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Regulatory decisions pertaining to aprotinin may be

putting patients at risk
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T he antifibrinolytic agent aprotinin, a nat-
urally occurring serine protease inhibi-
tor, was removed from the worldwide
market in October 2007.! Aprotinin and two
other antifibrinolytic agents (the lysine ana-
logues tranexamic acid and aminocaproic acid)
had been used in cardiac surgery to minimize
bleeding and reduce the need for transfusion.
All three drugs have proven effective in reduc-
ing the need for blood transfusion as compared
with placebo in clinical trials.>

The withdrawal of aprotinin was precipitated
by the early termination of the Blood Conserva-
tion Using Antifibrinolytics in a Randomized
Trial (BART).S An interim analysis had shown an
increase in deaths, from 4% to 6%, among
patients at high risk who were undergoing cardiac
surgery — a relative increase of 50% in patients
receiving aprotinin compared with those receiv-
ing tranexamic or aminocaproic acid. However,
in 2011, Bayer, the maker of aprotinin, was again
allowed to market the drug in Canada and
Europe. A Health Canada expert advisory panel
and the European Medicines Agency stated that
the BART and its primary report in the New Eng-
land Journal of Medicine were flawed, and recent
comments have supported that claim.”$

As authors of the BART, we are concerned
about the approach and decision-making in the
process used by Health Canada to arrive at its
2011 decision, and about the subsequent rulings
of Health Canada and the European Medicines
Agency. We refute the three primary criticisms
of the BART, and we believe that patients are
being put at substantial risk in the presence of
safer alternatives. Aprotinin remains unavailable
for use in the United States.

The history of aprotinin research
and its regulation

Several meta-analyses of placebo and open-label
controlled trials between 1999 and 2005 sug-
gested that aprotinin may decrease the risk of
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death, stroke and repeat surgery for massive
bleeding compared with placebo.’*!® However,
in 2006, concern arose over the safety of the
drug when large observational studies noted an
association between aprotinin and increased
rates of cardiovascular and cerebrovascular com-
plications, renal failure and short- and long-term
mortality'''* compared with other antifibrinol-
ytic agents. Based on these risks, the United
States Food and Drug Administration issued
public advisories.!> A Cochrane review of 20
head-to-head comparisons published in 2005
suggested that there were still too few data to
definitively recommend one drug over another.?

The BART!® was a large, pragmatic, double-
blind trial that randomly allocated 2468 patients
(2331 included in the primary analysis) undergo-
ing cardiac surgical procedures using cardiopul-
monary bypass to one of three antifibrinolytic
treatments: tranexamic acid, aminocaproic acid or
aprotinin. The BART aimed to include patients at
high risk, which was defined as a twofold increase
in risk of death and massive bleeding compared
with routine isolated graft procedures. This two-
fold risk allowed us to characterize our population
as “high-risk.” The trial included repeat grafts and
combined graft procedures in which aprotinin was
commonly used and approved in Canada. All
drug dosages were based on a strategy of maxi-
mum effective dosing documented in clinical
practice and in the literature.

In October 2007, the trial was terminated
early by the BART Executive Committee on the
advice of the Data Monitoring and Safety Board.
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authors refute.

comparing aprotinin to an active agent.

e After aprotinin’s initial removal from the market in 2007, Bayer was
again allowed to market the drug in Canada and Europe in 2011.

¢ This decision was based on criticisms of the Blood Conservation Using
Antifibrinolytics in a Randomized Trial (BART), which the trial’s

e The authors of the BART suggest that the prudent regulatory response
to any uncertainty would be to mandate a second large trial
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The Board advised that patients no longer be
enrolled in the aprotinin group owing to an
increased risk of death. Massive bleeding rates
tended to be lower among patients receiving
aprotinin (9.5% v. 12.1% in the other groups;
relative risk [RR] 0.79; 95% confidence interval
[CI] 0.59-1.01). However, 30-day all-cause mor-
tality was 6.0% in the aprotinin group, compared
with 3.9% in the tranexamic acid group and
4.0% in the aminocaproic acid group (RR com-
paring aprotinin to both lysine analogues com-
bined 1.53 [95% CI 1.06 to 2.20]). The strong
and consistent negative mortality trend seen with
aprotinin led the investigators to suggest that its
use in high-risk cardiac surgery was unwarranted
despite its potential for reducing massive bleed-
ing.'® Shortly after the end of the trial, Bayer vol-
untarily withdrew aprotinin from the market.

