
 
DEPARTMENT OF HEALTH & HUMAN SERVICES  PUBLIC HEALTH SERVICE 

        Food and Drug Administration 
        Silver Spring, MD 20993 

 
August 14, 2007 
 
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: 
 

• Strengths and limitations of the presented observational clinical data, especially in light 
 of the available controlled clinical data.     

• The overall risks and benefits of Trasylol. 
 
The supplied briefing materials consist of: 
1.  Draft topics for the discussion and an executive summary 
2.  A copy of the current Trasylol label 
3.  Copies of relevant publications 
4.  Copies of FDA review documents from 2006 
5.  Copies of FDA draft review documents from 2007. 
 
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 
Acting Director 
Division of Medical Imaging and 
Hematology Products 

Gerald Dal Pan, MD, MHS 
Director 
Office of Surveillance and Epidemiology 
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DRAFT Topics for Questions for Advisory Committee Members: 

1. FDA anticipates discussion of the strengthsllimitations 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 poter~tial alterations of the Trasylol product label to address any important 
safety concerns. 



Summary 

I. 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 terrr~s 
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. 

Hypersensitivitylanaphylactic 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 benefitfrisk 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 
CABGIcardiopulmonary 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 CPBICABG. This modification 



changed the indicated populatior~ from the broad population of CPBICABG 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 contrair~dications 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 mortality 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, 20071, the "Karkouti" study [Transfusion, 20061 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 KIUlhr). The studies supporting the 
original approval are summarized in Table 1. 



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. 

a~proval 
Procedure 
Repeat CABG 

Valvular surgery 
Primary and repeat 

CABG 

Table 1. Studies submitted in support of the original 

*p 5 0.002 compared to placebo 

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

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

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% vs 12%). However, the available data supported a 
determination that the renal dysfunction was reversible. 

Study # 
D-89-004 
D-89-005 

D-89-006 

Study 
D-89-004 
0-89-006 

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. 

Safety n 
171 
212 

21 6 

Design 
R, DB, SC 
R, DB, MC 

R, DB, MC 

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. 

Regimen A 
22/53 (42%)* 
7/23 (30%)* 

Table 3. Studies initiallv submitted in sut>r>ort of the broader indication 

Regimen 
A & B  
A & B  

A only 

Control 
Placebo 
Placebo 

Placebo 

Regimen B 
23/49 (47%)* 
not studied 

Placebo 
40152 (77%) 
23/32 (72%) 

a ~ - 

Study # 
D-91-007 
D-92-016 

D-92-048 

Design 
R, DB, SC 
R, DB, MC 

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

Safety, n 
99 

704 

873 

Regimen 
A & B 
A, B, 

pump only 
A 

Control 
Placebo 
Placebo 

Placebo 

Procedure 
Primary or repeat CABG 

Primary CABG 

Primary CABG 



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. 

Studv 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. 

Studv 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 

Variable 

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. 

- 

% requiring blood 
Blood units, range 

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. 

Regimen A 
n = 160 

Studv 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. 

33% 
0 - 8  

The study's primary endpoint result showed more patients with graft closure in the Trasylol group (15%) 
than in the placebo group (1 1%). 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. 

Regimen B 
n = 168 

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. 

35% 
0 - 6  

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. 

Pump Prime 
n=159 

Studv 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. 

Placebo 
n = 157 

33% 
0 - 7 

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 

52% 
0 - 2 1  



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. 20061 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 followir~g 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, lung, 
stomach and cervix." 

FDA has not been supplied with clinical data to verify the safety andlor 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: 

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. 

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 a r~d  prognosis. Thus, study 
outcomes may simply reflect the underlying prognosis for the patients chosen to receive the specific 
treatments. 
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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. 

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 mav or may not accurately reflect the truth. 

"Manaano" 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 entitled, "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 
Corr~parative 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 - -  - 

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. 

Death 
Acute renal failure 
Acute heart failure 
Stroke 

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

RR 

6. The "Mannano" Long Term Follow-Up Studv 

95% CI 
1.68 

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. 

1.53 - 1.84 

1 

1.70 
1.08 
1.20 

This study reported long-term all-cause mortality in patients who had received aprotinin, ami~iocaproic 
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% Cl, 1.19-1.85) whereas the comparable hazard ratios for aminocaproic 
acid and tranexamic acid were 1.03 (95% CI, 0.80-1.33) and 1.07 (95% CI, 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. 

1.55 - 1.86 
1.03 - 1.14 
1.07 - 1.35 

Of special note, the authors highlight certain limitations of the data-most 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. 
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7. Additional Relevant Publications 

The "Coleman Studv": 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 enrollment 
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 Studv": In June, 2007, Circulation (1 15:2801-2813) 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%CI, 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 rro antifibrinolytic agent. The hazard ratio for survival for 
aprotinin versus control was 1.25 (95% CI, 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. 



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 acidJaminocaproic acid (i3 Drug Safety Study). 

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

1 Renal composite 1 1.63 (1.03, 2.60) 1 nla 1 nla I 

Renal failure 
Renal dysfunction 

i3 Drug Safety 
RR (95% CI) 

Outcome 

2.05 (1.05, 3.99) 
1.26 (0.76. 2.1 11 

Myocardial infarction 
, Heart failure 

1 Death (in hospital) 1 0.91 (0.54, 1.53) 1 1.18 (0.79, 1.76) 1 1.54 (1 -38, 1.73) 
Note: Definitions of the outcomes differed among the studies. See accompanying detailed 

"Mangano" 
RR (95% CI) 

Coronary 
revascularization 

- . . .  

statistical briefing documents for definitions. 
*Based on analysis of a subset of patients with the necessary data. 

"Karkouti 
RR (95% CI) 
I .38 (0.86, 2.23) 
1.53 (1.11. 2.12)* 

1 . I  0 (0.88, 1.39) 
1.05 (0.75, 1.47) 

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). 

1.82 (1.61,2.06) 
nla 

Stroke 1.36 (0.70, 2.64) 1.72 (0.93, 3.19) y 
nla 

Overall, the totality of the data appears most notable for the renal failureldysfunction 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 CABGICPB. In this table, nla 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. 

1.42 (0.71, 2.83) 
nla 

nla 
1.20 (1.14. 1.26) 

nla 1.47 (1.02, 2.12) 



Current Trasylol Label 

TRASYLOP 
(aprotinin injection) 

~ r u ? r ; ~ l o l ~  administration may cause Atal anaphylactic o r  rnrphylactoid reactions. 
Fatal reactions have occurrcd with an iuitial (test) do= a$ well 8s with any of thc 
cornpenents s f  the dose regimen. Fatal reaetiotrs have also accurrcd it* situatione 
whcre the initial (test) dose wan tolcratod. The rhk Tor nt~aphylactic or 
anaphylactoid reactions i s  inercascd among patients with prior aprotinin exposure 
sncf u history nf any prior sprotinin exposurc must be sought prior to ' ~ r a s ~ l n l "  
adlninistration. The risk for a fatal reaction appear% to bc greater upon rc- 
cxposuro within 12 months of' the most recent prior xprotinia exposure. ~ r a s ~ l o l *  
yhould be ~dminiatcred only in operative settings wlicre c~lrdiopulmonary bypass 
can be rapidly initiated. The benc.fit of ~ r a s ~ l o $ c  to patients undergoing primary 
CARG surgery should be weighed agrinst the risk r ) l  anaplryfaxis associafcd with 
any snbscquent exposure to uprotinin, (See CONTRAINOICATIONS, WARNINGS 
and PRECAUTIONS). 

DESCRIPTION 
'I rasylol" (dprotiaia injection), C2wN~3nN840mS~, is a natural proteinosc inhibitor obtained 
horn bovine lung. Apmt~nin (molecular wcigltt of 6512 rialtons), col~sists o f  58 amino acid 
residues that arc: arrangcd in a sirlgle polypeptide chain, cross-lmked by thrcc dimlfide 
bridges. It is suppiid as a clear, colorless, sterile isoto~~ic solution for intmvcnous 
udmlnis?ration. Each rnillililcr crjtltruns 10,000 KllJ (Kallikrtsirt Inhibitor I lnits) (I  4 mg!rnL) 
and 9 mg st~rliurn chloride in water for injection. llydrochloric acid and/or sodium hydroxide 
is used to adjust the pH to 4.5-6 5. 

CLINICAL PHARMACOLOGY 
Mechanism of Action: Aprotinin is a hmnd spcctrum pmtease inhibitor which modulates 
thc systemic hflurnmafory ruspoilse (SIR) associated with cnrdir,pullnonory bypass (CPB) 
surgery. SIR ~su l t s  in thc interrelated activation of the hcmos~atslie, fibrinolytic, ccllulw and 
humornl inflamtnatory systems. Aprotinin, dwough its inhibidon of multiplc mediators (e.g., 
kallikrein, ptnsminj results in thc attenuation of itiflammatory responses, fibrinolysis, a11d 
thrombin gcneraticm. 
Aprotinin inliibils pro-infltuntnatory cttokine relcase and tnaintains ylycoproirin 
I~o~ncustasis. In platelets, aprotinin rcduccs glycnpmlein loss (e.g., Gplb, Cipilhllllil), while in 
granulocytes it prevzrlts the expression of pro-i~tflalnnlatory cltlhcsivc glycc~proteins (s.g., 
CDl lb). 
Tile effects of ayrotinin use in CiJR involves a rcduet~on in tnflan~rna~ury response whirh 
translaies into a decreased nced Cot allogcnzic blood transhsio~ls, rcduecd bleeding, and 
decrrascd mediastinal re-exploration for bleeding. 

Pharmacokinetics: The studics comparing the pltarn~acok~netics uf  uprotinin in healthy 
volut~tecn, cardiac patients undcgoing surgery with cardiopulmonary bypass, and women 



undergoing hysterectomy suggest lincer pharmacokinctics ovcr Lhc ck)w rrrllge of 50,000 KII! 
ro 2 million KIU. AAcr intravenous (IV) injection, rapid distribution of aprotinin occurs into 
the total eutracelluliir space, leading to a rapid init~al dccrease in plasma aprotinin 
eonmntration. Follo\ruing this distribution phase, a plasma half-lili: of about 150 minutes is 
observed. At later time pints, (is., bqond 5 tlotlrs after dosing) :)IWP: is a tcrminrl 
climiliation phase with a half-life of about 10 hours. 
Averaye stcndy state intrac~periltivc plasma cotlcentrations were 137 KIU!rnld ( ~ 1 0 )  after 
adniinistrntinn of Ihc following dosage rcgirnen: 1 ~nillioll KlII I V  Inadir~g dose, 1 million 
KIC into the pump prime volume, 250,000 KIC per hour of operation w continuclus 
intravenous infusion (Rcgimni 13). Avetage steady state intraopcrative plasma concei~trations 
wcrc 250 Kl191nL in patients (n-40) 1rcatt.d with uprotinin during cardiac surgery by 
administration of' Rcgi~nm h (exactly double Regimen H). 2 millinn KILJ IV Inading dose, 2 
rnillion KIIJ into the pump prime volume, 500,000 KIIJ pcr hour of opcrutioa as w~~linuous 
intmv~naus infusion. 
Follvwitig a single 1V dose of' radiolahelled apmtiain, nplwoximately 2540% of thc 
radioactivity is excrctcd in the urinc over 48 hours. After a 30 minute inhlsion of 1 million 
K l l l ,  xtbout 2% is excreted as unchanged clrilg Aftcr 8 larger dose of 2 n6Uion KlLJ inf~scd 
ovcr 30 minutes, urinary excretion of unchanged tiprotinin accouttts for appraximatcly 9% of 
rhe dosc, Ani~nnl studies lia\.c shown that aprotinin is acc~unulated primarily in the kidney. 
.4potinin, aRcr k i n g  frltercd by the glomeruli, is actively rcnbsnrhcd by thc prorinlnl tubules b 
which it k stored in phngolystrmmcs. Aprotinin is slowly degrrldd by lysosomal enzymes. 'l'tw 
physiological renal l~andling of aprotinin is simililr lo cllat of other small proteins, c.B., insulin. 

CLINICAL TRIALS 
Repeat Coronary Artery Bypass Graft Patients: 
Four placebo-controllcci, doublc-blind studics of ~ n s ~ l o l ~  were cc~nducted i l l  the IJnited 
States; of 540 rmdomi~ed patlent3 undergoing repeat coronary artery bypass graft (CAHG) 
surgery, 480 wcrc valici for cffizacy analysis, The following treatment regimens werc used in 
the studies: 
~ r s ~ l o l "  Rcyilnc~i A (2 million KI1; IV hiding dose, 2 tnillion KlIJ into the pump prime 
volume, and 500,CN)O KIU pcr hour of surgery as a continuous itltravenous inf~ision); 
'1'rasylolS Rcgimen I3 (1 million KIIJ IV loading dose, 1 million Klt! into the pump prime 
vol.umc, und 250,000 K11! p r  hour r j f  surgery as a contou~ous intrnvenous infusion); a pump 
prime rcgirnen (2 millio~t KIU into the pimp pr im volome clnly); and n plnceho regimcn 
(normal saline). All patients valid for eficacy in thc above studies were pooled by trcattncat 
rcgimcn fir auialysa of cficacy. 
Jn this poled walyeis, f i e r  paticnts ~cciving TES~IOP, cidtcr Regimen A or Rcgirnen 13, 
rcquircd any donor blood compamf to the pump prinic only or placebo rcgimcns. 'IBc 
ncmlxr of itnits of donor blood required by paticnts. the volume (~nilliliters) of donor blood 
kansfiised, the number of units of donor blood products transfused, the thoracic drainage rate, 
and the total thoracic tlrair\;lge volunles wcrc also rcduced in patients receiving 'rrasylo$ us 
compared to glaccbo. 



Efficacy Variables: Repeat CABG Patients 

- Mean (S.D.) or % of Patients 
frasylol@ frasylola 'Trasylop 

PLACEBO PUMP PRIME REGIMEN REGIMEN 
VARIABLE REGIMEN REGllVtEMt BH A"* 

N 4 5 6  N=68 N=113 N=143 

%OF IZEPILAAI' <:AI3(3 76.3% 
PATIEN'TS WHO 
I<EQUlKI:r) 
DONOR BLOOI) 

IJNITS OF 3.7 (4.4) 
DONOR I3LOOl) 
I'KANSFUSRI> 

PLATELEI'S 5.0 (10.0) 
TRANSFUSED (Ilonor Units) 

CRYOPREC'II'ITA't'lI 0.9 ( 3 5 )  
T1IANSr:USETI (Donor Lltlits) 

FKLiSI I FRCIZ13N 1.3 (2.5) 
PI,ASMA 'TKANSFUSI:I> 
(llonor Units) 

TOTAL 'I"fI0UCII: 1659 (1 226) 
DRAINAGE VOI.I.IME (mL)' 

t The puorp prime reginten was evaluated in only one sludy la putie~lts ul~dcrguing repeat 
CAHCi surgery Note: The pump y r h c  only regimcn is not an approved dosage rcgirnen. 

* Signiticantly dift'crcnt from placebo, pc0.05 
('fransf~~sion variables analy~ed via ANOVA on ranks) 

* * DifYercnccs betwecn liegin~cn A (high dosc) and Kcgimen R (lo\li dose) in cflicacy rind 
safety :ire not  atis is tic ally s~gilificanc. 

a Exciudes paficnts who required reoperatior> 

Primary Coronary Artery Bypass Graft Patients: 
Four placebo-controlled, double-blind studies of '~ras~lol" were conducted in the llnittrd 
Stales; of 1745 randomimd patients undergoing primary CADG surgcry, 1599 were valid for 
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~ r a s ~ l o l ~ ,  in the presence of hcplrrin, has k c n  found tcl pro'torig the activated clotting time 
(hC13 as measured by a celite surface activalion method. 'l'he kaolin activa~cd clotting time 
appears m be much less alfectcd. liowrvet. '~'tii~~lol' siloold rwt be viewcd as a heparin 
sparir~y agent (see Laboratory Monitoring of Anticoagulation During 
Cardiopulmonary Bypass). 
Carcinogenesk, Mutagenesis, lmpalnnent of Fertility: Irmg-tern1 animal studies to 
evaluate the carcinogenic potenlid of ~ r a s ~ l o l "  or studies to det~rmine thc cffcct of ~riis~lol '  
on fcnility havc not been perforrncd. 
Results of microbial in  vitro test5 using Sulmorirllr ~v~~hlmrtrizam and Bacillccs subrilis indicate 
that ~rn'5~lol" is not u mutagen. 
Pregnancy: Teratogenic Effects: Pregnancy Category B: Reproduction studies hhave 
h n  pcrfoxmed in rats at intravenous doscs up to 208,000 K1Ulkdday for 1 1  d q s ,  and in 
rabbits at intravenous doses up to 100,000 KIUlkgiday for 13 days, 2.4 and 1.2 times  he 
human dosc on a ~ug/kg basis wid 0.37 and 0.36 times the hunjnn mgimZ dux, I"licy have 
reveilled no evidence of impairer! fertility or harm to the fctus due to '~'rasylol*. Ttlere arc, 
howcvet, no adequate and uoll-controlled studies in pregnant wonicn. t3ecause animaj 
reproduction studies ;ur nut always predictive of human response, this drug should be used 
during pregnancy only if clearly necded. 
Nursing Mother: Kot applicable. 
Pediatric Use: Safety and cfftciivetie~s in pediatric patict~t(s) hsve not lxen cstilhlishal, 
Geriatric Use: Of the totnl of 30x3 siibjects in clinical studies of 'l'rasylol", 1 100 (35 7 
prccnt) were 65 and over, ~vhilc 297 (9.6 percc~~t) were 75 and over. CfTpatients 65 yerim and 
older, 470 (43.5 percc~:t) wceiwd Kcgimen A aitd 237 (21.5 percent) rrm~vcd Regimen 13. 
No overall dilferenccs in safely or effectivcncss were observed between these subject5 and 
you~lger subjects for either dosc regimen, and ohcz reported clitlid expiencc has not 
identified differences in responses between the cldcrly and younger patients. 
Laboratory Monitoring of Anticoagulation during Cardiopulmonary Bypass: 
'liasylole prolongs whole bIood clotting times by a different tnechanisrn than heparin. In the 
presence of riprotinin, prolongation is dependent on the type of whole hlood clotting test 
emplaycd. If an activated clotting tin~e (.4C1) is used to dcternlinc the cffeclivencss of 
Ileparin anticoagulatioa, the prolongation of the AC'I' by aprotinin may lleud to tin 
nvereslimation of the cicgrec of anticnapmh~~inn, thereby leading to inadequate 
aaticoaguiation. During extc~lrltd cxtracorporcal circulation, paticnls may require additional 
I~cparin, cvcn in the presence of ACT levcls that appat adequate. 
In patients undergoing CPR with l'rasylul" therapy, one of the following mcthods may he 
employed to maintain adcquatc nnticoagulation: 
1) ACT - An AC:'i' is not n standardized conguliltion test, and different formulations of tlie 
msuy arc irffecled differently by he presence of aprotinin. The test is furtlrer influcnd by 
variable dilution effects and tlic temperature expcrienccd during cardiopuln~onary bypass. It 
hiis been observed l k ~ t  Kaolin-based ACTS arc not increased to the same degree by aprotinin 
as are diatomaceous carfh-based (celite) ACTS. While protocols vary, a minimal celite ACT 
or750 seconds or kaolin-ACT of 480 seconds, independent of tbc effects of k~c~cmodilutioa and 
liypotltcrmis, is recotnn~ended in Iht: prcscncc of ngrolinin. Consult the manufacturer of the 
ACT test rcgarrling the intcl-pretation of the w ~ y  in the presence of ~ r a s ~ l o l ~ .  
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In compilrisc~n to thc placebo group, no increae in mortality ia patients treated with 'l'rasylol" 
was ubserved. Additional evenrs of parlicular i i ~ t c ~ s l  horn controlled 1JS trials with a11 
incidence of  less than 2% are listcd bclow: 
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evaluated Regimen 11, Kcgitncn R utid Pump Pri~rle Regimen, cine study cvtrlualecl only 
Itegimcn A), in which data wcre analyzed by a blinded con..ultr\nt employing an nlgoritlm for 
possible, probable or definite rMI. Utilizing thic method, the incidence of definitc rnyocardinl 
i~lt'arction was 5.9% in the aprotinin-trcatcd patienth versus 4.7% in the placeh) treated 
patients, '1% diflercncc in the incidence rates wns not statistially significant. Data Srotn 
tliese three studies are sun~marizxi I ~ l o w ,  

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

Graft Patency: In a rcccnlly compldcti multi-caller, rnnltl-nnliolinl sludy to dclertninc [he 
effects of 'l'rasylol* Regirnen A vs. placebo on saphc~~uus vein grift patency in patients 
undergt~iny 11ri1na1-y CAR<; surgeiy, patients were sul?jectcd t rouii~a postoperntive 
;u~giog~aphy. Of the 13 study sitcs, 10 were in thc United States and thrcc wcre non-U.S. 
ccnters (Denmark f 11, Israel (2 ) ) ,  'I'he xcsults of this study arc sun~mnri;?crd below. 
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hepatic dysfunction in patlents treated with ~ n 5 ~ 1 a l @  'I'he incidence of t~vutmcnt-emergent 
inercases in ACI' (formerly S(51yl'), 1.8 timcs the upper linlit of normal was 14% in both the 
?'r~9~lol@ and placebo-treated pat~ents (p=O,tik?7), whilc the incidcl~cc of increases > 3 times 
the upper limit of normal was 5% in both groups (p4.847). 
Other Laboratory Findings: The iacidcncc of trmtnlent-emergent elcbations in plasma 
glucose, ASr  jbrmcrly S(iOPT), I,DH, alkaline phosphatnse, and CPK-MB was not notably 
different hetween ~ r ~ q ~ l o l ~  and placebo treated patients undergomg C;AUG mrrgcry. 
Signifiwn? clcvations in the partial thrombt>plastin ~ i ~ n e  (PTI') and wlite Activated Clotting 
Time (ccl~tc ACT') are exixctcd in ~rus~lol*:  trcatcd patients In the lraurs after surgery due to 
circulnling concentrations of ~'sasylol@, ~vlnch are known to inhibit activation of tbc inlrinsic 
clottitig system by contact with a foreign material (e.g.. cclite), a i~icthorl used in  thcse tests 
(see Laboratory Monitoring of Anticoagulation During Cardiopulmonary 
Bypass) 

OVERDOSAGE 
Ttle mnxinlum anouni or ~ r a s ~ l o l ~  that can be safely ndmin~stercd in single or multiple 
doscs has not beet) dcwrmined. Doses up to 17.5 million KllJ have been administered withiri 
n 24 hour per~od without any apparent toxicity, l'hcte is ons poorly documentcd eacc, 
bo.rvever, of n patient who rcccivcd a large, but ntrt wcll deknnined. nmouot of ~ r a s ~ l o l *  (in 
exass of' 15 million KICJ) in 24 hours. The patient, who had pre-oxisting liver dysfunction, 
devclopcd hepatic and renal hilure pc~stopl.riltively and died. Aulopsy showed hepatic 
~lecro.vis and extensive rcnal tubular and glotncntfar necrosis. 'I'hc relationship of these 
findings to 'l.lasylol" dlerapy is unclear. 

