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Drugs

Aprotinin (Trasylol) a monomeric (smgle_—chaln) globular polypeptide
derived from bovine lung consists of 16 different amino acids.

— Inhibits several serine proteases, specifically trypsin, chymotrypsin
and plasmin at a concentration of about 125,000 1U/ml, and
kallikrein at 300,000 IU/ml. Its action on kallikrein leads to the
Inhibition of the formation of factor Xlla. As a result, both the intrinsic
pathway of coagulation and fibrinolysis are inhibited. Its action on
plasmin independently slows fibrinolysis. Ortho, liver suspended

Tranexamic acid (Cyklokapron).Ilt competitively inhibits the activation of
plasminogen to plasmin, a molecule responsible for the degradation of
fibrin. It has roughly 8 times the antifibrinolytic activity of an older
analogue, e-aminoacaproic acid. Menstrual, ortho, haemophilia.

Epsilon-aminocaproic acid (Amicar) is a derivative and analogue of
the amino acid lysine, which makes it an effective inhibitor for enzymes
which bind that particular residue. Such enzymes include proteolytic
enzymes including plasminogen, the enzyme responsible for fibrinolysis.




Indication for use

 About Trasylol®

* Trasylol is indicated 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.




Aprotinin

e Aprotinin is one of the most extensively studied drugs in
the history of cardiac surgery.

* Through multiple RCTs, aprotinin has been shown to be
safe in terms of mortality, effective in terms of reducing
bleeding, effective in possibly reducing the incidence of
adverse neurologic outcomes.

* It has been shown, in randomized trials, to create a slight
Increase in creatinine in the perioperative period, which
returns to normal by about 7 days, but other than that,
has never been shown to increase mortality in
randomized trials, never been shown to increase stroke,
never been shown to increase renal failure.



Until 2006

Publication of a large observational study from
Dennis Mangano and his group.

The Risk Associated with Aprotinin in Cardiac
Surgery

Dennis T. Mangano, Ph.D., M.D., lulia C. Tudor,
Ph.D., and Cynthia Dietzel, M.D., for the
Multicenter Study of Perioperative Ischemia

Research Group and the Ischemia Research
and Education Foundation*

N Engl J Med 2006;354:353-65.



The Risk Associated with Aprotinin in Cardiac Surgery

* This was a retrospective worldwide
multicenter observational study in which
aprotinin use was selected by the surgeon
and was not randomized.

* It was a highly publicized study, it hit The
New York Times, It hit the nightly news.

* Caused the cardiac surgery community to
further investigate the issue.



