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for osteoporosis; more than 150
million prescriptions were dis-
pensed to outpatients between
2005 and 2009. All the bisphos-
phonates that have been approved
for the treatment of osteoporo-
sis have shown robust efficacy in
preventing fractures in registra-
tion trials lasting 3 to 4 years.
Recently, however, data on safe-
ty have raised concern regarding
the optimal duration of use for
achieving and maintaining pro-
tection against fractures.
Normal bone growth and re-
modeling entail a tightly cou-
pled process of bone resorption
and new bone formation. Osteo-
porosis-related bone loss occurs
when bone resorption exceeds
bone formation; bisphospho-
nates decrease bone resorption,

thereby slowing bone loss. The
pharmacology of bisphospho-
nates is complex. During thera-
py, bisphosphonates are incor-
porated into newly formed bone
and can persist there for years,
through multiple cycles of bone
resorption and deposition. Thus,
patients continue to be exposed
to the pharmacologic effects of
bisphosphonate activity long after
they stop taking the medication.

The long-term safety and effi-
cacy of bisphosphonate therapy
for osteoporosis are important
concerns for the Food and Drug
Administration (FDA). In re-
sponse to postmarketing reports
of rare but serious adverse events
associated with bisphosphonates,
such as atypical femur fractures,
osteonecrosis of the jaw, and
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esophageal cancer, the FDA per-
formed a systematic review of
long-term bisphosphonate effi-
cacy. The findings, summarized
here, were presented at a joint
meeting of the FDA Advisory Com-
mittee for Reproductive Health
Drugs and the Drug Safety and
Risk Management Committee.
The committees jointly recom-
mended that bisphosphonate la-
beling be updated, although there
was consensus that the data did
not support a regulatory restric-
tion on the duration of drug use.

The FDA review of the data
focused on studies in which bis-
phosphonate drugs had been ad-
ministered for at least 3 years
and that had captured fracture
data systematically and complete-
ly. We therefore focused on three
long-term extension trials — the
Fosamax Fracture Intervention
Trial Long-Term Extension (FLEX),
the Reclast Health Outcomes
and Reduced Incidence with
Zoledronic Acid Once Yearly-
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Long-Term Efficacy against Fracture for Three Bisphosphonates in Core Registration and Extension Studies.*

Study Phase Alendronate (Fosamax) Risedronate (Actonel) Zoledronic Acid (Reclast)
Patients with

Osteoporotic Fracture

0-3 Placebo, 20.0%,; zoledronic
acid, 9.8%

4-6 Zoledronic acid/zoledronic
acid, 8.6%; zoledronic
acid/placebo, 12.0%

Patients with
Osteoporotic Fracture Yr

Patients with
Yr Osteoporotic Fracture Yr

0-4 Placebo, 21.0%,; alendronate, 0-3 Placebo, 32.1%,; risedronate,
10.6% 20.5%

5-10 Alendronate/alendronate, 4-5 Placebo, 32.1%; risedronate/
17.7%,; alendronate/ risedronate, 19.3%;
placebo, 16.9%

Core registration
study

Extension study

6-7 Risedronate/ risedronate/
risedronate, 13.3%

* Osteoporotic fracture was defined as a morphometric vertebral or a clinical vertebral or nonvertebral fracture, excluding fractures
of the fingers, toes, hands, feet, and skull; traumatic fractures; or pathologic fractures. Data for the placebo groups in the core
registration studies of alendronate and zoledronic acid are estimates. Alendronate data are from FLEX, involving 1099 patients
with a maximum enrollment of 10 years. In the extension study, the patients received either continuous alendronate (alendronate/
alendronate) or alendronate for 5 years followed by placebo for 5 years (alendronate/placebo). Risedronate data are from
VERT-MN, involving 164 patients with a maximum enrollment of 7 years. In the extension study, the patients received either
continuous risedronate for 5 or 7 years (risedronate/risedronate or risedronate/risedronate/risedronate) or continuous placebo
for 5 years (placebo). Zoledronic acid data are from HORIZON-PFT, involving 1233 patients with a maximum enrollment of
6 years. In the extension study, the patients received either continuous zoledronic acid for 6 years (zoledronic acid/zoledronic
acid) or zoledronic acid for 3 years followed by placebo for 3 years (zoledronic acid/placebo).

