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79.1 Introduction: osteoporosis as a
chronic disease

Osteoporosis is a chronic disorder and a major
health problem, with an estimated 2 million osteopo-
rotic fractures every year in the United States, and
over 3.5 million in Europe. As life expectancy increases
in many parts of the world, the annual incidence of
osteoporotic fracture is destined to rise, and more peo-
ple will be potential candidates for treatment.

Peak bone mass is attained in the third decade of
life, and thereafter bone mass decreases. In women the
decrease is accelerated by the loss of estrogen at the
time of menopause. It is clear, however, that bone
mass does not fully explain the age-related increase in
fracture risk. If two people, ages 55 and 75 years, have
the same bone mass as reflected by dual-energy X-ray
absorptiometry (DXA), the older patient will have a
much higher fracture risk than the younger ones. This
difference is ascribed to decrease in bone quality,
frailty, and tendency to fall [as best expressed in the
age-dependent hip fracture incidence in the fracture
risk assessment tool (FRAX) calculator] but yet still dif-
ficult to directly measure. Nonetheless, it can be stated
that aging is a major risk factor for fracture and getting
older increases fracture risk for the population overall.

© 2021 Elsevier Inc. All rights reserved.
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For those individuals with low bone density by DXA
and other risk factors, as covered in other chapters,
fracture risk continues to escalate.

Currently, no treatment cures osteoporosis. All
existing treatments lower fracture risk to some extent,
but none can eliminate it. Hence, osteoporosis can be
classified as a chronic treatable but not curable disease.
Management should be aimed at lowering fracture risk
and containing related morbidities and costs to indivi-
duals and society as much as possible. Osteoporosis
may require management for 20 or 30 years or more,
and in most settings, bisphosphonates (BPs) are the
first-line osteoporosis treatment class. Yet the longest
placebo-controlled osteoporosis pharmacologic study
lasted 10 years and was too small to adequately assess
positive and negative outcomes, as well as predictors
of such outcomes. Therefore the clinician must base
treatment choices on relatively limited data. In this
chapter, we will discuss how long-term treatment with
BPs can decrease fracture risk, conduct a risk—benefit
assessment of the positive impact of BPs and their
potential side effects, and provide a proposed
approach to the chronic treatment of osteoporosis with
BPs.

79.2 Long-term bisphosphonate studies

There are many reasons why the BP class of medica-
tion is the single most commonly used category of
drugs for the treatment of osteoporosis in adults.
Modern treatment of osteoporosis began in the mid-
1990s with the approval of alendronate (ALN), the first
nitrogen-containing BP approved by regulatory agen-
cies for human osteoporosis. Details of the studies
assessing the efficacy and safety of ALN, risedronate
(RIS), ibandronate (IBAN), and zoledronic acid (ZOL)
are beyond the scope of this chapter. In general, the
data show that all US Food and Drug Administration
(FDA)—approved BPs lower the risk of vertebral
fracture by about half [1]. In addition, ALN, RIS, and
ZOL reduce hip fracture by about 30%—40%. The effi-
cacy of nonvertebral fracture risk reduction is more
modest. The registration trials for ALN, the earliest
approved nitrogen-containing BP, did not provide evi-
dence of any major side effects. Only later, when hun-
dreds of thousands of patients were treated with BPs,
did important risks such as osteonecrosis of the jaw
(ON)) and atypical femoral fractures (AFFs) become
recognized. Longer term treatment and surveillance
are necessary because no treatment cures osteoporosis.
With the use of BPs for many years, and with long
treatment duration, more reports of ONJ and AFF
became apparent, leading to dramatic decreases in pre-
scriptions for these drugs [2]. Indeed, it has been
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reported that 1 year after starting an oral BP, only half
or fewer of treated patients remain adherent to therapy
[3-5].

Thus the clinician and patient face a dilemma.
Osteoporosis is a chronic disease with worsening
fracture risk as the patient ages. Chronic treatment is
needed, but BPs, the most commonly prescribed
osteoporosis medications, are associated with risks
of ONJ and AFF. Although such adverse events are
rare and by far outweighed by substantial benefits in
terms of fracture risk reduction in high-risk patients,
they are clearly problematic in lower risk indivi-
duals. There may be other serious side effects. How
does the clinician decide to prescribe BPs, to con-
tinue or interrupt therapy, and engage the patient in
shared decision-making? Risk stratification, absolute
risk prediction, and a risk—benefit assessment are
crucial to such decision-making. To try to answer
these questions, there are only two long-term ran-
domized controlled trials on which some recommen-
dations have been made. These two trials, a 10-year
trial with ALN and a 9-year trial with ZOL, will be
reviewed in detail.

79.2.1 Alendronate (FIT/FLEX)

The first study of long-term BP therapy for osteopo-
rosis, the FLEX trial (Fracture Intervention Trial Long-
term Extension), was reported in 2006 by Black et al.
[6]. Over 3000 women who had participated in the FIT
trial [7] of ALN versus placebo and had received active
drug were assessed for potential inclusion in the exten-
sion trial. With an open-label year or more, subjects eli-
gible for FLEX had been treated for 4-5 years.
Eventually, 1195 were screened for inclusion in FLEX
and 1099 were randomized to ALN 5 mg daily, ALN
10 mg daily, or placebo. All subjects were offered a
supplement containing 500 mg of calcium and 250 U of
Vitamin D. The FLEX study lasted 5 years with more
than 95% included in the primary analysis. The ran-
domization and block stratification were successful
because the only baseline variable different among the
three groups was the slightly older age of the placebo
group (73.7 years) than the two ALN groups (72.7 and
72.9 years). The two ALN groups were pooled for
analysis. Bone density results differed by region of
interest. In the spine, bone density increased in sub-
jects on ALN, while it did not change in the placebo
group. Conversely, hip bone density was maintained
in subjects taking ALN, but it declined 2.36% in the
placebo subjects [6]. Of the 437 analyzed placebo sub-
jects, 23 suffered a clinical vertebral fracture, compared
to only 16 of 662 subjects assigned to ALN. There was-
no difference in the incidence of morphometric spine
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fractures or other clinical fractures, and no imbalance
in serious adverse events between the groups. The con-
clusion from the FLEX trial was that 10 years of ALN
led to fewer clinical vertebral fractures than 5 years of
ALN followed by 5 years of placebo (relative risk 0.45,
confidence interval 0.24—0.85) [6].

79.2.2 Zoledronic acid (HORIZON)

The other long-term treatment study was the
HORIZON extension trial in which women who had
received three annual infusions of ZOL were rerando-
mized to receive either 3 more years of ZOL or three
placebo infusions [8]. Of the 2629 women who
received 3 years of active drug, 1233 underwent reran-
domization. Of the 616 allocated to receive three more
ZOL infusions, all but three women received at least
one additional infusion. Three annual doses were
received by 451 women, but 44 did not complete the
follow-up. The final bone mineral density (BMD) anal-
ysis included 451 women who received at least one
additional dose, and the final X-ray analysis included
469 who received at least one additional dose. For the
group rerandomized to placebo infusions, the corre-
sponding numbers available for DXA and X-ray were
470 and 486, respectively. Bone density in the hip
tended to decrease in the placebo group compared to
the group that received three more ZOL acid infusions,
but the difference between them was just over 1%.
Spine bone density increased in both placebo and
active drug groups but was greater by 2% in the group
that received the second 3-year set of ZOL infusions.
Interestingly, at year 6, there was very little difference
in a bone resorption marker, C-telopeptide of type 1
collagen cross-links (CTX), between the two groups,
suggesting that the first three infusions of ZOL had a
lasting impact on bone resorption. While there were no
differences in clinical fractures between the two
groups, there were fewer morphometric vertebral frac-
tures in the women who received six infusions of ZOL
compared to those who only received three [8].

In addition to the first extension of HORIZON, 190
women who had received six annual infusions of ZOL
met inclusion criteria and agreed to be randomized
once more to either the more active drug or 3 placebo
infusions [9]. About two-thirds had bone density mea-
surements at the end of the trial. Interestingly, hip
bone density tended to decrease slightly in both
groups, with no significant difference between them.
Again CTX was also the same in the two groups, again
suggesting a long-term effect of prior ZOL infusions.
There was a small imbalance in cardiac arrhythmias in
those women who received nine ZOL infusions com-
pared to six, although there was no difference in
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arrhythmias as serious adverse events. The study was
too small to observe any differences in fracture inci-
dence [9].