Table 1. Baseline Characleristics of the Patients, According to Study Group.=
Control Group
Characteristic {N=1374) Antifibrinolytic Group
Overall Aprotinin Aminocaproic Acid Tranexarnic Acid
(N = 3000) (N =1295) (N = 283) (N=222)
fa () o (F6) Prvaluey Pualuej Pualuef no. (35) P valuey na. (35} P valuey wa. (F5) Pvalue
Male sex 1110 (80.8) 2377 (79.2) 0.24 0.59 0.79 1016 (78.5) 0.13 690 (73.1) 0.13 671 (81.6) 062
Black, American Indian, or Hispanic 53 (3.9) 300 (10.0) <0.001 0.88 0.66 56 (4.3) 0.54 139 (15.7) <0.001 105 (12.8)  <0.001
race or ethnic group ¥
Education: some college or above 496 (36.1) G418 (30.6) <0.001 014 0.34 280 (21.6) <0.001 398 (45.1) <0.001 240 (29.2)  =0.001
Surgery: urgent or emergency status 288 (21.0) 503 (16.8) =0.001 0.38 0.28 192 (14.8) <0.001 167 (18.9) 0.24 144 (17.5) 0.05
History of diabetes mellitus 384 (28.0) 8292 (30.0) 018 0.39 011 353 (27.3) 0.68 325 (36.8) <0.001 220 (26.8) 0.56
History of insulin-dependent 78 (5.7) 242 (2.1) 0.005 0.72 068 116 (9.0} 0.001 B0 {9.1) 0.002 46 (5.6) 0.94
diabetes
History of hypertension 824 (60.3) 2091 {(69.9) <0.001 0.76 0.14 905 (70.0) <0.001 657 (74.7) <0.001 529 (64.7) 0.042
History of angina 1272 (92.8) 2688 (89.8) 0.002 Q.83 Q.67 1136 (87.8) =0.001 783 (89.3) 0.004 769 (23.6) 0.49
History of congestive heart failure 457 {33.5) 1065 (35.2) 0.13 0.22 0.76 551 (42.8) <0.001 243 27.7) 0.004 271 (33.3) 0.95
History of myocardial infarction 714 (52.3) 1548 (52.2) 0a7 0.87 0.15 664 (52.1) 0.94 433 (49.6) 0.22 451 (55.1) 019
History of heart block 176 {12.8) 477 (15.9) 0.008 0.83 0.45 224 (17.3) 0.001 129 (14.6) 0.2z 124 {15.1) 0.13
History of carotid disease 143 (11.0) 421 (14.4) 0.007 0.74 0.34 217 (17.2) <0.001 107 (12.4) 0.79 97 (12.2) 0.38
History of stroke 89 (6.5) 186 (6.2) 0.75 0.83 0.95 28 (6.8) 0.73 61 (7.0) 0.65 37 (4.5) 0.05
History of liver disease 106 (7.7) 282 (9.4) 0.06 0.83 0.81 150 (11.7) <0.001 66 (7.5) 0.36 66 (B.0) 0.79
History of renal disease 178 (13.0) 523 (17.5) <0.001 0.92 0.27 240 (18.6) <0.001 131 1 4.9) 0.22 152 (18.5)  =0.001
History of pulmonary disease 238(17.4) 6RO (22.8) <0.001 0.5 0.64 326 (25.3) <0.001 215 (24.5) <0.001 139 (17.0) 0.79
Ejection fraction 54496 247 (18.0) 508 (16.9) 0.40 0.96 0.51 199 (15.4) 0.07 169 (19.1) 0.49 140 (17.0) 0.57
Creatinine =1.3 mg{d| on 189 (13.8) 442 (15.0) 0.29 092 Q.80 195 (15.1) 0.34 132 (14.2) 0.43 122 (14.8) 0.48
admission|
History of CABG 21.(23) 236 (7.9) <0.001 NA 0.42 142 (11.4) <0.001 51 (5.8) <0.001 37 (4.5) 0.003
History of valve disease 167 {12.2) 616 (20.7)  <0.001 0.89 017 326 (25.4) <0.001 165 (18.8) <0.001 125 (15.2) 0.05
History of valve surgery 1{0.1) 26 {0.9) 0.002 NA 050 19 (1.5) <0.001 3 (0.2) 0.14 4 (05) 0.05
History of percutaneous translumi- 138 10.1) 542 (18.1) <0.001 0.93 054 223 (17.3) <0.001 173 (19.7) <0.001 146 (17.8) <0.001
nal coronary angioplasty
History of aortic vascular surgery 15 (1.1) 3z2Q.1) 0.94 NA 062 12 {0.9) 067 11 (1.3) 0.74 1) 099
History of intracoronary stent 54 3.9) 227 (7.6) <0.001 0.87 017 95 (7.3) <0.001 78 (8.8) <0.001 54 (66) 0.006
History of coronary atherectormy 5 0.9 19 {0.6) 0.26 0.94 068 11 0.9 0.10 7 (0.8) 017 1 {0.1) 0.29
History of noncoronary angioplasty 20 (1.5) 68 (2.3) 0.08 NA 060 40 3.3) 0.002 11 {1.3) 068 14 (1.7) 065
or stent
Current CABG and valve surgery 96 (7.0) 378 (1256) <0.001 NA 018 201 (15.5) <0.001 108 (12.2) <0.001 69 (8.4) 0.23
Current CABG and other surgery 68 5.0) 152 (5.1) 0.82 NA 099 72 (5.6) 0.48 41 (4.6) 0.74 40 (4.9) 093

NA denotes not applicable (because there were no patients with the characteristic in the subpopulation), and CABG coronary-artery bypass grafting.

values are for the comparison between patients treated with an antifibrinolytic agent and control patients.

values are those calculated after adjustment according to the propensity score {for the use of an antifibrinolytic agent) in 2013 patients undergoing prirmary surgery.

P values are those calculated after adjustrment according to the propensity score (for the use of an antifibrinolytic agent) in 1361 patients undergoing complex surgery. Complex surgery
was defined as surgery under any of the following conditions: a history of coronary-artery bypass grafting, valve surgery, noncoronary angioplasty or stenting, or other cardiac or vascular
noncardiac surgery; combined current heart surgery; and current surgery in emergency status or urgent status with evidence of congestive heart failure preoperatively.

9 Race or ethnic group was determined by the clinical investigator.

| To convert the value for creatinine to micromoles per liter, multiply by 88.4.
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Figure 2. Renal and Monrenal Outcome Events among the 4374 Study Patients.

FPanel & shows the incidenoe of renal events according to study group. All pairwise comparisons between the apro-
tinin group and any other group were significant (P<0.001 by Bonferroni-adjusted analysis). Comparison of either
aminocaproic acid or tranexarmic acid with control, or comparison between therm, was not significant. Panel B
shows the incidence of nonrenal events. In both panels, the nurmbers abowe the bars are rounded incidence values,
arnd F values shown are for the comparison between the aprotinin group and any other group (the contrel group,
the aminecaproic acid group, or the tranexarmic acid greupl.




Conclusion of Mangano study

* In conclusion, the observed association
between aprotinin and serious end-organ
damage indicates that continued use Is
not prudent, whereas the less expensive
generic medications aminocaproic acid
and tranexamic acid are safe alternatives.



Follow-on study by Karkouti In
Canada

A propensity score case-control comparison of aprotinin and
tranexamic acid in high-transfusion-risk cardiac surgery.