DOSAGE AND ADMINISTRAT ION 
li;~\~lol* given prophylactically in both Reginten ,Z and Regitnen B (half Reghnnen A j  to 
patients untlcrgoing CADG surgery significantly reduced tile donor blood transfusion 
requirement rclative to placebo treatment. In law risk patients tllerc is no difference in 
efficacy between regi~ncn A and B. 'I'hercTc~rt., tile dosage used (A vs. B) 1s at the discretion 
of the practitio~ler 

'~'ras~lol" is supplied as a solution containing 10,000 KlLJ!lnl,, which is cyual to 1.4 ~nghnt,. 
&I1 intravcnous doses oC 'Trssylvla' should be c~drninistercd through a central line. 1 1 0  NOT 
AI)SfINISTER ANY OTHER OKIJC IJSING THE SAME LIYE:. Woth regimens include 
.I 1 mL initial (icst) dose, a Ioa(1ing dose, a dose to be added whiie rccircuhting the prilniny 
fluid of the cnrdiopulmtmnary bypass circuit ("pump ptin~c" dose), and a milstant infilsion 
dose. 'f'o avoid ptlysical l~lcornpatihil~ty of 'rrasylal@ uld heparin whcu adding to thc pump 
primc solution. each agent must bc added dnrinr recircul;stion of the pump pritnc to assure 
adcquatc dilution prior to admixturc with the othcr component. Rcgimens A aad 13. both 
tncorp)rating 21 I IIIT, initial (test) dose, arc described in tile tablc below 
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Executive Summary 

Introduction 

Trasylol is an intravenously administered proteinase inhibitor drug rnanufactured 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 Trasylol. 
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: 



"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 (1 0,000 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 KIUIhr. 

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 KllJ pump prime dose and a constant 
intra-operative infusion at 250,000 KIUIhr). 

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

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 1. Studies submitted in support of the original approval 

Table 2. Major efficacy findings in support of the original approval: 
com~arison of the numbers of ~atients who reauired donor blood transfusion 

Study # 
D-89-004 
D-89-005 
D-89-006 

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. 

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

Safety n 
171 
21 2 
21 6 

Design 
R, DB, SC 
R, DB, MC 
R, DB, MC 

Study 
D-89-004 
D-89-006 

Regimen 
A & B 
A & B 
A only 

*p 10.002 compared to placebo 

Placebo 
40/52 (77%) 
23/32 (72%) 

Regimen A 
22/53 (42%)* 
7/23 (30%)* 

Control 
Placebo 
Placebo 
Placebo 

Regimen B 
23/49 (47%)* 
not studied 

Procedure 
Repeat CABG 

Valvular surgery 
Primary and repeat CABG 



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 
undergoing 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. 



Table 3. Studies initiallv submitted in  s u ~ ~ o r t  of the broader indication 

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

I 

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. 

1 pump only I 

Studv 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. 

1 D-92-048 1 R. DB. MC 1 873 1 A I Placebo I Primarv CABG 

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. 

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. 

Table 4. Study D-92-016 efficacy 

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. 

Studv 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. 

Placebo 
n =  157 

52% 
0 - 2 1  

The study's primary endpoint result showed more patients with graft closure in the 
Trasylol group (15%) than in the placebo group (1 1%). 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. 

Variable 

% requiring blood 
Blood units, range 

Regimen B 
n = 168 

35% 
0 - 6  

Regimen A 
n = 160 

33% 
0 - 8  

Pump Prime 
n = 159 

33% 
0 - 7 



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. 

Studv 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-approvable 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 
Sh10406 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 



study, "Blood conservation using antifibrinolytics: randomized trial in high-risk cardiac 
surgery"). Only summary (non-comparative) information is available from this study. 

New Enqland Journal o f  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 dysfunctiorl 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 clir~ical 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 hyperserlsitivity reactions. 



lnteqrated safetv and efficacv 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 (1 1% 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 (1 8% of 11 1 Trasylol patients and 9% of 11 7 placebo 
patients). 

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

Hypersensitivitv 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 (211409,783) to 2005 (541471,922). 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. 



Summarized below are major observations regarding Trasylol hypersensitivity findings: 

Incidence: The sponsor estimates a total exposure of 4.3 million patients to Trasylol 
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: 

-1 331284 (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. 

-9011 07 (84%) cases in which the time of previous exposure was documented 
had received the drug in the previous six months. 

-381139 (27%) cases in which the test dose administration was documented 
experienced a hypersensitivity reaction despite a negative test dose result. 

-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 TisseelO, 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 blunt 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. 



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. 



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. 



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 arnorlg 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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In contrast. the report by Karko~rti et al discussed iuost of the sources of potential biases 

in their stucfy although it is not clear. wvhat variables were ccmsrdered m the= final 

propensity nlodel. 

Despite these Limitations. these independent studies rrpoltulg froill i~idcpmdrrlt patient 

populations y r o ~ ~ d e  a co l l~pr l l i~ i~  argument for ri primary assoclatlon bebyeen nprotulin 

afld renal dysfiuaction. Thts association is fiuthcr a&-allced by publication of a ixieta- 

analysis of clitucal tnals. On the other lnnd. the association between aprotinixr and 

myocardial infarction and or heart failure relwims speculative at this time. 

At tills ttme. DDRE recommends HFD-160 ews~der  additlolls to the approx-ed labelrng 

for stprotinin to Ii,~-W;ght the association between aprotmin and rend dysfiitiction pending 

results of sandomztd, double-bhadtd trials. An analysis of spo~~taneously reported 

a d ~ r r s e  el-mts with aprotisin and renal dysfurlction are tuiden\;ay in o w  division (reviekv 

to be yro7:ided under a sep~aratr cover). Althot~gh assessment of thts drug-adverse 

reaction assoc~ation will be dsfficult based uyon thr AERS database alone, the case- 

revret.; study mr&t provrde so~ile insight about these associatioils. 

1nti.odnction 

Two recently published stl~dies reported on the risk of agrottnlll use among cardiac 

surgery patients. The first article. entitled IXe risk assocrabec7' wirh nprcltinin irr cnrdjnc 
i 

J ' I ~ P " ~ Q I ?  xvas conducted by h,femgauo et a1 anct ~ms yrsbhshed in X e w  England Journal 

of Medicine on Jarluxan 26,2086. In their analysis, htfaugarlo et al. reported that 

treatnient lvith aprotulin treatment (See relevant current product Inkling for apratkiin: 

Appei~cllx 1) in the settin? of primary cardiac surgery \\-as assaciated wit11 an increased 

risk for a rmal event (odds ratio (OR) = 3.3; 95?6 CI 1.3 to 3.3) cozllpared to exparrare to 

no ,wtifibrinolytic tiieaapy. The odds ratio for a rerlal escilt increased to 2.6 (954-0 CI I .4 

to 5.0) tvhetl stratified to patients undcrgou~g complex ccvdiac surgery-. Mangano et a1 

further reported that treatuielit tv~th aprot~rlin m tlw setting of primary cardiac s~upeiy to 

be assoclared with an increased risk relative to no a~ltifibrtnolq.tic therapy treatment for a 

carc11o.r-ascul~x event (OR=l .-I) a cerebi-0%-ascular event (OR=2.2). Thcse point 
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Qver~iew of the article b?- Ibrkouti et a1 

3Iethotls 

Karkouti et a1 condu~cted a matched proymlsity score sttidy to exallline the efficacy and 

risk of ziprotinin rn patlents who tmdenr-ent car&ac surgery with car.dropulnm~lary byyars 

at a single center fi-om June 1999 to Jwle 2003. Fsoxu the baseline population of 10949 

patients. 79 patients were rxclucted fmin the shdy because they did not recen-e any 

at~tifibrinol>tic cttrgs (19) or particlyatrd in an ant~fibrinolytic d n ~ g  ma1 (60). 4 

propensity score \\-its developed bnseclo11586 patlents who received aprotmin 'md 10,184 

patrcuts ~ v h o  received trarlexannc acrd. Rlultiplc covariates were considered in the 

generation of the pi-opensity scare (see Caillmrr~t el). The rut-rstigators were only able to 

ideiltifT' a matched tralexamic acid control for 449 out of the 586 aprotlnin patients. 

The efficacy of the treatment was ac4ctfessed by the tral~sfilsion outcorllcs detined as the 

pmcent of patients requirzng 2 " i C  unrtes. 25 FFP iulits ancl 21 0 PLT ~uuts. The 

trmlsfiision o~atconles also txarrriiled for tliose \yere at very hidl risk kr massix-e 

heillorrhage: tl~use tvllu had two or rrlnre prenous stemotornier. those in who~n bypass 

du~atiorl was greater than 180 niilutes. or those tvho undzmnvent deep hypothenl~ic 

circuilatory arrest (DHCA) for lorlger than 15 i~unu~tes. 

The ad\-erse event outconles ~vcre &firled as follo~vs: 1) Stroke defined as any nay 

persistent postoperative aerrrologic deficit: 2) aclrte rerial fitilure, defined as a new 

requirnnent for dialysis support: 3) acute renal dysfunction, cdefined as greater tl~arl 

percent increase in creatin&-ie coilcentration duriilp the first yostoperatwe week to rllore 

than 100 pmol per L in ~llen, or a new requirement for dialysis support; 4) myocardial 

infarction. def ied  a5 a lien- q qaiave on postoperative electrocardrogran~ or ?rlB 

isoerlzqnle of creatme h ~ m s e  of greater than 50 U per L, the C K-MB:CK ratio of greater 

than 5 percent. anct iie~v eelcctroc,udiogr,ml changes. 5) serious irrfecriorr. defined as sepsis 

or deep ster-l iiifection: anct 69 &I-hospital death. 

Results are suxmlmrized m the Table 2 (on the follou-uig page), which is excerpted fi-om 

Table 4 of the anicle. These results suggesr exposure ro qroriniu to be associated wit11 
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5. firlike dlangano or ~ql ~ v h o  fixril~i~aed ?lie riskpf-ofiIes 0fap?-opriti?7, fi-n~t~xamic acid, 

o?:d a~~zi~:ocap~-oic ocid ~ c . i f ; ~  pntianrx I V ~ Q  did not rrzceirtsd ar?r an~i$brinohdc agenr, rAa 

stircfi hj Karkouri ct ni docs ~~otprovide nr.gc i~~fo~,~nnbio~: o?a tl?s risk ofnyrcrpP;;ti?: 

roaqmred ru pnri@r,-?s 11.630 M~&Z'@ ~lof t ~ ~ a ~ e d  ~r' i th nrp* nr~r~fib?-ir;u[r*rjc u'rzrgs. T.;Q?-P wos r;u 

7:~g0rjI.;&? C072C68i7'bZ7:f F o K ? ~ ~ w ~  fO this S ~ F # ~ I  . 

C~nclusion~Discnssiou 

The nvo articles are denre aud teclmical. A hematoloast a ~ d i o r  other rele~-mt c1itlicill 

specinhsts' review of the clinical cot~ponnlt~?'cancl~~siot~r would be helpful. This 

review is lutllted to m oven'ic\v of the ttvo articles with emphasis on study desi_ps m ~ d  

analyse 5.  In general. the paper by M,mgcwo et a1 dots rmt include enough irnfmi~atxon to 

asses the rehabslit?- of the study. particularly ru respect to use of propensity score 

inodeling. In coxsrxast. the payex by K~iarkouti et a1 ts clearer and offei-i a better discussion 

on the Iirnitatians of tile results. 

Despite these limitatxons and dlffereuces in study populations, stucty outcomes. alcl 

drsipns, both stuQes report that aprotinin is associated with lllcrense risk of renal 

fiinctioil Karkoiiti ct a1 repart that nprotixsitl users are 1.4 times inore likely to develop 

renal dysfurictiori @=0.01). Fuuthes1~1ore. aprotinin recipients were 1.8-hmrs more likely 

to &-ielop reiial failure, although this as50crfition was not statistically sigificailt 

(y=0.08). Karkouti et al. howe-cer. colllyarrd aprotinln risk only with patients xvho 

recer~rcl tranesamic acid treatmat (a rneclrcatroxr ~ ~ h i c h  is nut approved by FDA for use 

rn this setttng). The sttrdy by Ma~lgano et a1 does offer some insight 081 the aprotinin rlsk 

coinpared to no treatment. Their study iticlicatecl that the odds of renal event [conil>med 

renal dysfunction and iel~al failure requiring dialysis) in aprotiniri recipients to be 2.4 

times tnorz tlmu the odds of renal events in patients who clo not receive any 

antlfibrinolyt~c agents. However, no statistically dlfferm~t cbfferm~ces 111 rrsk for renal 



e-\.ents xvei-e reported between apropritin users compared to recipients of traexaniic acid 

or armuocaprorc acid. Since the multn-ariate analysis results reported by M'mgano et a1 

are lunited to the renal composite ototcotne, it rs not clear if aprotimi is assocrated 1~1th 

rexral dysfunctiou alone, renal failure alone, or with both srrtco~nes. 

Lldividu~l clinical trials offer inconsisteilt eviderlce in support of nriy association behveen 

aprotinin 'and renal clysfunction The lack of co~~srstmr'y could be attributed to srnall 

sample sizes and patient rtsk profiles (clinical trials often ir~chrde lower-risk patieilts). 

Brotvn et a1 conducted a nlrtzt analysis of ra~~itatnized clmical trials comparing full-dose 
3 aprotinhl ~ ~ t h  placebo. They found the coinbi~~ed rrlatik-e risk to be 1 1 (95% CI. 0.7 to 

1.8) for renal failtue md 1.5 (95°80 €'I. 1. I to 1.91 for renal dysfimction. The analysrs of 

the cllii~cal trials included by Brown et a1 is consistent with the results of these nvo 

mtrclcs and filrtliers pi-o\-ldes iuforrnatloi~ in support of a causal associatian between 

ziprotinin nrld risk for renal dyxfimction. 

In s u u i l a q ,  two independent obscn-ational studies report association beks-een 

aprotulin 'and renal dy,fimction. Lr aklitiou, both studies describe a biological 

inechanisru outlii~ing biologic plausibility for this effect of api-otinia and renal. Tc&eu 

together. and with further et-idellce pro\-ided by the Brclaxm et al meta-ar~alysir. these chta 

provide a compelling argument m slipport of a1 association behveen aprotluiu and ma1 

dysf~mction. C h  the other hand. in regard to cardio~asculw and certlxo~ascular events, 

the filldixigs of these tm-o zirtlcIes are iiot cor~s.sistent. Alt l~ougl~h~m~gwio et a1 reported ml 

associatiou brtwee~i aprotirrur and cal-cttol-ascular!cerebro\-ascular events, Karkout~ et a1 

did not find these associations. Uri&out replicated anct'or supponix-e eiidence. the study 

by Mangallo rt a1 is ins~ficient  at this time to provide a reliable et-tdrilce for arr 

associatlou between aprotirm use arid cardiovascular1cerebrovascul;rr reactions. 

At tb15 time, DDRE rrcoril~lxer~dr; HFD-160 consrder adclitiox~s ics t l~e  approved labeling 

for aprutiilin t s  highlight the assocratiorl bchvttn aprotinll and renal dysfimction pending 

results a f  ranek3inled. double-blinded trials. .4u ai~alysis of spontai~eously I-eported 

ad\-erse events \\-it11 ap~otitlilu and renal dysfiinction arc tmdei~vay in our chvisicsil (re\-iew 



to be provided uudcr a separate cover). A1dlougl.1 assessment of this drug-adverse 

reaction association xvill be difficult based uyoa the AERS databare alone. the case- 

res;le\.r- study I I U ~ I ~  provide some instgilt about these assaciat~otls. 

1. Ma~~gano  DT. Tudor JC'. Dietzel C: MuIticenter Study of Pmoperati.5-e 

Isckctlria Research Group, Ischemia Reseduch and Education Foundation. The 

risk associated wit& aprotinin in cardiac srwgrxy. Engl J Med 

1006:354(1j:353-65. 

7 -. Kai-kouti K, Beattie JVS. Dattils K,M. rf rtl. A propcnsrty score case-controt 

coinparisan of aprotmin and trmexamic acid m high-txat~sfixsrou-risk cnrcGac 

snrgei-).. Transfitsioi~ 2006.16(3) 337-38. 

3. Broxv11 JR. Birluneyer NJ, OtComor GT. Aprotif~in in cardlac surgery (letter). 

N Engl J Med 2006; 3 54(18). 1954-6: author reply 1954-6 



Appendix 1 

Aprotirw (Trasyiol-Z). a serirle protease uAibitor. is the only prod~lct approved by FDA 
fur the prevention of peri-operative tleedtnp and the need for blood transfusion 111 
patients ruictergoiilg cardiogrdn~orw bypass during coronary artery bypass grrtfi surgeq- 
The FDA appru~al  date for aprotiilin was Dec 29, 1993. 

The most f ieq~~ent adverse el-cuts reported in US cluucal trials for aprothin appeared to 
be cardlovascufar events (ntrml fibrillation, hypotension. myocar&al infarction, hecart 
faxhu-e). fe~ier. nausea a11ct pulmonary events (1.e. frmg &sorder. pleural effi~sicm). The 
currerat yrod~tct labelii~g for Trasglol contains a black boxed xvarning for anaphylactic 
tlye reactions, paxticularly with 1-e-exposure. The Ad%-erse Reactions section of 
labeling luentioxms the folfowrrlg rclex-ant aclverse events relared to urogenital and 
car-c11olascular body systems (hsted in order of appearanre): 

l.~l-ogcl~ital-kidney fiu~ctioi~ abi~ormal. u lmaq  retention, ui-katy ti-act infection. 
kidtlcy failure. acute kidney failure. hdmirgi tubular necrosis. oligurla 

- Carcliovascnlnr-atrial fibrillation, hlyotension. nlyocardial infarction. atrial 
flutter. ventricdar extriisystoles. tachycardia. veutricdw rachycardra. helax 
fail~rrr. perica~clit~s. pa-iphttral edeina. hypertension, arrhythmia, 
supra~entricular tachycxc&a. atrial xrh>*hmia. thiambsis, shock. 
cerebrovascular accidcllt, vmlt~icular fibrillation, heart tarrest. bradycardia. 
congestive heart failure, flen~orrluge, bxuldle branch block, myocardial 
r$chemia. heart block, pericmdial effi~slon, ventricular arrhj-thuia, p u l n l o i ~ a ~  
hypertmsi on 

With the exception of eilcephalopathy. the adverse eveuts descrsbed in the Mangano 
publication are mentioned in tlie Trasylol (nprotluin) product labeling. 

Trauesamic Acicl (Cyklokaprlcma tablets arid injection), a sylthetic derixxtire of lj-sisinc. 
is a coruyetitix-e inhibitor of phsrtlu10gen actixrnrion indicated in patients with lleinopllllia 
far short term use (2-6 days) tu reduce or prevent hemorrhage and rectuce need for 
replncement therapy during and following tooth extraction. 
The -4d~crse Reactions section of the labeling mentions t l~e  follsxviiig relevant ad\-rrse 
events related to tlxombow~bolic events: 

WorIdxvide postrll~~ketirig Reports: Throxr~boanbolic events (eg. deep vein thrombosis. 
pulmonary cinbolisin. ceiebral thrombosis. acute renal cortical necrosis and central 
retinal artery and ~yci~i  obstnrctior~j have been rarely reported in patients receiving 
tritnzxainic acid for inchcations other than he~llrarrhagc prptl-eution in patients hemophilia. 

The Precautions section of the labeling nxentions that 'Venous and gwterial tfuoinbnsis or 
tl~rombsell~bolis~i~ has teen reported in patients treated with CYKLOUPRON. In 
addition. cases of central retlnal <arteq- and cerltral retinal vein obstruction have been 
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Appendix 2 
Trasylol acl~nimstratisn increased the nsk for renal djafimctwn. This study has some of 
the s ~ m e  Illrutations as the NEJM p~rblicaticrn. 