In a recent post hoc analysis, bone density and bone
formation markers were compared at 3 years after BP
discontinuation in FLEX and the HORIZON Extension
Trial [10]. The purpose of this study was to determine
the impact of a drug holiday, after the recommenda-
tion that one be considered after 5 years of oral treat-
ment, similar to the FLEX study or 3 years of
intravenous treatment, similar to the HORIZON trial.
At the start of the extension studies, there were some
differences in-between the women in FLEX and the
women in HORIZON. The subjects in the former
group were significantly younger (73.7 vs 75.5 years)
and had fewer prevalent vertebral fractures (34.3% vs
63.2%) and higher hip bone density (T-score —1.8 vs
—2). Three years after the start of the extension period,
more subjects previously on ALN had a significant
decrease in total hip bone density compared to those
previously treated with ZOL (252% vs 18.7%,
P <.01). This may again suggest a long-lasting effect
of ZOL [9].

Other studies confirm the extended impact of ZOL
infusions. In 2009 McClung et al. [11] randomized 581
postmenopausal women (average age about 60 years)
to two annual infusions of ZOL, one infusion of ZOL
at baseline and a placebo infusion at 1 year, or two
annual placebo infusions. At 2 years, total hip had
increased 2.91% in the first group and 2.28% in the sec-
ond but decreased 1.45% in the placebo group. The
pattern was similar in the femoral neck. Serum CTX
declined markedly in the first group with a slow rise
toward the end of month 12. With the second ZOL
infusion the CTX decreased again. In contrast, a single
ZOL infusion at baseline was followed by a gradual
increase of CTX, although it never reached the baseline
level. The placebo group had no change in CTX over
the 2-year study. Greenspan et al. reported on the 2-
year impact of a single ZOL infusion versus placebo in
older women (average age about 85 years) [12]. At 2
years, total hip bone density increased by 2.6% in the
active drug group and decreased by 1.5% in the pla-
cebo women. However, in these older women,
improvement in femoral BMD neck at 1 year was not
sustained to 2 years, although the absolute value was
still higher than the placebo group. In older women
the ZOL-induced drop in CTX was sustained for 2
years.

Grey et al. administered one infusion of varying
doses of ZOL acid to women in their mid-sixties [13].
Comparing those that received the standard 5 mg dose
to placebo, total hip BMD was still above baseline 5
years after the infusion and 5.4% higher than that of
the placebo subjects. Also, at 5 years after the single
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infusion, CTX was 27% lower in the active drug group
compared to placebo. Recently, Reid et al. reported the
impact of four infusions of ZOL (5 mg each) over 6 years
compared to placebo in osteopenic women aged about
71 years [14]. Total hip BMD was almost 4% higher at 6
years in the active drug group, whereas it had decreased
almost 4% in the placebo group. There were 37% fewer
fragility fractures in the ZOL group, compared to pla-
cebo. The conclusion from the cited studies is that the
impact of ZOL on surrogates for fracture, BMD, and
bone turnover markers (BTMs) lasts longer than 1 year.
Thus a patient treated with three annual infusions of
ZOL has evidence of continued effect beyond 3 years
and may be eligible for an interruption in treatment. It
has also been suggested that the interval between ZOL
infusions could be lengthened such that a patient would
have three infusions over 5 years [15], similar to the four
infusions in 6 years as reported by Reid et al. [14].
Having all BP-treated patients take 5 years of treat-
ment—either oral for 5 years or three infusions spread
over 5 years—simplifies management for the busy clini-
cian, but studies of the efficacy of the latter regimen on
fracture risk reduction are lacking.

79.2.3 Risedronate and ibandronate

There is much less information about long-term
treatment with RIS or IBAN. Eastell et al. reported on
subjects who had 5 years of blinded RIS treatment
(5 mg/day) followed by a 2-year open-label continua-
tion of the same dosage [16]. The subjects then stopped
RIS and were assessed at 6 and 12 months after discon-
tinuation. Urinary N-telopeptide (NTX) rose toward
baseline at the two time points. BMD was measured at
the 1-year discontinuation visit. While lumbar spine
and femoral neck BMD were maintained, total hip
BMD decreased back to the about the original (year 0)
level. In an earlier study, subjects discontinuing RIS
after 3 years of treatment remained at lower risk for
morphometric vertebral fracture compared to subjects
who had been on placebo for 3 years followed by the
1-year extension [17]. In an extension trial [18], women
on various regimens of IBAN for 2 years were random-
ized to monthly IBAN in doses of 100 or 150 mg. Over
the next 3 years, spine BMD rose modestly in both
groups (no difference) and total hip was maintained.
There was no placebo group; thus information on
treatment interruption is lacking.

79.2.4 Observational data

Observational studies have provided some informa-
tion on long-term treatment and interruption of treat-
ment. However, such studies have serious limitations,

79. Long-term bisphosphonate treatment: continuation and interruption

including confounding by indication and by low persis-
tence with BP treatment. In a recent systematic review,
persistence with BP treatment ranged from 17.7% to
74.8% at 1 year and 12.9% to 72.0% at 2 years [19]. At 3
years the medication possession ratio varied from
27.2% to 46%. Tracking of BP use is often complicated
by patients stopping and restarting treatment. For
example, Balasubramanian et al. used data from the
Truven commercial insurance database in the United
States [20]. They found that by 2 years, 70% of women
had discontinued oral BP treatment. Almost half of
women who discontinued treatment restarted it; those
women who were hospitalized or were older were less
likely to reinitiate BP therapy. The two largest observa-
tional studies are from the population-based Kaiser
Permanente and Medicare databases. The Kaiser report
included over 39,000 women, age 45 and above, who
took BPs for more than 3 years compared to women
who went on a drug holiday [21]. Fracture risk was
lower in the drug holiday group suggesting that in that
group, BP discontinuation was due to a lower risk pro-
file. Conversely, a Medicare database report included
over 160,000 highly compliant older women, [22] and
showed a RR of hip fracture of 1.22 (1.11-1.34) at a
median of 2.7 years post drug interruption, a risk that
increased with the duration of the drug holiday. In
countries with medication registries, it may be easier to
determine real-world effectiveness of treatment. Strom
et al. reported that the longer adults stayed on BP treat-
ment, the less likely they would be hospitalized for a
fracture [23]. These findings are compatible with the
conclusions of the IOF Epidemiology/Quality of Life
Working Group that discontinuation of BPs leads to
increased risk of fracture [24].

79.2.5 Side effects of bisphosphonates

A full discussion of BP’s side effects is beyond the
scope of this chapter. Two side effects, however, ON]J
and AFF, play a major role in long-term BP treatment
because the fear of such side effects and their sensational
reporting in the general media have had a profound
impact on osteoporosis evaluation, diagnosis, treatment,
and adherence, despite their low incidence. ONJ is
defined as at least 8 weeks of exposed bone in the max-
illa or mandible, despite appropriate therapy. Most defi-
nitions also require that there has been no radiation to
the jaw or metastatic disease in the area [25]. BP-
associated ONJ was described as early as 2003 in
patients with metastatic disease receiving high and
repeated doses of the intravenous BPs, pamidronate, or
ZOL. Although patients may be asymptomatic, many
have pain, swelling, and in severe cases a fistula. Risk
factors include smoking, poor oral hygiene, diabetes
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mellitus, glucocorticoid therapy, and invasive dental
procedures. Current estimates for BP-associated ON]J in
patients on BP for osteoporosis range from 1,/10,000 to
1/100,000 [25]. A recent review from Denmark found
the incidence of surgery for ONJ to be about 2.53 per
10,000 patient-years in patients on ALN [26]. There was
an increased risk for recent, long-term, and adherent
users of this most commonly used BP for osteoporosis.
The increased risk with long-term use is consistent with
findings from an early series [27]. In another recent
study the number of women in the United Kingdom
who were admitted to hospital because of ONJ was
tracked over 8.2 years [28]. In women without cancer
the incidence of hospitalization for ONJ was 1.38 per
10,000 patient-years in oral BP users compared to 0.18
per 10,000 patient-years in never users. In patients with
osteoporosis the course is usually self-limited and can
be treated conservatively [25]. These studies are good
examples of a serious but unusual side effect that, never-
theless, has led to fewer patients initiating or adhering
to BP treatment for osteoporosis. In the 2015
International Task Force report on ON]J, Khan et al. cited
the highest incidence of ON]J in the oncology patient
population (1%—15%), where high doses of these medi-
cations are used at frequent intervals, in contrast to an
incidence of 0.001%—0.01% in the osteoporosis patient
population, an incidence that is marginally higher that
in the general population (<0.001%) [29].