Karkouti K, Beattie WS, Dattilo KM, McCluskey SA, Ghannam M,
Hamdy A, Wijeysundera DN, Fedorko L, Yau TM.

looked at about 900 patients in two groups, propensity matched,
450 who got aprotinin, 450 who did not, and came to the conclusion
that it did not increase mortality, it did not increase stroke, it did
Increase the creatinine postoperatively, but they had a different
definition of renal dysfunction that Dennis Mangano did, and it did
Increase the risk of dialysis-dependent renal failure.

Aprotinin and tranexamic acid have similar hemostatic effectiveness
In high-transfusion-risk cardiac surgery. Within the confines of
propensity score matching, our results suggest that aprotinin may
be associated with renal dysfunction.



http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Karkouti%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Karkouti%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Beattie%20WS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Dattilo%20KM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Dattilo%20KM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22McCluskey%20SA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22McCluskey%20SA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ghannam%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ghannam%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus

Advisory Committee in September
2006

* Focused on kidney damage as well as
serious allergic reactions to Trasylol.

* FDA narrowed the indicated use In
patients at high risk for bleeding from
cardiac surgery and they also
strengthened the warnings on the label
regarding hypersensitivity and kidney
damage.



A second paper by D. Mangano

Mortality Associated With Aprotinin
During 5 Years Following Coronary
Artery Bypass Graft Surgery

JAMA, February 7, 2007—Vol 297, No. 5
471



Mortality Associated With Aprotinin During 5 Years
Following Coronary Artery Bypass Graft Surgery

Design, Setting, and Participants:

Observational study of mortality conducted
between November 11, 1996, and December 7,
2006.

Following index hospitalization (4374 patients;
69 medical centers), survival was prospectively
assessed at 6 weeks, 6 months, and annually for
5 years after CABG surgery.

Main Outcome Measure Death (all-cause) over
5 years.



Figure 2. Cumnulative Mortality Curves Compared Among Study Groups
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Left, mortality was caleulated from the adjusted survival distributions as 1 minus adjusted survival among 4345 patients by study group: contrel (1365 patients), ami-
nocaproic acid (873 patients), franexamic acid (821 patients), aprotinin (1286 patients). Patients with missing covariates were excluded (n=29). Survival was signifi-
candly differant between aprotinin and control (P 0013, but not between aminocaproic acid and control (P= 81}, or betwaen tranexamic acid and confrol (P= 64).
Sursival was adjusted using the correct-group-prognosis method (see Methods). Pafients parficipating in the in-hospital, but notlong-term phase were censored at
weeks Right, mortality caleulated as 1 minus adjusted survival among patients without in-hospital death (n=128) control (1330 patients), aminocaproic acid (847
pafients), tranexamic acld (804 patients), aprotinin (1229 palients). Patients with missing covarates were excluded (n=39).




Conclusions

* These findings indicate that in addition to
the previously reported acute renal and
vascular safety concerns, aprotinin use Is
associated with an increased risk of long-
term mortality following CABG surgery.
Use of aprotinin among patients
undergoing CABG surgery does not
appear prudent because safer and less
expensive alternatives (le, aminocaproic
acid and tranexamic acid) are available.



Caused a lot of surgeons to stop
using aprotinin

* |t showed both early and late adverse outcome,
which didn't make a lot of sense to many people
how aprotinin Is going to be related to late
mortality, which is 5 years later.

* Nevertheless, many centres didn't see any of
these.

* Waiting for the FDA or the Society of Thoracic
Surgeons (STS) to come with some type of a
white paper to guide as to what to do in the
future.



May 2007

* The STS and the Society of
Cardiovascular Anesthesiologists (SCA)
came out with guidelines in saying that
aprotinin was level A evidence
recommended to decrease bleeding didn't
have a lot of the data yet and didn't have
the FDA Advisory Review on Safety.



FDA hearing in September 2007

Dennis Mangano presented his data and basically said
aprotinin causes renal failure.

Dr. Karkouti presented his data, and with a second look
at his data, found that the more other risk factors they
added in, the less important aprotinin was in predicting
renal failure.

Karkouti noted that as more risk factors went in,
definitely mortality, stroke, renal insufficiency, all started
going away. Mortality and stroke were gone, renal
iInsufficiency and renal failure started going away as an
Important risk factor.



FDA hearing in September 2007

* At the second hearing, the FDA did have the data from
the original Mangano paper.

 They were able to reproduce his results, but they really
did not come to the same conclusions. Their
Interpretation of the data was very different.

* The risk profiles in the aprotinin group and the control
group were vastly different from each other. So it
demanded that there be an adjusted analysis, and an
unadjusted analysis would really be unfair.

 The FDA panel once more recommended that aprotinin
stay on the market with stronger warnings,



* In the Mangano paper, the transfusions were a
categorical variable.

* When you look at the relationship between
Increasing units transfused and the incidence of
renal failure, there is a direct and significant
relationship between increasing transfusions and
Increasing incidence of renal failure.

* And so, the number of units transfused is not a
categorical variable; it is a continuous variable.



Randomized vs Non randomized

nonrandomized studies, observational studies are much
more complex to look at than randomized clinical trials.

In randomized clinical trials, people are assigned at
random to the treatment, so complicating factors get
balanced out between the two treatment groups.

