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New dosing regimens and other innovative approaches to bisphosphonate therapy appear promising, and will likely
further enhance the already important role these agents play in the management of postmenopausal osteoporosis.

n an earlier issue of Menopause

Management (Bilezikian JP. “PTH

for Osteoporosis Treatment: An
Update”2002;11(1):22-3),advancesinthe
treatment of postmenopausal osteoporo-
sis were discussed in the context of ana-
bolic agents. The discussion focused on
the imminent approval of recombinant
human parathyroid hormone (rhPTH 1-
34) for the treatment of osteoporosis,
viewed by this author as the most promis-
ing of the recent advances in osteoporosis
treatment.

Since their FDA approval 6 years ago,
bisphosphonates have played an increas-
ingly important role in the prevention
and treatment of postmenopausal os-
teoporosis. Many of the improvements in
bisphosphonate therapy have less to do
with the specific agent being used than
with the new formulations of those agents
and the innovative approaches to their
use; specifically, formulations that enable
more intermittent dosing, and the use of
bisphosphonates in regimens involving
combination therapy. Many questions
remain with respect to the proper use of
these drugs and the criteria for selecting
appropriate candidates for bisphospho-
nate therapy.

Bisphosphonates are pyrophosphate
analogues. Because of their affinity for
bone mineral, bisphosphonates’ effects
are limited to the skeleton. Both alendro-
nate and risedronate, the two bisphos-
phonates thatare FDAapproved for post-
menopausal osteoporosis prevention and
treatment, reduce skeletal turnover and
improve bone mass. Increases in bone
mineral density (BMD), especially in the
spine and the hip, have been well docu-
mented with both agents.*? Alendronate
has been shown to reduce vertebral frac-
ture risk,® and also nonvertebral and hip
fracture risk in patients with osteoporo-
sis.* In the longest prospective experience
with bisphosphonates to date, Toninoand
colleagues®have shownthatgainsinBMD
obtained with alendronate are maintained
over 7 years of treatment, without any
“hidden” or unanticipated adverse events
over time.

Risedronate has beenshown to signifi-
cantly reduce vertebral fractures during
the first year of treatment.®” In the only
study in which hip fracture was the pri-
mary outcome, McClung and colleagues®
reported a reduction in hip fracture risk
of approximately 40% in older postmen-
opausal osteoporotic women with low

femoral neck BMD who were treated
with risedronate; the drug had no signifi-
cant effect on hip fracture risk in elderly
women (over age 80) selected primarily
on the basis of nonskeletal risk factors.
Risedronate is approved for the preven-
tionof glucocorticoid-induced osteoporo-
sis; both alendronate and risedronate are
approved for its treatment. Alendronate
also is approved for the treatment of os-
teoporosis in men.

Weekly Dosing

Dosing inconvenience and possible gas-
trointestinal (Gl)intolerance providedthe
impetus for the development of formula-
tions that would enable more intermittent
dosing of bisphosphonates. Absorption of
all bisphosphonatesispoor; approximately
1% of the oral dose is absorbed.® Alen-
dronate has been associated with an in-
creased risk for upper Gl irritation.20!
Clinical experience with risedronate has
been more positive in terms of GI effects,
but this has not been documented. To
facilitate absorption and reduce the po-
tential for espohageal irritation, patients
taking bisphosphonates need to adhere to
a strict administration regimen. Bisphos-
phonates must be taken at least 30 minutes



before the first food, beverage or any
other medication of the day, and must be
taken only with plain water (6-8 ounces).
Patients must not lie down for at least 30
minutes after taking the drug, and until
after the first food of the day.

New formulations of bisphosphonates
that enable weekly dosing are receiving a
great deal of attention as a particularly
effective approach to osteoporosis man-
agement. Two once-weekly formulations
of alendronate were approved in October
2000: A 70-mg tablet was approved for
osteoporosis treatment and a 35-mg tab-
let for osteoporosis prevention. A once-
weekly formulation of risedronate is now
under review by the FDA.

Intheiryearlong, multicenter, double-
blind randomized trial, Schnitzer and
colleagues evaluated and compared the
safety and efficacy of three dosing regi-
mens of oral alendronate in postmeno-
pausal osteoporotic women.*? The idea
was that the once-weekly treatment with
alendronate could provide similar effi-
cacy to that achieved with standard daily
dosing (10 mg) because of the agent’s long
duration of effect on bone. It was also
hoped, as suggested in animal studies,
that the potential for esophageal irrita-
tion might be reduced substantially with
the more intermittent dosing.