In 2011, a Health Canada expert advisory
panel'” and the European Medicines Agency!'®
both stated that the BART and its primary report
in the New England Journal of Medicine were
flawed, and these claims have been supported in
recent comments.”® Bayer, the maker of apro-
tinin, was allowed to market the drug again in
Canada and the European Union in 2011.

The reapproval of aprotinin

Health Canada, Canada’s drug regulator, con-
vened an expert advisory panel to review the evi-
dence for and against aprotinin in cardiac sur-
gery. In their final report, the panel identified the
137 patients excluded from the final intention-to-
treat analysis as their “most prominent issue.”
They suggested that this threatened the validity
of the trial’s findings. The panel noted that mor-
tality trends in the excluded patients differed
from those included in the final published analy-
sis. In addition, they noted that about 75% of
massive bleeding events were reclassified from
data provided to the Data Monitoring and Safety
Board as compared with the final analysis."’

In addition to the advice and direction pro-
vided by the panel, Health Canada statisticians
reproduced the primary and secondary analyses
reported in the original publication using the
original dataset and found them to be reproduc-
ible and accurate. Heath Canada then conducted
a series of secondary analyses'¢ using the BART
dataset. First, they explored the impact of sever-
ity of illness using the Toronto Risk Score. Sec-
ond, they focused on the impact of heparin and
protamine, noting several imbalances and miss-
ing information in the BART dataset.

Using internal analyses and the report pre-
pared by the expert advisory panel, Health Can-
ada recommended approval of aprotinin with
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warnings in September 2011, and requested that
Bayer conduct further safety studies involving
high-risk patients.!” In a press release explaining
the decision, the panel suggested that the BART
“was not designed to reliably determine the risk
of death ... and that the increased number of
deaths in Trasylol [aprotinin] patients could have
been due to chance.” They went on to say that
the drug could have led to increases in deaths
due to blood clotting in patients receiving apro-
tinin if monitoring of clotting was inadequate
during surgery.?

In February 2012, the European Medicines
Agency Committee for Medicinal Products for
Human Use also recommended that Bayer be
allowed to resume marketing aprotinin. In its
written rationale accompanying the report, the
committee declared that “there were a number of
problems with the way the BART study was con-
ducted, which cast doubt on the previous conclu-
sions.”!® Specifically, the committee referred to
imbalances in the use of heparin and inappropri-
ate monitoring of the use of anticoagulants, and
again commented on the exclusion of patients
from the primary analysis. The committee recom-
mended allowing Bayer to market aprotinin with
warnings and the establishment of a registry of
patients who had received the drug.

Response to criticisms of the BART

We have identified three primary criticisms of
the BART that facilitated aprotinin’s return to
market: the reclassification of 75% of our pri-
mary outcomes, exclusion from our primary
analysis of 137 patients after randomization, and
baseline imbalances in the use of heparin and the
monitoring of anticoagulation. We refute all
three criticisms.

Reclassification of primary outcomes

Health Canada’s Expert Advisory Panel on Tra-
sylol stated that the BART authors reclassified
75% of the primary outcome events.'® This esti-
mate was incorrect. Despite our repeated attempts
to view the reasoning behind this conclusion, the
expert advisory panel provided no calculations
or justification to BART investigators to support
the estimate. Our true reclassification of primary
outcomes was 1.6% (38/2438). During data
cleaning and the verification of our case report
forms, we identified 20 events in which the pri-
mary outcome was missed by study coordinators
and site clinicians and 18 reported events that
did not meet the definition of our primary out-
come. Most of these 38 reclassifications were
based on differences in the measurement of
chest-tube blood loss over time and the adjudica-
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tion of death due to hemorrhage. We notified
Health Canada and the panel of our findings. As
of September 2014, the panel has not provided
an explanation for their claim of a 75% reclassi-
fication rate or acknowledged any error, and we
have been left to speculate as to the reason.
During its deliberations, the panel requested
that we rerun each original Data Safety and
Monitoring Board report and compare them
against verified final data to contrast inferences
from the two datasets. In doing so, we provided
the cumulative reclassified events on each report
(i.e., reclassifications on each report would be
carried forward on all subsequent reports). If all
cumulative reclassifications across Data Safety
and Monitoring Board reports were totalled, one
would arrive at an inflated total of 288 events
representing the 38 independent reclassifications.
If one divides this cumulative number of events
(288) by the true total number of events we iden-
tified (396), one arrives near the 75% estimate
noted by the panel (288/396 = 72.7%). If our
proposed explanation is correct, the panel’s cal-
culation is completely erroneous in using cumu-