In nonrandomized studies, the physician or someone is
assigning the person to the particular treatment. Given
the skill of surgeons and the way they look at their
patients, they are very likely to channel the high-risk
people to the aprotinin group. That creates enormous
difficulties in the statistical analysis.



Randomized Clinical Trial (RCT)
. If there is no effect in an RCT,

confounding variables are
unlikely to move the distributions
apart

If there is a treatment
Control effect in an RCT, the _

distributions move /"~ ™, -
apart i A
.":

Medscape

The distribution of the outcomes on a randomized clinical trial through the randomization
process are essentially together if there is no treatment effect; if there is a treatment
effect, then the groups are pushed apart. But it is very important to keep in mind that the

people are assigned at random to the treatment groups, so confounding variables tend
to be balanced between the 2 treatment groups.



* S0 what happens if we have databases
and we are trying to look at data back in
our own practices?



Observational Clinical Trial
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much more complicated. You will have a control group and a treatment group, aprotinin,
for example, but if people have been assigned to aprotinin based on severe risk factors,
then you would expect to see a difference between the treatment group and the control

group just because of all the other risk factors.



Observational Study

Confounding variables, C,, C,, T, et,
are used to reduce bias.
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Viedscape

Statistically, we can start removing the risk factors, and as you remove the risk factors,
the 2 groups come together. Now, unfortunately, if you do not remove all the risk factors,
there can still be a difference between the treatment group and the aprotinin group, and
then what has happened over the past 10 or 15 years, databases have gotten larger. So
as the databases get larger, the standard error shrinks, and if there is still a biasing
factor left in that has not been taken out, then you will say the 2 groups are different but
they could be different due to a biasing factor that has not been removed.



* Itis very difficult to identify all the confounding factors.

* Epidemiologists believe that if the risk ratio is not above
2, then there could be potentially biasing factors, and so,
risk ratios under 2, even though they might be
statistically significant, are taken to be nondemanding
that there is actually a result there.

* And in this case, once risk factors are removed, even
though all the risk factors may not be removed, the risk
factors for aprotinin are under 2 and, hence, would not
be considered causative.



* If we have a compelling, very large
database, and it looks like a very
iInteresting outcome, from database work,

can we say cause and effect occurs?



* No, we are looking at associations, and so, the
cause and effect is not occurring in observation;
It can't be determined really.

* |n randomized clinical trials, it's all different
pecause the confounding factors have been
palanced across the two treatment groups, so If
we see that there Is still an effect, then we argue
that that Is causative. But in nonrandomized
studies, that is not the case.




Systematic review

* Anti-fibrinolytic use for minimising
perioperative allogeneic blood
transfusion

* Henry DA, Carless PA, Moxey AJ,
O'Connell D, Stokes BJ, McClelland B,
Laupacis A, Fergusson D. Anti-fibrinolytic
use for minimising perioperative allogeneic
blood transfusion. Cochrane Database of
Systematic Reviews 2007, Issue 4



Anti-fibrinolytic use for minimising perioperative
allogeneic blood transfusion

Objectives

To assess the comparative effects of the anti-fibrinolytic
drugs aprotinin, tranexamic acid (TXA), and epsilon
aminocaproic acid (EACA) on blood loss during surgery,
the need for red blood (RBC) transfusion, and adverse
events, particularly vascular occlusion, renal dysfunction,
and death.

Selection criteria

Randomised controlled trials (RCTs) of anti-fibrinolytic
drugs in adults scheduled for non-urgent surgery.
Eligible trials compared anti-fibrinolytic drugs with
placebo (or no treatment), or with each other



Conclusions

This review summarises data from 211 RCTs that recruited 20,781
participants

Anti-fibrinolytic drugs provide worthwhile reductions in blood loss and the
need for allogeneic red cell transfusion.

Their efficacy does not appear to be offset by serious adverse effects.

In most circumstances the lysine analogues are probably as effective as
aprotinin and are cheaper; the evidence is stronger for tranexamic acid than
for aminocaproic acid.

In high risk cardiac surgery, where there is a substantial probability of
serious blood loss, aprotinin may be preferred over tranexamic acid.

Aprotinin does not appear to be associated with an increased risk of _
vascular occlusion and death, but the data do not exclude an increased risk
of renal failure.

There is no need for further placebo-controlled trials of aprotinin or lysine
analogues in cardiac surgery. The principal need is for large comparative
trials to assess the relative efficacy, safety and cost-effectiveness of anti-
fibrinolytic drugs in different surgical procedures.



November 5, 2007 (Leverkusen, Germany and West
Haven, CT)

* Following consultation with the German Federal
Institute for Drugs and Medical Devices
(BfArM), the U.S. Food and Drug Administration
(FDA), Health Canada, and other health
authorities, Bayer announced today that it has
elected to temporarily suspend worldwide
marketing of Trasylol® (aprotinin injection) until
final results from the Canadian BART trial can
be compiled, received and evaluated.




The BART study is an independent randomized, controlled trial being
conducted in high-risk cardiac surgery patients.

The BART Executive Committee had halted the trial after a planned periodic
data analysis indicated reduced bleeding but also an increase in all-cause
mortality (that almost reached conventional statistical significance for 30-day
mortallty) for patients in the aprotinin treatment arm compared to patients
who received either aminocaproic acid or tranexamic acid.

