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for rivaroxaban for preventing
stroke and non—central nervous
system systemic embolic events in
patients with nonvalvular atrial
fibrillation. Supportive evidence
came primarily from ROCKET-AF
(Rivaroxaban Once Daily Oral
Direct Factor Xa Inhibition Com-
pared with Vitamin K Antago-
nism for Prevention of Stroke and
Embolism Trial in Atrial Fibril-
lation; ClinicalTrials.gov number,
NCT00403767),* in which more
than 14,000 patients were ran-
domly assigned in a double-blind
fashion to either 20 mg of rivaroxa-
ban once daily or warfarin therapy
targeting an international normal-
ized ratio (INR) of 2 to 3. The pri-
mary aim was to assess whether

rivaroxaban was noninferior to
warfarin, with a secondary aim
of assessing superiority.

In ROCKET-AF, a noninferi-
ority margin of 1.38 for the rela-
tive risk of stroke or systemic
embolism was based on an ap-
proval criterion that rivaroxaban
be superior to placebo by at least
50% of the margin by which war-
farin is superior to placebo, as
estimated from a meta-analysis
of six placebo-controlled refer-
ence studies. Per-protocol “on-
treatment” analyses were prespec-
ified because of concerns in
noninferiority trials that events
occurring with equal probabili-
ties after patients discontinue
randomized treatments might
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dilute the trials’ sensitivity to
true treatment differences and
thus increase the risk of falsely
declaring a treatment noninferi-
or.2 In the primary analysis, the
relative risk of stroke or system-
ic embolism with rivaroxaban as
compared with warfarin was 0.79,
with a 95% confidence interval
that excluded the prespecified
noninferiority margin. The risk of
major bleeding events was some-
what higher with rivaroxaban, es-
pecially when double counting is
avoided by excluding hemorrhagic
strokes that were included in the
efficacy end point of stroke or sys-
temic embolism.

ROCKET-AF had important
strengths, including its double-
blind design and the favorable
efficacy results noted above.
However, thorough analyses pro-
vided by the FDA identified im-
portant issues affecting interpre-
tation of these results.
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In noninferiority trials, the
“constancy assumption” must be
satisfied: the control treatment,
as administered in the new trial,
must have the same magnitude
of benefit relative to placebo as it
had in the reference trials used
to estimate its effect. The nonin-
feriority margin might need to
be modified if the results in the
control group are for a different
patient population, intensity of
treatment, or measure of out-
come than was used in the refer-
ence trials. Concerns about non-
constancy in ROCKET-AF were
related to the higher-risk patients
enrolled in the study, the more
than 5% of patients who discon-
tinued follow-up due to “with-
drawal of consent,” and the fact
that the INR for patients in the
warfarin group was in the thera-
peutic range (between 2 and 3)
only 55% of the time — consid-
erably less than the 62 to 73%
seen in other recent clinical tri-
als. When the FDA analyzed data
only from ROCKET-AF sites
whose patients’ average time in
the therapeutic range was above
specified thresholds, they found
that the relative risk of stroke or
systemic embolism with rivarox-
aban was considerably higher
(near unity) if the threshold was
67%, whereas with a threshold
near 55% (corresponding to sites
with an average time in the ther-
apeutic range of about 65%), the
relative risk was closer to that
observed in the study as a whole.

Even in noninferiority trials,
per-randomization analyses should
be conducted. These analyses avoid
the bias that occurs with per-
protocol on-treatment analyses
when patients discontinue their
randomized treatment for reasons
related to the treatment itself and
the patients who do so have a
different risk profile from those
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who don’t. The importance of
per-randomization analyses is very
apparent in ROCKET-AF. The on-
treatment analysis was based on
observations that were truncated
at 2 days after discontinuation of
randomized treatment — a time
frame likely to miss events related
to inadequate coagulation during
the transition to alternative treat-
ment. There was greater risk of
such events in the group receiving
rivaroxaban, with its 5-to-9-hour
half-life, than in the group receiv-
ing warfarin, with its 40-hour half-
life. There was a much higher rate
of stroke or systemic embolism
in the rivaroxaban group than in
the warfarin group (31 vs. 12 de-
tected events) between day 2 and
day 7 after discontinuation of ran-
domized treatment. In the per-
randomization analysis that cap-
tured these events, the relative risk
of stroke or systemic embolism
with rivaroxaban was 0.88, with a
95% confidence interval of 0.78 to
1.03, so superiority was not es-
tablished. A positive trend seen
in the per-protocol analysis of
myocardial infarctions was sim-
ilarly attenuated. A striking in-
crease in death rates after the
discontinuation of randomized
treatment further complicates
the noninferiority assessment in
ROCKET-AF.

