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regimen is not otherwise avail-
able.! One complexity facing the
FDA in reviewing the bedaquiline
marketing application was that in
one of the phase 2 studies, there
were more deaths among patients
who had bedaquiline added to
a background antimycobacterial
drug regimen than among those
who had placebo added to the
same regimen, despite relatively
clear evidence of bedaquiline’s
efficacy in clearing Mycobacterium
tuberculosis from sputum. Given
this imbalance in mortality, the
approval of bedaquiline has ap-
peared paradoxical to some.? But
marketing applications that are
reviewed by the FDA often rely
on complex risk-benefit evalua-
tions. (The 120-week final results
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of the aforementioned phase 2
study are reported by Diacon et al.
in this issue of the Journal [pages
723-732]; the marketing appli-
cation, however, contained only
efficacy data that were available
at week 72.)

According to the World Health
Organization (WHO), the global
burden of tuberculosis remains
enormous, with an estimated 8.6
million new cases in 2012.3 With-
out effective treatment, tuberculo-
sis is associated with substantial
morbidity and mortality. Among
sputum-smear—positive cases of
pulmonary tuberculosis in HIV-
negative patients, the estimated
10-year case fatality rate is 70%.*
The 27 countries with a high bur-
den of multidrug-resistant pulmo-
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nary tuberculosis have been re-
porting increasing numbers of
such cases to the WHO; the esti-
mated incidence reached nearly
450,000 worldwide in 2012.3
Bedaquiline is an antimyco-
bacterial drug that operates by a
new mechanism of action: it in-
hibits mycobacterial ATP synthe-
tase and depletes cellular energy
stores. Since its mechanism dif-
fers from those of other available
antimycobacterial drugs, it has the
capacity to retain activity against
some M. tuberculosis isolates that
are resistant to other drugs and
hence may provide an important
treatment option for patients with
multidrug-resistant pulmonary tu-
berculosis when an effective mul-
tidrug treatment regimen cannot
otherwise be constructed. Beda-
quiline was approved under the
FDA’s accelerated-approval regula-
tions, which allow for the approv-
al of drugs for serious or life-
threatening conditions that provide
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meaningful therapeutic benefit
over existing therapies. Acceler-
ated approval can be based on
surrogate markers that are rea-
sonably likely to predict clinical
benefit (e.g., conversion of sputum
culture from positive to negative).

In the two-stage phase 2 trial
that provided evidence of beda-
quiline’s safety and efficacy, the
investigators enrolled patients
with positive sputum smears and
sensitivity to at least three of the
five classes of drugs used in the
background antimycobacterial
drug regimen for multidrug-resis-
tant pulmonary tuberculosis. Be-
cause of that sensitivity, an active
regimen could be constructed us-
ing currently available drugs for
the patients in the trial. The pre-
ferred background regimen was
generally kanamycin, ofloxacin,
ethambutol, pyrazinamide, and cy-
closerine or terizidone (with cri-
teria allowing for substitutions).
In the first stage, 47 patients were
randomly assigned, in double-
blind fashion, to receive 8 weeks
of placebo or bedaquiline in addi-
tion to the background antimyco-
bacterial drug regimen. At com-
pletion of the 8-week trial period,
the rate of sputum-culture con-
version among bedaquiline-treat-
ed patients (48%) was markedly
higher than that among patients
who received placebo (9%).

In the second stage, patients
were randomly assigned, also in
double-blind fashion, to receive
placebo or bedaquiline for 24
weeks, both in combination with
their background antimycobacte-
rial drug regimen, for a total of
approximately 18 to 24 months.
There were 79 patients in the be-
daquiline group and 81 in the
placebo group. In the second
stage, the median time to sputum-
culture conversion was significant-
ly shorter in the bedaquiline group

N ENGLJ MED 371;8 NEJM.ORG

than in the placebo group (83 days
vs. 125 days; P<0.001). These two
trials thus demonstrated bedaqui-
line’s effectiveness on the basis
of sputum-culture conversion.

In an open-label, single-group
trial involving 233 patients, some
of whom had pulmonary tubercu-
losis that had proved resistant to
multiple antimycobacterial drugs
as well as to isoniazid and rifam-
pin, the median time to sputum-
culture conversion was 57 days, a
time frame generally consistent
with that found by Diacon et al.
in stage 2 of their study.

In the study by Diacon et al.,
more patients in the bedaquiline
group than in the placebo group
died: whereas 2 deaths were re-
ported among the 81 patients in
the placebo group, 10 deaths oc-
curred among the 79 bedaquiline-
treated patients. One of the
deaths in the bedaquiline group
was due to a motor vehicle acci-
dent that occurred at 130 weeks
of follow-up, and this patient was
not included in further analyses.
In the FDA assessment, both
deaths in the placebo group ap-
peared to be related to progres-
sion of disease, as did 5 of the
9 deaths in the bedaquiline group.
Among the 4 other patients in
the bedaquiline group who died,
there was no apparent common
cause of death. One of the deaths
among bedaquiline-treated pa-
tients occurred during the 24-
week trial period; the median
time to death in the remaining
8 patients in the bedaquiline
group was 329 days after the pa-
tient last received bedaquiline.
The unexpected finding of a mor-
tality imbalance is an important
concern; however, the length of
time between the last receipt of
bedaquiline and death makes it
difficult to discern a mechanism
by which bedaquiline could be

The New England Journal of Medicine

AUGUST 21, 2014

FDA APPROVAL OF BEDAQUILINE

directly related to the deaths, even
if we take bedaquiline’s long
half-life into consideration.