Even more worrisome in the general population is
the risk of AFF. The idea that a drug taken to reduce
fracture risk might cause a particularly serious fracture
was reported widely in popular media [30]. AFFs, as
defined by the American Society for Bone and Mineral
Research (ASBMR) Task Force, are located on the
femur from just distal to the lesser trochanter to just
proximal to the supracondylar flare and must have
four of five major characteristics: minimal trauma at
most, a start at the lateral cortex, and be mostly trans-
verse, if complete will have a medial spike (incomplete
will be in lateral cortex only), no or minimal comminu-
tion, and the lateral cortex will have a localized reac-
tion that shows “beaking” or flaring [30,31]. While
such fractures have been reported in patients never
exposed to BP (or other antiresorptive drugs) and in
patients with genetic bone disorders not treated with
BPs [32], there is no doubt about an association with
BP treatment, with increased risk with longer duration
and a decrease in risk with treatment cessation. An
observational study from Italy provides perspective on
the incidence of AFF versus typical osteoporotic frac-
tures in a 7-year analysis (almost 1.4 million patient-
years) of a major hospital [33]. During this time, there
were 4003 fractures of the femur, of which 3335 were
low trauma and in the femoral neck or trochanteric
region. There were 308 low trauma fractures that were
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subtrochanteric or in the femoral shaft. Of these, only
22 were atypical (13 patients on BPs). Of the non-AFF
in the subtrochanteric or shaft area, 20 of 286 patients
were on BPs. Other epidemiologic studies have con-
firmed the fact that osteoporotic fractures of the proxi-
mal femur are much more common—and can be
decreased by BPs—than AFF caused by BPs. A recent
review made several estimates of benefits versus harms
of AFFs [34]. In a 3-year period, they estimated that for
every 10,000 patients treated, 1000 fractures would be
prevented and just under 1 atypical fracture would be
caused. However, treatment is almost always for longer
than 3 years, and there is good evidence that duration
of BP treatment increases the risk of AFF. In the widely
cited Kaiser Permanente Study, the rate of AFF rose
from 22 per 100,000 patient-years for patients on BPs
from 4 to 5.9 years to 34.5 per 100,000 patient-years in
those who took BPs for 10 or more years [35]. Other
studies have confirmed the increased risk of AFF with
time on BP treatment [36,37]. The impact of duration
has led to suggestions that drug holiday or interruption
of treatment might have a beneficial effect (see next). It
has been difficult to determine which BP-treated
patients are at highest risk for AFF, in addition to those
on treatment for extended periods of time. Potential
risk factors for AFF include the use of chronic glucocor-
ticoids, proton pump inhibitors, and diabetes mellitus
[38]. In the United States, people of East Asian ancestry
have been found to be at higher risk [39]. Bowing of
the femur, a shorter angle between the femoral neck
and shaft, and varus alignment of the lower extremity
suggest that the geometry of the pelvis and femur may
increase the amount of tension on the lateral cortex of
the femur. In practice, thigh or groin pain and possibly
single energy images of the femur at the time of DXA
testing may provide evidence of impending fracture
[39]. The 2019 ISCD official positions for adults recom-
mend the use of femur DXA images to detect abnor-
malities in the spectrum of AFF and scanning methods
that generate bilateral full-length femur images [40].
Regardless of the low incidence of AFF compared to
typical proximal femur fractures, concern about AFF
has been trumpeted by news media, leading to
patients stopping or never starting BP therapy. Not on
the news have been studies suggesting that BPs have a
salutary effect on mortality, including a recent large
well-designed prospective cohort study [41].

79.3 Bisphosphonate interruption (holiday)

79.3.1 Pharmacokinetics of bisphosphonates

A comprehensive review of the pharmacokinetics
and pharmacodynamics of ALN, RIS, IBAN, and ZOL
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is well beyond the scope of this chapter. In addition,
there remain major questions to be answered. From
reviews of this subject [42—44], it can be concluded
that oral BPs are poorly absorbed in the gastrointesti-
nal tract, but both oral and intravenous BPs are mostly
incorporated into bone. The retention time is measured
in months to years, and the impact on BTMs is also
measured in months to years. A study of urine mea-
surements of ALN and RIS in women who stopped
treatment is emblematic of the long terminal half-life
[45]. Postmenopausal women who took ALN (mean 51
months) or RIS (53 months) were assessed after they
had discontinued treatment for 13—14 months. Using
an HPLC method, the authors detected urinary ALN
in 41% of the women who had taken ALN, but no RIS
was found in the urine of previous RIS users. These
data can inform the potential impact of discontinuation
of osteoporosis treatment.

79.3.2 Placebo groups from FLEX and
HORIZON

Review of the placebo subjects in the two main long-
term osteoporosis trials provides prospective blinded
data on the impact of BP discontinuation [46]. As
described earlier, in the FLEX trial, subjects previously
on ALN but rerandomized to placebo had no change in
spine BMD over the 5-year extension, but the total hip
BMD decreased 2.8% [6]. In the HORIZON trial exten-
sion after 3 years of annual ZOL infusions, spine BMD
rose similarly in those women receiving three more
annual active drug infusions or three placebo infusions
[8]. In the hip, there was little change in the 3-year
extension. In FLEX, placebo women had more clinical
vertebral fractures than those continuing ALN, whereas
in the HORIZON extension, placebo women had more
morphometric vertebral fractures. In neither study were
there enough nonvertebral fractures to determine the
impact of the discontinuation of active BP on fractures
at these skeletal sites.

79.3.3 Observational studies of drug
interruption (holiday)

Observational studies may have unmeasured con-
founders, but advantages of this study design include
the potential for longer term follow-up and larger
numbers of study subjects, including people who may
not qualify for randomized controlled trials. In a small
study of women and men who discontinued oral treat-
ment for a mean of 6.5 years or intravenous BP for 3.6
years, there were minimal decreases in spine BMD at
24—-30 months [47]. However, total hip and femoral
neck BMD decreased almost 3%. There was only one
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wrist fracture observed as well as 2 foot fractures, and
interestingly a majority of the patients restarted osteo-
porosis treatment. Another observational study
reported that in a follow-up period averaging about
2.5 years, the chance of fracture was 40% higher in
women who discontinued BP treatment compared to
those who remained on treatment [48]. In a somewhat
larger study, 62 of 401 women who stopped treatment
for 5 years developed a fracture [49,50]. Higher age
and lower BMD were associated with greater chance
of fracture. The largest observational study was from
Kaiser Permanente, which is a closed system with
excellent pharmacy records. Women who had taken
BPs for at least 3 years were assessed [21]. Those
women who had maintained at least 50% adherence
were considered persistent. Those who adhered less
than 50% of the time or discontinued for a period of
less than 1 year were considered nonpersistent. A drug
holiday was considered if the patient discontinued
treatment for more than 1 year (average length 3.1
years). The fracture rate (per 1000 person-years) during
the study period was 32.8, 43, and 28.8 for the persis-
tent, nonpersistent, and drug holiday groups, respec-
tively. Thus this large observational study suggested
that intermittent intake of BP led to most fractures.
While the three groups were similar in many ways, it
is quite possible that unmeasured factors were impor-
tant in determining who fractured.

Three systematic reviews of osteoporosis treatment
and discontinuation have been recently published.
Fink et al. concluded that continuing treatment beyond
the first conventional treatment period may lower ver-
tebral fracture risk but may increase the risk of rare
adverse effects [46]. Based on the placebo groups of
the long-term studies discussed earlier, Fink et al. also
concluded that taking ALN for 10 compared to 5 years
was associated with lower risk of clinical vertebral
fracture and having six rather than three infusions of
ZOL was associated with fewer morphometric verte-
bral fractures. Nayak and Greenspan concluded that
women with low BMD at the end of the conventional
initial treatment period were likely to benefit from con-
tinued treatment [51]. Discontinuation of treatment
should be considered for women with higher BMD
(i.e., T-scores > —2.5) at the end of the initial treat-
ment period. Conversely, based on their analysis of the
existing evidence, Dennison et al. disagreed with the
concept of drug holidays being always offered to
patients on long-term BPs [24]. Tailoring the decision
for drug interruption is best based on each individual
patient’s risk—benefit profile from long-term therapy.

