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Dangerous Deception — Hiding the Evidence
of Adverse Drug Effects

Jerry Avorn, M.D.

authors advised against further use
of the drug, since safer, cheaper
alternatives are available.

After the study was published,
the FDA moved to convene an ad-

eptember 30 is becoming a day of infamy for

drug safety. On that date in 2004, Merck an-
nounced that rofecoxib (Vioxx) doubled the risk of
myocardial infarction and stroke, and the company

withdrew the drug from the mar-
ket after 5 years of use in more
than 20 million patients. On Sep-
tember 30, 2006, a front-page ar-
ticle in the New York Times reported
that the Food and Drug Admin-
istration (FDA) had issued a warn-
ing that the antifibrinolytic drug
aprotinin, widely used to reduce
perioperative bleeding in patients
undergoing cardiac surgery, could
cause renal failure, congestive
heart failure, stroke, and death.
Some experts had been con-
cerned about aprotinin (Trasylol)
ever since its approval in 1993.
As Hiatt explains in his Perspec-
tive article in this issue of the
Journal (pages 2171-2173), one of
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two epidemiologic studies report-
ed early this year provided sup-
port for this concern. In an ob-
servatignal study involving 4374
patients who underwent coronary
revascularization,> Mangano et al.
found that patients who were giv-
en aprotinin had an incidence of
postoperative renal failure requir-
ing dialysis that was more than
twice that among patients who
received different agents. Among
patients undergoing uncomplicat-
ed coronary-artery surgery, those
given aprotinin had a 55% increase
in the incidence of myocardial in-
farction or heart failure and a
181% increase in the incidence
of stroke or encephalopathy. The
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visory committee to reassess the
drug’s safety and assembled the
relevant data. The committee met
on September 21, reviewed the
available evidence, and concluded
that there was no need for addi-
tional warnings on the drug’s of-
ficial labeling. '

What put aprotinin on the front
page on September 30, however,
was the revelation that its manu-
facturer, Bayer, had hired a private
contract research organization to
perform its own large observation-
al study of postoperative compli-
cations in patients given the drug.
The analysis, completed in time
for the FDA meeting, reached con-
clusions similar to those of Man-
gano et al. It, too, adjusted for a
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wide variety of clinical charac-
teristics and showed that patients
who received aprotinin had high-
er mortality rates and substantial-
ly more renal damage than those
given other treatments. But neither
Bayer nor its contractor had pro-
vided the report to the FDA or
even acknowledged its existence
before the meeting.

Many aspects of the aprotinin
saga are familiar to observers of
the drug-evaluation process: a
product is approved because it is
more effective than placebo, wor-
ries emerge about its safety, few
or no adequately powered con-
trolled trials are conducted to ad-
dress these issues, and payers
spend huge sums on the drug, de-
spite the dearth of evidence that
it is better than older, cheaper
agents. The health care system has

a hard time performing drug-

safety analyses, in large part be-
cause it relies on the pharmaceu-
tical industry to conduct most
research on the risks and bene-
fits of medications. It is naive to
expect companies to voluntarily
fund studies that could sink lu-
crative products, the FDA lacks the
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regulatory clout to require them,
and despite the $220 billion we
spend on drugs each year, we ap-
parently can’t find the resources
to provide public support for these
studies, even if the results could
be of great clinical importance and
save millions of dollars. Although
a large randomized trial would
have provided a valid means of
comparing aprotinin with other
treatments, no such study has
been undertaken on the necessary
scale.

The study by Mangano et al.
was observational — its subjects
were not randomly assigned to
the four study groups. Instead, the
investigators reviewed numerous
variables for each patient and
used a propensity score and mul-
tivariable methods to adjust for
underlying differences among the
groups. Although this -approach
has important limitations, obser-
vational studies often provide the
only data available for evaluating
critical safety issues. .