T For purposes of comparison, proportions of patients with fractures in the core registration study are based on enrollment in

the extension studies.

Pivotal Fracture Trial (HORIZON-
PFT) extension, and the Actonel
Vertebral Efficacy with Risedro-
nate Therapy—Multinational Trial
(VERT-MN) extension — in which
the duration of treatment ranged
from 6 to 10 years (see table).
All three studies were exten-
sions of the initial fracture reg-
istration trials that had enrolled
postmenopausal women with
baseline fractures, low bone
mineral density T scores (1.5 or
less), or both. The FLEX and
HORIZON-PFT trials used a ran-
domized withdrawal design in
which patients who had previ-
ously been receiving bisphos-
phonate treatment were enrolled
in the extension periods and un-
derwent repeated randomization
to receive either placebo or con-
tinued bisphosphonate treatment.
Unlike the registration trials,
the extension studies used bone
mineral density as the primary
outcome measure. Our analyses
of the extension studies include
both bone mineral density and

fracture outcomes (which are
limited to vertebral and nonver-
tebral osteoporotic fractures).

Overall, findings with respect
to all three bisphosphonates were
remarkably similar in terms of
mean treatment-related increases
in bone mineral density through
5 years.! Continuation of treat-
ment beyond 5 years resulted in
maintenance of bone mineral
density in the femoral neck and
further increases in bone min-
eral density at the lumbar spine.
In patients who were switched
to placebo, bone mineral density
in the femoral neck decreased
modestly during the first 1 to
2 years and then stabilized,
whereas bone mineral density in
the lumbar spine continued to
increase despite discontinuation
of bisphosphonate therapy.

The data regarding responses
in bone mineral density are sim-
ilar to those in published analy-
ses.” In the FDA’s opinion, how-
ever, the more meaningful end
point for osteoporosis therapies
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is the rate of fracture. Each bis-
phosphonate registration trial
enrolled 3000 to 7500 patients
and was powered for the dem-
onstration of fracture efficacy,
whereas the long-term extension
studies, with enrollments rang-
ing from only 164 to 1233 pa-
tients, were not. Because the
question is one of long-term effi-
cacy, the FLEX trial, with 10 years
of bisphosphonate exposure, be-
came central to the FDA review.

In the FDA analysis of verte-
bral fractures — both morpho-
metric (also called asymptom-
atic or radiographic) and clinical
or symptomatic fractures — oc-
curring in the two randomized
extension trials, the benefit in
terms of fracture protection from
continued bisphosphonate thera-
py was inconsistent. In the FLEX
trial, the rate of clinical verte-
bral fractures, but not the rate of
morphometric vertebral fractures,
was reduced. In HORIZON-PFT,
improvement was demonstrated
in morphometric vertebral frac-
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tures but not in clinical vertebral
fractures. An independent post
hoc analysis of FLEX showed a
benefit in terms of nonvertebral
fractures in a very specific sub-
group of patients — those with-
out vertebral fractures at base-
line who also had a femoral-neck
T score of less than —-2.5.°

According to the FDA analy-
sis of the FLEX trial, the rates of
vertebral and nonvertebral osteo-
porotic fractures were similar
whether participants continued to
receive alendronate (Fosamax) for
up to 10 years (a rate of 17.7%)
or were switched to placebo for
the extension period (16.9%). In
the time-to-fracture analyses, frac-
ture rates were consistent across
treatment groups (Fosamax 5 mg,
Fosamax 10 mg, and placebo)
and all subgroups of bone min-
eral density through year 3 (ap-
proximately 8 years of continu-
ous treatment, including the
registration period). When all
data on vertebral and nonverte-
bral osteoporotic fractures with
long-term therapy are pooled
across the three extension trials
(2496 patients), fracture rates
are shown to be relatively con-
stant over time. Pooled data per-
taining to patients who received
continuous bisphosphonate treat-
ment for 6 or more years result
in fracture rates ranging from
9.3 to 10.6%, whereas the rate
for patients switched to placebo is
8.0 to 8.8%. These data raise the
question of whether continued
bisphosphonate therapy imparts
additional  fracture-prevention
benefit, relative to cessation of
therapy after 5 years. Statistical
limitations preclude inferring
any meaningful association be-
tween long-term treatment and
increased risk of fracture.