After osteoporosis treatment discontinuation, BTMs
are likely to change sooner than BMD. Naylor et al.
studied women who had been treated with IBAN,
ALN, or RIS for 2 years [52]. Fifty-seven women with
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T-scores better than —2.5 completed the 2-year no-
treatment extension, and 50 had BTM data measured.
Two-thirds had changes in CTX beyond the least sig-
nificant change, and almost the same number had
levels above the reference range. Almost three-fourths
had significant increases in PINP. Interestingly, those
women with the greatest change in BTMs had the larg-
est decrease in total hip BMD off therapy (for CTX,
r= —0.58 and for PINP, r = —0.41). These data suggest
that BTMs could serve as a tool for following patients
after discontinuation. However, the FLEX trial showed
that follow-up measurements of BTM were not associ-
ated with fracture incidence off therapy [53]. Using a
different BTM, urinary deoxypyridinoline cross-links
(uDPD), in an observational study, Liel et al. found
that most patients on ALN had a substantial rise in
this marker after the withdrawal of treatment. In about
one-quarter of these women, the uDPD increased to
above the upper limit for premenopausal women.
However, a clinically useful tool for determining when
to restart osteoporosis treatment is not clear from these
studies [54]. Elevation of a BTM beyond the normal
range might be a reasonable target, but it is likely that
even within the normal range, BTM increases may sig-
nal return of increased fracture risk [10]. In a recent
study, Kim et al. compared changes in BMD and BTMs
3 years after switching to placebo from ALN in the
FLEX study and 3 years after switching to placebo from
ZOL in the HORIZON extension study. Subjects in the
former study had greater loss of hip BMD and were
more likely to have a significant rise in PINP. The
authors concluded that the offset of medication effect
from ZOL was longer than from ALN. In clinical prac-
tice, BTM levels can be affected by many factors [10].

79.4 Guidance for patients on long-term
bisphosphonate therapy

The worrisome reports of serious adverse events in
patients on long-term BP in the literature several years
after their drug release on the market culminated in
three consecutive FDA safety-related announcements;
the first on ON]J in 2005, the second on atrial fibrilla-
tion in 2007, and the third on AFF in 2010. Finally, in
September 2011, after a hearing to review the long-
term safety and efficacy of BPs, the FDA recom-
mended that physicians reassess the indication for con-
tinued BP therapy beyond 3—5 years, [55,56] but noted
that drug discontinuation may not be advisable in
high-risk patients. Currently, all FDA-approved BPs
for the treatment of osteoporosis specify “Important
Limitation of Use: The optimal duration of use has not
been determined. All patients on BP therapy should
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have the need for continued therapy reevaluated on a
periodic basis.”[57].

The consecutive FDA warnings and intense media
coverage about potential risks from prolonged BP ther-
apy were paralleled by a series of spikes in internet
search activity on ALN quantified by Google Trends
[2]. This was followed by a steep decline in BP use
over the following years, including high-risk popula-
tions, such as patients with hip fractures, in the United
States [2] and worldwide [58]. This development led
several organizations to examine the evidence to pro-
vide the best possible guidance to their constituencies.
A risk—Dbenefit analysis, risk stratification, and the con-
cept of drug “holiday” became a common approach
incorporated by all organizations in their guidance on
therapy continuation in patients on long-term BPs.
Therapy interruption or suspension may be more
appropriate terms, but holiday is the term most com-
monly used in the literature over the years.

79.4.1 American Society for Bone and Mineral
Research 2016 Task Force Report: managing
osteoporosis in patients on long-term
bisphosphonate treatment

In 2013 the ASBMR convened a multidisciplinary
Task Force on “Managing Osteoporosis Patients after
Long-Term BP Treatment.” Osteoporosis experts in
epidemiology, endocrinology, geriatrics, and drug sur-
veillance served on the Task Force. The main charges
were set by the ASBMR Professional Practice
Committee (PPC), approved by Council, and subse-
quently slightly modified by Task Force members to
address complementary themes. These were to

* “Provide guidance on duration of BP therapy in
patients with postmenopausal osteoporosis,
developing an algorithm that incorporates risk
assessment (efficacy).

* Determine how potential harms may affect duration
of therapy (safety), with a risk/benefit perspective.

* Discuss how the algorithm may apply to men and
to glucocorticoid-induced osteoporosis.”

Three parallel systematic literature searches using
Medline, EmBASE, Cochrane, and PubMed were
implemented on the following: randomized controlled
trials with long-term BPs, BPs and drug holidays, and
BPs and guidelines. The FLEX and HORIZON exten-
sion studies provided the evidence to develop the
algorithm. Other topics thoroughly reviewed by the
Task Force members included BP benefits, harms, dif-
ferential effects, their resolution upon drug discontinu-
ation, monitoring on and off therapy, alternative
therapeutic options, and patient adherence and
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preferences. Case studies were included to illustrate
applicability of the proposed care pathways to chal-
lenging clinical scenarios. The Task Force work
spanned 2 years, the ensuing report was reviewed and
endorsed by the ASBMR PPC, and it underwent peer
review by the JBMR editorial board prior to publica-
tion [59,60].

The derived management algorithm was based on
post hoc analyses from FLEX and HORIZON exten-
sion, registration trials exclusively conducted in post-
menopausal women and thus pertaining to this
specific population. For postmenopausal women who
have been on oral BP therapy for 5 years, or intrave-
nous ZOL for 3 years, but less than 10 years, the Task
Force suggested that oral BP therapy be continued for
up to a total of 10 years for ALN, and 6 years of ZOL,
in the highest risk stratum, namely, patients who had
experienced a hip, spine, or multiple other osteopo-
rotic fractures prior to therapy or those who experi-
enced a major osteoporotic fracture (spine, hip,
humerus, or forearm) on therapy. For the latter sub-
group an evaluation for causes of secondary osteopo-
rosis, appearance of new risk factors, vitamin D
deficiency, and assessment of medication adherence
was recommended. In addition, switching to alterna-
tive therapies was a possible option, but there were no
adequate studies then to evaluate the efficacy of such
an approach. The optimal length of therapy for the
patient who suffers a fracture while on treatment also
could not be defined, and clinical judgment was called
on to address such cases. In individuals who have not
experienced a fracture, other variables that can signal
high fracture risk were recommended to inform deci-
sions on therapy continuation. These were based on
post hoc analyses from FLEX and HOROZON, and
included low T-score (= — 2.5) and older age (>70-75
years). Other variables deemed indicative of high risk
included a high fracture risk based on country-specific
risk assessment tools, medication use (e.g., aromatase
inhibitors, glucocorticoid therapy), or a new diagnosis
of a disorder associated with secondary osteoporosis.
If based on the above criteria the patient remained at
high fracture risk, the Task Force suggested that BP
treatment be continued for another 2—3 years, with
periodic reassessment. Alternative antifracture ther-
apy, with teriparatide (TPTD) or denosumab (Dmab)
as first options, then raloxifene, could be considered
for those patients remaining at high risk for fracture.
For those women who are not considered to be at high
fracture risk, a drug holiday of 2—3 years was to be
considered, with monitoring and risk assessment every
2—3 years (possibly earlier for women on RIS). Tools
to identify patients who will fracture off therapy and
for monitoring are limited, and therefore the Task
Force report suggests reinitiation of therapy, using BPs
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or alternative therapies, if a patient's T-score drops
below —2.5, or additional risks appear [59]. Although
the report did not support routine measurement of
bone remodeling markers, it noted that some experts
would resume therapy in patients when they exceed
the lower half of the premenopausal range, off therapy
[61]. The report also examined data in men and sub-
jects on glucocorticoids and concluded that the algo-
rithm would probably be applicable to men and
patients with glucocorticoid-induced osteoporosis,
with some modifications, such as raising T-score
thresholds for risk stratification in patients on steroids.

In its risk—benefit assessment the report compared
the incidence of ONJ and AFF and that of typical oste-
oporotic fractures, as well as that of other important
outcomes and serious events. BP therapy for up to 5
years will prevent approximately 175 hip fractures,
1470 vertebral fractures, and 945 wrist fractures (2590
total/100,000) for 16 AFFs/100,000 associated with
treatment. This would equate into a total of 162 frac-
tures of the spine, hip, or forearm prevented/AFF
potentially caused. For longer treatment, there are
insufficient data to derive similar estimates [59].