A confirmatory observational
study would have lent key sup-
port to the conclusions of Man-
gano et al. — if its findings had

been aired. Bayer has admitted
that its suppression of the study
was “a mistake,” but this is not
the first time the company has
behaved in this manner. When
Bayer was accused of hiding data
unfavorable to its cholesterol-low-
ering drug cerivastatin (Baycol)
before it was taken off the mar-
ket in 2001, litigation uncovered
a memorandum from a company
executive arguing against perform-
ing a study of its risk. “If the FDA
asks for bad news, we have to
give,” read the memo, “but if we
don’t have it, we can’t give it to
them.”®

Other companies have behaved
similarly. Although Merck stead-
fastly denied that Vioxx increased
the risk of myocardial infarction
while the drug was on the market,
it commissioned two epidemio-
logic studies of the relationship.
My colleagues and I performed
one of the studies, but when it
confirmed an increased risk,
Merck dismissed the findings and
assailed the methods that it had
previously accepted.* The second
study (by the same contract re-
search group involved in the apro-
tinin affair) also confirmed the
association, but its results were
not made public until after the
drug had been withdrawn from
the market.

The problem is not limited to
observational studies. A few years
ago, it was discovered that some
companies had funded multiple
clinical trials of their selective
serotonin-reuptake inhibitor anti-
depressants but reported the re-
sults of only the favorable trials
— distorting the evidence base
physicians use in choosing drugs.
But the issue is thornier for epi-
demiologic analyses. Companies
can conduct them secretly, even
in-house, with the use of a pur-
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chased proprietary database, mak-
ing the results even easier to
conceal.

Carefully performed observa-
tional studies may provide the best
information available about side
effects, but propensity scores and
other multivariable techniques ap-
plied to epidemiologic research
cannot always control for all the
inevitable selection bias, making
the transparency of methods and
raw data even more important
than in randomized trials. Rather
than yielding “virtual randomized
trials,” the methods available for
controlling confounding in obser-
vational research can sometimes
look better than they work.s Thus,
these studies can inform our un-
derstanding only after their meth-
ods have been scrutinized closely,
fairly, and objectively — but only
if the data are available.

DANGEROUS DECEPTION — HIDING THE EVIDENCE OF ADVERSE DRUG EFFECTS

On September 30, 1982, six
people in the Chicago area died
after taking acetaminophen (Tyle-
nol) that had been laced with
cyanide. The tragedy riveted the
country’s attention for months.
We should be able to muster at
least a fraction of that concern to
address more clinically relevant
adverse drug effects that could
sicken or kill thousands of pa-
tients. How can we capture such
interest in less sensational prob-
lems of medication safety? A good
start would be to make a nation-
al commitment to publicly sup-
ported studies of drug risks so
that no company could take pos-
session of critical findings for its
own purposes. The results of that

research could be discussed open- -

ly at an annual conference on the
risks and benefits of drugs. To
keep everyone’s attention focused

on medication safety, perhaps the
conference could be held every
year on September 30.

An interview with Dr. Avorn can be heard at
www.nejm.org.

Dr. Avorn is a professor of medicine at Har-
vard Medical School and chief of the Divi-
sion of Pharmacoepidemiology and Phar-
macoeconomics at Brigham and Women's
Hospital — both in Boston.
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Observational Studies of Drug Safety —

Aprotinin and the Absence of Transparency
William R. Hiatt, M.D.

he full safety profile of a

new drug is rarely known at
the time of approval by the Food
and Drug Administration (FDA).
Most drug-development programs
designed for treatments of symp-
tomatic indications are under-
powered to detect any increased
risk of rare drug reactions or
change in background event rates
attributable to the drug. Large,
post-marketing, randomized, con-
trolled trials provide robust data
on drug safety but may be subject
to multiple sources of bias. Ob-
servational studies of a drug’s ef-
fects in clinical practice can offer
additional information on risks.
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The recent discussions of aprotinin
(Trasylol, Bayer) by the Cardiovas-
cular and Renal Drugs Advisory
Committee of the FDA, which I
chair, provide insight into the
strengths and weaknesses of us-
ing observational data to assess
drug safety and highlight the im-
portance of using a transparent
and open process when reviewing
such data. :
Post-marketing observational
studies permit the evaluation of
drug safety in a large number of
patients in a real-world setting,
where practice patterns, including
off-label use, can be assessed.
Such studies have limited ability
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to determine causation, but they
can detect signals that may sug-
gest a safety concern.