lative totals instead of the unique misclassifica-
tion numbers. Only 38 patients were reclassified,
as noted above, and in a nondifferential manner.

Exclusion of patients after randomization
Our original publication® provided a detailed and
transparent rationale and accounting for all
2468 patients who underwent randomization and
were either included in or excluded from the pri-
mary analysis.?! Of the 137 patients who were
excluded, 50 were removed because they with-
drew consent before surgery, 22 patients’ surger-
ies were cancelled, 7 patients were excluded
because the study drug was not available, and 21
patients were effectively removed from the study
by their attending clinicians because they did not
receive the study drug (withdrawal at the time of
surgery). All withdrawals by the clinical teams
were done without knowledge of drug allocation.
The remaining 37 patients were removed for eli-
gibility reasons, such as preoperative coagulation
concerns identified after randomization or a
change in the type of procedure just before sur-
gery rendering them ineligible (e.g., valve repair

Favoursi Favours lysine
No. of aprotinin! analogues

Measure of risk patients RR (95% CI) < ! >
Original analysis (n = 2331) I
Massive bleeding :

Intent to treat 2330  0.79 (0.61 to 1.01) +

As treated 2330 0.79 (0.61 to 1.02) _._I

Per protocol 2314 0.78 (0.60 to 1.01) —.—:L
Mortality :

Intent to treat 2328  1.53(1.06 to 2.20) -

As treated 2328 1.48 (1.02 to 2.15) :_._

Per protocol 2312 1.51 (1.04 to 2.19) :_._
Secondary analysis (n = 2438)*
Massive bleeding ;

Intent to treat 2436 0.78 (0.60 to 0.99) _._.

As treated 2430 0.82 (0.65 to 1.05) e

Per protocol 2336 0.77 (0.59 to 1.00) —.—}
Mortality :

Intent to treat 2431 1.43 (1.00 to 2.06) H_

As treated 2425 1.47 (1.02 to 2.10) -

Per protocol 2333 1.45(1.00 to 2.10) :—.—

0.1 1.IO 10.0
RR (95% ClI)

Figure 1: Sensitivity analyses comparing aprotinin with lysine analogues in all patients who underwent randomization in the BART.
Cl = confidence interval, RR = risk ratio. *Excluded only those patients for whom outcome assessment was not possible because of
withdrawal of consent or loss to follow-up.
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instead of replacement). All 137 instances were  not related to biased treatment withdrawals — nei-
deemed by the investigators to be acceptable  ther attending surgeons nor anesthesiologists were
able to guess allocated intervention at a rate better

Could the 137 exclusions have resulted in  than chance (reported K score 0.23).% In addition,
biased estimates of treatment effects? They were  the BART employed central randomization,

postrandomization exclusions.?!

A
Cumulative More risk with! More risk with
::;.i::\ts RR (95% CI) lysine agaloguesi aprotin;n
200 1.99 (0.67 t0 5.92) =
400  1.65(0.73t03.72) b
600 1.59 (0.86 to 2.94) S
800 1.29 (0.74 to 2.26) —'—-—
1000 1.33 (0.78 t0 2.27) —-—
1200 1.44 (0.88 to 2.35) ——-—
1400 1.48 (0.94 to 2.24) -
1600 1.45 (0.94 to 2.24) R
1800 1.44(0.94 to 2.21) _._._
2000 1.46 (0.97 t0 2.19) .
2200 1.47 (1.01 to 2.16) +
2331 1.53 (1.06 to 2.22) — -
0.1 10 10.0
RR (95% Cl)
B
Cumulative More benefit with More benefit with
no. of aprotinin! lysine analogues
patients RR (95% ClI) < : >
200  0.40(0.14 to 1.11) =
400 0.42 (0.19 to 0.92) -
600 0.64 (0.38 to 1.08) S
800  0.73 (0.46 to 1.15) S
1000  0.85(0.57 to 1.26) _._
1200 0.80 (0.56 to 1.15) —I—'—
1400 0.80 (0.56 to 1.12) — =
1600  0.75(0.55 to 1.03) -
1800 0.72 (0.54 t0 0.97) _._
2000 0.77 (0.58 to 1.02) -
2200 0.77 (0.59 to 1.00) _._
2331 0.79 (0.61 to 1.01) !
0.1 10 10.0