The Task Force report underscored several limita-
tions to the evidence available and thus to its
approach, in its abstract, main text, and conclusion.
The algorithm reflected data from clinical trials in
which the majority of subjects were Caucasian women
(from Europe and America). It was based on limited
evidence and applies only to vertebral fracture reduc-
tion, mostly in white postmenopausal women (from
Europe and America), and not necessarily to other
BPs. Furthermore, the reduction in vertebral fractures
differed between FLEX and HORIZON. The reduction
was in clinical vertebral fractures with 10 years of
ALN (compared to 5 years of ALN and 5 years of pla-
cebo) and for morphometric vertebral fractures with 6
years ZOL (compared with 3 years ZOL and 3 years of
placebo). Finally, the report outlined that country-
specific thresholds and those for non-Caucasian
women vary for initial treatment and therefore this
may also affect thresholds for continuation or reinstitu-
tion of therapy. In view of all previously limitations
the report therefore used the terms guidance rather
than guideline, “suggested approach,” and verbs such
as “may” and “would” rather than should, consistently
in the document. The abstract reads “It is obvious that
there is relatively little evidence on which the Task
Force can base recommendations, and indeed we have
presented management suggestions based on limited
data and clinical experience.” A call for clinical judg-
ment was made and for the ultimate decision to con-
tinue long-term BP therapy beyond 5 years to take into
consideration previously limitations, patients’ values,
and preferences, to enable an individualized approach.
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Its approach was incorporated in the algorithm pro-
posed by the Endocrine Society in its clinical practice
guideline (CPG) on “Pharmacologic Management of
Osteoporosis in Postmenopausal Women.”

79.4.2 Endocrine Society 2019 Clinical
Practice Guideline: pharmacological
management of osteoporosis

in postmenopausal women

In 2016 the Endocrine Society convened an interna-
tional panel of experts with the main objective to for-
mulate a CPG for the pharmacological management of
osteoporosis in postmenopausal women [62]. The com-
mittee included endocrinologists and osteoporosis
experts from Canada, the United States, and Europe
and a methodology expert. It commissioned two sys-
tematic reviews, one to quantify the evidence for the
efficacy of various pharmacologic interventions to
reduce vertebral, hip, and nonvertebral fractures and
the other to assess patients’ preferences in a qualitative
approach. The first systematic review and metaanaly-
sis included 107 trials (193,987 postmenopausal
women; mean age of 66 years; 55% Caucasian; median
follow-up of 28 months). It reiterated the established
efficacy of HRT (hormone replacement therapy) and
SERMs (selective estrogen receptor modulator) [RRR
(relative risk reduction) 40%—44%, tibolone, raloxi-
fene], BPs [(RRR 31%—56%), ALN, RIS, ZOL, and
IBAN], Dmab (RRR 68%), anabolics (RRR 74%—87%,
TPTD, abaloparatide) in reducing the risk of vertebral
fractures. Similarly, BPs (ALN, RIS, ZOL), Dmab, HRT
(estrogen with or without progestogen), and a cal-
cium/vitamin D combination reduced the risk of hip
fractures by 40%. BPs (ALN, RIS, ZOL), Dmab, TPTD,
abaloparatide, hormone therapy (HT), tibolone, cal-
cium or vitamin D, romosozumab, and bazedoxifene
reduced the risk of nonvertebral fractures by 17%—
46%. The second systematic review revealed that
women gave equal weight to effectiveness and adverse
events, followed by the convenience of taking the
drug. Cost and duration of treatment were less impor-
tant factors for decision-making. The CPG committee
developed an approach regarding BP drug holidays
based on risk stratification. Low risk included subjects
with no prior hip or spine fractures, a BMD T-score at
the hip and spine both above —1.0, and 10-year hip
fracture risk <3%, or 10-year risk of major osteoporotic
fractures <20%; moderate-risk subjects with no prior
hip or spine fractures, a BMD T-score at the hip and
spine both above —2.5, or 10-year hip fracture risk
<3%, or risk of major osteoporotic fractures <20%;
high-risk subjects as those with a prior spine or hip
fracture, or a BMD T-score at the hip or spine = —2.5,
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or 10-year hip fracture risk =3%, or risk of major oste-
oporotic fracture risk =20%; and very high risk
includes multiple spine fractures and a BMD T-score
at the hip or spine equal to or below —2.5 [62]. The
guidelines recommended BPs as first-line therapy to
treat postmenopausal women at high risk (high-quality
evidence), and for those taking BPs, that fracture risk
be reassessed after 3—5 years, and that women who
remain at high risk of fractures to continue therapy,
while those who are at low-to-moderate risk of frac-
tures to be considered for a “BP holiday (low-quality
evidence).” BP holiday was defined as a temporary
discontinuation of the drug for up to 5 years, possibly
longer depending on BMD and clinical scenario. The
guidelines recommend reassessment of fracture risk
every 2—4 years and consideration of osteoporosis
therapy reinitiation earlier than the 5-year holiday
maximum, in the event of an interim fracture, a signifi-
cant decline in BMD, or increased clinical risk status.
The CPGs also underscored that fracture risk stratifica-
tion should be determined using country-specific
assessment tools to guide decision-making. Its derived
cutoffs were based on FLEX and HORIZON extension
studies that consisted mostly of Caucasian subjects,
and the T-score cutoff and thresholds specified and
may not be applicable to other populations.

79.4.3 American Association of Clinical
Endocrinologists 2019: clinical practice
guideline for the diagnosis and treatment
of postmenopausal osteoporosis

American Association of Clinical Endocrinologists
(AACE) issued their original set of recommendations
for the management of postmenopausal osteoporosis
in 2010. The original document suggested a drug holi-
day after 4—5 years of BP treatment in patients at mod-
erate risk of fractures, and after 10 years for high-risk
patients, but the terms high and moderate risk were
not defined [63]. The update includes an additional
risk stratum: very high-risk patients [64]. In the 2019
update, AACE refined risk stratification as follows:
Recommendation 23. Patients at very high fracture
risk include those with a recent fracture (e.g., within
the past 12 months), fractures while on approved
osteoporosis therapy, multiple fractures, fractures
while on drugs causing skeletal harm (e.g., long-
term glucocorticoids), very low T-score (e.g., <-3.0),
high risk for falls or history of injurious falls, and
very high fracture probability by FRAX® (fracture
risk assessment tool) (e.g., major osteoporosis frac-
ture >30%, hip fracture >4.5%) or other validated
fracture risk algorithm. Patients, who have been
diagnosed with osteoporosis but are not at very
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high fracture risk, as defined above, are considered
high risk (Grade B; BEL 1; downgraded due to lim-
ited evidence). With regard to drug holidays in
patients on BPs, the 2019 update recommends the
following: Recommendation 36 [65]. For BPs, con-
sider a BP holiday after 5 years of oral treatment, or
3 years of intravenous treatment, if fracture risk is
no longer high (T-score > —2.5, no fractures, etc.),
but continue treatment if fracture risk remains high
(Grade B; BEL 2): Recommendation 37. For oral BPs,
consider a BP holiday after 6—10 years of stability in

79. Long-term bisphosphonate treatment: continuation and interruption

patients with very high fracture risk and continue
treatment if fracture risk remains high (Grade B;
BEL 2): Recommendation 38. For ZOL, consider a BP
holiday when fracture risk is no longer high, but
continue treatment when fracture risk is high
(Grade A; BEL 1): Recommendation 39. The ending
of a BP holiday should be based on individual
patient circumstances such as an increase in fracture
risk, a decrease in BMD, or an increase in BTMs
(Grade A; BEL 1). For information on grading of the
evidence, please refer to Table 79.1 [64].

t0o010  TABLE 79.1 2010 AACE protocol for production of clinical practice guidelines.
2010 AACE protocol for production of clinical practice guidelines
2004 AACE criteria for grading recommendations
Recommendation grade Description
A Homogeneous evidence from multiple, well-designed, randomized controlled trials with sufficient statistical power
Homogeneous evidence from multiple, well-designed, cohort-controlled trials with sufficient statistical power
=1 Conclusive level 1 publications demonstrating benefit > risk
B Evidence from =1 well-designed clinical trial, cohort- or case-controlled analytic study, or metaanalysis
No conclusive level 1 publications; =1 conclusive level 2 publications demonstrating benefit > risk
C Evidence based on clinical experience, descriptive studies, or expert consensus opinion
No conclusive level 1 or 2 publications; =1 conclusive level 3 publications demonstrating benefit > risk
No conclusive risk at all and no conclusive benefit demonstrated by evidence
D Not rated
No conclusive level 1, 2, or 3 publications demonstrating benefit > risk
0010 Conclusive level 1, 2, or 3 publications demonstrating risk > benefit