The women in the study ranged inage
from 42 to 95 years; all of the women had
osteoporosis, defined as lumbar spine or
femoral neck BMD >2.5 SD below peak
premenopausal mean, or prior vertebral
or hip fracture. The women were ran-
domized to receive 10 mg once daily (the
standard daily dose; n = 370), 35 mg twice
weekly (n = 369) or 70 mg once weekly
(7 times the daily oral treatment dose;
n =519). The primary efficacy endpoint
was comparability of increases in lumbar
spine BMD; secondary endpoints in-
cluded hip and total-body BMD changes,
and rate of bone turnover, as assessed by
biochemical markers.

The investigators reported that re-
duction in bone markers (into the middle

of the premenopausal reference range),
along with an increase in lumbar spine,
total hip, trochanterand total-body BMD,
were essentially indistinguishable across
the three groups. At 12 months mean in-
creases in lumbar spine BMD were 5.1%
in the 70-mg once-weekly group, 5.2%in
the 35-mg twice-weekly group and 5.4%
in the 10-mg daily-treatment group. All
three groups also demonstrated equiva-
lent reductions in markers of bone turn-
over. Data on equivalency of the weekly
and daily doses of alendronate in terms of
fracture reduction were not reported in
this study.

All of the treatment regimens were
well tolerated, with patients experiencing
a similar, low incidence (approximately
2%) of adverse upper Gl events, such as
esophageal irritation. The incidence of
serious upper Gl events, such as upper G
bleeding, was even lower (0.2% with the
weekly regimen and 1.1% with the daily
treatment). There was a trend toward a
lower incidence of esophageal events in
patients treated with the more intermit-
tent dosing regimens, compared with
those in the daily dosing group. The
investigators concluded that the once-
weekly 70-mg dosing regimen “will pro-
vide patients with a more convenient,
therapeutically equivalent alternative to
daily dosing, and may enhance compli-
ance and long-term persistence with
therapy.” These same findings—uwith re-
spect to BMD increases and bone turn-
over reduction—were again demonstrated
after 2 years of treatment with weekly
alendronate, with the same adverse event
profiles as those seen at 1 year.*®

Dataon once-weekly risedronate, pre-
sented at the recent American College of
Rheumatology meeting in San Francisco,
demonstrated findings that were essen-
tially the same as those already shown for
alendronate.** Once-weekly risedronate
(35 or 50 mg) was found to be as effective
as the 5-mg daily regimen with regard to
increasing bone mass and reducing bone
turnover. It should be noted that the

authors reported equivalency with re-
spect to BMD increases and bone turn-
over decreases between the study arms
using the higher (50 mg) weekly dose and
the 35-mgweekly dose. Theadverse event
profile was the same in all treatment
groups.

Clinical Significance of Once-

Weekly Dosing

After its approval in October 2000, the
once-weekly formulation of alendronate
metwithadramatic, if notunprecedented,
reaction; approximately 75-80% of the
market for thisagent switched totheweekly
formulation within only 1-2 months. The
rationale for the new formulation was
clear, and the public clearly took to it.
Despite this dramatic shift, it is likely that
the 20-25% of patients who chose to re-
main on the daily alendronate regimen
will continue to do so. Some individuals
are simply uncomfortable with change;
they are accustomed to the restrictions
involved with taking alendronate and are
doing well on their daily treatment regi-
mens. For most patients, however, dosing
convenience contributes significantly to
the effective management of any chronic
disease, including osteoporosis. Less-
frequentdosingis likely toenhance compli-
ance, especially when patients must follow
strict administration regimens.

While compliance is an important as-
pect of any treatment regimen, it is espe-
cially criticalwhen the duration of therapy
is extended or chronic, as is the case with
bisphosphonates. T hereis, however,some
discussion about a possible worsening of
compliance with these less-frequent dos-
ing regimens. While, intuitively, it would
seem that patients would find it easier to
complywitharegimenthatrequiresonce-
weekly, rather than once-daily, dosing,
could the more intermittent dosing be
more difficult to remember? The conse-
quences of missing a dose of a once-
weekly medication are far greater than
those of missing a dose of medication
taken on a daily basis; patients need to be



made aware of this and encouraged to use
whatever strategies they find helpful to
remind them to take their weekly tablet.

There appear to be many fewer Gl
complaints with the weekly formulation
of alendronate, and patients who have
been unable to take the daily formulation
because of Gl distress might now be able
totolerate the once-weekly formulation.*?
Asstated above, the adverse event profiles
for risedronate were similar with the daily
and weekly doses.**It is, however, impor-
tant that patients understand that the
administration instructions for weekly
bisphosphonate therapy are the same as
those for daily treatment.