RR (95% CI)

Figure 2: (A) Cumulative comparison of 30-day mortality (aprotinin v. lysine analogues). Data presented summarize the risk ratio com-
paring aprotinin with the lysine analogues as additional patients are incorporated into the analysis over time. (B) Cumulative compari-
son of massive bleeding (aprotinin v. lysine analogues). Data presented summarize the risk ratio comparing aprotinin with the lysine
analogues as additional patients are incorporated into the analysis over time. Cl = confidence interval, RR = risk ratio.
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blinded allocation concealment and triple-dummy
blinding of study interventions to minimize bias.
To appreciate how withdrawals could affect our
conclusions, we undertook “as treated” and “‘per
protocol” analyses. These additional analyses were
also requested by the Health Canada’s expert panel.
When we compared the 2438 patients (excluding
only those patients for whom outcome assessment
was not possible because of withdrawal of consent
[n = 22] or loss to follow-up [n = 8]) according to
treatment received regardless of allocation, the rela-
tive increase in death was 1.47 (95% CI 1.02 to
2.10) for aprotinin compared with both other drugs
(Figure 1), compared with 1.48 (95% CI 1.02 to
2.15) from our original analysis involving 2331
patients. In addition, we documented a relative
increase in death of 1.45 (95% CI 1.00 to 2.10) for
all patients who underwent randomization and
were given their respective allocated treatments as

per protocol (n = 2333), compared with 1.51 (95%
CI 1.04 to 2.19) in our original analysis (Figure 1).
Clearly, there were no important qualitative or
quantitative differences in effect estimates.

We also noted that the beneficial effects of
aprotinin on massive bleeding consistently favoured
aprotinin in both the as treated and per protocol
analyses. Moreover, mortality (Figure 2A) and
massive bleeding (Figure 2B) point estimates did
not change in size or direction throughout the
trial. Given the consistency of results over time,
and our sensitivity analyses, the impact of the 137
exclusions on our interpretation of the results is
negligible.

Baseline imbalances in heparin use and
monitoring of anticoagulation

As part of its evaluation of aprotinin, Health Can-
ada undertook a large number of secondary anal-

Table 1: Assessment of risk comparisons between aprotinin and lysine analogues

Adjusted OR
OR (95% CI)* (95% Ci)t

No. of
Measure of risk patients
Massive bleeding
Age tertiles, yr
<63.2 773
63.2-72.9 778
>72.9 780
Coexisting illnessest
<4 1822
>4 509
Surgical category+§
Elective 1882
Urgent or emergent 448
30-d mortalityq]
Age tertiles, yr
<63.2 773
63.2-72.9 778
>72.9 780
Coexisting illnessest
<4 1822
>4 509
Surgical category$§
Elective 1882
Urgent or emergent 448

0.92 (0.56 to 1.51)
0.75 (0.46 to 1.23)
0.67 (0.41 to 1.08)

0.81(0.59 to 1.11)
0.64 (0.35to 1.19)

0.83 (0.61 to 1.15)
0.58 (0.31 to 1.09)

2.04 (0.87 to 4.78)
2.79 (1.40 to 5.60)
0.90 (0.50 to 1.64)

2.05 (1.27 to 3.31)
0.91 (0.45 to 1.84)

1.55 (0.98 to 2.47)
1.60 (0.77 to 3.31)

0.88 (0.52 to 1.48)
0.74 (0.44 to 1.22)
0.66 (0.40 to 1.07)

0.80 (0.58 to 1.10)
0.60 (0.32 to0 1.12)

0.82 (0.60 to 1.13)
0.62 (0.32to0 1.17)

1.92 (0.81 to 4.55)
2.74 (1.36 to 5.52)
0.88 (0.48 to 1.61)

1.97 (1.21 to 3.20)
0.85 (0.41 to 1.78)

1.49 (0.93 to 2.39)
1.59 (0.75 to 3.36)

favours the lysine analogues.

score.
tAdjusted for age.