Bayer has been informed that data are now being collected from centers
throughout Canada and a final data analysis will be undertaken by BART
Investigators -- a process that is expected to take up to eight weeks, or
perhaps longer.

Once the complete BART dataset is available, Bayer will work with health
authorities to evaluate whether these data have any impact on the positive
benefit-risk assessment for Trasylol. At that time the temporary marketing
suspension will be reevaluated.

Additionally, the U.S. FDA, Health Canada and other health authorities have
Indicated their interest in Worklng with Bayer to create a program for use
during the temporary suspension under which physicians in these markets
might request and receive Trasylol for treatment of certain surgical patients
with an established medical need. Bayer will work with the FDA, Health
Canada, and any other authorities who wish to institute similar programs, to
outline appropriate patient profiles and the specific details.



2008

Mouton R, Finch D, Davies I, et al. Effect
of aprotinin on renal dysfunction In
patients undergoing on-pump and off-
pump cardiac surgery: a retrospective
observational study. Lancet.
2008;371:475-482.

Hausenloy DJ, Pagano D, Keogh B.
Aprotinin — still courting controversy.
Lancet. 2008;3/71:449-450.



* Methods Our analysis included 9875 patients
undergoing on-pump or off-pump cardiac surgery from
Jan 1, 2000, to Sept 30, 2007. Of these patients, 9106
were included in the retrospective observational study
analysis.

* Results.In 5434 patients undergoing on-pump cardiac
surgery, the odds ratio (OR) between aprotinin and an
Increased risk of renal dysfunction without ACE inhibitor
was 1-81 (95% CI 0-79-4-13, p=0-162) and with ACE
iInhibitor 1-73 (0-56-5-32, p=0-342). In the 848 patients
taking ACE inhibitors and undergoing off-pump cardiac
surgery, aprotinin was associated with a greater than
two-fold increase in the risk of renal dysfunction after off-
pump cardiac surgery (OR 2-87 [1-25—-6-58], p=0-013).



* Conclusion: Our results have shown that
aprotinin seems to be safe during on-
pump cardiac surgery. However, the
combination of aprotinin and ACE
Inhibitors during off-pump cardiac surgery
IS assoclated with a significant risk of
postoperative renal dysfunction.



Feb 2008

Schneewelss S, Seeger JD, Landon J,
Walker AM. Aprotinin during coronary-
artery bypass grafting and risk of death.
N Engl J Med. 2008;358:771-783.

Shaw AD, Stafford-Smith M, White WD,
et al. The effect of aprotinin on outcome

after coronary-artery bypass grafting. N
Engl J Med. 2008;358:784-793.



e Methods

Using electronic administrative records of
the Premier Perspective Comparative
Database, we studied hospitalized
patients with operating-room charges for
the use of aprotinin (33,517 patients) or
aminocaproic acid (44,682 patients) on the
day CABG was performed.



Table 2. Relative Risk of In-Hospital Death among the 78,199 Patients Undergoing Coronary-Artery Bypass Grafting
(CABG) in the Primary Study Cohort.

Any Amount Any Amount Low or High
of Aprotinin  of Aminocaproic Amount of Study
Ouicome {N=33,517) Acid {N=44,682) Any Amount of Study Drug Drug
Unadjusted Adjusted Adjusted
na. of patients (35 releative risk {959 Cf)
In-hospital death fromany 1512 {4.5) 1101 (2.5  1.83 (1.70-1.98) 1.64 (1.50-1.78) 150 (1.26-1.66)
CaLlhe
In-hospital death fromany 631 (1.9) 435 (1.0 1.9 (1.71-218) 178 (1.56-207) 164 (1.41-1.91)
cause within 7 days
after CABG
Conclusions

Patients who received aprotinin alone on the day of CABG surgery had a
higher mortality than patients who received aminocaproic acid alone.
Characteristics of neither the patients nor the surgeons explain the

difference, which persisted through several approaches to control
confounding.




The effect of aprotinin on outcome after coronary-artery
bypass grafting

e Methods

* We retrieved data on 10,275 consecutive
patients undergoing surgical coronary
revascularization at Duke between
January 1, 1996, and December 31, 2005



Table 1. Baseline Characteristics of the Patients.>

wWariable

Aprotinin
(N — 1343)

Aminocaproic Acid

™N— &7 FE)

Mo Therapy
(N —2029)

P value

Trdds Ratio for Aprotinin

(2525 CI}

hMean age at suUrge s —— wr 66 .6 S 53 .0 =0 001 0. 00 0.0z 1 0%
Angina — no. (IS 1024 (FG_2) 5527 (31.6) 1745 (B6.0) —=0.001 O.78 (0.63—0_95%
AStic regurgitation — no. (353 —=0.001 121 (1.04—1 40

Mone 1274 (94.9) 5670 (D2.4) 2001 (O2.5)

Ml 20 (2.2) 45 (O 73 15 (O.7)