2010 AACE update: mapping evidence levels to recommended grading

BEL Subject factor impact Two-thirds consensus Mapping Recommended grading
1 None Yes Direct A
2 Positive Yes Adjust up A
2 None Yes Direct B
1 Negative Yes Adjust down B
3 Positive Yes Adjust up B
3 None Yes Direct C
2 Negative Yes Adjust down C
4 Positive Yes Adjust up C
4 None Yes Direct D
3 Negative Yes Adjust down D
1,234 NA No Adjust down D

1, Strong evidence; 2, intermediate evidence; 3, weak evidence; 4, no evidence. Starting with the left column, BEL, subjective factors, and consensus map to
recommendation grades in the right column. When subjective factors have little or no impact (none), then the BEL is directly mapped to recommendation grades.
When subjective factors have a strong impact, then recommendation grades may be adjusted up (“positive” impact) or down (“negative” impact). If a two-thirds
consensus cannot be reached, then the recommendation grade is D. NA = not applicable (regardless of the presence or absence of strong subjective factors, the
absence of a two-thirds consensus mandates a recommendation grade D). BEL, Best evidence level.

Reproduced with permission from Camacho PM, Petak SM, Binkley N, Clarke BL, Harris ST, Hurley DL, et al. American Association of Clinical Endocrinologists and American
College of Endocrinology Clinical Practice Guidelines for the Diagnosis and Treatment of Postmenopausal Osteoporosis - 2016. Endocr Pract. 2016,22(Suppl. 4):1—42.
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79.4.4 National Osteoporosis Guidance Group
2017: clinical guideline for the prevention and
treatment of osteoporosis

The UK National Osteoporosis Guideline Group
(NOGG) developed a care path algorithm that suggests
a drug holiday in individuals who have no history of
fracture, whose FRAX risk falls below the NOGG inter-
vention threshold, and whose hip BMD T-score is
above —2.5; in such patients, repeating FRAX with
BMD in 1.5-3 years was recommended [66—68]. The
NOGG guidance was updated in 2017. It recommends
continuation of BP treatment beyond 3—5 years (3
years for ZOL and 5 years for ALN, IBAN, and RIS) in
high-risk individuals (Evidence level IIb, Grade of rec-
ommendation B). Individuals at high risk were defined
as 75 years or older, with a previous history of a hip or
vertebral fracture, who experience one or more low
trauma fractures on therapy (after excluding poor
treatment adherence and ruling out causes of second-
ary osteoporosis) or on current treatment with oral
glucocorticoids (=7.5 mg prednisolone/day or equiva-
lent). If treatment is discontinued, the document
recommends to reassess fracture risk after a new frac-
ture regardless of when it occurs and after 18 months
to 3 years in the absence of fractures (Grade C

TABLE 79.2 Grading of recommendations.
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recommendation). The authors also state that
treatment review should be performed after 5 years of
treatment with ALN, RIS, or IBAN and after 3 years of
treatment with ZOL (Grade C recommendation).
Reassessment of fracture risk in treated individuals
can be performed using FRAX with femoral neck BMD
(Grade B recommendation). The NOGG intervention
thresholds can then be used to guide the decision as to
whether treatment can be stopped for a period of time.
If the hip BMD T-score is = — 2.5, resumption of treat-
ment should be considered regardless of FRAX-
derived fracture probability. If markers of bone turn-
over indicate relapse from suppressed bone turnover
and BMD has decreased following withdrawal,
resumption of treatment should be considered (Grade
C recommendation). For information on grading of the
evidence, please refer to Table 79.2 [68].

79.4.5 Calculations of benefit and risk by

experts

In addition to the work of various organizations,
osteoporosis experts have reviewed the evidence and
provided estimates of the osteoporotic fractures saved
by treatment compared to the number of atypical

Levels of evidence for studies of intervention are defined as follows:

Ia from metaanalysis of RCTs
Ib from at least one RCT

ITa from at least one well-designed controlled study without randomization

IIb from at least one other type of well-designed quasiexperimental study

III from well-designed nonexperimental descriptive studies, e.g., comparative studies, correlation studies, case—control studies
IV from expert committee reports or opinions and/or clinical experience of authorities

The validity of candidate risk factors is also assessed by an evidence-based approach:

Ia systematic reviews or metaanalysis of level I studies with a high degree of homogeneity
Ib systematic reviews or metaanalysis with moderate or poor homogeneity

Ic level I studies (with appropriate populations and internal controls)
ITa systematic reviews or metaanalysis of level II studies

IIb level II studies (inappropriate population or lacking an internal control)

ITIa systematic reviews or metaanalysis of level III studies
IIIb case—control studies

IV evidence from expert committees without explicit critical scientific analysis or that based on physiology, basic research, or first principles

The quality of the guideline recommendations is similarly graded to indicate the levels of evidence on which they are based:

Grade A evidence levels Ia and Ib
Grade B evidence levels Ila, IIb, and III
Grade C evidence level IV

Risk factors can also be categorized according to evidence for reversible risk:

Grade A validated by use as inclusion criteria in randomized controlled trials
Grade B do not adversely affect fracture outcomes in randomized controlled trials

Grade C untested or adversely affect intervention outcomes

RCTs, randomized controlled trials.

Data from NOGG: Clinical guideline for the prevention and treatment of osteoporosis, Available from: <https:/[www.sheffield.ac.uk/NOGG/NOGG %20Guideline%202017 .pdf>;

2017 [accessed 28.10.19]
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fractures associated with treatment. Black and Rosen
estimated that many more typical osteoporotic frac-
tures would have happened over 3 years if patients
had not taken BPs, compared to the few AFF that
would have occurred if the patients had adhered to BP
treatment [69]. In estimates from a later detailed
review of atypical fractures, 1000 osteoporotic fractures
would be prevented by 3 years of BP treatment com-
pared to 0.8 atypical fractures caused by the drugs
[34]. Importantly, of the 1000 prevented, 110 were esti-
mated to be hip fractures and 710 were estimated to be
vertebral fractures. Given the excess mortality noted
with these important fractures, the article concluded
that benefits of BP treatment of osteoporosis clearly
outweigh the risks. As summarized in the review (and
described in Chapter 75), there are clinical characteris-
tics that are associated with increased risk for AFF.
Such characteristics are used in the clinical judgment
recommended by the guidelines and approaches
described previously.

79.4.6 Summary

The various approaches summarized earlier are all
based on data provided by the FLEX and HORIZON
extension studies. They unanimously recommend risk
assessment after 5 years of oral BP and 3 years of IV
BP and continuation of therapy in high-risk indivi-
duals (with some variation in risk definition). Two
recent systematic reviews and metaanalyses confirm
that the only two trials to develop care pathways
regarding long-term therapy with BPs and drug holi-
days are the FLEX and HORIZON extension studies
[46,51].

Therapy continuation for up to 6 years with IV ZOL
and 10 years with ALN reduces the risk of morpho-
metric and vertebral fractures, respectively, with no
consistent evidence on nonvertebral fractures. The
feared serious adverse events of AFF and ONJ are real
and have to be put in the context of a risk—benefit
analysis as outlined by the ASBMR and detailed previ-
ously [59]. There is no evidence to guide the manage-
ment of patients on long-term BP beyond 10 years for
oral ALN and 6 years for intravenous ZOL; and
recommendations after such durations will have to be
made by experts.

It is highly unlikely that there will ever be random-
ized controlled trials of sufficient size and duration to
provide the evidence needed for a definitive strategy
for long-term therapy in patients with osteoporosis.
Thus the ASBMR Task Force guidance/algorithm
remains current today (Fig. 79.1). Additional evidence
regarding the effect of offset of treatment post drug
discontinuation, combination, and sequential therapy,
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as well as the approval of two new anabolic therapies,
abaloparatide and romosozumab, may affect the selec-
tion of alternative therapies in the event of BP
discontinuation.

79.5 Suggested approaches to long-term
treatment

Risk stratification remains the basis of shared
decision-making with patients on long-term BPs with
regard to initiation, continuation of drug therapy, or
institution of drug holidays, as outlined in the recom-
mendations by the various major organizations in pre-
ceding section. Age, BMD, and prior fractures remain
the most consistent predictors of future fracture prior
to therapy initiation, and probably so on therapy and
while on drug holiday [24,59]. Risk calculators are also
gaining increasing attention [70,71]. However, the cur-
rent evidence is rather limited, based on trials con-
ducted in large part in Caucasian women, limiting
their generalization worldwide, and provided by
implementing multiple simultaneous comparisons that
were not corrected for multiplicity of testing.