Note: Cl = confidence interval, OR = odds ratio.
*Reference group is lysine analogues (tranexamic acid and aminocaproic acid combined). OR < 1.00 favours aprotinin; OR > 1.00

§Surgical category status was missing for 1 patient.
1IASA score categories were combined to form 3 groups to avoid problems with low cell counts.

tAdjusted for sex, surgical procedure, total bypass time, total cross-clamp time and American Society of Anesthesiologists (ASA)
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yses in an attempt to explain the mortality differ-
ences we saw. In our primary report, we were
unable to identify definitive reasons why apro-
tinin may have increased mortality, because a
review of all deaths by the BART adjudication
committee and exploratory analyses did not pro-
vide a clear mechanism or explanation. Faced
with this same issue, Health Canada’s statistical
analysis initially focused on a risk of surgery
score and baseline characteristics. Health Canada
statisticians elected to focus on a five-day win-
dow to assess mortality, eliminating more than a
third of all events and censoring differentially
between groups. They also opted to attempt to
examine the effects of severity of illness and sur-
gery using the Toronto Risk Score (for which
contributing information was not purposively
collected in the BART) rather than adjusting risk
estimates using other accepted variables such as
age, coexisting illnesses, left ventricular dysfunc-
tion and type of procedure. In doing so, Health
Canada’s statisticians removed 191 patients
(8.2%) from the analysis, as necessary data were
not available for the modelling exercise, which
may have resulted in potential biases and losses
of important information. Nonetheless, using this
approach, Health Canada was not able to detect
important influences on mortality from more than
50 baseline characteristics examined, including

severity of preoperative risk. In our primary pub-
lication, using multivariable regression tech-
niques that included all patients, we derived simi-
lar inferences from our many analyses (Table 1,
Figure 1). There were no appreciable quantitative
or qualitative differences in effect size estimates
for either our primary outcome or mortality when
evaluating the effect of age, coexisting illnesses
or surgical urgency while adjusting for sex, pro-
cedure, cross-clamp time and American Society
of Anesthesiologists score (Table 1).

Unable to explain the association of aprotinin
with increased mortality, Health Canada exam-
ined associations between hemostatic variables
and treatments. Differences were noted in post-
operative partial thromboplastin time and inter-
national normalized ratio values, which were
generally higher in the aprotinin group. Simi-
larly, Health Canada reported that mean acti-
vated clotting times measured during surgery
were prolonged with aprotinin compared with
the lysine analogues. However, these values
were inconsistently recorded on case report
forms (values were missing from 15% to 22% of
forms). In the planning of the BART, a decision
had been made not to emphasize these variables
because a number of reports had noted that apro-
tinin artificially increased partial thromboplastin
times.?*?* During cardiopulmonary bypass, the

Heparin dose,
1000 IU

Unadjusted analysis

<35
>35t0<43
>43to <55
> 55

Adjusted analysis

<35
>35to<43
>43to<55
>55

Total

More risk with : More risk with
No. of lysine analogues : aprotinin
patients OR (95% ClI) < : >
665  0.90 (0.38 t0 2.12) s
509 2.49 (1.07 to 5.82) i i
676 1.68 (0.83 to 3.41) —
481 1.72(0.90 to 3.29) -
665  0.87 (0.35to 2.14) .
509 2.47 (1.00 to 6.09) : L
676 1.79 (0.83 to 3.85) B
481  1.81(0.87 t03.77) S S
1.50 (1.01 to 2.25) -
T
0.1 1.0 10.0
OR (95% ClI)