Mlode rate 20 (2.2} EFR o W= Fa e T 3

Severe 11 (o2 A7 (O3} & (O3}
Cardiopulmonarn bypass — rno. (95 1317 (93.1) &F30 (99.3) 1302 (64.2) =001 3.31 (1.92-5.53)
Mean preoperative creatinine lewvel — g fdl 1.53 1.1a 123 =0 OO 114 (1071 22)
Preopermtive stro ke — no. (IS 152 ¢11.3) 666 (9.2 147 (723 =001 1.55 (1.31—2 O2)
Family history of CALD — no. (95 595 {(S1.7) 1037 (15.3) Fl2 (35.1) =0.001 2. 31 {1.90—=>_22)
Hypertension — no. (953 5 F (F2.0) 4623 (G2.2) 1413 (69.6) o0z 0.1 (0.510.74)
Hy percholesteralermia — ro. {IE) 247 (53.1) IS (43.0% 1179 (S3.0% =0 .00l 1,34 {1.14 -1 SO)
Internal thormcic artery used — no. (S5 =001 124 (1091 42)

Left arte iy BOAO (56 _3) SOR3 (B39.38) 1747 (BG.1)

Right arte 37 (Z.8) IF (05 =1 {1.00

Both 10 (0.7 122 (1.9 51 (2.5}

Meithe r 406 (30.2) 522 (7.2) 210 (10.3)
Precperrative nitroglycerin — mo. (IS} a9 (F.4) Q=¥ (13.3) 122 (9.3 =0 001 050 (0.53 0_0O0)
Preoperative ACE inhibitar o (95) 526 (39.9) 9132 (12.5) 500 (Z9.1) <0001 104 (0041 _32)
Preopeative antiplatelet therapy — oo (95) 130 (9.7 106 (2.9 146 (7.2 =001 104 (O.F9—1.36)
Precpe mative diuretic therapy — rno. (35) 367 2 7.3) 415 (5.1) Z52 (13.2) =001 125 (1.02—1.52)
Mitral-walwe procedure — o (SE) <O 001 0.52 (0.4 7 0. 22)

Mone 1144 (25.2) 5431 (D4.9) 1954 (96.3)

Arnnuloplasts 135 (10.1) 252 (3.7 52 (2.5}

Replacerment S (4_B) Oz (1.4} 23 {1.13
CABG and another procedure — neo. (93 TE6 (19.2) ZFEa (4.0) 105 (5.2 <0001 226 (2.20 32 .56)
hlean Parsonnet score 13 .90 2.7 B.GE =0 O 1 109 {1021 .11%
Previous cardiovascular intervention — no. (34 557 ¢41.5) 1079 (15.9) A4GF (23.00 <O 001 350 (Z2.974_17)
CPR before surgerny — no. (33 20 (1.5) L= (s MR 14 (0.7 —=0.001 224 {(1.02—4_95%
Mean duration of cardiopulmonan bypass — rmin 1s55.1 117.7 B2 =0 001 1,009 (100710113
Chronic kid ney disease — no. {9 - 110 (223 227 (3.5} 100 (4.9 <0001 159 {1.11—=.22)
Precoperative use of salicylates — o (35) 242 (12.9) 3921 (59.4) F29 {(Bc.7) Bt e sl O 49 (O A40 0. Gl
Former or current srixoker — ol (35) 552 (49.7) ZO01 (42.2) 1012 (49.9) <0001 0.92 (0.F79—1.09)
Tricus pid-valve procedure — no. (S5) 23 (1.7) 5 (O.1) 3 (O.1) =001 242 (0.0l 6. Fa)
Urge ncy of procedure — no. (353 —=0.001 1.91 (1.66—=.19)

Elective 2IG7 2 7.3 4450 (552 F52 (371N

Urgent 213 (50.5) 2162 (321.9) 1179 {(53.1%

Ermerge nay 152 (11.2) 154 (2.3 ol (4.5}

Ermerge ncy salvase 5 (O.Aa) 1 (o.01) & (O3}
walve surgery — ro (9E) IS F (2 F.3) 656 (9.7} 144 (7.1 =001 0565 (045 0. 051

Table 1. (Continued.}

Aprotinin Aminocaproic Acid Mo Therapy Odd=s Ratio for Aprotinin

“ariable (M= 1343) (N — 67 76) (M =2029) P value (25956 CI)

Ao tic sternosis — mo. (FE) 143 (10.5) 255 (3.2) 54 (2.7 =000 1 072 (0.52—1.15)

Mean aprotinin propensity score 0. 400 .02l 0099 = e 1

hMedian year of surgery 2003 l1a99 2002 =000 1

Mearn EureSCOREY 1010 566 F.43 =001

Ay red cells transfused — no. (25) Qo7 (F2.0) 1430 (21.1)» 570 {(332.5) =0 001

Diabetes {army tvpe) — no. (95) 40 (33 _4) P25 (323 660 (32.5) O 72

Fermale sex— rno. (35) 411 (30.5) 2120 {31.3) SoF (32.9) 0,320

hMean weight — log B2 23 .2 246 0.19

Mearn ejecticon fraction — 35 4652 51.9 53.4 =0 001

Race or ethnic group — no. (<31 0005

White 1123 (23.5) 5245 (36.3) lsa7 (323.1)
Blaclc 207 (15.4) R2A {(13.0) IS (1600