In pre-ularketing clulical s t r~dcs  cond~zcted m1ong approximately 3.000 patients 
zmdergoiug CXBG. the risks and benefits of Trasylol were detcnlliaed in clhucal studies 
that zaildotllrzed patients to either a placebo or Tzasylol. In these studies. the risks for 
scnous renal toxicity aild cal-dio.vascular events xv.4;ctre cleter~nincd to be sirnilar between 
yatxcuts receix-ulg Trasylol mxd those receivmg placebo Hocvex-er. m one sttuiy assessmg 
coronary waft patemy, Trasylol aclw~isti-ation lvas associated with an increased risk of 
gaf t  clortuc. The FDA will work xvitii tlic a~itliors of t l ~ r  publications and the 
manufacturer of Trasylerl to c.ucf~rlly ex-altrate tile risks and benefits as.sociated with use 
of Trasylol 1x1 CM3G. The FDA arlticlyates the public presentation of the recently 
reported inforr~mtroti 4md other &ta at an ad.Lrsory committee rir the near firture. The 
FDA xx-rll notify health care yruviders and patients in a timely frrshioil as atw ~nforinatiull 
becomes ax-ailabk. 
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reports occurring in paticilts 2 550 >.etu5 of age. The 20 nlost frcq~icntly reported et-en& wcrc 
hppotr~lsion (97). thrombosis (63). cardiac arrest (58). myocardial mfmcticm (55). post 
procedural cml~plicat~on (52). maphylactic reactma (40). renal failure acute (361, shock (33). 
renal fatla11-e (3 1). procedural con~plicatioil(29~, coagilopatl~j- (28). ptalnlonary mlbolisiu (27). 
blood pressune decreased (24). bloocl creatlnirre mci-eased (2 1) cardiac failure (20). vascular graft 
occlusioil (LO), chsseruirlated intrax-ascular coaguhrioil(B9), t&ombocq;toyeilia (1 9) and 
htf l~ol~hage (18). Most of these events arc expected since they are either lnemtioned in the 
product labeling or potent~d conll>licatloils of cardiac srargeq-. 

A coxxlparisoil of .AERS cnde  carults of renal failairt and in~pau-mcllt (HLT), reiectccf 
cardrox-asculm merits (myocadial rrafarction. cardiac failure and cardiogemc shock) and CNS 
heilioi-ri~agts and cerebrox-aseular accidmts (HLT) associated ~x-ith aprotillin- tranexanuc acid 
and nminocaprolc acid was pcrfonned The yrroportton of renal failure~ita~pairil~cnt reports atnoug 
all ad\-ersc event reports assoclatcd 1%-ith each cln~g =xar 2 to 3 tinlcs lugher for aprotmin 
coinpared to trarrexnmic acld and atruilocaprolc acid Like~"ilse. the proportion of my-oc.wdial 
infarction and carclac fail~ue reports atumlg all adverse ex-eilts reports was higher for aprotmin as 
well. I11 cotmast. the proportiou of cerebral-aseular eveilts for tranexamic acid was higher than 
aprotlnm 'wd mnnrocnproic acid. Thir coinparison of AERS crude counts was performed in lieu 
of I-eportrug rate comyarisans because of 1) lack of accurate dnlg lasage data for prodtact5 used in 
sarrgical settiilgs and 2) diffrreilces bt;rct~veen these tlrree products in regards to tiuw on market, 
route of adm11list1-ation and indicatio~ls for usage. 

A data nunilng analysis of crude report cozults in AERS coiraparing renal failmrecmlpairmetlt 
events for api-oti~lin. tranesanic acid and amiaocaproic acid si~owed an elmated sigilitl score for 
the follan-ing evellts for aprotinin- renal fallrafe, acute renal failure. d i g ~ m a .  rellal tubnlar 
tlecrosir. oligur-ta aild reanl inlpnim~erlt Tranexanlic acid and a~llinocapro~c acid did not 
demonstrate a signal for any of the aforementio~led events terms. Data mining qumttfies reported 
drug-event associatioils by producing a rmdcrd set of scores which iadlcare varying strengths of 
repoitcd relatioilships betwee~l diug and er.cl1ts. However. elevated data mning scoi-es clo rmt 
necessarily indicate causality or mcreased degree of risk and conversely. rrorl-elevated scores do 
not preclude an increase in h z g  related risk. 

We rer;le.r-veci 82 cases of aprotintr~ associated reilnl el-ents reported as acute renal failure (3 1). 
renal failure (76). rerlal in~pairmeiit (1 2). aligurin (8) auauia (3) and dialysis (3). SO0& of cases 
were ieportrd fro111 the US. The mecan age of the patients was 62 years with a Tang? of 1 to SS  
years and a feinale predominance ( 6 4 O , o )  was obsei-ced. Fatal ourtcolllrs were reported for 39'-6 of 
cases. Cases were centrally rmt well doc~ullented with ixlforn~ation regardlug time to anset of 
event. cun~udative ztprtatmln dose, laboratory clata or complete iuedical history of patierrt. Paharts 
t~pically had medical risk factors such as advmlced age, coillplicated post-surgical couirre a ~ d  
co-morbidities; the lnost freqnently reported were shock'lou- output sy~~dronle (17). cardiac 
arrest (12). thmbocq-togenic thron~borrc puuylara (10). tkro~nbosis (103, diabetes (6),  
disiri~lu~atecl iiltra\-asctllar coagulttor~ (4). umderlying renal dysfiulctioil(33, infectlor1 (4). 
cwlcn- (31, heart failure (3)  and anaphylaxis (3). Iviany patients had more them one risk factor for 
rcilal dysfunction The mdication for aprotinin ua4age was carclrac surgery in 799.0 of cases. 



EIXI~T~O . - 'srsos>au xepqtv ,iarrpyy 'aJnplzj darrpy amsa '~JKI~ZEJ 

liarrp~y 'uorlrrajrsr 12~~1 ,~urm 'rrorrrwla~ ,LIPUT~I '1erruouqv uoax~t~j .iarrply-lw$rrxa2o~~ 

-anssr . srqo . ssnrrssp a) goo; '1 5 szqxx~alda~ ~oj 
paplparps naaq 5vq 2uuaam aala.nrmrorr ,Crosr.ip~ rq .salrsqa.%i 511 uo sluno~ssajo~d am3 rpll3ag 
or raga1 pm marnna1.r~ ssasd u ia~sod osp sq saSea -rr+~osd~ gm3n r1~rrorssajord areaqirllpaq 

ol a2m.prn3 q+rlosd o) ansqa-ki ya J aql uo .LIOSI-\PV IliIeaH ~~1qtw.- v prw ,.s~suorssajord 
am~~jiEa~ lo3 WIV,, ;E pairod i(~xu?v ail1 'reor~~~rlq~~d . . 3raq)jo q3s1 rq -sdnosa' trmr~~d 

r~r s~apm~ojrroa pa.u;rsqo so3 zsnlpe ol Sussa~s .~rsr~adosd pazrlan sarprqs 1po8 'prx srrrrExarru1) 
pa-\raxJ oq~i asoyr rrorll rrtxl3mys.ip prxs~ jo am ~aya'rq e par1 rnm~orrlu -. Sm-traaa~ ". sjrrarlud 

iwqt pa~zoqs -nontysulz~~ m 400c E~JVJ~ psqsr~q116 ,iptus prxoae-uasqo Jayjorv .,rTarn&uas orr 30 

pT3a ~I~J~~?~O~Z!LIIB 'Q13U 3ImEXaUOJI pa-YT532-I OqM S)II~IJL'~ Ol p~rndU103 5E slu=l.la .TuItt35L..\OJqa.~3 
pw mp135v.~o~p~a '~srra~ JO 9511 pas~"a~3~r PXIE UIIITJQI~~ uaa-kuaq ~OI~UI~OSSU . . IIU gal.rocIa.z 

900; 'g~ .&E~IIU~ uo atnarpajh;jo ~utmloy pneja'u3 ,\lax arIr nr yaqsqqnd L<l>n~s 1euorta.masqo uy 
I. 

2sn rmruosdv . .  JIM pa1~13055~ rrorl~rrqs.+ ~WJJQ sysr~ sttouss pprra~od arp o) 
~~EUOTS~~J~J~ aJa3rIqeaq ua~u OJ rmrrloJdlr ~oj Zaqaqq rrr suorsrrlal pnaruwox-I a-1% '.i~%urpsocr~~ 

-6xw' 01 patlmrqta suodar rnoanelnodr jo sys..<l~re prm aarpt;ls trooyuarqo mnapuadspul o.~ 
fl . 

u1 pana2Ztls sr . nonzrlly5.4~ . pzxas pup urm~usdv . . uaa.iuaq rrorl~r2ossu . . ur! sy .paytlIrrxa aq lornrin 
rrnqo~d~jct . . aps aqr ~a.\a-naq 'papr-IOI~ E~UP JO ssarra~a1dr11oxn so ararr ayl jo .Q~raldu~orr aq~ 01 

anp ~;.qr!o uo!um~jr.ip pa1 2rrrpr~ia~ snq~nqy~~ a.ulmgap . . aTkr o~ qnagr~3rp rr . 11 . sarm &imta o! 

:411)au~pv --rro~~mtq~~p PXI~ oa. amqulnorr ,4um y3nj.\i slua-ia Jnas.IttJrTo> p~3naf~dxa so sso43~j 
qsp Brv-4plpmm Iarlqa peq wayud .i~xem jerli pa.'t\ogs luzmrt~dnnpmlru~ jeoa3 30 rase2 $23~ 

30 SIS-~TL'UV rry -5ur3a~ sji~a-\a asarp 303 ~~ua'rs L. aturtsuoruap ]on pfp p!3e >!ordumrx~ure pup prJa 
~rumxam~1 '~seauo~ rq -$rrarruredrrrt [uuas pnE urnGiqo -srsox>arx ~yt~qtu 1err;rs xrndrlo . 'ampj . 

INUJ ajnso .amIrvj TEUX pm ~WIOJCIE . . 303 aJox lerra'rs pate.uIa rra p~moqs sr%+rw arnrrrrrr . . uiv 
y -pr3~ ~KCII~E~O~~W pm PI>\? ~mex;lrr~.ri 01 ~1afaCfZTr03 lxarp rnr~pordv 103 srmaxodn~d rarl3nj 

pa.~oqs (sa.so&~ ~ria-~a as3aA\pr! 11~ %rxornv)l ymrp smaPorysv> prru anyivj qxes -no~tarujur 
1lzrp~~3o.irn 'marmradmrr prrg anIIrq 1ursaJjo szrrno3 apt~x>jo uosmcirrro~ u -uorsnpm3 rq 



-srpuorrr XIS .iyalerrrrxo~ddv jo arrrrr 
%e-[ .r? a.teq mq 'Jrrasald a111 q811on~1 C)~JD~ .LIE~ITTET ~OJJ ~~~E-[TE-IE am ulea -5alels palrun aql rrr 

saif~lrq~rl, juax~edrrr na.las ;ira.\a jo zalo auo .i-[r@no~ sanlssrro~ srqi -srseq p~txrru m ue) -sp.ro;ral 
luarludzrr rrorlvrrr 8 I .41alurmxo~cici~ apnlsrrr prm sartrTr3ej am3 am312 0gp 1a.w rrrog ps.\rJap 
a.n! BJUP arlJ 'aseqel~p pt3rmrrrj prw rrorluzr-[r~tl 8tlxp ju1rCISo9 aSnq e ST ;rs~q.r?l~~ s1~am1a~d 

asnlruj puar 'pam"aJ3rrr ~78 
'qons 'srsoqu~oql 'uorcnaroctirl :vm.ta iuv.%alal a'rm.%~of~q J~I aptl~~rn Zrryaq.r?f ~3tlpord ~u3ruy 

aqj JO UOI~JZ xm113~a.6 asra-tpy aqL .mua;l prru -q;lmrm$s '2m.11 -ajuimxcf aq~ JO umanrxe;l sv 
qms aseasrp 3rlsqdoar1 :srsoqur> srledaq :aetrra;reld orldruq~ -errrramw >~$su~cb su rims srap.rosrp 

~v+o~o,~rnaq :rungs lu-Ii;luuod puu (sampa=o~i ssuniq ;ETpm> moqprn so q~r.k~) .iro~mi$ 
way Srn:\\olloj saor~e31-[druas . . ~e~rihns 1111.fi P~~FT~SSL' aq ,<-[iuanb~j ,<em ?arpaa-[q 3r~i-[onrrqr+~ 

.paqnba~ aq .iurrr sanlsearn .CsrwS~atrra Jaylo pue .srIoxsqrrr rraXarruqg 'srrorstysmrea pao-[q 
aloq.+i qsaq csuoy~n~~s Imaa~~anp-am rq .Zurpaalq 01 ra$t.~t$~lrrA sTs.~lomsqrS nai.\\ S!SPISOIM~ 

%rrrx.nqm m 1ryasr1 sr . 'yr;re . ~m~xaew~$ rreql r1n11aar13e ua3ourrrrsu-[d irqryor ." . olA4~ualod ~a.\\ol q$r.k\ 
a.lrle.%uap au~s.41 ;rr~aqla{s wrpsue {no~~afrxr . . pue s~alqq -cf~u,is @mrrr~) pr3e ;lrcl.rd~3or1rruy 

-~~~nfCiorrmrj 
q1r.11 szmarlvd m rxouua.%ard a2wrpomaq uaql -rarlln suorlesrpm . . JOJ PIJE' srur~sarma . ZITI-tra-w . 

3marled ur pa1.1od;rr .<lan.s uaaq 2.1~9 (ao~sz~~sq~ ma.% prIe A~alw lE?usal1u.slna3 prxe -srsoman 
IE~I~JO~ pxa3 amx .srsoqrnasqr ~uqa~a> Lrrrsr-[oqrx~a .&~uorrqr~d -srsoqrr~a1q3 nra-+. chap %.a) slaa-ta 

~rloqnraoqruow .. . -prds.r on$ sr - uoqaalrar . .* snou-a.%m$rrr uaqm pa-uasqo ruaq sey rrorsrralocf?i~.- 
:saua.ta mp3sa?.2 prw luuax Sqmfa'ar aor$~nr~ojn~ . a'ut~io~~~j . aylsapnl;lrrr Sqaqq ~st~poxl 

nord~yo~;r.i~~ qrjo nopaas snon3~ax aua-~p~ aql -norrseJJxa r~toor ~rn-\\oGj prrr Lnmp 
.4d~~q 1rmrrra3e1efar: ~oj paan asnpas pr~ aZuq~~orr~aq ir~ata~d ro ast~pa~ 01 ($Cap 8-,) astl rrual 
rroq~ zoj errqrqdorrraq q1r.u s~nar~ud rrr pale3rprrr . . norlP.msu ua~onrnrsr1djo "ralrqrtpxr a.~qaadtrros 

u sr .arrrs,Cljo . a.lnu.%uap . xlarfznis e G(uo!~3sFa? prw s~alq~i @uoJ~E~oI~.{~) QT~~J ~I~IIUS~ZTEJ_F 

-9rnlaqvl l~lt~p~~d (~nrn10~d-e) ~u~isea~ at11 rrr parroauam am srrot1~3rlqtld . . rltloyaq-j 
puu orre%.rr.r?5y a111 ur paqfJJsap qrra-ta as~a-~pu aql -L<qlwdo~uqda~rrajo rr~r$da>xa arll rf11,4j 



'.8.a) suoglz3lpwf uo~vds~p rw.%@ ~upttrr(a Jon a3~ uanpo~d asarli )L~I SZTJ~LIU~~ adrd~aa .a.rn~joCIXd 
30 autupra ~(IPIPI P saP!so~d 1011 LVUI amp r;lprz3d orfj bq pappo~ci ant~&dm jo suqsa 
rro paseq suos.rmduro3 alp3 fStrruodan 's5mposd asarlj mj suuoj a%ssop ~~C/V~IBAP i~asajjtp 
prrv am lo3 u~o!rv3~~ypu! a1drlTt~m jo asne~ag .uoyqndcd aqc nlq~ut . . ooqazqt~t; *. m an~rodxa . 

Wlrp JO alwfqsa aiwnlxtt. urt ant~ba~ srrosrmdruos ~JUJ Buruock~ p~rzpuals 'aJornxatpm5 .youad 
~u~uoctw pa.&~$qo qt mno su~~pord BN~ Jvl?Urrr JOJ JI.~~I~I(% am sa3133wxd SS~UO~~J lmll jix1a9 
(z prnl ((s)uouw~rpm ... JQ tm~~ads i~q.\qopja amor .iaq~m ko am!$ -43.3) FIJ~I~OJ~ ml5n!s 

.ba.% (1 annha~ suosu~drao3 atv~ 2rryroda.1 pqmq ~snortdr~3s~d . . pasrr;rcfs!p dq pap!.irp strn~oa 
09~3 rfb pasq ~F>I&<J am sr10~qnqe3 ~YJ Sq~Odax -5oo\!rsdu1o3 a:oi Si+~od@.l q qnrar 

~3q320lddr 3.\?1k?lU~I?tlb .(~&I0d31 qSlBi~~P3$~ '%'a) %+f0d21 KI&l3 SJ3.lPV $0 SlI*tI03 TI0 a~mwdxa 
JOJ iuaaxlsttfpe a.~ueir~mtxb . " ~o a-tyagvfib v a;13tqd oi paw aajo am asaqi rg qans pry> a&sn 

-JUPI~~~ p2u!ur.'ma~ pr3v ~~PX~IWB SO a5t1 ax11 ajq.k\ par~~pap a.tq 03   add^) prse aro~cfu3ortrrxm 
ja asn aq~ 'porx~d an? atxres alp 8rtuna - g)oz 01 100~ UTOJJ .<~'p8ai~ pat?a13m soy rrrurzo~dc 

30 a~csn pa~~ada~ aqi ~aqt wa& t! .na>< .ig u~xqsr!p i&ycdrr! pal=aG 9q3 qri  bas^? 

+s dt1olii 
ampaxad ,i.rt.rrrud paa sr$on8orp a8~arpsrp .irvrrrud -Xa~vuortr -L~is jo tj$3u;l1 'ssynai3 'as&? itra~tud 

m pm8az &!M mlx&rr .&alt aq ot p~ieadcia Awns aBmg~ry~ ~vl~dso~ 11o~vx 2111 
JOJ P~IJ~~S sit13ysd s~wjld(aoq JO qdumr .Qrpqaqo~d . . ayr 30 orotl) pue .;s~;suat~wr[a ~ruped 
pmr pqd~oq mnc~a~d Bm~~d~sured . .. aaa-uq ~uos~mdufo~ .L~nrmnp~d . . ldaSmrp\rp lua?ied i~*~a 

JOJ ~ax~a~o;d pup uronBerp {lv re ss ~no!,muqlm Burl~rq-Lurrmqd . . p& xqdv~8ouup 
apnpm papano3 plsp 3ql .srntzlr $n!y~ua yue utird .pa.~s rroqv{ndod .m(a Gq uo!tex[ 

xqdu~oa~ trodtt pasq r3rjrrui=vzvq3 ass.lrp qtr.51 q~qdsoq ~a~led!=~~d~O 21-s 531 tt10.g 
papa no^ an PUG iqi sleirdroq Ileh~r~.rda~ blpraaatr ioa op yrw -Puoynlpsm -~.n 
putr nrrrrad q~oqjo a~cfmos $saps u am ;aslzqoitr, sn~i 01 ao!imr~~o~u! a,11qmuo3 tcqi slwjrdso~ 



.hada~s 3vrpn3 jo aqat~ba~ aiq~ssod 
.to Snrlaqvj i>t~po.~ci aqt ql? youo!ium ~acpu 9rn .(orp ays papodxa are sans-la asaqr $0 &!&!pur 

Y a~~quottmq poo (61) upadod~oqurorqt *(GI) u~rlytsao~ M1113SP1VIIl~ p31epttJss5?p 
'(0~) UOFSllt33O ~JP.@ 1qll31P.\ *((ji.) 3JX111VJ 3PllJB3 (1 5) P1~~ai3~I 3U?'lI!lY3JJ pOqq .(+;) P.I(YilI33P 

amssa~d poolq ,(LC) msqqm ?Crvrrottr[t~d "(g?) iirpadop%~o> '(62) norfe3q&uo3 e 
. p~11pa3o~d 

-(I€) arnltq IY~~J '($0 pot15 +(gy) awe amltq ~rn~ +(B) aor~xar ~~~~.iqdurtn '(ZS) 
aormsqduro~ . . prmpa3ord $sod '((5) M~JJBJ~~I . p1pru3aLto . *(gg) I~~J'E Ju1~n.3 '(~1 sr!roquro~r{i 

"LQ) norstwod4q ara snra-aa ga~~oda~ Xptranbag )sour 0~ arfbl '(1 Q 1) SJ~~JOS!-J ~UTIZISBIP~K . . pm 
3r3usoq~ ',Qcrl~?~.!dsax prw (COT) SJapJosra Pir~tlt~fl pnP je:~ax .(L 1 1) suorr~~r~drrro~ IPxtIpa>o_rd 

PtM ~IXIUOSIQ~ '.bllftq 'f 8 1 1) SUOI~"~~)S~.+L~~ '(00;) S$aQJO%"[3 DPn>JE3 '(5 SJ3pJOSIa 3P1113SP11 

:(riUSj S~~SED rms.q-~ ma& i~&xo~o.~ aqt ~~prm paerrrul> am (sld) rmia~ pawjald 
vr441 pap03 asax SUO~~J JO .Cat.rof~xu a~ .a% $0 mad 057~0 ~3trayed rrr . 3munxo . ruociw 

jo %8k q)t.u pa>irepq s~itt :fuEanq?rtsrp 9 'S~~JIIOS 3rasamop WOJJ a~a.~ (06~8) suociai 
troyy .9fJoC 0, $66 WOXJ $3&w Bnnrod;lJ PU .5~30& rbt~~un~ y?~ 21.~0 PUY 3rpor~ad 

L 11 c3~~ SL '(.iep-g I) pn'pdxa ?J'S .,(;t) noywlunn pastnbal pm (E 1) P)lq&tp 
'(~8) ~~F~JV~~J-$J:I '(LP~) W~UZRU~~~SO~ '(g$~) 91~4~ 3tw311;o S~I~~IPI L' peq W&J tgp 

-rrrm~osdv . . JOJ sum&$ %!P~UJ $05 JO IVJQJ v pa:~ul:103 a~~qaup CJ.JW aqi'gf~0: 'Q ;Crmqa$jo ay 



-uoaqndod aql rv 13npo~d aqljo uopvz~~at~an~sodxs roj ~~~SOJJTIS 
r? su suoda~ us jo rsor)r?~qcIclr ql?.n ps)\?Inqu2 st rrorrrdo~d n -aIojaurl_L -an~.sdxaja almnrtsa 

alqrqas e ap!.lord 4011 Aertr vwp .S?FSII 5" s~s.C~m sql UI pasn are slroclsr llojo no!udard e 
no pasuq snosuedmo~ .a.\oqu palon sy .saw Pmvodasjo uos!mdmo3 ot s~qmr~s sr srs.i~vuu 5~1 

(5) aJnIruj [enar prm 
'(5) no113njn1 1~rp~nolirn '(5) a%rq~~ornaq '(5) ssau-rp -(s) uonpnos '(s) ale15 pnorstynos 

'(5) E~~[PJE~.{~EJ~ '(5) pa~~ai~ap ~rtls~a~d 13001q -19) Bu14111~o.i-(9) iqled01t15'uos '(9) ~II~II~JE? 

mln>se-\oJqaia> -19) pasea-ram a-iuan poo~q ,193 pasuarxy as~rqoqdsoqd armni~as3 poo~q 
'(L) 3OXd lIDQB3tpaltI -(6) SrlIJYZZUaP '(01) .41j&?d0.h '(of) JSaIIV SUTPJLa3 .(J ) S!50QCUOKjl '(L 1) 

IIOX~LI~~O~?;~ &JaM 5$11212 ~)a&I~dal ,ipuat~baq JS0TU JqL -($I) 5Jap3OSIG atl5SlL 6110allP)t13qtlr; pIIt? 
IlEfS pntr (0~) STIOIJL'S!~~WOJ IEJtlpa2OJd pw ~Z~QSIQ~ ',htlr~ '($2) 5JapJOsTa fi?lII152j~10Jl5E?~ 

'(sz) s~apro~~a 3vrp.1~3 '(0~) snor$uSr$sa.\rq '(05) a$ry norter)sru~mpy pw rrspros!a panag 
'(6~) rmp~os;r(l man-is sno-uqg .(jt) srap~osra npDsEil :(5309 52~5~13 arajs.4~ 

Srn.%io~[oj at11 sapnn pay!ss~?la ~JE lag (sld) surJar pamjard qr1.11 paps am-%\ suodasjo ,Qrrolurrr 
aqL -2rjsamop aJa,u st~odasjo ygg pm 900~ 01 0~61 11x03~ pa81m~ STX!UQC~~JJO sma.i 

suoda~ ~rpouad 26 prw ua~y lf bci~?-~ 1) pnrpsdxa ~9 a1a.u aJarl1 (8) ~ou~~a-~~aiur p;l~!nba~ 
prm '&) pa[qa?p '(I 1) Ztuy$uaq)-aj~ '(1 gj not~eq~~~dsot? '(~5) qiuap Zrrrpnlaur amro~itro 

snorsas e pq rjrodalg 1 I .pr3e ~~ord~~orrrure JOJ suoda~ aptus 667 pamviaoa arrqwp ;F,XZJ~ afil. 