Future Approaches to Bisphosphonate
Therapy

Intravenous infusion. Another approach to
intermittent dosing of bisphosphonates
might ultimately be enabled by IV infu-
sion. IV bisphosphonate therapy could
prove especially beneficial for older, more
frail patients, and for those with a history
of significant upper Gl tract disease (e.g.,
esophageal strictures). Older patients,
many of whom visit a clinician every 3
months for routine monitoring, would be
able to receive their bisphosphonate
therapy during their routine office visits,
withoutconcernsabout handling thetreat-
ment regimen at home. This would be
especially helpful for women who must
already keep track of multiple drug regi-
mens, as do many older patients.

Inthe late 1990s, investigatorsreported
a significant increase in BMD with the
use of 1V ibandronate (1 or 2 mg) admin-
istered every 3 months!®; a significant
fracture reduction wasnotobserved. More
recently, ibandronate suffered a setback
when the phase 111 trial failed to show a
reduction in fracture incidence; it is be-
lieved that this might have been related
to the dosing schedule.

In our practice, 1V pamidronate
(30 mg every 3 months for 1 year) has
yielded an approximate 6% increase in
lumbar spine BMD and asmaller, but still

impressive, increase in hip BMD.Y
Anotherbisphosphonate, zoledronate,
isnow being studied in aregimen of once-
yearly IV infusion; researchershave shown
that the suppression of bone turnover
achieved with this bisphosphonate is, in-
deed, maintained for a year after a single
dose.'®*® Furthermore, patients treated
with this agent receive a small dose
(1-2 mg) during an infusion that takes
only 5-10 minutes (pamidronate infusion
takes several hours). While this drug ap-
pears extremely promising, as does the
concept of annual dosing, a great deal
more research is needed. Potential down-
sides include the possible consequences
when such a long-acting agent is given to
a patient who is sensitive to the drug.
Combination therapy. A new treatment
paradigm is represented by the possible
use of bisphosphonates in combination
therapy for osteoporosis treatment; in-
vestigatorsare studying combinations that
include two antiresorptive agents or an
antiresorptive with an anabolic, such as
PTH. Concurrent treatment with alen-
dronate and estrogen produced a some-
what greater (1-2%) BMD increase (more
so in the lumbar spine than in the total
hip) than did either agent alone in a
placebo-controlled study conducted in
hysterectomized womenwithlowBMD.?
At year 2, the women receiving placebo
had a 0.6% mean loss in lumbar spine
BMD, while those receiving alendronate
alone or estrogen alone had a 6.0% mean
increase; the mean increase in lumbar
spine BMD was 8.3% in the women
treated with combined alendronate and
estrogen. Slightly greater decreases in
biochemical markers of bone turnover
were seen in the combined treatment
group, but the mean absolute values re-
mained within the normal postmeno-
pausal range. In a yearlong, placebo-
controlled trial conducted by Harris and
colleagues, risedronate plus hormone re-
placement therapy (HRT) produced in-
creases in BMD at all skeletal sites; BMD
increases at the femoral neck and the

midshaft radius were modestly, but sig-
nificantly, greater in the women treated
with combined therapy than in those who
received HRT alone.?! The authors also
report that the significant decreases in
the biochemical markers of bone turn-
over observed in the study were some-
what greater in the patients receiving the
combination therapy.

Sequential combination therapy, via
HRT followed by alendronate, produced
more impressive increases in BMD than
did continuing HRT alone, in a study by
Lindsay and colleagues.? Similar results
have been reported when treatment with
the selective estrogen receptor modula-
tor (SERM) raloxifene is combined with
alendronate.%

Eventhoughthereare nofracture data
to support the view that combination
therapy with two antiresorptives is better
than single-agent therapy, the somewhat
greater increase in bone density seen with
the two agents is encouraging. On the
other hand, there could be inherent dis-
advantages to combined antiresorptive
therapy, in terms of oversuppression of
boneturnover. Inthisregard animal stud-
ies conducted by Mashiba et al®* have
shown that prolongedsuppression of bone
turnover with very high doses of either
alendronate or risedronate suppresses
bone turnover by more than 90%, and is
associated with the accumulation of
microdamage, a term that refers to the
appearance of bone in which breaks and
other structural abnormalities can be de-
tected at the microstructure level, butare
not visible with clinical measurements.