Notwithstanding these limitations, we herein sum-
marize the evidence as available today.

79.5.1 Surrogate end points for fracture on
therapy

The Foundation for the National Institutes of Health
(FNIH) Bone Quality project aims to collect subject
level data from all placebo-controlled randomized
trials to identify surrogate end points for fractures that
can be used for new therapeutic drugs, namely, BMD
and bone markers. The investigators conducted a
metaregression based on 38 placebo-controlled trials of
19 therapeutic agents, inclusive of 6 BPs (20 trials), 4
SERMs (5 trials), calcitonin, estrogen compounds
(2 trials), tibolone (1 trial), anti-RANK Ligand antibody
(2 trials), parathyroid hormone (PTH) [1—-84] (1 trial), 2
PTH analogs (4 trials), antisclerostin antibody (1 trial),
and a cathepsin K inhibitor (1 trial), [72]. The analyses
of BMD change and vertebral fracture included
111,183 subjects and 4557 fractures, and of BMD
change and hip fracture included trials with 94,469
subjects enrolled and 882 hip fractures. They revealed
that 2% or 6% improvements in total hip BMD on ther-
apy were associated with a 28% or 66% reduction in
vertebral fracture risk and a 16% or 40% reduction in
hip fracture risk, respectively [72]. Regression models
for the largest BMD changes at the total hip of 6% had
7* of 0.56 and 0.48 for vertebral and hip fracture reduc-
tion estimates, respectively. Conversely, BMD
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79.5 Suggested approaches to long-term treatment

FIGURE 79.1 Approach for man- 0010
Postmenopausal women treated with oral (= 5 years) agement of postmenopausal women on
or IV (= 3 years) BPs long-term  bisphosphonate  therapy.
Source: Figure reproduced with permission,
Wiley Inc. Adler R, El-Hajj Fuleihan G,
4 et al. [BMR 2016;31(10):1910. Leslie WD,
Hip, spine, or multiple other osteoporotic fracturesbefore or during therapy Lix LM, Johansson H, Oden A, McCloskey
E, Kanis JA, et al. Does osteoporosis ther-
Yes No apy invalidate FRAX for fracture predic-
tion? | Bone Miner Res 2012,27
Reassess benefits/risks ) _ @ (6):1243=51.
Consider continue BP () or HiRER S
change to alternative therapy (2) ) or
high fracture risk )
Reassess every 2-3 years
Yes No
v v
Reassess benefits/risks . i
Consider continue BP for up to 10 years (") CeiE ey hltey
or change to alternative therapy ® Reassess every 2-3 years ©
Reassess every 2—3 years
(1) From the registration trials, the benefits of 5 years of therapy clearly outweigh the risks.For treatment
up to 10 years with oral bisphosphonates (FLEX extension) and 6 years with intravenous
bisphosphonates (HORIZON extension), estimates of benefits and risks are based on much weaker
data. For patients who fracture on therapy, assess adherence and rule out secondary causes of
osteoporosis. Management of high-risk patients is discussed in the text.
(2) The benefits of switching to an alternative anti-fracture therapy after prolonged bisphosphonate
treatment have not been adequately studied.
(3) Based on FLEX and HORIZON extension study (Caucasian women), may not apply to other populations.
(4) High fracture risk: defined by older age (7075 years), other strong risk factors for fracture, or FRAX
fracture risk score that is above country-specific thresholds. The use of FRAX in patients on therapy
was only assessed in the Manitoba observational cohort.”
(5) Reassessment includes clinical evaluation, risk assessment, including risk factors and may include
bone density measurement by DXA. The monitoring interval with DXA should be based upon changes
that are detectable and clinically significant. Reassessment may be necessary at less than 2 years in
patients with a new fracture, or in light of anticipated accelerated bone loss (e.g., institution of
aromatase inhibitor or glucocorticoid therapy).
increments were not predictive of nonvertebral frac- necessarily apply to an individual patient on therapy
tures between treatment and reduction in nonvertebral in terms of predicting treatment response.
fractures, possibly because such a relationship, even Investigators on the FNIH at project also analyzed po4ss

for the most effective agents, is generally much weaker
[72]. The study findings are consistent with similarly
conducted metaregressions evaluating the relationship
between BMD and vertebral fractures and nonverteb-
ral fractures albeit with a smaller number of total
participants [73,74]. Limitations of the FNIH metare-
gression include the heterogeneity in study duration
and definition of fractures between trials, and the fact
that only BMD changes obtained at the end of the
study, and not earlier, were correlated with fracture
efficacy. Most importantly, the significant findings
were achieved with regression curves derived from a
very large number of subjects (>100,000) and may not

study-level data from 28,000 participants enrolled in 11
BP and 3 SERMs placebo-controlled fracture end point
trials. Changes in bone alkaline phosphatase (ALP)
and N-terminal propeptide of type I procollagen
(PINP) were available for over 16,000 and 10,000 parti-
cipants, respectively. There was a strong relationship
between treatment-related bone ALP or PINP changes
and vertebral fracture risk reduction [r*=0.82
(P <.001) and * =0.75 (P <.011), respectively]; but the
relationships were weaker and no longer statistically
significant for nonvertebral and hip fractures.
Analyses limited to BP trials gave similar results. For
all fracture types, relationships with all fracture types
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were weaker and nonsignificant for bone resorption
markers, namely, NTx/Cr and sCTX [75]. Noteworthy,
not all trials measured all four markers, assays and
fasting status of individuals varied, and cross-
calibration between the various assays was not avail-
able. The findings do not apply to anabolic therapies,
and most importantly, the findings do not apply to
individual subjects. The conclusions are, however, con-
sistent with previously published analyses from smal-
ler and shorter studies conducted at the individual
level [53,76—81]. It is possible, but not established yet,
that early BTM monitoring may eventually be useful to
identify treated individuals demonstrating a subopti-
mal treatment response.

79.5.2 Surrogate end points for fracture off
therapy

In the FLEX study the only significant predictor(s)
of fracture risk reduction was for nonspine fractures in
women with an FN T-score = —2.5 and no vertebral
fracture at study baseline, if subjects continued ALN
for 10 years compared to a similar subgroup who dis-
continued ALN after 5 year (1/12 subgroup analyses
that turned out significant) [82]. In addition, femoral
neck and total hip T-scores, entered as tertiles at study
extension, predicted a threefold increase in the risk of
any clinical fracture after ALN discontinuation in sub-
jects who were randomized to placebo [53]. Similarly,
age (entered as a continuous variable) and hip BMD T-
score (lowest vs other two tertiles) at time of holiday
initiation predicted clinical vertebral fractures during
the 5 years extension [53]. In the HORIZON extension,
subjects with an FN or total hip T-score = —2.5 at
entry into the extension, had an increased risk of mor-
phometric vertebral fractures by three- to fourfold, if
randomized to placebo [83]. Similarly, on univariate
analyses, hip T-score entered as a continuous variable,
prevalent vertebral fractures, and incident nonverteb-
ral fractures in the core study predicted the risk of
nonvertebral fractures, in subjects assigned to placebo
in the extension [83]. BTM measurements, while hav-
ing some promise, and used by some experts, cannot
be recommended for risk stratification at the individ-
ual level at this time [59]. For an overview of the clini-
cal utility of BTMs in untreated or treated individuals,
please refer to a recent clinical review [84].

79.5.3 Alternative therapies after long-term
bisphosphonates

Switching to alternative therapies in high-risk
patients on long-term BPs, as opposed to continuation
with a BP, is a consideration (Fig. 79.1, ASBMR
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algorithm). The switch could be to a more potent
antiresorptive (Dmab) or to anabolic treatment. The
evidence to-date consists of RCTs with BMD data as
outcome [85—87] and is summarized in Table 79.3
(switch to Dmab) and Table 79.4 [88—93] (switch or
add on to TPTD), as compared to BP continuation. The
trials were relatively small (Iess than a hundred to few
hundreds per arm), included subjects in mid—late
1960s, on prior BP treatment on the average for 1.5-3
years, with the exception of the study by Miller et al.
(6.3 years), and only lasted 1 year, for studies switch-
ing to Dmab (Table 79.3), and 2—5 years for studies
switching to TPTD (Table 79.4), with a follow-up for
up to 2 years. Lag time or washout periods between
switch was zero, undefined, or relatively short being
less than a month for the most part (Tables 79.3 and
79.4). Switching to Dmab, as opposed to BP continua-
tion, consistently resulted in slightly larger increments
in total hip BMD by a mean of 0.9%—1.6% (Table 79.3
and Fig. 79.2) [94—97], increments that are modest.