It should be noted that all
fracture data discussed here are
post hoc and are limited by sta-
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tistical power, selection bias,
sample size, and timing issues
that vary among studies. Thus,
the available data on long-term
efficacy do not clearly identify
subgroups of patients who are
more likely to benefit from drug
therapy beyond 3 to 5 years.
Nevertheless, the emergence of
safety concerns warrants con-
sideration of new treatment al-
gorithms for patients with oste-
oporosis. The available data do
suggest that bisphosphonates may
be safely discontinued in some
patients without compromising
therapeutic gains, but no ade-
quate clinical trials have yet de-
lineated how long the drugs’
benefits are maintained after
cessation. Additional data are
needed to determine whether
markers of bone turnover or
bone mineral density can reli-
ably aid in decisions concerning
duration or interruption of bis-
phosphonate treatments.

All labeling for bisphospho-
nates that are currently approved
for treatment of osteoporosis
contains an “Important Limita-
tion of Use” statement: “The op-
timal duration of use has not
been determined. All patients on
bisphosphonate therapy should
have the need for continued ther-
apy re-evaluated on a periodic ba-
sis.” To optimize the efficacy of
bisphosphonates in reducing frac-
ture risk, decisions to continue
treatment must be based on indi-
vidual assessment of risks and
benefits and on patient prefer-
ence. In this regard, patients at
low risk for fracture (e.g., young-
er patients without a fracture
history and with a bone mineral
density approaching normal) may
prove to be good candidates for
discontinuation of bisphospho-
nate therapy after 3 to 5 years,
whereas patients at increased risk
for fracture (e.g., older patients
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with a history of fracture and a
bone mineral density remaining
in the osteoporotic range) may
benefit further from continued
bisphosphonate therapy.

Clearly, given the potential for
cumulative risk, caution should
be exercised in switching between
bisphosphonates and other po-
tent antiresorptive medications.
Further investigation into the
benefits and risks of long-term
therapy, as well as surveillance
of fracture risk after discontinu-
ation of bisphosphonate therapy,
will be crucial for determining
the best regimen of treatment
for individual patients with os-
teoporosis.

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

From the Division of Reproductive and Uro-
logic Products, Office of New Drugs (M.W.,
T.K., G.B.), and the Division of Biometrics Ill,
Office of Biostatistics, Office of Translation-
al Sciences (J.G.), Center for Drug Evalua-
tion and Research, FDA, Silver Spring, MD.

This article (10.1056/NEJMp1202619) was
published on May 9, 2012, at NEJM.org.

1. Food and Drug Administration. Back-
ground document for meeting of Advisory
Committee for Reproductive Health Drugs
and Drug Safety and Risk Management
Advisory Committee. September 9, 2011
(http://www.fda.gov/downloads/Advisory
Committees/CommitteesMeetingMaterials/
Drugs/DrugSafetyandRiskManagement
AdvisoryCommittee/UCM270958.pdf).

2. Black DM, Schwartz AV, Ensrud KE, et al.
Effects of continuing or stopping alendro-
nate after 5 years of treatment: the Fracture
Intervention Trial Long-Term Extension
(FLEX): a randomized trial. JAMA 2006;296:
2927-38.

3. Black DM, Reid IR, Boonen S, et al. The
effect of 3 versus 6 years of zoledronic acid
treatment of osteoporosis: a randomized ex-
tension to HORIZON-Pivotal Fracture Trial
(PFT). ) Bone Miner Res 2012;27:243-54.

4. Mellstrém DD, Sérensen OH, Goemaere
S, Roux C, Johnson TD, Chines AA. Seven
years of treatment with risedronate in women
with postmenopausal osteoporosis. Calcif
Tissue Int 2004;75:462-8.

5. Schwartz AV, Bauer DC, Cummings SR, et
al. Efficacy of continued alendronate for frac-
tures in women with and without prevalent
vertebral fracture: the FLEX trial. )] Bone Miner
Res 2010;25:976-82.

Copyright © 2012 Massachusetts Medical Society.

Downloaded from nejm.org by JULES LEVIN on May 17, 2012. For personal use only. No other uses without permission.
Copyright © 2012 Massachusetts Medical Society. All rights reserved.