In an observational study, de-
cisions to use specific drugs are
made by local physicians, accord-
ing to their perceptions of the
risks and benefits for particular
patients. Such treatment alloca-
tion results in an imbalance in
demographic and risk factors be-
tween patients given the drug of
interest and those given an alter-
native or no treatment. An imbal-
ance in various clinical factors will
directly influence safety outcomes
when patients at higher risk re-
ceive the drug. Therefore, appro-
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The Aprotinin Molecule.

tinin and any short-term
increase in the risk of
death or nonfatal cardio-
vascular events or any se-
rious renal toxic effects
(except for a transient in-

atinine concentration).
However, in early 2006,
two observational studies
wete published that raised
serious concerns about
the drug’s safety.?3

One study, by Manga-
no et al.,? evaluated 4374
patients undergoing cor-

Source of the aprotinin molecule data (Protein Data onary-artery bypass sur-

Bank number 2PTC): Research Collaboratory for
Structural Bioinformatics Protein Data Bank (www. -
pdb.org).

priate statistical methods must be
used to adjust for the nonrandom
assignment to treatment groups.®

One way to address imbal-

ances between groups is to use"

a. propensity score that incorpo-
rates confounders and other co-
variates into a model predicting
the probability of assignment to
a particular treatment. This score
can be used for adjustment or for
matching patients who have sim-

- ilar probabilities of receiving a

treatment. Differences in outcomes
between treated and untreated
patients (or patients treated with
a comparison drug) with equal
propensity scores provide a less bi-
ased estimate of treatment effect.

Aprotinin was approved by the
FDA in 1993 as a means of reduc-
ing perioperative blood loss and
the need for blood transfusion
in patients undergoing coronary-
artery bypass grafting. Neither the
clinical trial database that led to
approval nor the numerous ran-
domized, controlled trials con-
ducted after approval identified
an -association between apro-

gery. End points were
prospectively defined, and
data on a large number
of clinical variables were collect-
ed for each patient. The decision
to use aprotinin, aminocaproic
acid, or tranexamic acid to in-
hibit fibrinolysis or to withhold
antifibrinolytic therapy was made
by the treating physician. Since
group assignment was not ran-
dom, it is not surprising that pa-
tients assigned to the group re-
ceiving aprotinin were at much
higher risk for adverse cardiovas-
cular outcomes than were the oth-
er patients in the study, who were
treated with alternative therapies.
When a propensity score was used
in a logistic-regression model to
adjust for these baseline differ-
ences, aprotinin was associated
with a nonsignificant increase in
the risk of death (odds ratio, 1.59;
95% confidence interval [CI], 0.76
to 3.34) and with significant in-
creases in the risks of renal events
(odds ratio, 2.34; 95% CI, 1.27 to
4.31), cardiovascular events (odds
ratio, 1.42; 95% CI, 1.09 to 1.86),
and cerebrovascular events (odds
ratio, 2.15; 95% CI, 1.14 to 4.06).
The authors concluded that “the

crease in the serum cre- -
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observed association between
aprotinin and serious end-organ
damage indicates that continued
use is not prudent.”

The second study, by Karkouti
et al.,> compared the risks asso-
ciated with aprotinin with those
associated with tranexamic acid
in 898 patients undergoing high-
risk cardiac surgery. The authors
used a propensity score to match
patients who had been given the

" different treatments — an ap-

proach that permitted the iden-
tification of a population of pa-
tients who were subsequently
fully matched according to a large
number of covariates. Calculations
from the study data, performed
by the Colorado Prevention-Cen-
ter, indicated no significant differ-
ence between the two treatments

in the overall risk of myocardial

infarction (odds ratio, 1.20; 95%
CI, 0.52 to 2.75), stroke (odds ra-
tio, 1.15; 95% CI, 0.56 to 2.40), or
death (odds ratio, 0.91; 95% CI,
0.56 to 1.46). However, among
patients who had abnormal renal
function at baseline, those given
aprotinin had a significantly in-
creased risk of postoperative re-
nal dysfunction (odds ratio, 1.69;
95% CI, 1.07 to 2.69). Because this
study included fewer patients than
the study by Mangano et al., it
had less power to detect a safety
problem.