Nonetheless, the product label
prominently conveys the serious-
ness of the mortality finding.
The mortality data appear in the
product label in multiple loca-
tions, including a boxed warning,
the “Warnings and Precautions”
section, and the “Adverse Reac-
tions” section. In addition, the
indication for bedaquiline’s use
is limited to patients with multi-
drug-resistant pulmonary tuber-
culosis for whom an effective
treatment regimen cannot be con-
structed without including beda-
quiline (e.g., because of resis-
tance to other drugs). For this
population, the FDA assessment
is that the benefits of bedaqui-
line outweigh the risks. The pre-
viously cited historical data show
that outcomes are very poor in
patients who do not receive ade-
quate treatment.*

The confirmatory trial that is
required as part of the accelerated
approval of bedaquiline should
bring further clarity to the ob-
served mortality finding for beda-
quiline. Nonsurrogate end points
such as patient survival, clinical
resolution of tuberculosis, and
rate of relapse will be included in
the confirmatory trial. Although
these clinical end points may be
regarded as more rigorous and
“traditional” than a microbiologic
end point of sputum-culture con-
version, their use will prolong the
study, since they will be assessed
12 to 24 months after patients
have completed a multiple-month
study-treatment regimen.

In considering the approval of
bedaquiline, the FDA weighed the
benefits of treatment with beda-
quiline for patients with smear-
positive, multidrug-resistant pul-
monary tuberculosis, for whom
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there were insufficient treatment
options, against the risks, includ-
ing the observed mortality im-
balance. The risk associated with
inadequate treatment of tubercu-
losis includes the likely progres-
sion of disease, which would be
fatal in some cases, and the de-
velopment of increased antimyco-
bacterial resistance not only for
the patient, but also for broader
populations at risk for acquiring
tuberculosis. The limited indica-
tion of use for bedaquiline iden-
tifies a patient population for
which there is considerable un-
met need and a positive benefit—

risk balance.® It is crucial that
physicians and patients with
multidrug-resistant tuberculosis
carefully consider this informa-
tion as well as the potential ram-
ifications of inadequate treatment
and increasing resistance.

Disclosure forms provided by the authors
are available with the full text of this article
at NEJM.org.
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veryone with a role in health

care wants to improve the
quality and safety of our deliv-
ery system. Recently, the Cen-
ters for Medicare and Medicaid
Services (CMS) released results
of its Partnership for Patients
Program (PPP) and celebrated
large improvements in patient
outcomes.® But the PPP’s weak
study design and methods, com-
bined with a lack of transparen-
cy and rigor in evaluation, make
it difficult to determine whether
the program improved care. Such
deficiencies result in a failure to
learn from improvement efforts
and stifle progress toward a safer,
more effective health care system.

CMS launched the PPP in De-
cember 2011 as a collaborative
comprising 26 “hospital engage-
ment networks” (HENSs) repre-
senting more than 3700 hospi-
tals, in an effort to reduce the
rates of 10 types of harms and
readmissions. The HENs work to
identify and disseminate effective
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quality-improvement and patient-
safety initiatives by developing
learning collaboratives for their
member facilities, and they di-
rect training programs to teach
hospitals how to improve patient
safety. In a February 2013 web-
cast, CMS announced that the
rates of early elective deliveries
had dropped 48% among 681
hospitals in 20 HENs and that
the national rate of all-cause re-
admissions had decreased from
19% to 17.8%, though it is un-
clear which HENs were included
for each measure and what time
periods were the pre- and post-
intervention periods.?

These numbers appear impres-
sive, but given the publicly avail-
able data and the approach CMS
used, it’s nearly impossible to tell
whether the PPP actually led to
better care. Three problems with
the agency’s evaluation and re-
porting of results raise concerns
about the validity of its infer-
ences: a weak design, a lack of
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valid metrics, and a lack of exter-
nal peer review for its evaluation.
Though the evaluation of many
other CMS programs also lacks
this basic level of rigor, given the
large public investment in the
PPD, estimated at $1 billion, and
the strong public inferences
about its impact, the lack of valid
information about its effects is
particularly troubling.

The design of a quality-improve-
ment program influences our
ability to make reasonable infer-
ences about its benefits to pa-
tients. Although individual HENs
may have used more rigorous
methods, the overall PPP evalua-
tion had three important weak-
nesses: it used a pre—post design
with only single points in the pre
and post periods, did not have
concurrent controls, and did not
specify the pre and post periods a
priori. Such an approach is highly
subject to bias.? Several recent ex-
amples suggest that some patient-
safety interventions appear to lead
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