'Q) asrqarn prm '(L) ~ISO~K~:OJ~I 

rtra-i daap '(L) u1ed ~nu?~~~opqu '(8') 2fwtr110~1 .(8) uo~~a~rmllr~ Ztup '(8) um1"v03 J~I~J~E.I~~~II 

pa~eunnassrp '(8) .4q~~hp12eos '(8) pasvaJsm aumrruaJ2 poo~q *IS) rmu3cm '(6) yaoqs 
.if 1) axnx a~tq1ej IMI~J '(1 1) ~aorrdsip (1 1) ssarrsnopsrre>jo 1a.kal passa~dap .(I 1) tsaue ~E~JJES 

'(c 1) u~xa~Cd G(71) uorj3mjm 1wqa.ras -(f 1) JuaprDse qnslsu.\o.rqam> .(s 1) rrrsrloqma ,hoqtrd 
aJa:k% sluxla pagoda1 dprtatlbay 8sow aq~ '(8;) Srap-TOSra UMJ%$ s!leqdmC-~ pm pool8 PIX? 

(6;) SJ~PJOSIU snoaur?ltlaqnS pue uq~ '(0s) SJqJosra ~nltxxq\ '(0~) SrapJoSra pmlsu!pa~ pmru 
~rsc~oy1 ..bolu~rdsa~ '(15) suo~iuS~isa.~rq '(19) rropw~ls~nrpy puw supJosra ]warn3 (LF) 

s~ap.rosra mai~is sno-uax .(;s,]0~) 5.255~~3 rru4y) tuajs?iij. Brrf.tio~loj axp raprrtl pagrssel~ am ~'tlq) 
(s~d) sma~ pa~mja~d q11.it papoJ aIa.kl srroda~ jo .iruolerrr aq~, 'sa.slmos srisanrop 1rro.g yajanrZfpo 

(~/~g) sl~odaJ 21 :";tr~ -pans rrajjo lsom araa (0~9) napa.zic; pw (o,~L) permma '(~~g;) rmdvl 
'(514bz~) u~op8m2 pap1 :saxnos dra~oj rrrarj pa~eurZuo suodas aqljo isojq -9007 01 ~861 

mo3j pamncIs %tqzodxjo s~ea.& aq_t '( 1) .i1~wor~q~1~ralrroa p~rrr (~1) rtot$rra.ua1rrr pam1ba.r '(z~) 
pa~qusrp '(DE) 8r~alrraq-ajq '(1 11) U~~VZ~E$I&OI~ -(LC) qjpap %o~ptlprn arrro3lno stlor~as u prq 
suocbr ;o; -arvqerv SXW 1111 u! PIS" srwexan~~1 qnx pal~r~oss~ svodar aptuJ QZ, sra-ti aJaql 



'Pt3" 

?~old~mryu~ pm! ypu ~~tt~axauou *r~~rrt)o~du . . JQJ slmdar iw.~ as~a.ve 11d~rrotrre sztra.io asu.rpn 
IeaaJ psl~aps 30 -xro~rr&~d arp qrr-ti Qd) ~!so~>att ~wpxqt~$ It'rrax pno .~uauursdtxq pun arnpua 

~atrq ~m turn \xmay\~ IUJ iXw 1" sit~.~a asla.tpo par jo sluhoa aqi su1wzuo3 E alqq 



1 P~oportiou of Acute %i);acsrdial Inrarcrtou (PT) all 1 I 

Tabfe 5 contains the counts of 9dected czl~tral aenoas systatru events &I AERS for h3ectDP.A 
tcnns. Cez~tral h-ervotls System Haemorrlxtges and C'erebro~asculu Accidents (SILT)' and 
Etrcephalopathy (PT) and the proportioil of cerebrovascular evei~ts to all adverse evtt~t  reports. 

As shot$-n in Table 5. the proponism of selected cercbrovasctxlar c ~ c l ~ ~ s  were ger~trally higher 
for txanexamic acid thai apzotiniti and aminocayroic acid. 

For the period thraug1.i Febn1at-y 8, 2006, the AERS cIatabasc corltiiined $2 urrciuplicated caseti 
that were icleiltificd by the active iilgredient aprstiniix or the mde name Trasylol and the 
MtdDRA tenn "Retlal Farltrrc and Ix~iyainuent" (EILT), Dernograyhit and sut~untaq infonnacios 
of these c a s e  arc provided in Table 6. 

' Ceatral Xa-caw, System Haeicruai~hgts and C'erebiomsculrr .kti&afi (MLT) consists of 68 3LedDR.A PT tetms 
includir~g cerebrova~ular acctdeat [PT). Cetebral M r c t ~ o u  (PT) a d  Cerebrat .&-tery Thranaboric (PT). 
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maphylaxis (3). Many patients had more tlml one risk factor. Two-tl~irds of reports lacked 
information on concomitant medications: ita reports docurnenmg infcrnnatioil on conconlitant 
medication use. the most frequently reported were l~eparill(lQ). protanvne (9). digoxul(3). 
dobutamme (4). norepirrqlxirre biwtrate (3). aspirin (4). ftlrosetlude (3)- m d  nitroglycerin (3). 
Also reported was use of anlinoglycos~des (4) uld ACE inhibitors (3). 

The indicatioris fm use were reported as cardiac surgery (65)- spmd surgery (4). organ uitusplmt 
surge? (3)- \-ascullar surgery (3). cerebra1 heillorrhage (1). ~oa~rnlopatlq- (1) and leukemia (1). Ira 
65 patients \&ere aprotlzlila was used for cardiac surgeay. CABG (3 1) cud mmtraL'aort1c valve 
replaeeinent (20) nrere the procedures most fiequeiltly ctted. Three cases where aprotmin n as 
used for organ rsatlsplant surgery were kmdneyf pancreas, bilateral l u g  ancl liver tramplant. 

M y - t t v o  cases iv~th a fatal ouitcome \vere reported as renal failure (16). acute send failure (8). 
cwt~ia (3). r ~ a l  iil~pamrn~a~t (2). oliptsia (2) and anaphylaxis associated svitli dialysis (I). Ciender 
war provided in 29 cases with 17 (SSO/o) females and 12 males. f iwa l l ,  most deaths occuf-red in 
patients greater than 60 years of age, however. there were i s ~ o  deaths m pediatric yaticilts: a one- 
year old child uuadergoing surgery for nrurltlple catlge~lital cardiac anc3malirs experierlccd 
systemic thornbosis with hep~vin'prut~nins reversal and a 14 year old fanale awutrng a heart 
transplant experm~ced reml failure and cardiac arrest foflo\ving it ventncualcrplasty. Most patients 
were mldergomg carctiae surgery. although in 5 cases. the uldication is-as reported as acute 
promyeloc3;tic leulkemta ( 1). bilateral lung transplant 1). cerebral hemorrhage (1). nartu - 
s~~bclaviatl Y prostl~esis (1) and tfioracoabd~rminal aortic anewysm repair (1) 

As rlotcd above, most reports did not provide information on tUne to omet to renal event. 
laboratory results related to rellrrl fimction arxd co~~corllitant nled~cation usage. Furthemlore, 
patiarts uurclzrgoing cardiac surgery are at risk of renal dysfunction. Howe\-er. there were a few 
retntil-cly wlconfcru~nded cases where apiotulin use \vas temporal to the dm-clapnlent of rmal 
dyskaction. Trvo representatis-e cases are summarized below. 

FDA* 3 6 14926ih,ZfrS 2001 1 0 5  1BWH US Periodic report 

67 year-old male n'itla histury of diabetes. lrypertensiun. m~stabk angina, myoccu-dial infarction. 
but 110 histor); of renal disorder, was adrninistered a fbll dose ofaprotitlltl duuing CABG surgery. 
14edicationr gven pnor to surgery included metoprolol. cerit-astatin. aspirin, nitroglj-crnu (pm) 
aid btnlazepnl. Pre-qerntively. laboratory tests shosvecl BUX 15 and creatimne (0 9) xv~thin 
xlornlal lmmts. During the post-op period, h e  paticut experienced acute rmal fai l~~re.  Laboi-ator): 
tests onc day after suugery sho\ve.ct BUY 19 anct creakline 2.1 were elevated. 7 &~ys after swgery 
BLTN (36) reruaitled elevated and creatinine (1 .l) renirned to normal. Dialysis was not needed. 
The patient recovered and was &%charged 

FDA=f5342357 US Drrrct report 

51 year-old fernale with pa5t history of breast cancer w ~ t h  dosontblcin induced cal-d~omyopathy 
and inedicatioa allergies. received 5 xnillion umts of ayrobnin dubring heart transplant 51ugq. 

Pre-transplant continuous therapy includ.ed lorazepam, tarnoxife~~, digaxin. fuuosenudr, heparin 
doym~ine. dobr~ramine ararl mult~t-italnins. One das  fcrllo~vinp surgery (5/15), she dc~eloped 
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SIESIOfUKI)P.\I DEPaRTIIEYT OF HEALTH AKD mJI,LY SERVICES 
PCBLIC HE&TH SERIICE 

FOOD AXD DRKG AD3lIS'ISTTUTIOS 
€:ESTER FOR DRIJG EJ'ALUATION kYD WSE.4RC:H 

DATE : November 2s. 2006 

TO: George Mills. -M.D., Director 
Dirisiorl ofMeclica1 Imaging k Hexlmtology Brodt~cts, HFD-160 

THROCGH: Gerald Dal Pan. M.D.. M.H.S., Director 
Office of Srmcilliuice a ~ d  Epidemiology, HFD-400 

SPOSSOR: Bnyer R~nru~ace~rticals 

SUBJECT: OSE Rcr-icw of Risk Minimization Actioti Plan (RishM.4P) 

PID 8: 2006-788 

This colloult follows a reqiiest by the Ditrsion of Medlcal Lnaging & Henlatology Products 
(DMIHPj, for the Office of Surveillance and Eptdemiologp (OSE) to review a nsk 
mk~t~rization action plan (RiskMAP) sr~trmitted by Baycr Phczrmace~tticai$ to nmrage the risk 
of hjpcrsensitir~ty associated with the use of aprotinm (Tmsylol), a product indicated for 
prophylactrc use to reduce ytrioyzmtive blood loss md tile tieed for blood tmlsfiisiou in 
patieMs unclergoiilg cardiop~rlnionar): bypass iu tile course of corona~y aner). bypass graft 
surgery. The RisliMAP proposed by the Syo~xsor collsists of education for prescribers and, 
potentially. an aprotluin-specific IgG assay (not cturently co~mncrcially a~ailable} to idmirify 
patltnts at highest risk for a lqperse~~sitivity reaction. 

?Ye have renewed a11 aatialysis suhl~irtcd by tile Syomor of hyperreusitivity reactions 
assoc~ated with the use of aprotinin contained in the Sp011mr's glob& safety database. 
Adclitiotmally, Susan Lu in tlie Ditision of Dnig Risk Evaluation @DRE) reviewed cares of 
hypersensitl~ity reactions associated with the use of aprotitlin contailed it1 the FDA's 



Adverse Event Reportin? System QAERS;). The Syoasw's analyus of their postmarketing 
database of h)~rrsmsitix<f4- cases a i d  Ms. Lu-s iei-tew of the AERS cases of amphylaxis 
raise concerns about the adequacy of tile labehng of Trasylol regardmg hypersensitivity and 
anaphylaxis. The Sponsor proposes to use education reinforcitlg mfomt ion  m the labeling 
as the primilary tool to malage the risk of hyyersmsttrt-ity reactions. We do not believe that 
stresslag the irlfomiatmon ma the currgnt labehng \vould s~xfflce to mmiage the risk. ?Ve note 
that the Sponsor c~uretitly educates practrtmonr-rs about the safety informatioti contained in the 
c t~ ren t  labelmp. The ELsktSAP proposal cioes not appear to differ substantially h n l  current 
edricatxon, amid cases uf hjpersensmtm~-~ty. mcluding cases wmth fatal outcomes. halye conttmred 
to occur despite thrs educatiotl. Basecl on the revin-s of lrjpersensitivity reactions ulldertakeil 
by the Spcnisor %ad hfs LII. w e  have recot~unenclations regarclulg changes to the Trasylol 
labeling. If the labelkg is d a n c e d  to incl~rde the safety tnessaees detailecl belorv. then 
edticatro~l m ~ y  be an  awl-opriatc tool to help nrmage the risk of dle product. 

The Sponsor's proposed cducarioil focuses on cmdiothoracmc surgeons and car&othoracic 
ancstlaestologists. While these physicians are the primary Trasylol prescribers. use data 

I provtded by Bayer slrow that non-cardiac surgeries conlpirse 4% of the ~usc of Tiasylol . 
Smlmhrly. an analysis of use data undertrllieii by Dr. Laxlsa Go~emnle in the Ehvrsion of 
Sun-eillxace. Research and Conmunrcation Srtppoa (DSRCS) .shox~ed that nm-carcltac 
slugcries corilpnse about 39.0 of the use of ~rasylol.' Notl-cardiac surgical settings would be 
rurltkelg- to provide for tlre capacity either 111 persormel or m equipmalt to implenient 
elliergent cardiopulmonary b l ~ a s r  (CPB). a strategy recor~mencled to help tnauape 
anaphylactic reactions to Trasj-101. We recm~lrnmd that the Sponsor develop a strategy to 
identific. ph?riciatls who are using Trasylol in such non-cardac suugical settings a id  contact 
these phystcmar~s to educate them an tlie labelect m&cation and the requirement to hat-e 
cmergex~t CPB capabllrh when Trasyfol is used. 

Tlie Sponsor pm-oposrs to conduct a pm-e- ruld post-laurlcli sw-iey of hospitd records to 
evaluate conlpliruice wtth the test dose proccdrxe arid to obtam data regardtllg prlor aprotinm 
exposure Additiondly, the Sponsor proposes to adrliirstster a sun-ey to a smlple of 
prescribers to cloc~lmlent receipt mid application of the key safety messages in tile ed~~cational 
program. Addrtronal cietails siio~rld be submitted regarduig the survey methodology and the 
su-iey 1~1sm1111tm. In addrtioil to these steps to e-ialuate the swcess ofthe RirkVMP, we 
rrconillend tliat the Spvnsur n ~ o ~ l i b r  tlie lion-cardiac tise of aprotiuin to maluate the srxccess 
of the RiskkfAP in decreasing the use of aprotuiin in settiilgs where eiuergent CPB is not 
available. 

Trasq-lo1 (aprotkui irljection) 15 a nanual protcase it~lubitor obtained from bo~ltle lung. It 
modulates the sj-stclllc inflaninatory response (SIR) associated with cardrquImonary 
bypass (C'PB) surgery by redwing the ilfixnmatory rrsponse kvhich trm~slates rnto a 
decreased need for allogeneic blood trmsfi~sions. redwed bleeding, and decreased 

Bayer submission to NDX -70-301 dated Octobet 5.2006. ' Go;rmale L. A h l y s . s  of inpatient u3c of ~ r a s ~ l o l '  (aprctlmn); NDX 20-301. Data exttacted Octcbei fSOd 
fro111 ? ~ i  mire,. Rx Mar I:.o:,id\ IJOY 
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iti1m1~1oglobulin assay to identit'!: pabents at risk for a 11ypersmsitivi.lh: reactiml. These are 
desclibrd in more cletail belois-. 

4.2.1 Sarr-owing of the Indication fa13 I'se 

The Sponsor is proposing ro narrorv the iad~catlon for llse in patients at higher risk of 
bleedu~g. The supplenvnt was u~bmitted in Septenlber 2006. prior to the 4 d ~ i s o q  
Cormnittee meermg. and proposes to narrow the mchcatton to patients ~indergomg prr~uary 
CABG who are at increased risk for bleedu~g. The curretlt approx-ed indicatlou arid the 
Sporisor's proposed rudication are yrovlded m the table below. 

C~urent approvzcl itidicatioil 
prophylactic use to reduce penoperarive 
blood loss atld the need for blood trnusfitsioil 
in patients u~~dergomg cardiopulmonary 
byxi55 the course of coronary artery bypass 
g a  ft slsgerv. l4 

Proposed indication 
prophylactic use to reduce penoperative 
blood loss atid the need for blood transfusion 
in patients undergoing cardropuIrx~onq 
bypass the course of coronary ancry bypass 
graft surgery viho are at mncreased risk for 
blood loss and blood tramfuslons. ls  

hi aprotosiri I-& assa5- is proposed to predict patients ~vho may experience hj-per~cl~sitivitv. 
Baycr has stated that Trasylol will be contraindicated m patimiis who haw a positive result16 
to die IgG a~itibcrdy test. The Sponsor aelu~oivledges that the assay is nor comicrcially 
a~vailablc; however. the Sponsor indicated that they are colliniitted to incorporating the assay 
into the Risk\UP whrn the assay becoiiles ava~lable. 

The danger of the test dose, md the drfficulty in d~agnosing ~ ~ p h y l a c t ~ c  reactions m the OR 
setting point to the 11ccd to develop atlother method to detect aprotmm l~ypersmsiti\-it>?- 
Althou-& t h  idea of apr~tinin-specrfic IgG assay 15 attractive, sevexal issues sllrroind~rip 
the assay 1nay linut 11s effectiveness m preventing h~yersm~sitivhy reactions: 

a. the assay is not col~unnclally a~ailable, 'and. accordu~g to the Sponsor. the 
de~elopment of a pomt-of-use asray is evcil xnare &stant: 

b the assay has not berrl proven to be vnlld and reliable: 
c. the assay is expected to yield fafsc posxtrve results: that is. there ~~111  be some panents 

who will have measurable nprotitun IgG FX-ho would not have an anaphylactic reaction 
if they received aprotil~i;  at1d 

d. the assay may yield false ~isgatlx-e results: that IS. there will be some patients who do 
not have tr~easluable aprotmiti IgG \ ~ h o  will have a11 maphylactoid reaction If they 
receive aprotmk. 

1-1 Xpplorrd Augast 1998: appro~af fetter a~aglable at htq~ srv:~~r-.fda go;: cdei fol 'apple'ttei <I992 203M304 pdf 
15 Bays sixbillissicu Septcm13ei 12.1006 
'% pcvtive result wcuid be any measurable antibodies. 
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The Sponsor states t h t  the ediicationstt propam will stress the follo~v~ng messages: 
T Tfie appropriate iiieGcatiotl for n%e (CABG rlugery requiring CPB): 
t. The risk s f  hyperserrdti\-ity is increased with re-exposure within 6 months; 
T The imp~~mnce of taking a coxuplete nrerliicat history to uncover the use of cross-reacting 
products: 
r The correct itst of the test close, includitlg the need to observe the patient for 10 tiii~~utes 
after n&iliuistmtion of the test Bosc: 
t Ej~couragc readiness for az~apl~ylactic reaction -with the test dose arid the therapeutic dose; 
T Info~tlmtioil oti cross-reacting prod~tcts: and 
r Distribution of ineclical literanare regarditig hyperseixitit-ity with aprotiniu. 

