs that overlap 1. The RD poiat estimates were shghtly lower than
those from the primary analysis (RD=0.10). The RR point estimate for the analysis of
patients 1n deciles 1-9 was lower than the pnimary analysis point estimate.

The sensitivity analysis of Acute Heart Failure for patients with 3 hospital days prior to
their CABG surgery resulted i a RD CT that overlaps 0 and a RR (T that overlaps 1.
The follow-up time-adjusted sensitivity analvsis of Stroke resulted 1 a RD CI that
overlaps 0 and a RR (I that overlaps 1.

Table 24: Sensttivity Analysis Risk Differences

Risk Diffevence {95% CI)
Follow-up Time
Adjusted
Patients with >=1 Patients with »=3 Patients in {Events Per

Qutcome Pre-sargery Day  Pre-surgery Days Deciles 1-9 Patient-Weeks)
Death 2ES{16E 26Ty 1BS{084. 291y 13T(LOL, 173y 1060074138
Saoke D48(012.079) 051(008.1.13) 039(0.11,068) 022(-0.00 443)
Acute Fenal Faifure®™? 46115199 098(0.16.181) 122¢093 148 1070084, 1.31)
Acute Heart Failure! 160 (0R0. 240 074(0464, 2101y 202¢1.42.263 1.14{0.58, 149
Acute Coronary G02(-002,01%  009¢-00L020) 008¢-002 018 007001 015

Revascularization

- Onlv patienss wih post-swrgery foliow-up are included to the amalysiz
< Panents with pre-existing renal fatlure sre excluded from the amalysis
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Table 25: Sensttivity Analyvsis Risk Ratios

Risk Ratia (9596 CI)

Parients with

Patienrs with
==3
Pre-surgery
Days

Patients in
Deciles 1-9

Follow-up Time
Adjusted

{Events Per Patient-

Weeks)

1430114, 1.7%

=]
Qutcoine Pre-surgery Day
Death 1.63¢(1.42,18%
Swoke 125195

Acute Renal Failure®? 181{1.57

.1.48) 13001.02
L2008 133(1.02

. 1.64}
, 1753

Acute Heart Failure!

1134196120

1.05{0.86, 1.15;

1.52{L35 1)
123105145
177 {1.36.2.02)
1.18(1.12,1.25)

143{1.27. 16D
116(099.158
168 (1.45,1.90)
1.11 {143.1.16)

Acute Coronary Revascularizasion®  1.47(0.89,2.41) L76(0.96 3.21) 1.36{0.92.2.00) 1.37{0.96, 197
¢ Only patients with post-surgery foliow-up are included i the analysis
- Patients with pre-existing venal fatlure are excluded from the avalysiz

6.14 Findings in Special Subgroups/Populations

Six sets of subgroup analyses were conducted. The subgroups were males, females. non-whites
(which includes blacks and patents of “other” race). whites (Caucasians), the elderly (patients
85 vears of age), and the non-elderly (patients <65 vears of age). All outcomes were analyzed
for each subgroup.

Table 26 provides risk ratios from these analvses. In this table, results from subgroups where
patients are considered to be at a higher baseline risk of mortality and cardiovascular and renal
outcomes (males. non-whites, and the elderly) are presented beside results from subgroups of
patients m the opposite group (females, whites, and the non-elderly, respectively).

Males represent 71% of the total study population, non-whites represent 25% of the total study
population, and elderly patients represent 57%s of the total patient population. In general, results
11 mndividual subgroups are simular to the overall results and similar to results involving patients
in the opposite group. For strokes, patients in the higher baseline risk subgroups have lower RRs
compared to patients 11 the opposste groups (RRs=1.17, 1.18, and 1.21 for males, non-whites,
and the elderly, respectively, compared to RRs=1.30, 1.25, and 1.26 for females. whites. and the
non-elderly, respectively). For all subgroups, the lower limit of the 95% CI for acute coronary
revascularization 1s less than 1.
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Table 26: Subgroup Analysts Risk ratio Results

Risk Ratio (95% CT)
Characteristic Without With
Outcomne {N w/ characteristic) Characteristic Characteristic
Death Yales ON=47.269) 166{137.20%) 149{129 173)

Nozn-whites IN=16.263) 1.61 (142, 183 154{125191)
Elderly’ (N=37.616) 192158 237 1.54(136 1.73)
Saooke Males (N=47,269} £20{693 178 LI8(098 142)
Non-whites N=16.265) 129 (110, 1.58) 133{098 182
Eiderly! (N=37.616) 128{0.96 1697 126(1.04, 148
Acute Rena Failure™ 3 Males (N=45.537) 197 1.63, 238 181{156 211
Non-whites (IN=13779) 1.83(1.60, 234y 1.76{1.35228)
Eiderly’ (N=36914) LEE{1.29, 201 198({172 2138