These observational studies did
not permit a definitive conclusion
about cardiovascular or renal risk,
but they did raise concern. The
FDA appropriately issued a pub-
lic health advisory about the po-
tential risks posed by aprotinin
and urged physicians to monitor
their patients carefully for renal,
cardiac, and cerebral toxic effects.
The agency also convened a meet-
ing of the Cardiovascular and Re-
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nal Drugs Advisory Committee on
September 21, 2006, to evaluate
the evidence on the cardiovascular
and renal toxic effects of apro-
tinin. Our committee reviewed the
published studies and the global
safety and efficacy database sub-
mitted by Bayer, which included
45 randomized, controlled trials
" involving 2249 patients who re-
ceived aprotinin and 2164 who
received placebo.

" The Bayer safety analysis was
confined to the unadjudicated ad-
verse events reported within 7 days
after the administration of apro-
tinin, which included 520 deaths
or serious cardiovascular or renal
events. The results did not reveal
any increased risk of fatal or non-
fatal cardiovascular events. Ac-
cording to the Colorado Preven-
tion Center’s calculations based
on Bayer’s data, the odds ratio for
death was 1.14 (95% CI, 0.80 to
1.62); for myocardial infarction,
1.17 (95% CI, 0.93 to 1.49); for
stroke, 0.71 (95% CI, 0.42 to 1.18);
and for renal failure, 1.15 (95%
CI, 0.74 to 1.78). Two studies in
which myocardial infarctions were
adjudicated by an independent re-
view committee showed a nonsig-
nificant increase in the risk of
myocardial infarction, with a point
estimate of the odds ratio as high
as 2.24 (95% CI, 0.56 to 9.00).

How can the results of these
trials and the study by Karkouti
et al. appear to be so different
from the findings of Mangano
et al.? Part of the problem may
derive from the inability of ob-
servational studies to identify and
measure all relevant covariates
that may influence the outcome;
similar studies using a few dif-
ferent covariates can sometimes
come to opposite conclusions.
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FDA advisory committee meet-
ings usually include an indepen-
dent review of data — either those
provided by the sponsor or those
used by the authors of relevant
published studies. This indepen-
dent and transparent process be-
comes even more critical in the
evaluation of observational stud-
ies, whose conclusions can be
highly influenced by the statisti-
cal methods used and the inabil-
ity to identify all confounding fac-
tors. Unfortunately, Mangano did.
not give the FDA or the commit-
tee full access to his data, which
would have allowed the agency
to perform an independent re-
view and analysis to validate his
group’s findings. Although there
are many legitimate concerns with
regard to the sharing of data (for
instance, confidentiality and the
need for informed consent), the
lack of independent review great-
ly limited the committee’s ability
to draw conclusions from the

-study. Having reviewed all the

data available, the committee de-
cided that there was insufficient
evidence to require an additional
warning on aprotinin’s labeling
and agreed that the clinical data
supported an acceptable safety and
efficacy profile for aprotinin.
Days after the committee meet-
ing, the FDA was made aware of
additional observational data from
the sponsor that had not been
presented at the meeting. Bayer
evidently had commissioned an
observational study involving
67,000 patients who were given
aprotinin.’ According to the ini-
tial FDA review of data from that
study, aprotinin may be associ-
ated with “increased risk for death,
kidney failure, congestive heart
failure and stroke.” The failure of
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Bayer to disclose all its data on
aprotinin seriously undermined
the advisory committee process
and hindered the safety review.

Although observational stud-
ies cannot be definitive (and so
should evoke measured respons-
es), they can provide important
new safety information that can
direct further scientific and reg-
ulatory actions — if their find-
ings can be confirmed. Since
further analysis of the new data
provided by Bayer is ongoing at
the FDA, conclusions about the
overall safety of aprotinin cannot
be drawn at this time. Still, the
aprotinin story demonstrates that
full disclosure and a transparent
process are essential in evaluat-
ing the findings of all studies
germane to drug safety and the
public health.

Dr. Hiatt is a professor of medicine at the
University of Colorado School of Medicine

- and president of the Colorado Prevention

Center — both in Denver — and is the cur-
rent chair of the Cardiovascular and Renal
Drugs Advisory Committee of the FDA..
Opinions expressed in this article are those
of the author and do not necessarily reflect
the opinions of the FDA or the advisory
committee.
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