Proposeti Ednca tianal Actititief ancl,tlaterialr 
TEle Spoxlsor stater lien' ed~tcational n~trria1.j 'ivill be prsdticed tvhtclt will cox~ve): 'wd 
eulphasize key safety messages. The nnv materials incl~ade: 

1. a safety sheet (not cqk~ined); 
2. safety messages liisyl;9yed on the 1x.~~w,TrasyIol.eom website; 
3. patieat chart labels to be placed in the hospital notes of patimrs who receive Tsasylol 

to itIforn1 the ~xttiats '  s~tb~eqtxrnt healthcare providers of Trasylul exposwe; 
4. a slide educational pmgriull to be delivered by the Sponsores medical science liaisons; 
5. educatiotml meeting programs for cardio$iomcic miesthesiologists atid cnrdiothsracic 

surgeonr ; 
6. a rapid ir~teractive e-coilmlut~icatiou targeted at cnrdiothsracic anesthesiologists and 

carctiotl~oracic surgmus; 
7. educatrorlal x~mterinfs ixitended for distributioli by prescribiag physici'ms to patimts to 

inform the patient of exposure to Trasylol ancl the risk of subsequeut t x ~ s i u e ;  and 
S. comnltur~catioll of safety messages to HCPs 13-ho report adverse events; with Trasylol. 

05% C'otnmcnr 
* The sponsor did ?tor k c t i b e  TJTB basis oftho rr'losc?~ c;&"lrcotionni roofs. Fo?. a~ampke* 

~vBta~ is the mtiorialP&for each offhe gdiirafiorfnl ncfisiria n??A nantericrls? How is the 
serrip-eg tri.1ios.o ti$@ educntiortnl actil.ifies will ; (~k~plncej  expected to afl'ect tho 
fwzt.;;ing process ? 

* ,.1 oi811:oirf qf t1w inty!emenration offhe sdrrcnfiorraf ylnn is the yctl;ronal coizfncr 
foz~r~ench) to ba tliad~ kg? fAs $~unsor's ~ t f j r ( ~ ~ t . o ' i ~ r / ? ~ ? ~ ~ ~ i ~  %lies Sye-cinfisfs ntzd 
:Wodicaf Sciol;ca tinisons) with the y~-escribers This asgd otbev nspecfs (Trnsj~lai 
~ v ~ b s i t ~ ,  srb~z~f~ficp?-ogr?+a~~ts, err.) of edircnfio~.r n t . ~  drzsct+bed adquntdj;. Iro~i.awr, 
souls ~d~cntio?ml foods nro lass .rz.eil de~eir'bed~ 

The Spol~sar proposes to conduct a pre- and post-launch swvey of paticut hospitd records 
noting the cases where the test dose svris recorded. the history of aprothiin exposwe. and 
psei-iom surgery within 6 ulonths of the cwleut hospital \-isit18. The Spm~sor also yroyoses a 
stnictured follo\l;-11p qtxestiot1fiaire to be used in a sample of prescribers to doct~t~lent the 

! S P1eri0u.o a ~ x ; ~  gery svithin 6 manths of ~k present uupcal p$ocedure may srtggcst ~ e ~ i o u s  aprotimu e.qmsulr. 
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qt~estion is not clea- from this axmlyus. $e Sponsor should conduct a i-andouiized 
conrrolled rrlal to address thls question -" 

C'OSIJlER'TSi'RECOJ~IENTT9TIONS FOR THE DSiIHP -4XD THE SPOXSOR 

The Spo~aor and the re\-~ewxng &~~.isioil should coiistder contrancltcatmg re-exposure to 
aprotmln ~vitllin 12 xnoiltl~s 
Use of aprotinm should be co~itrauldicated for patients who have had a procedure m the 
prerlous 12 manths in which use of aprorinin is st~spected (e g , heart s~~rgery) 
The labeling sho~lld shes5 rhat usual ~ynpto~l l s  of h>persennti~-ity nlay llot be present or 
:nay be obscured by the OR setting. 'md that the most freqtie~itly obsen-ed sign of 
ligryersetisit~r-ity is hypoteilwon. 
The Iabelmg should sh-ess the daliger of the test dose and the fallure of the test dose to 
predict a hqpeneilsitlvlty reactioil in ~ m n y  cases. The labeling should advise that 
aprotfiutk. ulcl~dmg the test dose, be adnmistered only xvhu enlergellt cardiopulmnomq 
bqpass 1s available. iuld oldy after pre-treating \nth antlrustatluiles a d  sterotds. 

Please ~nclude a5 a goal of the ls lrMAP to redwe rhe use of aprotinm ul settll~gs 1x1 

n-hich enlergcnt CPB ts not available (I e . iloil-carcizac sur_eery). 
Ed~~cat io~i  axd Chitreach Phil 

o Whle  cardiothoracic surgeoils and cardiothoratic anesthesiologists are the 
primary Trasylol prescribers, me  data pro..-ded by Baver show rhat non- 

-6 cardiac surgeries cotlqyrise 40.6 of the use of Trasylol' . Son-cardiac surgical 
settings would be unlikely to pror-icle for the capacity either in pel-solme1 or 111 
eqriipnleilt to inlplement emergelit cardiopuhnouary bypass (CPB). a strategy 
recoimnended to help n u a g e  anaphylactic reactiolls to Trasybl We 
recommclid that die Spullsar ck-elop a strategy to identlfv phyztciai~s \vllo are 
using Ti-asylol in such non-cardiac uueical setntigs m d  coxitact these 
plly5ic1alls to edtxcnte them on tlie labeled m&cation and the I-eqnirement to 
havr emergent CPB capability rvhea Trasylol is used. Because education 15 

the key tool tlmr ~ 1 1  be used to tluninilze the rtsk of h5pei-smuni-~ty, the 
ed~lcat~onal effons uit~st be as effcctrx-e as possible. To thus en4 the Sponsor 
needs to provide adchtional ulfonllation to the Agency about their educatlmal 
efforts: 

0 Describe the basis of the chosen educat~onal toots. Explain how m y  acquired 
background mfonl~atlo~l shaped the rationale for each of the educational 
activities and materials, and how the setting (\\-here the echcational acttvities 
tvill take place) is expected to affect the leanurig yrocesr. 

. . -' 'Xe note that the .4d'.lboxy C'omirttee encouraged the Spouscr tc? conduct such r ntal 
'6 Bayer %ubmssian m SDA 10-304 dated Ocrc-brr 6.2006. 



o Descrlbe to what extent the followitlg elements \%-ere considered m developing 
the educational activities aiid inarenais. Characteristics of the targeted CT 
surgeoils alld CT anesthesiologists tlut would be importmlt to their ability to 
rtcen-e and implement the education (suich as, but not limited ta: 
d m ~ o g r a p ~ c r .  lrarimg preferences. and educatioilal nerds) 

* Input from the target audience during edlicatior~l ulaterisl 
developtueilt 
Adaptability of the educatio~~al materials to meet the needs of diffcreur 
edurcational activities or settings 

* Oppomllliq(ies) for the target audietlcc to demonstrate wllat they have 
leaixed (feedback) 

Ptease provide additional mfonnatioil abwt the ~rnplwlrutatiom of the 
followulg educational inaterials and actnrties. 
0 A list af the cducatloiial materials to be supplied by prescribers to 

patients oim ascharge from the hospital 
0 An explanation of the proposed "rapid interact&-e e-con1tu1~1icatimiI' 

The Spo~lsor proposts to C O I I ~ L I C ~  a pre- aud post-taumch suuvcy of pauem lloip~tal records 
notmg the cases wherr the rest dose lvas recorded, the hstory of aprotinin exposure. and 
previaus smgeq \v~thin 6 moilths of the current hospital visit. The Syorlsor also proposes a 
stnlctu~red folksxv-uy qurcstiolulaire to be used in a sunpte of prescribers to docuinetit the 
rtcelpt and application of the infonuatloll described ill the key safety lnessapes bin the 
educatioilal progam. No sun-ey instnunat and h t e d  methodology was providcd to 
evaluate the effect~veuess of the cducational plan m t h  EL5khUP 

Surbinit all sun-ey xlirthodology ii~cluding, but not lilllitrd to: 
\Vho nrll receive the survey? 
How 1%-IU the sample be detennh~ed? 
What me the selection criteria' 

* LVhat controIs \rill they use to mlnrillrze bias? 
* IVllat controls v.-ill they use ro cot~~pmsate for t l ~ e  l~llutationr associared with therr 

methodology? 
How many physicrans:patie~it records will be sun-eyd? 
How will the sumey be aci~nmisterrd? 

* %%at questrons ~ ~ 1 1 1  be posed on the sun-ey instnulent 
Submit t h  sun-ey irlstnlmeut that ivill be used. 
De\-rlnp a strategy to nlotutor the smcess of decrea.img the use of aprotiui in 
settings u~ which eillrrgent CBP is available 
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,&proimm ('~rasylol") is incbcated for propiiylactic uie to red~xe paioperative blood loss md the 
need for blood Branshslol~ m parlerss ~uidexgort~g car&opultnonary bypass (CPB) in the c o m e  of 
coronary artey byyass graft szugeq- (CABG) who are at an increased nsk for hlmd loss 
blood transfusion. 

In -7006. two sn~dtes reported oil the risk of aprotmin u5r auoilg cardiac surgesy paheltts. On 
September 2 I. 2006 an Ahlsoq- Conunittee (AC') met ta dzscuss clllucal aid obsm-atlorn1 data 
qluestlonmg the apprqriateness of usmg propl~ylactic aprotmin injectlonr to ~ e & c e  perioperativr 
b l d  loss and the need for blood fransfus~o~i lu patients ur~dergoing cardropulmonary bqpnsi iil 
the caurse of c o r o l ~ q  artery b?iya.ss graft surgerl;. Ttiir &scussion fofio\ved tlie F e h a r ) .  8. 2006 
FDA Ptzbkc Health Advisory for the use of aprot~nm uqectlotl. Ou Srytendxr 27, 2006, a few 
&q-s after the .AC 111eetu13, the sya t~ar  toId FDA that it had ccnmnzrsianed a safety snuly. f i e  
preltnrmnar); resrrlti for r1iis smdy d-tted Sepre~uber 13. 1006. ivere not subnutted for &scussron at 
the Septcnlk 7 1. 1006 XC meet~ng. The Agency issued ilnotlier Ptlbhc Health Advisoiy on 
September 29. 2006. 

Thls renew provides a descnptlon of the 13 Drug Safety study methodology mind anabsis a ~ d  
coxmnentj on the s h ~ 6 - i  prehnllD1.q reullti Th 13 report preseilts results &om a large hospital- 
based cohort snldy that med a b l i s t r a t ~ v e  data to asitss nsk of acute revascdarization, acute 
llem falure, stroke. acute renal fadrue. aid all calm in-hospital dear11 for reclpierits of aprotltiul 
comprecl to users of other anrifibrulol~tics (kanemriuc and anunocaprolc acid) Tlie strength of 
tliis s h e  is its ability to ~deilt~fv and captxm infonuatiorl on a large nrm1kr of patients 
ul~~dergoulg C B G  surgery. The rnam liimtatioiis are its ufie of admml~shnu~:e &ta rather tl~an 
clirucal data from ttx medical records to identie llnrdical ontcomr and to ascertam co1:anatcs tlmr 
tlutigatc patlent risks. In addition to multlvarine analyses, the mvestlgators conducted senix~~:ity 
2nd flrlutad s ~ h -  ailalyses. rca evaluate potential confoitildul_e. 

Drsp~tr tlir hnxtations dtsctlssed above. the malyses cor~cl~lrrcted by the 13 h ~ g  Safety Group 
offer a robust assesilllent of ap~atuliti use and abo confirm re id  effects reported by other studies. 
Ekntcd nrks for ~a rd io~~~scu la r  events. and stroke- however. were k l y  associated wltli 
maconmllert confoundkag in this sktdy. Elevated nsk estinatfi for rteatfr were also reduced when 
controllitlg for confo~uulers but reinained elevated nonethelesr. The risk estinwtes for death 
aypcxed to be iughly correlated with the nsk estmtes for renal eimts. Rtsk estunater for renal 
dyifitll~tl0~1 r e n u d  stable tvhen analyses were adjusted for co~sfou~dng and show a high 
lrkef~l~ood for an assaciat~on ~mtfi ayrotirun use. OSE$DDRE rrcomnw1ds tiut nirdical recor~fs 
be reviewsd to c o n h  renal failure. to i&ntl& the possible cauw of m-hospital death. and to 
assess the possible ~o i l tnb~~t~or l  of h'iw disease to morbidity andjar 111ortality aftrr aprotlnm use. 

If a process is ~uidenvay to re-analyze data collected by other mx-estlgators, OSE s~ipporrs the 
Ageilcy's efforts to to150 obtan and re-vlal;ze the 13 Dn~g Saf-irty-s Premier &~ta in an effort to 
reyrod~tce and itaildardrze tlie analysts of all thee datasets aid to m-afuate. m this and other 
ciatabaser, whether liver disease 15 a possrble alitcorllc of aprotiui use. Re-rutlly5ir of the 
Prenuer &ta sliould mclu& a stratified aualysis by ppropenuty score cicciles or qwtiles and 
should adjust for d~ys-srtlcc-nugcry. 

.Aprot&tti (Trasylol") 1s iiiclicated for propB~slactic me to reduce paioperative blood loss aiid the 
need for blood transfi~sionm ID patletits undergoirlg cardiopuh~miiary bypass (CB) in the course of 
coronaq artcry bypass pmft r ~ a r g q  (C'XBG) avho are at an mcreased nsk for blood loss and 
blood tmi~sfifiinii 



In 2806, nvo studies reponed on the risk of aprotuun me among cardiac surgery panuits. The 
Emt arttclel, ppr~blisl~ecl ui New E n d d  Jownal of klediane 081 Jaurarj 26. 2006 reported that 
treatment wth aprotitun 111 the sett~ng sf pmmq cardiac surgery was assoc~ared uitll a; 
maeased risk for a r e d  and car&ot"ascttl;lr esmtr cos~tpared to treat1iiellr with no antifibni~alytic 
therapy. The nskr decreased <renal wents) or disappeared (cardtot;lscttl;cr eyeits) when the 
analysis was limited to yattetitr mdergvuig complex cardac strgery. 

Tlw woilcl stu$J, pubhshed ilk tile March 1806 issue of Trausfitsion, reprted a .100 o increase 
nsk for reiial &sfunc~on associated .rntli aprotitun trcanlielit compared to treafimt tv~tfi 
traslcxaauc acid in a single ~.ettrtl/lg of cardsac nargcry. 

The D~tlsioti of Medicid Itiagiilg BIB Hematology Rdtlca requesxed the Office of Sun-eillance 
ad Epidr;°tluob~ requested the D~vtsioa of %;g &sk Et;iluation (USEQDRE) to promck a 
critlclue of the studies cited above The nit~que* was completed on J w  1.2006. Ths  Boctment 
.rms linrited UI scope to rex-mt~ng tile design wd lumlytlcal aspect of tile study. 

In hght of these prtblications, FDA isstled the follorsitig "Pwblic Weaft11 -4dt-isor~i'~ sn Febnwy 
S. 2006 (.4ppaclix 1). At the same tune, the product label umd~fied to more pronGnemIs 
advise prescribers about t l ~  potex~tal rtrk of adverse renal events ;.hen usaig teus product. 

On Septen~kr 21. 3006 an Adn~lry Committee (AC) lnct to disctiss ckiical and obsen-atianal 
data qtwstlomng the aplxopriateizss sf wing propliylactic aprowliti itijecaot~r to reduce 
pcrioperatlve blood loss arad the need for blood intisfusion in patients ~mdergomg 
carctioptdnmiary bypass in t11e course of coronary artery bypass graft uugery. Tlus &scussion 
fwllowed tlie F e h ~ a q  8,2006 FDA Public Health Advisow for the trse of aprotiiiu irtjection. 

Prior to tl~e .4C meetins. tile ~ p o ~ s a r  iud c rn~uiu~~ion~d  xi ob~m?atimtat clkicaf study to 
quailti@ the ~~~soclation between scrious card~osascular and rcml outcotllcs m t l g  pasons 
~uxler~oing coroiurf a r t q  bypass graft (C.4l3G) surgq-. Thus study war based on a progwal 
prepared by the contract research org&taot~ 13 h g  Safety. a dins~a i  of h i g a ~ x  
Plrt\maceutic~ Se~ices ,  11~. to use the Premer Perspecfive Conlparati~e Database. an inpatlcnt 
adnriturtrata~e database. On Stpreii~ber 27,2086. a few day after the AC meeting, die sponsor 
told FDA that it had comuissioited tllis safety stud?; The pre-ry resuln for this study dated 
September 13,2006, were not submitted for discussion at the Septe311kr 91. 2006.4C nleetii~g. 
T h e  Agency issued another Tutblrc Health ~di . iwq'  on September 29,20006 (Appldw: 2). 

Tliis re\le>v provides a ckscnytion of the i3 Dng Sdery study methsdolcyzy and analysis and 
cotiuw~ts o t ~  the ~tt1~1y'r prefituittu~~ results 

T h e  study was evaluated for consistmq-, coiiipletel~css ;uid~z.hethr the study and ana13rical 
~imezhods could aclneve tlie study objectives. The rcsearch niethod$ agsessed kcltde dte sndy's 

I:, Dtug1 
Data $ O L U C ~ ~  
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.:I Populafio~i Selected 
I:, Expostue C'nteia 



!:I Disease Outcoine 
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3 RESULTS OF REl?E\\- 

The in7;estipators conducted a collort stitdy to quantify the assocratlon betiwen aprotiilul use and 
smxous carclio~ascular arid renal outconles a d  in-gl~pital &ath from aq- cause compared to 
;tnm-iorayroic acid and trcmexalnlc acid ure a m n p  patzetlts ~mckrgoiilg CN3G surgery. 

The iin-estigators proposed to conpare csrdiovasculas. rmal  and in-lloipital mmk!y ourcoxnes 
m CABGpatiexlts recel~ulg the anhfibnnolq-tic aprohwl mth t h s e  recerving amllocapolc xd 
and tr;ulexamc acrd The objectlares ~tatecl rn tf115 report are constste~lt ~wth the proposed 
0bJcct1\-er 

The lilrestlgatori used a hospital-based retrospective cohort design to compare the experience of 
patients isndergokg a Cr-1BG procedure that required car&oyubn~oiiary bjpass and mtrax-enous 
adnumstrat~on of antifibriilaljt~cs duzin~g surgery 

CWE Cortrrrrrrrfs orr St11<t' Rurigtr 

Athou_& not specifically rtated, because the mvestrgators rcfex to the study ppulmion as a 
cohoit- 11 LS assumed r h t  the study cksipi is tlut of a retrospectire co1m-t that \\-ill assess rlle 
lricidence ttl each treatment go11p and su~~marized by calc~llntlllg the rclatwe risks of aprotinln 
neatxnmt to that of otber anhfibrmolytlc treat~iwnts 

Ere of a rerrospectia-e cohort &sign is appropriate to evaluate exposure and outcome .LUthou~h 
tlie Preimer data is based on dml~ r ion  related to reunbursmetit. establrslmg a chro~~ologcal 
sequence is relam-ely srnightfmvxd. 

The draft reviav does not Inentian II3.B re~-~e.rv:approvaI arid irlfoniied consent. Tlw p toco l .  
however. does nie~ltlcn constraints iinpored by the Health Irnwance Poitability a ~ d  
Irccountabil~q- .Act [MIPAA). The protocol also states that rne&caf record rel-iew w o l d  need to 
be done ur~der oversi-&t of a r ~  appropriate mstlhrttoxiaI reviesv board I,I.RB) to use pahait 
~drntifiable chta for linkage to medical records No ruedicaI record abstracfio~~ was done for the 
yz el~rrlau~q study. 

USE C O I J I I ~ I ~ . ~ ~ ? ~  orr 1 7 1  ~lirrrriorrnl Bourd Rnvintt (I-] /h!fon,red Co~r~errl  

Because of the propnetaq nature and the database used for the study and the apeeruazts in place 
brfivml Premer ad t l~e hospitals. rt n not expected that the Il~vestigators could obtaii~ u#mned 
consent. It is expected. 11o'cve~er. tlut the iiir-estigators slibmtt their protocol for If3B review and 
appoval. Keither tlw dr& report nor the sndy protocol mentions WB review and approval. Thr 
report clues state, 11owevcr. that Prermer provlded a cle-identified data set for the present ailalpis. 
svl~ich was fully colllphailt wit21 the 1996 Health Iilsura~lce Portabhty and Xcco~mtability Act 
fJ-EP.U>. 



Data for tltls s* were &aria Coin tlw Pret~ucr Perspective C'onyaram.e Database (XD), a 
large hospital-based, sen-ice-level comparative database m die Uiuted States (US). The PCD 
provides &tad4 re4olrrce utilization tbta along w~th patrei~t p n m q  arid secondq haposes 
and procedure codes for appro.ulmately one-wxtll of all hospitallzatioris in the US, with broad 
geographic diwrsity 

The Pmnier &?abase has been used for rciearch studies in the past, iucludnig ones exailuuing t h  
relation h t rvmi  p c n q r a t i m  dnig use x1d inorrairv. Detailed sen-ice-level i i ~ f m m t ~ o ~ ~  is 
available for each hospital stay and ulcltules mforixmiau ~ c 1 1  as dnlg u~il~zation by product 1Lmle 
aild strength quuasitity dsprrlsed. 31x4 umr cost of &up. depaitment cosrs, charge detail as well as 
surgeon and hospital cl~aractenstrcs. Patie~~t level illfonnahora include?; dmogtaplncs. principal 
2nd secondaq diagn~oses. priilclyal ailcl iecond'q procedures. lemlgth of stay. cost of cue. day-of- 
s t y  data, and rm& af discllarge mclr~dulg death. but uat cause of death. 