Figure 3: Comparison of 30-day mortality (aprotinin v. lysine analogues), stratified by heparin dose. The adjusted analyses were done
using multivariable logistic regression and accounted for the effects of age, sex, surgical procedure, total bypass duration and cross-
clamp duration. Cl = confidence interval, OR = odds ratio.
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practice in Canada was to monitor Kaolin acti-
vated clotting times every 30 minutes, maintain
them at greater than 480 seconds throughout the
bypass period and record the values on the perfu-
sion chart. To the best of our knowledge, perfu-
sionists followed institutional protocols assidu-
ously. In the only values recorded in the BART
database following heparinization, mean acti-
vated clotting times were 680 (standard devia-
tion [SD] 216.9) seconds in the aprotinin group,
versus 653.1 (SD 208) seconds using other anti-
fibrinolytic agents (mean difference 27.3 s [95%
CI 9.02 to 45.6], p < 0.01). Canadian clinical
practice, as well as our study data, argues that
inadequate anticoagulation in any group in the
BART is highly unlikely.

However, the more important question was
not whether monitoring was adequately reported
in the case report forms, but whether heparin
administration was sufficient to prevent throm-
botic events leading to deaths. Health Canada’s
analyses showed substantially lower mean hepa-
rin doses in patients receiving aprotinin as com-
pared with other agents.'” However, the analysis
did not adjust for weight and pump time, nor did
it explore associations between treatment groups,
heparin dosing and outcomes.

We performed a new series of exploratory
post hoc analyses in response to the panel’s con-
cerns about the adequacy of anticoagulation dur-
ing routine surgery in Canadian centres partici-
pating in the BART. We found that overall mean
heparin doses adjusted for weight and pump time
were comparable between patients in each group
(aprotinin group: 296.1 [SD 319.8] IU/kg per
hour; lysine analogues: 294.8 [SD: 306.9] IU/kg
per hour; p = 0.97). Similarly, among patients
who died, heparin doses were not significantly
different (mean difference 14.0 [95% CI -38.1 to
66.1] IU/kg per hour). More recent analyses done
in response to these concerns, in which we inves-
tigated associations between total heparin dos-
ages (divided into quartiles) and mortality, (Fig-
ure 3) did not yield any meaningful or consistent
trends that were modified by heparin dose.

Conclusion

Health Canada has made inaccurate and unclear
assumptions about how the BART investigators
reported the trial’s interim and final results.
Multiple post hoc analyses undertaken by
Health Canada statisticians have further re-
enforced unjustified conclusions that have
resulted in the reapproval of aprotinin for use in
cardiac surgery in Canada. The European Medi-
cines Agency has made limited attempts to inde-
pendently substantiate or verify information

provided by Canadian regulators, and BART
investigators were never contacted by the agen-
cy’s evaluators. A discussion with the principal
investigators and perhaps additional explanatory
analyses would have ensured that any regulatory
decision was based on accurate and complete
information about the collection of data and
planning of analyses.

To get appropriate estimates of effect in
practice, pragmatic trials opt for a large sample
size, limited data collection, usual care compari-
sons and environments, fewer exclusions and
limited audit procedures. The usual care condi-
tions adopted in the BART should not be con-
fused with flawed study design or inadequate
monitoring as suggested by the European Medi-
cines Agency. Studies undertaken in usual care
settings should be applauded as generating more
useful evidence than small, tightly controlled,
proof of concept studies needed for drug
approval. Before the BART, all available evi-
dence clearly documented that aprotinin decreased
bleeding rates and possibly improved clinically
meaningful outcomes when compared with
nothing. The BART showed that aprotinin use
in cardiac surgery may do more harm than good
when compared with other agents, which is a far
more useful comparison mimicking real-world
conditions. Yet it would seem that incorporating
evidence from pragmatic trials such as the
BART into regulatory reviews is challenging.
The BART forced regulatory authorities to
either include information from all studies com-
paring aprotinin to active agents®? or base
approval exclusively on placebo-controlled tri-
als. The significant increase in the risk of
death®?%?” in comparing one active agent with
another, as reflective of actual practice, was all
but dismissed. Moreover, the increased risk of
death noted in the primary analysis of the
BART data was consistent over time (Figure
2A), which suggests a robust estimate.

We consider that the prudent regulatory
response to uncertainty would have been to man-
date a second large trial comparing aprotinin to
an active agent to either refute or confirm results
from the BART.
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