Acute Heart Failure® Yales (N=47,079) 11640108, 1.26) 124¢1.16.132)
Nop-whites (N=16,18%) 118 (111,128 118(1407 130)
Eiderlv’ (N=37,364) 1331221268 1164109122
Acute Coronary Pevascularization  Males (N=47.079) 1200073, 228) 127(0469 230

Non-whites N=16.183) 1.253(4.70,222y 134073, 245
Elderly! (N=37.364) 1530084, 287 14300854 2.18)

* Defived as 65 vears of age
* Only patients with post-surgery follow-up are inciuded i the analysis
3 Patents with pre-existine renal faihwe are excluded from: the analvsis

6.15 Discussion

Table 27 provides a companson of crude results, the primary 13 Drug Safety results (from the
prelinunary report), and results from this review. The 13 Drug Safety results are derived from the
treatment effect i a multrvariate logistic regression model. Odds ratios are therefore being used
to estimate the risk ratio, or relative risk. The results 1a this review are based on a stratified
propensity score analysis. Although the point estumates vary across methods, all results suggest
that use of aprotinin carries with it an mcreased risk of mortality, stroke, acute renal fatlure, and
acute heart fatlure, as indicated by the Cls that lie above the value of 1. For acute coronary
revascularization, the point astimates range from 1.17-1.47, but the Cls mclude the value of 1 for
the crude and 13 Drug Safety results, as well as for all sensttivity analysis results and all
subgroup results.

Table 27: Comparison of Crude Results, 13 Drug Safety Results, and FDA Results
Risk ratio {95% C1)

Outcomne Crude i3 DA

Death 1844169, 199  168{1.53 1848 134(138173)
Stroke 136(1.22,1.52) 12040107, 13%) 124107144
Acute Renal Faiture 187(1.48, 206  L70{1.55 186 183(161 106
Acute Heart Failurs LIS{1.10, 1200 108{103,1.14) 1.20(1.14, 128
Acute Coronary Revasculanization 1.17(088,1.56)  130{8.986 1768 147(1.02.21D

If the assumption that the aprotinin patients are higher-risk s true, then one would expect the
RRs from the 13 Dmuig Safety and FDA results to be lower than the crude rates. However, this
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was not the case for acute heart failure and acute coronary revascularization. For the remaining
three onginal evenis (death, stroke, and acute renal failore), both the FDA propensity score
estimates and the 13 estimates are lower than the crude rates. Of these, only the FDA estunate
for death is lower than the 13 estimate. The FDA and 13 CIs for stroke overlap considerably
while roughly one-half of the FDA and 13 intervals for acute renal failure overlap.

6.16 Summary and Conclusions

6.16.1  Statistical Issues aud Collective Evidence
The primary analysis used for the 13 Drug Safety report made use of a multivanate logistic
regression model. For this review, propensity score methods were nsed.

A Hmitation of this study compared to those by Mangano and Karkouti is the non-use of certain
factors that were shown in those papers to contribute to the decision to use aprotinin or not.
Such factors include creatinme levels, hemoglobin levels, platelet counts, use of aspirin, use of
heparin. use of antithrombotics, and previous congestive heart failure.

The outcome of acute renal fatlure was primanly based on the presence of dialys1s procedure
codes. Since creatinine clearance would commonly be used for a proper medical diagnosis of
renal failure, and since dialysis could be performed for situations other than renal failure, the
accuracy of this outcome definttion 1s uncertain. So while any need for dialysis 15 considered an
adverse clinical outcome, by ttself it does ot constitute a diagnosis of renal failure.

6.16.2  Conclusions and Recommendations

For this study. hospital claims data were used to compare safety cutcomes among patients who
recerved an annfibrinolytic agent while undergoing CABG surgery between the titmeframe of
Jamuary 1, 2003 and March 31, 2006. Patients receiving aprotinin {(N=29 338) were compared to
patients recerving erther aniinocaproic acid {N=35,719) or tranexamc acid (N=1,338). The
outcomes that were measured include all-cause m-hospital death, stroke (excluding hemorrhagic
stroke), acute renal failure (indicated by the presence of codes for hemo- or peritoneal dialysis or
hemofileration), acute heart failure (indicated by the presence of codes for dobutamine use of left
ventricular assist device use), and acute coronary revascularization (indicated by the presence of
codes for thrombolysis, PTCA, or redo CABG). After adjusting for baseline risk, the results of
this review revealed an increased risk associated with aprotinin for death (RR=1.54; 95% I
1.38, 1.73), stroke (RR=1.24; 1.07, 1.44), acute renal fatlure (RR=1.82; 1.61, 2.06), acute heart
fatlure (RR=1.20: 1.14, 1.28), and acute coronary revasculanzation (RR=1.47; 1.02,2.12).
Results were similar to those from the 13 Dmg Safety preliminary report. It should be noted that
111 many cases the large sample s1ze resulted in very narrow confidence intervals.