Hispanic

Asian

A (0.3
9 (0.7

20 (0.3)
27 (0.4)

10 (0.5
Ea (o <}




A Unadjusted
1.0+
P00l
0.5+
_ o8-
P
-E 0,7
& 0.5
L
; 0.5
F O L‘—L
= 0”3_
§ m— o therapy
0.2 e Arninecaproic acid
0,1 m—Aprotinin
0.0 T T T T T T T T T 1
0 1 2 3 4 A L] T 3 o 10
Years after Surgery Conclusions
B Adusied Patients who received aprotinin had a
1.0+ . . .
Pre0.001
05 higher mortality rate and larger increases
=l in
-E 0.7
£ _
2 nE serum creatinine levels than those who
0.5+
-Q - - - -
= o received aminocaproic acid or no
-8 .3 - . . .
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0 1 2 3 4 5 L] o 3 E) 10
Years after Surgery
Mo. at Risk
Mo therapy 2026 2023 1381 1718 1503 1234 8%2 531 273 134 S
Aminecaproic 9766 67553 6317 3971 5334 4934 4313 3728 2991 21465 1287
acid
Aprotinin 1340 1331 10%2 762 526 371 246 132 0 43 ALz
Figure 1. Kaplan—Meier Survival Estimates, According to Treatment Group.
Both the unadjusted estimates (Panel A) and the adjusted estimates (Panel B)
are shown. P values, calculated with the use of the log-ranl test for the unad-
justed estimates and the Cox proportional-hazard method for the adjusted
estimates, are reported for the comparison among the three groups.
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* Bleeding in cardiac surgery: The use of
aprotinin does not affect survival

 Domenico Pagano, MD, FRCS,a Neil J. Howell,
FRCS,b Nick Freemantle, PhD,b David
Cunningham, PhD,cRobert S. Bonser, MD,
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Bleeding in cardiac surgery: The use of aprotinin does
not affect survival

* Methods: In this single-institution
observational study involving 7836
consecutive patients (1998-2006), we
assessed the safety of using aprotinin in
risk reduction strategy for postoperative
bleeding.



Bleeding in cardiac surgery: The use of
aprotinin does not affect survival

Results: Aprotinin was used in 44% of patients.

Multivariate analysis identified aprotinin use in risk
reduction for reoperation for bleeding and need for blood
transfusion postoperatively.

The use of aprotinin did not affect in-hospital mortality,
Intermediate-term survival (median follow-up, 3.4 years),
Incidence of postoperative hemodialysis, and incidence
of postoperative renal dysfunction.

Conclusion: This study demonstrates that aprotinin is
effective in reducing bleeding after cardiac surgery, is
safe, and does not affect short- or medium-term survival.



TABLE 1. Demographics in patients treated with and

without apretinin

Mo aprotinin Aprofinin
[n = 4355} (n = 3481) Pvalue
Age (y) §3.8 + 9.8 648+ 1N =.0001
Female sex 1058 (24.3) 78 (28.1) .0005
CCS class

| 633 (14.5) 59 (27.5) 0001

Il 1422 (32.7) 123 (32.3)

i 1037 (23.8) B21(236)

v 1263 (29.0 573 (16.5)

NYHA class

| 1387 (31.9) 825 (23.8) =.0001

Il 1864 (42.8) 1533 (44.1)

i 832(19.1) 799 (23.0}

v 271 (8.2 316 (9.1}

Diabetes
Type | 284 (B.5) 219 (8.3 <2.0001
Type |l {oral 351 (8.1} 407011.7)
therapy)

Type Il (diet] 153 (3.5) 124 (3.6
Hypertension 2401 (55.1) 2204 (63.3) <0001
Peripheral vascular 445 (10.2) 432 (12.4) .003

disease
LV function

Good (EF =50%] 2754 (63.2) 2161 (62.1) .07

Mederate (EF 1281 (29.4) 1098 (31.5)

30%-—49%]

Poor (EF <30%] 315(7.2) 216(8.2)

Previous M| 1957 (44.9) 1127 (32.3) =2.0001

EUROScore 3B+ 18 5+ 34 =.0001

Urgent/emergency 1507 (34.6] 1120 (32.1] =.0001
precedure

Procedure

CABG only 3421 (78.8) 1982 (56.9) =2.0001

Valve only 532 (12.2) 817 (23.5)

CABG + valve 314 (1.2) 456 (13.1)

Valve + other 16 (0.4 103 (3)

CABG + other 65 (1.5] 74(2)

Other cardiac 6101} 49 [1.4)

surgery

TABLE 2. Surgical characteristics

No apretinin (n = 4355) Aprotinin (n = 3481) Pualue

CABG only

EUROScore (mean + S0) 32+125 35+ 27 <.0001
Pricrity (no. of patients)

Flective 2196 (54.8) 1296 (67.5) 19

Urgent 1159 (34.7) 602 (31.3])

Emergency 3601 2311.2)