There is no comparable evidence in
human subjects that microdamage occurs
with the recommended parameters of use
for bisphosphonates; nevertheless, many
experts recommend that suppression of
bone turnover with combination anti-
resorptive therapy not exceed 70%.

Anumber of combined treatment regi-
mens using an antiresorptive and an ana-
bolic are currently being studied. These
include studies of estrogen and PTH?-%0



and an ongoing study of alendronate and
PTH? that is being funded by the Na-
tional Institutes of Health. Taking yet
another approach, Watts and colleagues®
have shown that adding androgens to
HRT produces a greater change in bone
density than that achieved with HRT
alone.

Tibolone, asynthetic steroid with both
antiresorptive and anabolic properties,
shows promise as a more acceptable ap-
proach to “combination therapy” in
women, since itisnotanandrogen. While
not yet approved in the United States for
osteoporosistreatment, tibolone has been
shown to sequentially increase lumbar
spine and total hip BMD, in a dose-
related fashion.®

To date, there have been no studies
showing improvedfracture reductionwith
any of these combination regimens, as
compared to single-agent therapy.

Longer-Term Bisphosphonate Findings

Data from longer-term use of bisphos-
phonates are now available; as discussed
earlier in this article, the 7-year data on
alendronate, reported by Tonino and col-
leagues,® are promising in what is the
longest prospective experience with
bisphosphonate therapy to date. A study
by Cummings and colleagues®* showed
that women who lose BMD during the
first year of treatment with alendronate
(and raloxifene) are likely to experience
BMD gains during their second year of
therapy. In thisstudy, analysis of data from
the Fracture Intervention Trial showed
that, among alendronate users who expe-
rienced the greatest first-year declines in
BMD (1.4% had declines >4%), 92% had
BMD gains averaging 4.8% during the
second year of treatment.®** In astudy by
Ravnandcolleagues, involving 1,609 post-
menopausal women, the investigatorscon-
cluded that 4 years of treatment with
alendronate (or HRT) was successful in
preventing postmenopausal bone loss;
alendronate recipients had overall BMD
increases at the spine, hip and total body.*

When one group of women receiving
alendronate was switched to placebo after
2 years of treatment, BMD declines were
seen at all skeletal sites; the rates of decline
were similar to those seen in the placebo
group during years 1 and 2.

Conclusions

The advent of bisphosphonates for the
prevention and treatment of osteoporosis
has clearly been a pivotal event in the
history of effective approaches to os-
teoporosis management. With new for-
mulations, intermittent dosing schedules
and approaches to combination therapy,
the use of and adherence to this highly
effective therapy for osteoporosisare likely
to enjoy even further success.

Public awareness and education cam-
paigns are stressing the importance of
osteoporosis prevention. Women are
learning that osteoporosisis notan inevi-
table consequence of aging and meno-
pause butis, rather, a preventable disease;
and the critical roles of diet, calcium and
vitamin D supplementation, and exercise
are being touted. There will, however,
always be a role for pharmacologic inter-
vention, in both the prevention and the
treatment of this disease.

Bisphosphonates are just one compo-
nentofasteadily growingarsenal of phar-
macologic agents for the prevention and
treatment of postmenopausal osteoporo-
sis. New dosing formulations and inno-
vativeapproachesto the use of these agents
further enhance this “arsenal,” and pro-
vide women with awider range of choices
for osteoporosis prevention and treat-
ment; this is especially important for
women who cannot or will not take estro-
gen therapy. SERMS, such as raloxifene,
along with anabolics and synthetic agents,
such as tibolone, provide a still wider
range of therapeutic options for midlife
women.

Research on all of these agents contin-
ues, and longer-term data on bisphos-
phonates are now providing additional
important information about the safety

and efficacy of these agents over time.
Continuing research in related areas will
likely shed new light on the causes of
osteoporosis. Osteoporosis in men is an
example of an area of research for which
interest is growing steadily, as evidenced
by an increase in the number of presenta-
tions and published reports on the topic
over the past year. Men make up 20-25%
of individuals with osteoporosis in the
United States, but we are only now be-
ginning to understand the causes of os-
teoporosis in men and how to treat it.
Researchers are looking at the reasons
men develop the disease, but at a much
lower rate than that seen inwomen. What
are the reasons for men’s relative protec-
tion from developing osteoporosis? Do
those reasons relate more to bone size
(larger cross-sectional diameter) than to
bone density? The answers to questions
such as these will ultimately enable even
more effective interventions in women
at risk for, or already suffering from,
osteoporosis. m

John P. Bilezikian, MD, is Professor of
Medicine and Pharmacology, Columbia
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