One of the sensitivity analyses carried out in this review considered the effect of only analyzing
patients with >1 and >3 hospatal days prior to surgery, thereby allowing for the possibility that
more baseline covariate information could be observed which may mmpact the propensity

score esttimationn. Another analysis adyusted the rates on a patient-week basis, thereby adjustmg
for the longer follow-up period seen among aprotinin patients, which was on

average approximately one day longer. A final analysis excluded subjects 1n the 10th propensity
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score deciles across strata, which created greater overall balance between comparison groups.
None of the results from these analyses resulted 1n any signtficant change to the overall results.
The overall conclusion from the FDA analysis was similar to those reported in the prelimmary
report. The review of the final study report 1s ongoing.

Using thas study alone would be mappropriate for drawing any firm conclusion regarding
whether the use of aprotmin during CABG surgery can be regarded as safe. Rather, the body of
evidence from all studies (aincluding randomized clinical trrals, other observational studies, and
other post-marketing data) should be considerad.
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APPENDIX: FDA RISK FACTORS FOR THE MANGANO AND
KARKOUTI STUDIES

Table Al: Mangano Study: FDA primary and sensitivity risk factors.
Primary Risk Factors

Dema: Age
Demo: Gender

Medical History:
Medical History:
Medical History:
Medical History:
Medical History:
Surgical History:

Diabetes
Hematologic disorder
Liver disease

Platelet abnormality
Renal disease
Previous sternotomy

Preop Medications: Anti-thrombotics

Preop Medications: Aspirm

Preop Medications: Heparin

Preop Medications: Warfarin

Precperative Factors: Angina

Preoperative Factors: Congestive heart failure
Preoperative Factors: Creatinine

Preoperative Factors: Ejection fraction < 44%
Preoperative Factors: MI

Surgical: CABG oanly

Surgical: ElectiveUrgent

Surgical: Number of graphs = 3

Sensitivity Risk Facters
Demo: Body surface area™

Medical History:
Medical History:
Medical History:
Medical History:
Medical History:
Medical History:
Medical History:
Medical History:
Medical History:
Medical History:
Medizal History:
Medical History:
Medical History:
Medical History:
Surgical History:
Surgical History:
Surgical History:

Angina®
Cardiomyopathy
Congeastive heart failure®
Heart block
Hypertension™®

MI

Peripheral vascular disease
Pulmonary digease®
smoking

Stroks

Syncope

TIA

Valve disease
Ventricular fibrillation
Abdemimal surgery
Aortic vascular®

CABG
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Surgical History: Carotid endarterectomy
Surgical History: Coronary atherextomy
Surgical History: Intracoronary stent
Surgical History: Noncoronary angtoplasty/stent®
Surgical History: Other vascular surgery
Surgical History: PTCA*

Surgical History: Valve surgery®
Preoperative Factors: NYHA Classification
Preoperative Factors: Stroke

Preoperative Factors: Valve abnormality
Surgical: CABG + other than valve
Surgical: CABG + valve

* Indicates selected in stepwise regression.
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Table A2: Karkouti study: Primary and sensitvity risk factors.

Primary Risk Factors

Demo: Age

Demo: Gender

Medical History: Diabetes

Surgical History: Previous stemotomy
Preop Medication:s Heparin

Preop Medications: Aspirin

Preoperative Factors: Angina

Preoperative Factors: Artial fibrilation
Preoperative Factors: Congestive heart fatlure
Preoperative Factors: Creatinine
Preoperative Factors: Ejection fraction <40%
Preoperative Factors: Endocarditis
Preoperartive Factors: Hb level

Preoperative Factors: INR

Preoperative Factors: MI

Preoperative Factors: PLT count
Preoperative Factors: Recent catheterization
Preoperative Factors: Shock

Surgical: CABG only

Surgical: Elective/Urgent

Surgical: Number of graphs > 3

Sensitivity Risk Factors

Demo: Body surface area

Medical History: Chelesterol

Medical History: Hypertension

Medical History: Peripheral vascular disease
Medical History: Smoking

Medical History: Stroke or TIA
Preoperative Factors: Angina™

Preoperarive Factors: NYHA classification)
Surgical History: Previous sternotomy (count)®
Surgical: Procedure type

* Indicates selected in stepwise regression.
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