The Pre~muer database n-35 proposed because Bra~ltei rs able to ga back to llosptals for clwt 
re1-1ex~5 for paneilts of innrerest under overs~ght of ail appropriate llutitutior~al ret.imr b a r d  (IRE) 
to use parient ~denhfiable data far i d a g e  to rneilical recoids. 

USE Cor~rr/rulrfs on Dntn Sortrcer 

Lulutahaui of using clauns data for resezch are well known .wd ach~o~vledged by the 
lnvestl,antois. Lulmitatioils that iaq. affect this study kcludc u~coillplete pre- and post-operative 
data capme. m ~ ~ i m a l  irforniatio~r on patient's medical and kl~nr-tor21 histoqr. and uredlcal code 
tiiar muu181ze re-inlh~rseiller~t rather yrecncly reflect a patient's health condtno~~ 

The data source u i d  IS cotksistent ivith was proposed m the onglnal protocol. htledical 
record revleu.. llowe~er, was ilot &bated uor conlpIeted for the prefu~aiixq report. 

Tlie saldy mcoryorate5 time years of ?reiuer data bcghulmp -4pr11 1.20113 

USE Currr~rwrr!s orr flre Sfr ids  Tirirc Periad(s) 

The Premier ml\ t ical  dambase captures mformtion 011 pat~enrs rmkgoing C.4I3C begi1ululg 
-*nl 1, 7003 a l e  mrestigators state that the Premer ditabase captures CABG mfomt?tion for a 
three year period Based 011 t h r  u~fonzxitiotl. IT is asslumd that the total study period Is befiveen 
Aprd 1. 2003 and hiarc%m 3 1. 2006 Tlme is no referelice hr the repon. other tlml the adnussion 
pear covt-anate listed UI urnvanate tables where the colllyIete tune period is referenced. 

The protocol had o~ipnally proposed 3 llailger sndv period beghung Ja i l uq  200 1 and 
emrildmg tluo~igb Septeil~ber 2005 but tlie i~~restiptors reported ree~smg the tune period dm1 
tlley learned that only after .%pnl 1. 1003 were all procedures. test orders. and n~edicatmr~ 
dispensitlg cot~sisteilt8y and reliably coded \nth mtbnnation about the dny they were 
adx~uusterrd. .According to t l~e ilrt.estigat~rs. &ta before April 1, 2003 were excluded from the 
study It was lata hamed, I~otves-er. tlut the dataset actualis uiclu&d poced~~reriadt~uisnoifi 
startlilg Jan~laq 1. 2003 

The stluly ulclu&d all patients 18 yean or older \irt'l~hlu the Premier ciatab= r h o  tmdenl-mt a 
C 'MG procedure (1CD-Sir CN p c & u e  code 36 lx) that rquired cardiopuhs~arq- bypass arid 
lntrarenoiii adtrimstratioil of apromin atiuilocaproic acid. or trmelcunic aad. Patients wrre 
followed to the a id  of thierr hospitalization. 



Receil-ed llultiple untlfrbrmolytic agents d~nu~,o s ~ a g q .  

Receised Less than two nullton utl~ts aprotuun (1.c.. fewer than tnro via15). less than 10g of 
anmrocapic acld (1.e. fewer tb hvo viak). or less ti1311 1 g of n'a~elwuxc aclcl (Ee. leg3 
t l ~ ~ i  oae full vial); 

Did not receire any atlfihuml~-tlcs. 

The ~ndex day was d ~ e  date of the C-SBG procedure. Follow-up rune starred on the day fololfowing 
tlie index day for all oirtconle except isch~el~uc stroke and &ah i-iuch were obsen-d be-qnrunp 
ivrth the day of surgery. Obsmatiou for yotcunal shldy outconws c m ~ m ~ ~ e d  unul -the end of the 
hospttal stay dumg xvhich the CN3G proced~ue occurrrd. htietlts msfemed to a second 
fac;h!y were foUmved ley until the date of rsatsfer. 

Xie follo~xmg patient ~Imacreristics were itlcluded m the analytical database: 

Dtino_eraphic .Age. sex. race, low income status (Medicaid or ul&rnt), n~vifaI status 
(hiv~mg m ~ t l i  pnrmer) 

C.UG Surgery Type Redo. conlplex {any- other stugery lu add~hon to C-ABG). ntl~llber of 
vessels iiwolved, perc~t~wous coronaq procedrue or t1liombolysis 
dunng u&x hospitaflzation but befbre C'ABG s~ugery. use ofplasina 
expander durulg stugetl;. use of a cd l  sal-m. -\xrhole blood, red cells, 
plasma. or platela tnn~sffisions duruig surgery, c x & x  arrest duritlg or 
before C M G  swg-, atld diag~losis related gzo11y @RG) sevent)- 
csdlllg. 

Htnlth History D~abetei. 11>-prrtenslon. 1 1 v ~  diwasa, COPD astlmu. ca~cer,  old ha.  old 
(03 rccotded ~ t f  stroke, aiglna, raml failure, heart fa~lt~re. 
di:cJinr*ge dingt~oz~zr 

Health History \%'dam use 3tld arr!~)rfh~ma before the tndex clay 
,L+enfi]kd %TO d i ~ g  lirs Lii 
pt.ocedrr~*esj 

Hosyltal c l n c t e n s t ~ s  Tenchag status, locatron [hIidwed Nodleast, South, aitd \krest. ud 
orba~~'i-tual), hospital size (riurxrber of beds), CABG i-olune. hmprtal 
ap-otilltu pref~encr  @roportion of all ant~fibmol>--tic use) 

About #*b of pat~plmts rece~ved a p r o t m  and 54" 0 aluiilcapi-otc aclcl. The few ramming 
patlellts recetvccl t f ~ ~ ~ e x a l i c  acid and were lnclucled with the anunocaproic acid recipieilts fai 
yrhl,ai-y analyses of 3pror1~1 versus other at~tifi'hrmolyrics 



O.$E Corirrr~ettrs art lhr Sirrdr Po~rrlnljo~r 

Becatxie the o n p a l  sttndy ermcolllpassrd a longer t ~ ~ l l r  perid. the oriwal yropojal projected had 
identified 104.539 drscharges that received an ant~fibriilolytic ap1t  and of these. 73.905 
hospitalizatioa~ damq 1~-luck CPLBG was perfmlud. Tl~c prclinmasy study reports on 66.435 
q~adi&lng patients. 

For this study, ~rtvest~gators used the Ic'D-9Ckl";~'s 36.1~ code @)-pass allastomasis for heart 
relasculanzation) to ~dentitlfq. C M G  patients. Underasccrtaltu~~~ni of C.mG surgery is uot fikely 
to be a major concam siilce the proced~ue ir costly arnd rzunburseu1ent is likely c l d .  To 
  den ti@ CA3G surgery patients. llo\~ever. other sh~dies mcH&d the 36.2 [Hem 
re~asc&,u-ization arterial iq lan t j  ICD-9 C'Xf code as weE for post-operative sun-eilLai~ce that 
hare -bed claxxlzs databases' A claim for C'.AEG sulrgeJy IS ilot Irkely to diffrr by treatmetlt 
gfollp. 

Inforilution on patient dem~raphcs  and surpeq- arc ltkely rellable ifrecordzd. Ideutificatloil of 
outcome depcrlcls on zlme acauacy of ICE@ codes. Results of laboratory tests aid other dia, onostic 
procedures are usually ilot recorded. Capnarc of any ~aedical diagnosrs dqwids 011 the accuaacy 
of the itIfmmatrotm recorded. These linutahons are acknoxvledged by the inr-~stsgators. 1\11e11 
eval~mting relatn-e nsks. undlrrascertmmmt per sr 15 not l&ely to be a l q o r  problem unless data 
capture of the cox-ariatc 1s tn~bahxed across treatment groups. ~ o s t i '  of the ai~tifibrmol>-trcs 
vary slglificautly with apromnul k u g  5igmficantly more costly than anunocaproic acid or 
traile.xal1uc acid. Coilseq~mdy. infomtro~n on prim ine&cal histor). or existmng ~ d c a l  
conylicat~ons rllat would  just^@ ZPSC of the mare costly ayrotinin ~vould ilmre l~ktly be recorded 
for clams p q o s t s  \vlicn compared to tlu lower cost a~ t i f ibnno l~~~cs  and coilld introduce 
untbalmce rn h e  treatment goups Lhdeiltlfied residual confo~ii~dmg ren~ams a collcern for this 
study 

When possible. the sens1bvit-y ad positive predraed value of selected &agilosttc and proccdwr 
c d e i  should be verified by rcrrewng at least a satnple of medical records. The investigaforr for 
this study proposed to review sonw medcal recorcls but lmd mt coinpIetccf tlut task for thlr 
report ~ulder reyiew 

3.7 ESPOSL-RE 

The sn~dy mcluded thee dntg exposlue groups on the day of the ui&x C.=G pcedure:  

.4protitml ultrava~ous (n7 
~ A ~ m o c s p i c  acid 11,- and 

Tranaanic ac~d ll' 

Because of relattvely snlall nurnbm of t rane~wl~c acid mer3. the prinlay analysts co1nbu1ecl 
ammocaproic acid altd tranexamc acid into omre no-aproruiin antifibnnolw proup. For tlus 
5tudy. exposnre referred to rlprotmm exposure and exposme to non-aprotrilm atltifibru~o~ytics was 
cmlsrdered th referent exposum _ero~~p. 

Xprotuun use was finrther categor~~cd unto low dose ( 2 - 4  nuIltor~ tmts) and Iugz dose ( 4 
nllllror~ Il' turns) on the day of C.2BG surgeqr to evaluare a possible dose response effect. Oral 
use was s p a d r c  and not comidered in tlw analps 

OSE Comment$ on Exposure 

The ii1i:esngators excluded patients who received ~nultiple cmlnfihinol.flc agents hu iq  51r3er):. 
those ~11s received less thw h ~ o  m b o n  ~ulits ayrotm [1.e., feiver thux n w ~  vials). less than 10g 
of anunocaprotc actd (1 e. &wer tlaan two vials). or less than 1 g of t r a n ~ u r n c  aad  (Le. lesi tlmn 



o11c fidlr~al), 3 r d  patie~~tltr d l o  &d not recen-e my .uptrfibrmol)tics xirrtrhorat plondmg an): 
justification for dokg so. It is ~1derstar1dable why they ~vsutld exclude pattents who received 
t~~dt rp lc  atitifibrtnoly~~cs unce rnchlding tliet11 \vaulcl n~ake drug-rehtcd outcome difficult to 
mterpret It is uuiclear why patients \Tilo d ~ d  riot recal:e any antifihnolyt~c were excluded rlnce 
an inlportmt queaion that remaim ~imns\vered u ~vhether use of any antifihol?%c really 
itlyroves morbidity and mo~~afity.  

The outco~ws 111 tlus stady were assessed duruzg the hospital stay follo-,vln~g the day of the rn&x 
CABG ungg-. The outconles coilsidercd were 

Acute cormnry revasculwz~tio~~ (1~1d1cated by the preseilce of codes fur tlliotnbolyws, 
perc~rtat~o~~s tr,ul~lmumnal corona? axlgioplasty (PTCA). or redo C';1BG). 

0 Stroke (exclodmg i~ennorrhagrc stroke). 

Xcutc heart f;wlm~c (mrlica~ed by the presence of codes for dobutunmr use or left 
vmtrrcuilnr assist dence use). 

Acme renal fallaae (ilficated by tl~e pewlce  of codes for henlo- or peritoneal dialysis 
or hemofiltratloilj, and 

In-hospital deaths 

For all ourco1nr.s other tiilar~ stroke, the expasme risk \vtt~dow was froin the day after CABG 
inrgeq to the etld of horptaihzat~o~~ In addit1011 it war assu~rwcl rllat the outcorne occurred on 
tlie day the respcctir-e clmges were recorded ul die databaie. S o  narrmver trmtng donnatron 
(e.g. how) was avahlile mlthu the Prenxex database. 

c4ccsrdia~ to the protocol. outcome to be measturd for this study mcluded uqocarchal iufaraion. 
stroke. heart failure, dralysis. ancl death. Codes were proi-i&d m tile protocol for all outconles 
except in1yocardia1 mfarciion Codes were also pronded in the protocol for aczotg 
re~asculxization ancl acute renal falfure ai  well Tale study rrpn does uot address my~cardral 
darction at all The uwesiigators notccl dist smce c11mndo~  was cs~tical ttl this s?tldy, t h y  
focused 011 m outcaine that could be reliably identified by procedlue codes. 

Red m ~ ~ a t 3 c i e ~ ~ q  could not be dttemum~ed u~ the absence of laboratory values in the Prenuer 
database rhefefore acute renal fnrlure was defined as --reipal failure" or "rmal f~llure rcqutrmg 
&aIyus". 
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1 Excluded users of rrruiexaitrmc acid froin the cornpariion p x y .  

2. Restricted the study popidation to patients 

a. Undergoiiig complex CCA13G swgeries. 
b. Tre~ted in luph-vol~une fncdities or by high-voltme s~ugeozks. 
c. %ving diabetes. aild 
d. Xot rnllsferred to o t h ~  hospitals rm~But8un the first 1 days post-openhon 

3.10.2.2 Propensity Scores 

Coefficients (propens~tly scores) \yere obtained fionl a lopstic rege.suan nrudel that was used to 
campure prdcted prob~bility of apotmm exposure among study coh& r~~cmbers. The 
regression used all rmasured corariates descnkd above ai predictors of apratinm use. The 
uvestlgators des ip t ed  the fitted probahlity far each patient a5 l~ishrr  propmiuty far ap t i t un  
treatmiit Cpraye~ssity score) EVm onrutted fi0111 the ana1yus menbas of the apratmlii rwd 
comparator groups whose propensity scores did tiot ot-erlap (1.e. did llot fall u ~ t h u ~  the r q g e  of 
scores for the orher group) The aimlyses were repeated for each srttdy OL~~CMIIIZ, adjluting f a  
q\unt~lfi of propesity score. 

Because a sli~?ll proportion of patients ims have been transferred to anorher instrtution early after 
CABG swpen so that ptential e~ents  were not recorded ui the database. tlie uixrstlptors 
rondlrtcd a sen~sitivrt\- analys~s excluclix~g patients who Iefr Bie hospital \vithm 2 d q s  after 
C.mG slugen; for .my reason ot lw than death. 

3.10.2.4 Gene~.nlized Estimatiup Equation (GEE) Annlyris 

l l ie peral lzed estmuh~ig equations (GEE) rvas u s d  to explore wvlietlier adjwtmg for clustering 
of patlents u~t11i1-1 h~5pltatj xvo111d increase staiidard errors of the maul effects in tlie reyesslon 
analyses. In this report the odds ratios were coi~~i.slderrd to be a good approxmlanoii to the relative 
risk ratio u1 tlie c35e of rare outcomes. 

3.10.3 OSE C'olnm~uts on Anall-ser 

Cmvanate and multi~xiate aixilyjes are appropate models to analyze such cump1ex ctata. 
Follolnng C M G  surgery. patte1a.j retuaiiied Baospiralrzed, were transferred to otlier fachties. or 
were Ascharged at different rates. Not dl prttims undkEgc~ng OABG were follo~tped for the sxne 
ieiigth of t h e  a d  conseq~reiidy were at dtffereilt risk of having a11 outcome observed. 11t 15 
Ir1prtailt that m y  analysts rake uito conrideratron the observed t~me far each patlent while ui the 
hospital Ai appropriate s m ~ v a l  time [rmie to we11t) analyr~s should have h e n  considered. 
-911~ diflerences obse-ed across treatment gro~rps xvo~dd be particularly concermng lf rhe 
obsen-ed tune period also differed by treatment y ro~~p  

3.11.1 Pr.irnary Analyses 

Of 162.657 patimts ~uidergorng s u r g q  dwiiig die study h t i ~  period. 66.435 patieats (40.890) 
were rnsl~&-d 111 the stl1d-y. Of the 162 667 patzents lluaally idmnnfied, 77.732 (-189.4 received no 
aiitlfibrunol?tics. aid 18.504 (I 1 194 recei-ied inadequate doses or mtdtrple doses and were 
t1ierefore excluded froni tile analysis. 
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Relative to pntieilts receiturg t~on-apt i lun  ak~tlfilrru~alytics, patrmts recel~~mg aprotiiurr had a 
75O,0 lxgher rncideilce of de\-elopng aclxte rerlal falure or dyi~g ad less than a 159b increased 
r ~ s k  of expmencing a strokr or acute !wart frt~lure rvhrle UI the hospital. These relarive nsk rams  
w a r  based on age- and sex-adjusted c~inltdatlve mcldence rates (Table 1). 

With rmdtrcmatr adjtzstnieilt (see Srcnoil3.10.1.2 for a hst of co~armtes). the e s ~ m t e d  r i d s  
were over 5 0 O . 0  h~gi~er for aprorimn recrpieilts than for recipreirts of otlx-r a~~txfibnnoIq-tics ivith 
re5pect to acute r n ~ a l  failure and tn-hosp~ral dearhi and 2Q% hngha for stroke (Table 3). 
Aprutuun r ~ i p e i ~ t i  lud  an 8"'o ulcrexic m n ik  for acute hea t  falure. Aclqust~~lg for other 
covar~a ts  decrrased the n& rarioi for acute heart fa~ltue and stroke bwt increased rhe rtsk ratio 
for acuite re\-axular~zanorl. acute renal fall~ue. aild m-hospnd deaths. 

Table 3, lIulti\ nrinte logistic regrevmion rerultr for i1l-ho5pitr71  outcome^. 

for the- fuU cohort @- = 66,435) 

Outrolne Rrh tire R i ~ k  Ratio 9590 CI 
f RR) 

Acute te;.ascdsnzatiou 1 30 
licnte heal? fai11n.e B 08 
Sh,2ke 1 20 
Acute fezla! fzil~bse 1 70 
In-ho%pitaf dea:h I 68 

Fkntlts frorll the mt~ltlvxiate a~lalyses dao~vtd thar other covarlates \\-ere u~rportant predictors for 
the study ouitcomes Table 4 lists mfonllaaon on cov.-ariates t k ~ t  accoutnt for an m~creased nsk of 
at least 509 b or inore Region ii  zn tnnportant mdepende~at grrdictor of acutc vascu2arizatrm. 
acute heart f s~ l~ t r t .  and death. 



~~OKKI nnj aq 3tnmdmo> ararl.ii pa.wsqo saieaarrlra ysu ur sa~ua~ajjrp a1qerxddu on ara.ki a3aru 
.~$ep auqxpq ala~cfuro~ alorrrjo a~tvde~ roj SIII-~AE '(k aiq~~) S.~JP plrdsoy mSarol y~mi SIU~I~E~ 

u! PIT" @ alqq) sm~ted ysu apq lo y~&tdsot~'s1043crp pnrtmn pa.wuqs leql LMIIOJ aqjo qasc1ns 
rrr q~~ap pm anIp't:j puar apr.~ asn unatio~de rua,waq ssuor~rrmsse aqj paamrexa s~ole3walur 

alp 'uor~w~uojur 1uari't:d anrlasuq aimbprm .i~qrssod rrro1. Zrnsr~~ mgrw .i,ymapr ol uoga ur q 

rr(g L=xx3 35~5~~2 aa.irt 
pne 'r(g'~=&x) Saraqnrp -3ay.3 a^manp errrsuld .TO slasaj~ld '+(c'c=~j 

uosezqrirdwqjo arcm XD 9 iup no 38~3 -.+(I E = a) :~SEI~ .a~mloaliy 



saimn11sa 13aga UI saIxmp ~rtma~sds JO pyErmwarrr .irrt: UI qnsa lorr prp 
osIe Lep ~prn aql aqaq 1mn11ba.r s-iep ~srdssqjo qnmn arp Sursea~~ur -au~osmo rpeap aql~o~ 

'(6s- 1-51 1 13 0,~56 -b5 1 =MI) s.iqs ~azuo~ I~JI.~I sjuar+ed Jaj ur~a'rrl se.11 a1emr~?a 3srJ a.rr1qa~ 
atlg~~t~q -.bSn~s 3~3 xspm ajrol ~ord s-itp ~~~xdsoag g $real ZE rl~rw slr~r~ed JOJ (19 1-5 1.1) 
gf-l; JO nmturnnn e o~ (93-I-<- I) OL-~; nrog paseamap amp$ IeuaJ JOJ saieurrrsa TIJ alrleIaJ 

?w -1uarrrlsnfpu arp m r.bp .ha%ns-a~d pant~ba~ alp Zrnseamr jo ixjja ~unzw~s.<s 011 se-ii aJarU 
-?;ep xapur "'11 aJojaq sLe$s ~t~rdsot~ uduo~ q$r.ul pa1crmss.e (zsn rroqerrrparrr) amlruj ueaq prrs 

(uorieq~yornarl JO srsd1erp) anyrq EerraJ JOJ juxqeaJ1 mrd 11s norlerruopr Sursua~~rrrr ayi apqm 
,LT+ an111~3 Imar atme roj lapotrr pa~sulpc aitrre.irqnrrr r jo sqnsaJ s.t~oys i aIqel -.GaSms 

3~3 aloJ"9 rIorltuuop alerJE.io3 311rsca~srnjo rror13my e re sq~eap pirdsorl-rrr PIE am~rq 
TeuaJ pm asn nran~ade rraa~tuaq trorrerxwu ayl rro uor~nrrro~rrr sap~taxl uoda~ ayr -noq?qpc rq 

(38~3 QEC) (98~.1 001 3 
sn~!~!s.iqd amnp qZ!q [ca!dsaq aurn1o.k r@fq 

1.10q03 nn;r 
nrrr!paru o? patyrrr? .y mn!pam OJ paqn~!~ 

=~uv;~!siqd amn1o.t 
q%!q pur mn!pam 01 pue slu~!dloq arnnIa.~~8~-,> '1%" PPC mn!panl o~ ~~JJ!,IIs;).I PIIU J.IO~OJ 

llnj aqt .IOJ SamoJrno rqydsoq-u? jo ,salcmrrsa 3sF.r rro!ssaaZa.r xts!Zq alr!ra.t!alnlx .g a1qe1 