Triple-vessel disease (ne. of patients) 2676 (78.9) 1559 (81.2) 05

LMS {no patients} 653 (19.3) 560 (29.2) <0001

No. of CABG (mean + SD) 28+08 30+109 001

Clamp time (mean min + S0) 45+ 20 52+ 21 <00

Bypass time (mean min + S0 80+ 3 91+ 33 <001

LCOS ine. of patients) 1183 (34.91 ST <0001

Reoperaticn (no. of patients] 176 (5.3) 56 (2.9) <0001

In-hospital mertality (no. of patients) o4 (2.8) 35018 8
Other cardiac surgery

EURDScore (mean + S0) 60+ 27 68+ 33 <0001
Priority (no. of patients)

Elactive 549 (67.3) 1061 (58] 00

Urgent 298 (30.9) 430 (27.6)

Emergency 1711.8) 69144

Triple-vessel disease (no. of patients) 28220 335 (21.5) 052

LMS ine. of patients] 52 (54) 126 (8.1] 001

No. of distals (no. of patients] 08+12 08+13 91

Clamp time (mean min + S0 5+3 91 + 42 <[00

Bypass time {mean min + 3Dj 103 + 46 128 + 56 <0001

LCOS (ne. of patients) 449 {25.5) 770 (49.4) 4

Reoperation (no. of patients) BT 80(5.2) <00

In-hespital mertality (no. of patients) 58 (5] 102 (6.5] 219

Values in parentheses are percentages. CABG, Coronary artery bypass grafting; SO, standard deviation; LMS, left main stem; LCGS, low cardiac output

syndrome (combined end point of use of inotropic agents, intra-operative balloon pump, or both},



TABLE 4. Multivariate analysis of risk factors for TABLE 5. Multivariate analysis of risk factors for medium-

in-haspital mortality term survival
Odds ratic 95% CI Pvalue Hazard ratio 85% Cl Pualue
Log EuroSCORE 1.36 5.45-9.94 <. 0001 Log Euro5CORE 3.51 3.12-3.93 =2.0001
Diabetes 1.49 1.08-2.04 0184 Diabetes 1.22 1.05-1.42 .008
Year of operation Year of operation
1998 2.29 1.30-4.06 0084 1998 1.58 1.11-2.13 0031
1999 1.91 1.06-3.45 0348 1999 1.50 1.11-2.03 008
2000 2.28 1.29-4.04 .009 2000 1.37 1.00-1.86 048
2001 2.41 1.35-4.31 0065 2001 1.48 1.06—2.00 .02
2002 1.67 0.95-2.93 0714 2002 1.29 0.95-1.74 A0
2003 143 0.82-2.49 1884 2003 1.17 0.86-1.58 A3
2004 1.1 0.58-1.75 9779 2004 0.93 0.68-1.27 .B5
200572006 0 0-0 200572006 0.00 -0
Aprotinin 1.03 0.71-1.49 851 Aprotinin 1.09 0.93-1.28 S0
95% Cf. 95% Confidence interval. 95% Ci, 95% Confidence interval.
TABLE 3. Multivariate analysis of nsk factors for TABLE 6. Renal dysfunction by apratinin group
reoperation for bleeding No aprotinin  Aprotinin
in = A4154) n = 3349) Pvalue
Preoperative creatinine (ganoli/L) 114 + 52 115 +~ B7 DOBD
Qdds rafio 95% CI Pualue Peak Postoperative creatinine 138 +~ 84 140 + 93 L1166
Mé:r:n?r:’;?ease n creatinine 27 + B0 25 + B4 1166
Log EuroSCORE 1.1 1.40-2.10 0001 {rermol/L)
_ P v li i 78 {2.1% 3% .
Diabetes 0.76 0.55-1.04 0832 o oy [mPatrment f2.1%] 103 {3.3%) 0048

Imcrease in creatinine from
preoperative value

Year of operation

1998 0.35 0.19-0.67 0041 <2i;§{; of patients) 3072 pass 5
1999 0.85 0.49-1.47 5344 ;g:;ff—< 1533/1[ ggg 448 '
2000 1.00 0.58-1.71 9985 0% 251 106
acreasae in G rorm

2001 1.51 0.93-2.57 096 Decroase in GFF from
2002 T 0.68-1.81 6503 2{-2-';' of patients)

= D 3320 28640 18
2003 1.08 0.66-1.77 139 ;ggj:—<§g:}6 g;g -15!1312
2004 1.10 0.69-1.75 6671 —75% : 18 11
2005}’2[}[}5 [} D—D Renal dysfunctont 440 359 A5

.. Approximately adjusted for log Euroscore, diabetes, year of operaton, and
Apr[ﬂ:lnln .51 0.36-0.77 012 surgeon as random effects and preop erative creatinine score for postoperx
ative measures. GFR. Glomerular filtration rate. *Preoperatve creatnine
= 200 pcemolfL. tAccording to definition used by Mangano and associates.™
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Last but not least

* Bayer believes that the totality of the
available data continue to support a
favorable risk-benefit profile for Trasylol
when used according to labeling.

* First through third quarter estimated global
2007 revenue for Trasylol: € 93 million,
including approximately € 63 million from
the U.S. and € 5 million in Germany.
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