The Randomized Evaluation
of Long-Term Anticoagulation
Therapy (RE-LY) (NCT00262600),
which provided the pivotal data
in support of dabigatran’s ap-
proval, compared open-label use
of dabigatran with warfarin in
more than 18,000 patients. The
estimated relative risk of stroke
or systemic embolism in a per-
randomization analysis was 0.66
(95% confidence interval, 0.53 to
0.82) in a setting in which the
average time in therapeutic range
with warfarin was 64%.3 Although
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the trial was not blinded and
dabigatran’s effect on the risk of
myocardial infarction was slightly
unfavorable, the results robustly
support the superiority of dabiga-
tran over warfarin. RE-LY is also
relevant to deliberations regarding
rivaroxaban’s approval. According
to FDA policy, “It is essential that
a new therapy must be as effective
as alternatives that are already
approved for marketing when
the disease to be treated is life-
threatening or capable of caus-
ing irreversible morbidity (e.g.,
stroke or heart attack).”>* Does
rivaroxaban satisfy this criteri-
on? In particular, are additional
data needed to evaluate whether
rivaroxaban is noninferior to
dabigatran?

The RE-LY results and uncer-
tainty about the validity of the con-
stancy assumption in ROCKET-AF
raise concerns that rivaroxaban
could be inferior to either dabi-
gatran or warfarin, particularly
when the latter is “used skillfully.”
The apparent nonconstancy of war-
farin treatment between the two
trials is problematic, although it’s
unclear whether the lower aver-
age time in therapeutic range in
ROCKET-AF reflects greater dif-
ficulty in caring for higher-risk
patients or is an artifact of the
protocol design and trial conduct,
including the mandated blinding
of INR monitoring. Further con-
cerns relate to a trend toward
higher event rates in the rivar-
oxaban group than in the warfa-
rin group as patients were tran-
sitioned to usual care — excess
events that weren’t captured in
the primary efficacy analyses. The
FDA also noted that ROCKET-AF’s
once-daily dosing of rivaroxaban
wasn’t really supported by the
available pharmacokinetic and
pharmacodynamic data. If the
apparent noninferiority of once-
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daily rivaroxaban to warfarin was
due primarily to a low time in
therapeutic range in the warfarin
group and the exclusion of excess
events after randomized treatment
was discontinued, then that dosing
strategy might be unacceptably
inferior to dabigatran. These cir-
cumstances could lead to an un-
proven treatment displacing an
effective treatment on the basis
of overzealous promotion of more
convenient once-daily dosing.
The majority of the advisory
committee judged that ROCKET-
AF’s results supported approval
of rivaroxaban for stroke preven-
tion in patients with atrial fibril-
lation. Justifications included the
strength of evidence for noninferi-
ority relative to warfarin in a high-
risk population, the expectation
that evidence can be obtained to
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establish that risk will be re-
duced by short-term continuation
of rivaroxaban when transitioning
to other anticoagulant therapy, the
belief that postmarketing studies
can address FDA concerns that a
twice-daily dosing regimen is more
appropriate, and the interest in
having an additional option that
(some are convinced) adequately
preserves the efficacy of exist-
ing treatments. It was suggested
that rivaroxaban might be used
in patients who have an inade-
quate response to or cannot take
dabigatran or warfarin, although
data are not available to directly
address rivaroxaban’s efficacy and
risks in such settings. The FDA
will take the advisory commit-
tee’s discussion and other in-
sights under consideration; the
target date for FDA action, ac-
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cording to the agency’s Web site,
is November 5, 2011.

Disclosure forms provided by the au-
thors are available with the full text of this
article at NEJM.org.
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