(8 a1qeL) .i~aSms 3~3 mrp Jaye -4~1s 1~11dsorl 
JO s.C~p 1sea1 1E tpmt sirraued o~ pajrrmq s~a~onr at11 prre Iaporu 111y aqT rraz.tuaq sa$ennasa qsr~ 
ur sa>1l;l1~3~1p a~q~rx~dde orx ala.~ aJarU s~elrdsoy aunqo.t qBiq papalnurl amx~ sasilmre 

alp m srpev ~~,~dsoq-rn ~cr~ pasmsap sa~mxrrisa qsu ayL suer~rs.<r~d arrmlo-\ p-rig o, paJnq 
se.fi srrLpmt ay, nayY% sqieap prdsoy-111 p~n: ucrrrrzuq~ns~w~ aiti2e lo2 pasua.r>m sajmrrsa 

YSW '(9 aiqf~) amp9 IcuaJ alnx p -qonn -anqq marl ainx J~J slapspour pirm11 ay~ rpr.~ 



P6 I-ES I r9 I 6L 1-05 1 t9 I tS I-CS 1 89 I rgwaa 
DS I-ST 1 69 I ZS I-CS f L9 I 9S I-SS I BL I arnl~q  mar a~nsy 

SZ-1-90 I 05'1 YE I-LO I I: I GC I-LO t ~"1 aqosg 
fII-MI SQI GI I-tO B 60 I tl 1-50 B SO 1 arn11g +rear[ army 
9L 1-960 05 I 5L 1-96 r3 tt‘1 9; 1-96 O Ot X nonenro~nsse.\ar atn~y 

3m3 *sod s.irp 
z r real IE .roj %u&i~js I',, &rqapmt ?ID?S krsnadsad] (2~ippam ~euo~~pzn) 
SIU~!IE~ 01 palprg I.IQQOJ 1rot103 nnx 

..L1~8.rns 3m5  sap:^! aql .I,~JC s.i&p ; ISCJI 

yc pa.irls oi1.u s~i~a!ycd 01 yaJ+usar put. 'sp.i~aac a.lox .i)!suado.rd %upn '%egaponr plzo!ype.rr Bursn 
+.10yo3 Unj arla roj samoljno lrx!dsoq-11; JO ,sa+cnqsa 3s:-I no!ssada.r x+slXol aw!.rcqqnjI; .s a1qv1 



rl11.%1 asex3ap at111xq ueay atme prre .a?[oqs -tileap lsrdsoq-rn 103 saleuxrlsa qru arp ttq sas.i1erm 
.hprrosas narp ur ale~~suourap put aSpa1~norq3e ~roieSr~~a-itlt aru 'anllrtj Imal ajnx JOJ sqn~ar 

5e ~UIJW.\IIO~ ye ~orr ax .<1xus sryr. rrr amIrej :~~rej ainx pm 'aqoJjs 'yleap plrclsorl-m JOJ s%mgarj 

-s~seq pamnrl e no 
arwp aq na2 .ttartaJ p.rn3ar ~expar-ra amos lerp dpa~~\\auq suq 3~0 -srs.-~~~~zt. srrp rpr.\tpaa3o~d 0% 

uopezuoqtne aqi ua.tfi2 aq iiqg pInorp Lpp~a~ m 43enrro-l F aaeq ciaq prre .~sed arp m os auop a.q 
~TEJ ~bq$ -13 dnoB .Qajeg: %tua EI ayl -aep asaqlJ03 paa\\arial aq louue3 splo3a~ leJrpaur lctp 
sm~p zosuodr ayL .snrrep uo pasq eltp s~r~xard Ap uoch imm~ aqt lu~q sp~o~srjo a~drms 
e JOS ls~q ru ;\\aLtal pm~ar p~parrr pasocrrlard s~o~e2usa.1m aql .sploJaJ Ic3rparu aylu1 aIqqrt.*.e 
uontmmjur tsrneae pagrm-1 aq 01 pam salerre.lo3 pue s1rrx.a asJa.tpe ;rq9 h~tlrrapr 01 pas11 sap03 
F\~=)-~-G.-JI prtpam-'6 pne msorr2erp -.i1buanbasr~o3 -nonenrepl-lsuar alnx pm: -rrorl~utys~ip 
pa 'ayoqs .~mpg wy se yms sapo3 6-a.-~13gnads a~onr Bmqxl suoarprro3 snows at11 qr.ii 

pa~er,wssu 31npuno~uos ~m~posar a'ronrar 03 qznorra ~g!~acIs q IOU .itm .<arp .yiEap [endsoq-ur prr~ 
a.nIpj ~FXI~J atnx 'uorl~qx~ 1erprmo.irn alnx a-\rl~~ado-lsod st? q3ns srto~rpuozi asuasrp ?novas 

aJor1r atp .i3~311apr 01 q2nonaxpxds '~6 irom all$ JOJ 'a~~if~tus rnl$ m pastt sap3 ayl .r@t~orppf 

spJosa1 1eJrp;rrrr 
ss~uayed -1 8m:tw~.k~ $noylt.k% ?i14aldrt~cts passaqqx aq iorr dutrr -a~o323arp .a~gosd fe3nnp mrp 
rro pasaq rmwo3de ol s&uarl~d jo ~rmr1rn-15sf a.lrJ3qar 01 at~p serq [~rlrralod aru rrraurasmclrmar 

a3r1anUm suoyrp11o3 asaql mj SZIIIEI~ XI$ SS~~B~Z elep a-trltasnrnr~pe .Gq panudm q .4ern q31q.u 
jo ne lot1 arrros~no ptZn1s 33aBe p~no~ ltq (sauo~sn1 I.~J~XKLI) srrotlrprro3 1~3rrnp xa~chz103 a.r,erl 
san~pa~oxi 9~3 o2vm A~pmsn oy.+~ spar4ed .sys~~ trramd aleSr$rur lerp 5arur~e.10~ mewJse 

o/r prre aruosino Icxpam .$strap ol spJoJar lcJrpaur arp m04 aL.p IrJrrrqJ rrrrli Jarlier uep 
a.lrlcrisnmupe jo asn ~4157 'slo~e'a^rjra.\ur arp .iq pa8pajd\\orq3e ',il>tus II~FJO lf0a~anu9 ultra aru 

.5alpf45 DI~O ary~ ol pandnro:, /ggt.-gg=rr) .b2la15 3~3 Bmo2mput1 sluar~ed JO ~aqurnu 
aZ~e1 e no rrorttxmop anudt3 prre .@luap ol .Qrjqe sJr sr -<plus srr~ljo qguans au -(prx 

3roJde>oumre pue ~rurexmrl) SJ~V~IOIO"'.J~~K~UE Jarpo jo sxsn 01 piurchrro~ mmo~du 30 s~rrardr3a~ 
roj gteap 1elr&ay-ur a%xrs Tie pue ,artqrg few arn3e 'ayoJ$a -anqreJ m2y alnx -uorrezrJqn>se,taJ 

ame JO PU ssasslpl 08 rlep a,\qt.nsnm?ivpe pasn ,(p:pt4s ZJOYO~ pwq-prdsoq aZq sru 

'e.1 JO o~itrr ysrr 
~rra~edrle ue mne~clsa 01 a'riirp~ojuo~ mar313ns ampod am urmlo~dejo a~rra1wa~d .m1e.x2 p1oj 
-a- E a~ey w paazr osy ppom 11 -pIoj-na.\as rfleap JOJ q5u alp pal'c.taia qralajrros pazrsarpdir~ 

e3~ $up pa'ys sas2C~ew awyljo symaJ aql qrap pue aqrq IBWJ alt13e Brxxp~e%a~ rZrqug arp 
mj&a 01 >q oi. aney pp~o,t\ rapmmojrxos pamwmnrn ue Brrorls itmy paroldxa sas.i@m .Qr.rursr~ag 

-a:o uyrr!,o.rdl: asap-.uol OJ pa~eduxo~ .i.~aS.~ns 
39~3 Oyanp pasn a!n!lo.rdc asop-tlZ!rl.roj ,saacm;lsa qs~ -6 alqul 



mcreasing coyanate actjtnst~ller~t (Table 10) suggejtnig tile rxlstence of possible residual or 
uuimeasured cot~foundmg The rlsk esrmtes for acute renal farE~~e, ho\vever. barely change \wtll 
mcrcasmg ad~ustrtxnts. 

Table 10. Compnrisoll of rirk csrilnates for death, acute Iirart failure, rtlwke rr~d reanl 
failure based on degree of corariate adjustment and W t a t i o n s  (see Table t and Table 6). 

Outcome Crude Ksli .Age!5ex F1111 Hospital Physicians 
E~tirnnte Adjustment ndjustmrnt 15 10Q C'.UG) (I 3 C~.=G) 

Death 1.81 1 73 1 05 I .53 1 73 
Xcnre heart failure 1 14 2 11 1 08 1 0 8  1 06 
Sfrake '3.36 1 39 1 20 1 2 ' 1  I IS 
-%cute renal failure 1 55 1 75 B 70 1.69 1 71 

I11 ahi~tlon to rrrultivariate analyses, the lrlvestigstorr coild~scted sens1tlyity and linuted suh- 
analyses. to evaluate yotentid coilfou~ltlmg. Dcsplte the study's htationr. the findings sho~vit~g 
an tilcreased risk far acute mu1 failurrr are rornpelh~g for several reasons. The study results are 
conzistetlt ltwth 

1. Spontaneous adverse eymt reports 

2. Rewrlts Gorn other reparted stdies 

3. ,&dyefie e-rcits occurring at a fkequrilcy of 2 2  O<b in the cllrvcal tnals x1d noted 111 the 
label 

3.11.3.1 Risk Estilnates Cansirtent with spontaneau~ Adverse Event Reports 

A prel-~ous OSEiDDRE re\le,v" sullxn;t~~zed spo~~ta~lrous r q o m  &oxn the ;Sd-*~erse Event Rryoht 
Bysae~n (AERS) database. TZris retlew noted that drsproportmr~ahty analyses rdelltlfied Fearer 
than e?rpestecl probabrlrtles for car&owscd,u and renal e\-mits (inclucliag raiaf failure axxi renal 
necrosis) for apratiilui but not for anllilocaproic acid or tramxamc a c d  

&lama1 review of the cares ul th15 reslew c o u h e d  the hl_eher poportion of care repits with 
reiul fadwe a~ld uultpainmit. myocardial mnfarctlot~ cardlac fa~lure ad cardrogcnic shock bur not 
for hx~e.ulnlc acrd or anutioc.?prolc acid. 

Table 11 pxsalti l m e  recent Enlpurcal Bayrim Geoiuetnc hlear~ @BG&q scores and 
corifich~ce lii~uts for aprotlrim, armnocal;.roic acrd, and trailexmnc acid for xmit MrcR.4 
preferred term (PQ events ideil~fird ill the clmcal mals as hatwig an adverse event occtmellce 
of or m r e  m the aprotmm ueatatrd goup coinpared to placebo. Althou* the EBGM scores 
axe nleajures of clirpxopclrtioimllty for each drug arid should not be directly ccorupared. the results 
do poult to a 1u$1cr propoflicm of rein1 evei~ts repfled for t11-e apro tm product Urho~ugh imt 
addressed by tllc 13 Drug Safety analysis, the disprportlo~mhty analys~s suggests that tlrofubot~c 
rveub. althotngh expected UI this type of su~rgrry, .up illore fieq11ent1y reyortrd fur aprotmtn. 
C'ot~ld at1 mcrease freq~wlcy of thxi~hosis m the aprotmm treated golly exphm an mmase 111 
cardiovascular events &sen-ed m the obsemrional shldaes? Vis~mllzation of c~unulatil-e EBG3.I 
scores \\.ttll a lot\-w h ~ u l d  (EB05) of 2.0 or greater in the coxifide~~ce mten-als is piesented by 
>-ear m Appericfix 3 bbr apotunn. ruzrmilocaprotc acrd. and mwxarmc a c d  
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The patiefits in t h ~ s  study received. a t  physician direction. either Tritsylol or mother drug 
intended to decrease the risk for pcrioperative bleeding. Ths  study suggested that 
TrasyIol aclm~~istratiotl r~~lcrpased the rlsk for renal dysfirnction This study has some of 
the saine llmitatro~ls a5 the SEJM p~~hlicat~on 

li~ pi-e-rn3rketiilg clinical shukcs co~ld~lcted aillong approxiruately 3,000 patients 
~u~dergoirlg C.4BG, the risks and benefits of Trasylol were cktwnlinecf in clinical studies 
tllat randlsflllzed yanerlts to either a placebo or Trasylol In these studtrs. the risks foi- 
serious renal toxicity and cart%crt-ascdar er-eilts were dzternw~ed to be sinlilar bet\vrrn 
patients receiviug Trasylol <md those receiving placebo. Hoxt-ever, in one study assessing 
coronary gaft  patency. Trasylol adilmlistration ~va5 associated with an increased risk of 
graft clorure. Tlle FDA will work mth the authors of the publications and the 
manufacturer of Trasylol to carefully e ~ a l ~ u t e  the rrsks and benefits associated with use 
of Trasylol nu CABG. The FDA anticipates the public presciltltatlon of the recently 
reported mfortmtion arid other d ~ t a  at a11 adL-isory coinnuttee ul the near futrue. The 
FDA will rlotify health care providers and patients in a timely fashion as uew mfonnat~oil 
becomes a\-ailable. 
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Empirical B a y 5  Geometric Mean PBGlI) ,  

The Baye5iml algcsyi~Iml used f a  the dm m i u g  annlysls wai the Multi-Itnn Ganntxi Poisml 
Shanuker ( ~ I G P S ) . ' ~ ~ ' - T I ~ ~ ~  algontlun ailalyzzs the records coiltained 111 large post-marketing dntg 
safety database aid then qtmltifir5 potentral dnig-evetit assoriatiom by producmg a r&d set of 
values ar scores which mclicate varymg sstren@ris of reporting relationships between chugs and 
eveslts, Tlresr scores. dmoted a 1  dae Eiqirical Bayes Geolnetric hfeail CEBG1L.I). prowde a stable 
rrtiillc?tt of the relanve reportu~g rate of an event for a parf~cular drug relatltr to all other dnsg.5 
the database lxrng analyzed. MGPS also calculates lower and upper 90% confidence &nun for 
EBGLS values. denoted EBBS and El395 respectively. 

A1 exanination of the relative fieq~mlcy of reporrs for aprotixm. aruuocaproxc acd, atld 
rrnilexanuc acrd \!as ccr~zducted by applying the MGPS algorithm to FDA's M K S  database 
(\t'eb\T?hIE 6.0)' RledDRXprefeaed ter11lS (?T) were used for the analysis. 

'' Dulfou~1~e1 W Pregiboil D. Ei11p11ical bayes screeimg for nlultl-item assocanatro~ls. 
Procetdu~gs of the coilference on LiowLedgt &scovery atd data: 10101 Aug 26-29. San Dirgo 
(C.4)- XC':\I Press: 67-76. 

I' Sz;\rf~~lau A, &lachado SG, 0-Set11 RT. Use of Screenmg Algor~thrns and Conqiuter 
Systems to Efficieiitly SigtlaI Hlghrr-Than-Expected Caiubiiiatmits s f  Drugs and Everits 
iii the tJS FDA's Spontaneous Reports Database Drug Safety 2002: 25,381-392 

Ti12 rniian oi/,?EZS $:id ilt thzs nnn{tsi: is rile CZiEZS ~~r.:iotr 518 CBAERSda:abase K a ?-cfot~nu;~d, znrcgwied 
~t;Ic-ssnranl~:ed~ %rr*szon of:bedEXS daruhse coilta1rltng nidm fnMes nzrh mots compla:e dnfa 288 each tabla, 

v&rri;rrciirlg 11 sra~~crac I cmalal n~rdrrr~ab sex 
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h i a i l  cwtcrs contrib~ired obsmsations to the no-use 4 traxx-xamic acld treatxnent yorps. It is 
unclear. lm~~ever.  110-bv excluding hvo of d ~ e  thee  Ada11 ce~~ters r~llpacted the overall balance. 
Fk~~i l t s  for the trarlrxiwc acid (62 3%) are Inore hlcely to he inipacted by excludinz rile as la^, 
Ibddfe East. m d  South Anencan ceriters 

Table 1: Somber a ~ ~ d  proportion of study subjects in tire initial study by regiou and the rno~.blity follow- 
up s t ~ ~ d y  [limited to Sol-th .4mericn, Europe. slid Asia (I)] bv nntifibxiraolytirr rcreirrd. 

Cont~*ol Aprotinin .-\minocap~.oic Trnucramic .any 
Acid Acid .-tntifibriool~-dcr 

1.374 1.195 $33 S ? ? 3,000 

Region S 0% Y 4.6 S ai, S 96 S 46 

3 1 EEy~~or?rre 

Shdy suiyrcts ~ u ~ d e i g ~ m g  CMC; surgery wlm were enrolled in tile mtial study were e~ther gven 
ailt~fibrurolytic (zlprotmm. amimocayrcnc acid or tranexanuc ac~dk) or no antifibrn~olytrc therapy at 
the tmir of suugery. 

Exposure clasufication m the ~nortahty shrdy i i  srraightfonvard srrice the sttldy exanunes the 
five-year niortal~ty espmexace of patients mxolled m the mitial study. These paaents either 
recrrvecl or did riot recrtve antifibriilol?;tlc therapy durmg their C.UG surgery. The 
mr-estlptors, i~o~vevez. do not address whether any of these parretats were strbseq~l~lltly exposed 
to the sat= or diffaexlt aiit~fibrnlol~~ics d~u-iug the 5-year oboereration period a d  ~vlae~hzr they 
had additioflnl carctiac surgery-. addrtional exposure to ant~fibrkml~tlcs ad cxdiac surgeq 
could collfotmd tine obsm-ations. Since fallo\i-~tp iritb-tion I&-as ottauled by mtm-iew and 
firnu ~lledical recsrdi, it n-ould seem tb?t infonmtnon 011 additioi~~l exposrue ~.otlld be avadabte. 

3.8.1 Dist-nsr O~rrcortrc of l i ~ z ~ r e s t  

The shdy e,Ywmes all-cause mortahy. 

3.5.2 OSE Qbmnirr?rts on Bistwse Outconar of l~rtrrust 

Atliough all-cause mortnlitl; 1s a defmitiw outcome not srtbject to I=AIES surrounding case 
definitions. fuldniy and docrrmet~tuig &aths is more difftcudt Ar was discussed in Section 3 2 2.  
tlils study Irad ail unbalmce in follo~v-up rates acrois treatment groups over five years. The 
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Firally, tlie Cox propsmo~tal i m r d s  u~odel assumes tlmt the laazard for om group is propoptio~ial 
over t t m  to the luzard for dv coinparator go11p. The aprotinitl cutntdative tnortality cun-es in 
Figure 3 of tlie publid~d paper appear to be mcreisiq o ~ e r  time fa* t h  that for 0 t h  
treatmeat groups. TYliether tius clmge i11 slope is stalrent to affect the results of the sttf~wal 
amlyis needs to be explored fiather. 

Figure 3: tu~aulrti\.e mortality curves compared ntnonp study poupt,  Jfaagano et nl, 2007 Eigurr 2' 

mabus was p e r f d  ussng the 97 pioperative nsk factors 
to predict long tern1 mortality for only the patients (3.876) enrolled at the 62 (61) centers that 
participated hi the 5-year follotv-up study. The investigators used tills n d e l  to asgss the 
treatment efTect for aprotinlis aizizlocayroic aeld. aid t r a n c d c  acid feparatdy compared with 
no tnat1iiat over the 5-yeax follow-up. Althotrgb use of propasity adju~tnitlits is 1 d  ~nentioned 
m the ~nerhods sect~a~.  it is assumed that these nidels b w r c  rurl~;lth ;lid without propemtry 
adjustmixits because ocld5 ratios for u~odtlr ~\~ith aid cvitlio~it propensity ware adjustments afe 
trrmtionccl it1 the results sectlon Results for thts analysts arc mot tabulated. It is unclear why this 
inode1 was selected to analyze tlie subset of patients etuollert at p;utierpamg ca~ters. Accordng 
to the mmt't~gatws. tile rlsk ertitrr;btes obamed bp each nlodel were not xnuch dtfferenf than thme 
&tamed by the sun-ival modei. It is at ieast reassuring to note that lrlifferaces oben-cd were not 
ciuc to tile nm&l selected. 

Propc~sitv scores were calculated to obtain a probzhhty of brnng treated \kitti an iu;uttifihiolq.ttc 
conrpared to no annfibm~oiyic treatment durins sitrgew. The score capntrer donnatlon on ,?t 

least 45 geatnient selection cot-ariates. Thm are nvo issues with tlie n+ay propetis~lt). scores %tttCe 
caicdatecl and used: 

1) Of the 97 penoperative cosmate5 rekenced [Appendix 41, it is uuckar wiuclk coyanaces 
\.;ere ll~cltlded ul tl~e rnodel =red to calculate tlie propensly score, x~iucil ones were aoed 
ui tiit ana&tic niodels {Cox Propmioilal Hazard i Multi~xiate iogstic regression) for 
;~~l;rlpli, ad x~llltch oms were completely wutttd. Both of the analy%c nlodeb were 
used cvith and -\\rthot&$ propeiisly adjustu1cats. 

2 )  Propeasily scores wert catcidated based on the use of any mti6~0h; t t ic  compared to 119 
use. Otdy one of th Phree anrifibrinolytics used has bea appro~ed for the C.4BG 
indtcation in the C.S. and then only for hi& risk stugmies. Both papas sltow thar the 
anriEbir1olyt~rs dtffcred significatitly froni the control poi1p but also across groups. 
F r w r  pariel~ts \r,~fto reelred aprotkun were Aktcati ..lilierican, had sonle college 
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1.1 Background am1 Review Objecti~es 
,4yi*ariciri is cnure~ltly ulhcated for prophylncttc use to reduce pzriopentrve blood loss and the 
need for blood tra~lsfusion u~ patleilts umder_qoing cardiopulmonrtry bypass I ~ I  rhe conuse of 
coronaq x t e q  bypass graft surgery who are at a11 increased rrsk for blood loss anel blood 
transfusion. Aprotiuiil is the only product labeled for this ilxdicntion TIlree recent obsenatlonal 
s td ies  have proviited reslllts that suggest that the use of aprotuun umy carry wit11 it ~ncreased 
risks of certain ad\-erse cardiovascular and 1-eual ouanrnes, u~clu~&~lg mortality. 

Although patientr who were admtlli~rtred ai111fiocayroic acid or tranexanuc acld tverr used m the 
analysis. these products do not have labeling a5 drscnbed for aprotlllia. 

The label for arrti;rocopr.orc acid s ~ i t t s  "iinunocaproic aczd is usefill hl eilhatlcmg 
hemostasrs kvhen fibrinogysis contrtbuter to bleeding. Iu life-threatening situations. transfusion of 
appropriate blood pl-oducts ailel other emergency tneasures may be required. Fibrmolstic 
bleedmg uuy  frequently be associated 1~1th surgical cou~plicatmils foIlo\vlng heart suugery (with 
or withom car&ac by-pass procedures) aid portacnval shunt." 

The label for fi;n~~e~-anlrc acid states that ~t is "ir~&cated in patients with hemophilia for 
short tenu use (two to er&t &~ys)l to reduce or prevent hemorrhage atid reduce the need for 
replacen~ent therapy dnmng and follol~ulg toot11 extraction.-' 

Zil Jan1ku-y 2006 a paper by h5angmo. rt a1 publ~shed k tile ,Vav Engjawd Jolrlstai 2fiZf0dici~is 1 

reported that the use of aprotmul dur~ilg coronar). artery bypass graft (CAB@ surgery with 
carcltopllnlunary b3yass (CPB) was associated wit11 increased risks of renal. carcliox-ascnlar. and 
cerelzl-01-asculaa adr-erse outcorxles coiupared to not usillg a11 ailti-bleeding agent. 

Zil March 2006 a paper by Karkomi, et al. pulbllslled in ~rcrrisjrsiou' reported that the use of 
aprotluia for patients uudzrgomg carhac surgery rvlrh CPB is associated wldl a11 increased risk 
of rclial adverse outco~ues conlpcu-ed to the use of tranesainic acid. The cardiac surgeries 
included C'ABG suup-y as xwll as 1-alve surgery, and coznbirmtiotl suugnres. 

111 Sqteillbcr 2006 a prellnliilars report cor~du~cted b s  i3 Dnlg safety3 aild conmisslorled by the 
sponsor af aprotinlu was released to FDA. The results ~u~ggested hat. for patlent5 undergoing 
CABG surgery \vitfi CBB. use of aprohnltl is assoelated with increased nsks of r e d  hluxe. 
heart fa~lure, stroke. and in-hospital death compared to tile use of aminocaproic acid a id  
tranexnmic acid 

h F e b n t q  2007 a paper by itlangano. et al. in the Jor/nwi ofrime,lancric~r~ ,2Iedical.Issocintio~i 
( ~ k ~ j '  reported ail mcrease in long-ten11 mortality assoc~ated with aprotinitl coniparcd to not 
using an anti-bleeding agent. The paper was Isarect on I o n ~ - t m ~  fiollo\v-up of the patlcurs 
described in the 1006 hZM paper. 

FDA recen-ed patient-le\-el data 'and supporting documentat~on for each of the thee stlldirs. For 
the Maagano sntdy. specific protocols for tile prospective data collection. and a1~1ysis plmls 



were subnunrd. For the Karkouti and 13 Dnzg Safety studies no prutocols were provided. Deta~ls 
of snidy design and conduct rvt.21~ limited to the p~lblrshed article (for Karkout~), the p r e l i m ~ a v  
report (for i3 Dnig Safety study). and responses to FD.4 questions. These ilmter~als were the 
basis of the FDA revleu* of the sh~dies. 

Tile Mailgano. Karkouti. and the i3 Dnig Safety studres were all based on obszr~atioiml data 
The stud~es t~ayloyed s~ i lda r  methodology includi~ig 11111ltls-anate regression a i d  propensity 
score methods to adjust for difference in baseline risk factors nulong the cornpariron goups. 
Table 1 stramarlzes keys aspects of the thee obsen-atimial stl~dies. 

Table 1 - Shilgano. Karkoutl. and i3 Dnrg Safrtv Sfid\- Summariri - 
Patients Study Reported Statistical 

Study Reference Group Sigmficant Findings 

klmpano ?lo agent Api-otinlu: 1 .L95 Renal comnposite event*+$ 
Cadiox-ascular eve~ztt 

Reference: 1,374 Cerebra\-asculu m-etlti 
Long-term mortality* 

Reference: 10.384 

13 Drug Safety A~lliuocaproic acid Aprotinm. 39,358 Acute renal failure 
,ud trmcxanuc Acute heart fa~ltu-e 
acid Reference: 37.077 Stroke 

Death (in-hospital) 

* E ?  I'lil'B - ~ ; ? X ? ~ I Y ~ S  ,Piviip 

+ A - i n : a q ' - s r r ~ p q *  sld-~gi*o~fp 
r C U ~ ~ I ~ - S ~ ~ I ^ ~ Q F J *  51ihgr0~dp 
"Conrpd~s-surger.7 (ti~epopulntioi; co?:rwted of t h ~ e o  opes qfpnfie~~rs: C..IBG, C-4BG - ~ o h e ,  
P~!TW n!on~,  ~c-ish CPBI 

Tht ~.fLmgailo shrdy  as a illulti-c enter international. prospectivell; platltked obsmrrational stucly . 
The Karkouiti stuclp rvas a retrospectix-r study at a smge Canadicv hospital. The 13 Dnlg Safety 
shldy \%-as unique among the thee  studies m that it \\-as based 011 an achninistrative claitlls 
database and not on clinrcal &ta 

The oobjrctive of the statistical revzrrv 15 to evaluate tlie validlty and robuistness of the 
cu~nclusions of the Mas~g~xzo. Karkout~. and 13 Drug Safety snlches. In P ~ T ~ ~ C U ~ X ,  the review 
exanunes the srnsitirlt-y of the rfiidy conclusron~ to the statistical n~ethods employed k the 
shr&zs and ulzl~lmneuts alternat~r-t tnethods. To the extent posi~ble. the review exarntnes each of 
the studies xvitlt eomzlorl methods. The methods proinote trmlsparenty, effecti~e diagizostlcs. and 
ease of mterpretatlon. 
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Table 4: h l a ~ ~ a n o  study. Outcomes 
Outcome Definition 

Rertal falluue (m-hospital) Required ~iexl; d~alysis ox in-hospital death 11-ith 
evidence at autopsy of acme renal f a i h e  

R e d  con~posite (m-hospiral) 

>fyocar&al lllfarction [&-hospital) 

Heart failme (in-hospital) 

Required a post-operative serum creatitlim 
lerel of at least 1 77 !~illof!L wrth an increase 
over preoperative basellllr levels of at least 62 
p1noLcL 

Renal dysfimct~oti or failure 

Required either ilew Q wares or ilew. 
perwstmt ST-se_pmeut or T-wave changes 

Rqu~lfed output of l e ~ ~  1 O liters per 
ulrnutc associated xv~tli pu~lnmnary-artery 
occl~rsion pressure above 18 niin HE. n central 
vci~ous pressure above 13 1nn1 Hg, aa S3 
gallop. or rales. 

Cxd~ovasculsr coluposstc (in-hospital) ~lsocardial infarchon or heart failure 

Stroke {in-hospital) Clinical diagnosed 

Cerebroi-aicular cuillpostte (111-iospltal) Clmcal dingiiosed stroke. or etlcephalopathy. 
C ou1a 

Death (m-hospital) 

Death: 6 rveeks, 6 nlonths. 1.2.3.4. 5 years Based on sun-rys aud death registries 

4.1.2 Rc~ie lv  lrruier 
The an-iew I~SIICS for the Mi~ugano study chiefly relate to the propensity score approach used by 
Mangauo. 

l$ai~gano used a single set of propensity scores tlmt estimated the probability of the use of any of 
the ttlrre anti-bleedlnp agents versus the control. Jt'heri conlpanng h~dn-idual agents xmm the 
control. the use of these propensity scores may not achier-e proper b a h c e  of the nsk factors 
between treahuent groups. Tlus balance for individual c o ~ p ~ i i o u s  has not been adequately 
denlonstrated. Adchtioxlally. Marlgano used the saine proyei~s~ty scores for conlp~ursuns r v i h  
subgroups. Agam, thls use of propensity scores may rlot achreve proper balance. 

The use of propcmitl; scores 1n regression to estimate treatment effects requires the overlap of 
the treanuent group propensity score Astributions Tlle orerlap has llot been demonstsated. 

T h  repression ti-eatlllent group effect estlillates are not obvlo~rs iil their underl>u~g influences 
and their mterpretabllitl;. It IS nor clear which subsets of patieilts ruflumce the estumtes. 
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For 4 of the strata, k~cliIBing the 3 brghest strati?. the aprotinia group had notably higher 
fmctrous. It appears that the risk factor was not cffectil-ely balallced between the seatlr~m~t 
gro11ps. 

Figturr 1: Mangano study: "Stugexy: Cotlqlex" by treatnrent group and propensity score stratum. 
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Figure 2 is srmilar to Figure 1 but coinpares the fractions of pfttrenb w~b were in the North 
Americnu region. In 7 of the f Q strata, the control _srotip had higher fractioris thu the aprotinin 
group. Note that overall. there was R lrigher percentage of ayrotiiiil patimts ui the North 
Anwxicau region tharl of control patients (see Table 3). The differexice between the wittiin- 
itrahlln mxd overall rr5ults is cxplaitled by the different ixtul~bers of yanaits in each rtmtclm for 
each treatizleilt group. 

The difference ln percentages within the strattun between the treatment groups represents n hck 
~f balaxrce in the treaanent colnparison based on propensity score alone. 







Figure 4: ,LIAl~gatio Study: Propensly scores by treatment group rurd proptusity score stratum. 
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4.4 Treatment Effect Re-Annlysis 
Tlis section presents the results of the re-andysis of tlle Mmigauo study uung the methods 
desc~rl>ed in Sects011 3 0. 

Table 41 it1 the Aypet~itix glvei the priman aud scilsitiviry risk factors selected by the r s i t i s  
tear11 for the propetlilty score nlodel The risk fitctm ~~iclcluded all those cmidered in the 
Mangano J f i i A  propensity score model 1~1th the exception of nvo risk factors thnr were nor 
lncluded because of the l q e  rl~mlber of mlrrjiug x-alues for time risk factors. These rlsk factors 
\yere "Hx: Cwotid diseasi' artd -'I&. H~pcrchole-rterola~lia." Table A1 notes the ~rrsitivity risk 
factors selected by the stepvise repessiot~ procediue. 

. Control 
Aprotiliin 

Amotlg the co~~trol patients. 67 [3.99;6) h d  rnissinp mformtion for at least one risk factor in the 
propensity score model and 73 (5.6%) of the ayrotinin patituts had such ~nissiiig informtion. 

T 

Tiyo n& factors showed n statistically sigrlificar~t diffcreuce benvcen the treatment groups after 
adjustiilp for the propensity score. They were "Surgical Histoiy: CABG" and "Surgical History. 
Previous stmotony.'' Figure 5 shg~rs the "Surgical History: CABG" risk factor by treatment 
gotip and propensity score Ftmtum. The difference m treatiilait groups appears to be pruxipdly 
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Tile renal coillyosite (renal farllm or dysfunction) outcmnc \.;as statistically signrficant for the 
fir11 group of patients The ram1 failure outcome  as nearly statishcdly significant for subgroup 
of primary surgen patltllts. The aprotmii~ patients had consistently higher fractions of the reiml 
coinyosite outcoine over a range of yatimit risk let-els. as nieasu1-ed by propeusiry score. 

For both the full group of pat~ruts and the subgrur~p of ynnmry surge7 patients, it appears that 
the rend con~posite effect was associated with rmal failure atid not uecesrarily renal 
dysfunction. For ~lelther group of patients was the renal dysfunctioll outcsnle statistically 
slgnificarit. 

For the ~nyocar&ai infarchon orltcolnc. no stiitlsttcally si-ruficant differmcc between the 
trcatrrlerlt gxoups was found i r ~  the whale yopulatiun. For the subgroup of primary surgen 
patsetlts. the cliffererice x-4-as nearly startstically slgnrficcmlt. 

The effect of aprotn~in on the renal conlposlte outcome extends over a ratlge of patlent nsk level 
The effect was see11 for both 111 tllc full p u p  and pr~uary-suugq stibgrou~p aiid 0%-a a range of 
propeiisity scores for both grotlps. 

Tl~e effect of aprotk~1.1 on the myocardial outcome was not yranomlced. The effect was not semi 
iu the fiiH goup and was nearly significatit for the p ~ i m a q - s u r g e  subgroup. lilthiii the 
s~ibgroup. tile effect was not consistent across patients, as measturd by propensity score. 

The effects of aprotrnin on mortalmv at tlie time poults 3 thrcmgh 5 years were statistically or 
nearly st~tisrically signlficxit. The estlmatcd risk ratio for aprotirria versus colltrol at 4 years w a s  
1.39 (95'0 CI: 1 05. 1.84) and at 5 years xvas 1.26 (95% CI: 0.98. 1.61). These were s h l a r  in 
size to the hlaugano hazard ratio estimate of 1.37 (95% CI. 1.09, 1.73) (calculated wlth 
propens~ty adjustmeilt). 

However, there was an appnrmt difference In the follaw-up between the apratmm panents axid 
the co~itrol pattmts Fur the control patleilts. 27% had no post-hospital follow-up or a-ere lost to 
follow-up ccru~pared to 1740 for the aprotiixin patients. 

As m ally obsen-attonal study. there esists the potenttal for ruladjustcd coiifau~lduig. Differences 
in treatt-rle~lt grotips may be rebted to ~umearmed nsk factors or measrued nsk factors that are 
nat properly adjusted for 

IVork rs oagolng on s~rbgroups based 011 geogsaphital regtolls arid srrbgroups based on age. sex. 
aud race. Actditioi~lly, alalyvs of the yatieiits w t h  the highest propensiv scores tnay lead to 
fulther under~t~mdmg of the hi-best r ~ s k  patients. 

5.0 K4RKOX'TI STPDY 

5.1 Study Summary 
The sources for the evalumrton of the Karkouti study were the pmblished article mld &ita 
stibil~tttcd to FDA by Key-an Karkouti of tile Unt~ersit); of Toronto 
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Unless footnoted In tl~e table abol-e. the derix-ationr of tliese outcolnes c~wle directly from the 13 
Dnlg Safety analytic data set. IVitfiurlt a medical chart re-clew. the sensitivity rud specificiiy of 
these outcome defillltlons is difficult to ascertaia. 

6.4 Re.~iew Issues 
The primary malysir; in the 13 Drug Safety repoft utilized rr~ulti~aiate logistic regression nlodels 
to estimate risk rafios associated with aprotkun use. JJ7lth thls approach.. treatment group effects 
are adjusted to account for treattlient group differences relating to confouildir1g r i ~ k  factors One 
drawback is that the model can fall to adequately create a balance bcnveerl treatment groirps if 
the factors do not ac!eq~~tely overlap. Utthout proper iui-estigation. such ,u occurrence 1~111 
often so mu~oncrd. ' The purpose of propetlsity score metl~odologres 1% to create c? balance 
between creamlent groups with respect to the measwed confoumh~g risk facron. Proper 
~nlyler~lcntation requires that the balance benveen groups be checked aud \-mfi& before gomg 
ahead with analysis. In the original 13 study report, the ~tlfomticril provided about the balance- 
betwee11 treamlcllt groups with respect to nsk factors xvas lbnited. 

A secon&xy analysis in the i3 report tnadt use of propcnsrty score methods, but tfiere are 
problems iv~th the 1111pletuentat~ml. Mast notably. many of the cot-ariates used m the propensity 
score t~lodcl we k:alid prclprnslh. scoring col-ariates because they are eitlier not associated ~t'ith 
the outcornes. they are not measured or determined before the declsion to aclnlmister an 
antifibrinolytic agrnt, or they are not patieirt-level factors. Thse  are Ascussed in further d e ~ d  
in Sectloxi 6.5. 

As a result of the nletliodolog~cal defic~enclcs. the prinlary foc~ts of this review was on a re- 
aualysis of the clata usmg tlie sarne mlal~-sls i%ta set used for h e  13 report Unless otilenvi~e 
noted. the de~~vntions of the covmates and oiitcomes were not alterecl. Cornparisom b e ~ v m l  
rzs~dts conducted for this renew =and results rqmrted In the 13 smdy repon appear in Secrlon 
6.15. 

Although available in the Premier database, the i3 Dnlg Safety analysis did nor make use of 
patients n41o received no ailtdibrinolytic agent. At the tinle of this re\-lew. data for these patients 
had beell requested, b~rt not yet recelt-ed 

6.5 Primary A~ialysis 
Risk ratios brhveen tsratinent groups mere caLcrdated for each of the outcome measures &&led 
in Table 17 for the ~ L I U  study populatioli (defiticd in Section 6.3). Associated 959.0 coilfideuce 
intemals i7;ere calculated as described in Sectioil3.4. 

Because of the small 111~raber of patients it1 the tranexamic acid group relative to the aprotlnin 
and nnlillocayroic acid groups. thew two grouips were con~bined to represent the control group. 

6.6 Sensitivitl; Analpsis 
Althou_& the Premier is a large atrd con1prehens1t.e source of information for the 
research objectives. there are certaul li~rutatloirs (described belon-) that could present a blas t~ 
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Table 30: Hospit31 Leiqrll of Stay. Day of C-G Surgery, ar~d hillllj3er of Follow-up Days 
Aminoraproic i i ~ d  
Trauexamic ;\rid Aprotinin 

C e t e g o ~ ~  IS=3?.0?7) 0=?9,358) 
Hospital Length of S r r ~  

Sfear I SD 
hfedlan @dupe) 

Da? of C.UL 5urger:- 

hfean*SD 

Sledran {Paneej 

.\'umber of Fo1lo~~-up Dnys 

Sla*SD 

lie&an (Range) 

Zero Days af FOIJOIY-up 
n ('?&I 

Oa average. aprotttuii patieilk have lengtils-of-stay and follow-up periods that are roughlq- one 
day longer thaii non-nprotmiu patients. The day of the C'ABG surgery relative to hospital 
achl~isslon is sumiar between the Rvo groups. More than twice a5 maiy aprotulin patients h v e  
zero days of follow-up cornpared to non-aprotinin patlexxs. Of tllese patients, all but 6 apratinia 
patleuts 'and 1 non-ayrotinin patient died on the d ~ y  of the day of surgery. As mentioned in 
Section 6.3, paaerlts with zero clays of follow-up wrre dropped from analyses of ouiteonles that 
could not be assessed on the day of CABCi stugery [acute re11a1 fallwe. acute heart fadtue, m~d 
acute corou~ary rerascularizat~o~i). 

6.9 Propeusity Score 1IocleEng 
Table 2 1 lists the 25 model tenlls selected fof a l  propcl~stv score models. There were 9 pru~mry 
risk factors selected wth  xi~put from project statistic~atls. clinrcians. and eyidfllliologists. They 
were forced to be inclucled regardless of t h  statistrcal s~g~lficatlce relartve to the dher nmdel 
tams The remaunng 111odel factors were selected by the stepwise selection algorithiu a5 
described 1x1 Sectiot~ 3 1 The only cmdid~te n& factors not clioser~ by the steptvise procedure 
were hypeitexision. clrabetes. and cancer, leannp 10 trnns for model icluuon.  Of the 36 
posslble two-way mteractlons (9 choose 21. G were chosen by the proced~ue. 
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All Antifibrinolytic Patients 
Outcome= Heart Failure 

Strata (N) 
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RR a d  95% Confidence Interval 

NOTE L+zl'des greaterti-m 1 fnd caw grca:e-r 5 %  for aprolnlr panerk 

Flgue 27 Rsk Ratios for Acute Hem Fallure 

6.12.5 Acute Coronaq- Rerasculariaation 
Figure ? S  <and Figure 29 &splay the R D s  and RRs. rerjyectivrly, for acute coronary 
resascdanzatiu~~. Atlloug the 8 strata. results m 6 suggest a htgllcr risk among aprorlm 
yatirms, resiilts m 1 suggests a lower risk. a id  rrs~rlts m 1 suggests no diffcrcnce. Th 95% CIS 
cont,utl the yomt of equality for all but one strammi. For the overall estruiates, the lowcr limts of 
999 b CIS are just above the pomts of no drfference. The overall RD rstslllztte 1s 0.10 and the 
overall RR cstmate is 1 47. 
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score deciles across strata. ~ v h c h  created greater overall balatice between comqarisoil groups. 
None of the results fro111 these analyses resulted in any significant chan_ee to the ox-mall results. 
The overall conclusion from the FDA analysis was ri~llllar to those reported in the prelimmar). 
repon. Tire renewv of rhe final study report is nugomg. 

Using t h s  study aloire n-ould be inappropriate for rta\vmg any fun1 conclusion regarding 
whether tire use of aprotulfn duritig CABG surgery can be regar&d ;is safe. Rather. the body of 
evidence from all stl~dres (mciuchng randomized clltllcal trtals, other observational stluhes. and 
other post-tilarketinp data) should be considered. 
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