However, such modest changes have been demon-
strated to result in reductions in the risk of vertebral
and nonvertebral fractures in metaregression analyses
[98,99]. Conversely, switching from BP to TPTD consis-
tently resulted in an early loss of BMD in the first
6—12 months, a loss that ultimately reversed by 18
months (Table 79.4 and Fig. 79.3) [88—91].

These early decrements led some investigators to
recommended bridging the switch to TPTD with con-
tinued BP treatment for a few months, but the optimal
duration for such overlap is unclear [89]. Such decre-
ments early after switch to TPTD come in sharp con-
trast to the increments in bone mass at several skeletal
responses in treatment naive subjects. In one recent
study, switching to a newer anabolic agent, romosozu-
mab, did not lead to a short term decrease in hip BMD
[100]. It is important to note that Dmab, TPTD, abalo-
paratide, and romosozumab therapy are associated
with rapid bone loss postdiscontinuation. Thus consol-
idation of achieved gains with a potent BP is required
[85,87]. However, it is unclear whether such losses
after discontinuation of Dmab or TPTD do take place,
to the same extent or at all, in patients previously trea-
ted with long-term BPs [101]. Equally unclear is the
treatment efficacy of the previously described treat-
ment alternatives in patients who were previously on
long-term BP, as is their optimal treatment duration.

79.6 Conclusion

The chronic nature of osteoporosis mandates a life-
long management approach. Once the diagnosis is
made, treatment decisions and drug selection are
based on fracture risk assessment and drug efficacy
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0020 TABLE 79.3 Randomized trials investigating change in bone mineral density 1 year after switching to denosumab (Dmab) versus
continued bisphosphonate (BP) therapy.

%
. Changes
Prev1?us BP in total
duration hip
Arm/ Mean BMD
Drug group/ total (£SD)
study sample Age (years, T-score total History of Median (Q1, 12
Study/entry criteria duration size mean * SD) hip fracture N (%) Q3) months® Lag/washout period months
Simultaneous therapy
Kendler et al. [94]/ — Dmab 253/ 66.9*7.8 —1.79+0.82 Osteoporotic: 117 36.0 (6, 133)  Subjects received open- 1.9°
Postmenopausal women =55 60 mg every 504 (47%) label, branded ALN 70 mg
years —4 =T-score = —21LS 6 months once weekly for a month
or HipALN 70 mg/week for at . prior to randomization
least 6 months —ALN 251/ 682+77 —1.81+0.74 Osteoporotic: 134 34.5 (6, 192) 1.05
continuation 504 (53%)
70 mg once
weekly
Recknor et al. [95]/ —Dmab 417/ 67.2+8.1 —1.8+0.7  Osteoporotic:132  16.7 (4.8, Discontinued BP therapy 1 2.3"
Postmenopausal women =55 60 mg every 833 31.7) 51.7) month or more before
years —4=T-score = —2LSor 6 months screening
hipDiscontinued BP therapy 1 Nonvertebral:
month or more prior to 121 (29)
screening or had insufficient Vertebral: 23
adherence (5.5)
—IBN 150 416/ 66.2+7.8 -1.8+07 Osteoporotic: 121 16.8 (4.0, 1.1
monthly 833 (29.1) 57.4)
Nonvertebral:
105 (25.2)
Vertebral: 23
(5.5)
Roux et al. [96]/ —Dmab 435/ 67.8+7.0 —16*+09  Osteoporotic:151 20.0 (5.7, No wash out period: subject 2"
Postmenopausal women =55 60 mg every 870 (34.7) 52.5) must have either stopped
yearsReceiving ALN =1 month 6 months . oral ALN therapy before the
prior to screening Stopped ALN 133 were still screening visit, or was still
before the screening or had recewving taking oral ALN therapy
insufficient adherence ALN at
study entry
—RIS 435/ 67.7+6.8 —16*08  Osteoporotic:150 27.2 (8.9, 0.4
150 mg once 870 (34.5) 64.0)
monthly .
126 were still
receiving
ALN at
study entry
Miller et al. [97]/ — Dmab 321/ 685*7.1 —1.93+0.74 Any:169 (526) 62* (3.8) Oral BP therapy for 2 years  1.9°
Postmenopausal women = 55 60 mg SC 643 . years or longer immediately
years =2 years oral BP therapy every 6 Osteoporotic:120 before screening No lag
before screening months (67.4) period
T-score = —2.5LS, TH, FN Nonvertebral:
109 (34)
Vertebral: 24
(7.5)
— ZOL 322/ 69.5+77 —1.93+0.80 Any:159 (494) 64*+(3.7) 0.6
5mg IV 643 . years
every 12 Osteoporotic:121
months (87.6)
Nonvertebral:
106 (32.9)

Vertebral: 28
8.7)

“"Months unless mentioned otherwise.
YSignificant difference in % change in hip BMD between the two arms, P< .05.
ALN, Alendronate; BMD, bone mineral density; Dmab, denosumab; IBN, ibandronate; RIS, risedronate; ZOL, zoledronic acid.
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t0025 TABLE 79.4 Randomized trials investigating change in bone mineral density after switching to or adding teriparatide.

Previous % Change in total hip BMD
BP
duration
Mean
Arm/ History (*SD)
total Age of Median
sample (years, Total hip  fracture (Q1, Q3) 6 12 18 24
Study/entry criteria Drug group size mean *S) T-score N (%) months Lag/washout period months months months months

Ettinger et al. [90]/ ALN-TPTD  33/59 71.2*+765 —23*08 - 293+ NA -1.8%" — 0.3%" —
Women 60—87 years (5.2)

of age

Prior LS or TH T-score RLX—=TPTD  26/59  688+%5.6 —21%05 — 29.0 + 0.5% - 1.8% -
= —250n ALN 3)

10 mg/day or RLX

60 mg/day for 18—36

months before study

entry.

Boonen et al. [88]/ ALN-TPTD 107/ 703*+69 — — 29.2 (19.2, Median (Q1, Q3): -12% —06% +0.6% +21%
Postmenopausal 245 52.3) ALN: 28.0 (17.0, 38.0)

women =55 years LS days RIS: 26.0 (14.0,

(L1-L4), FN, or TH T- RIS—TPTD 59/245 689+7.1 — — 23.4(19.2, 41.0) days -1.6% —04% +09% +29%
score <—25and =1 29.7)

preexisting clinical

vertebral or

nonvertebral fragility

fracture within the

last 3 years before

enrollment

Use of BP (ALN, RIS,

or etidronate) >12

months with <3

months of any other

BP

Use of non BP >12

months with <3

months of any BP

Miller et al. [91]/ RIS—TPTD 146/ 693+74 —31%x0.6 Fragility 372*+10.3 1-2 weeks -12% —-03%" — -
Postmenopausal 292 fracture:

women with 101

osteoporosis LS or TH (69.2%)

T-score = —2.0 and B

=1 prevalent ALN-TPTD 146/ 67.7*78 —31%+0.6 Fragility 38.0*11.1 -19% -17% - —
osteoporotic fracture 292 fracture:

Received either ALN 100

10 mg daily or 70 mg (68.5%)

weekly or RIS 5 mg

daily or 30—35 mg

weekly for at least 24

months

Cosman et al. [89]/ ALN-TPTD/ 50/102 69.1*+14 —20*01 — 45.7+3.1 No lag period -08% — +09% —
Postmenopausal 18 months mentioned women
women =50 years continued ALN and
Previous diagnosis of ALN+TPID/ 52/102 678+14 —20=0.1 - 384%30 RAL treatments during
osteoporosis based on 18 months the 2-month

fracture history and/" RAL L TPTD/ 49/96 686+1.1 —21+0.1 — 39.8+30 antiresorptivephase =y g5 _ 18% -
or LS or TH T-score 18 months and then randomized

=-20 (1:1) to either continue

On ALN 70 total mg/ RAL+TPTD/ 47/96 683*11 —-19*+01 — 46.3+3.1 or discontinue their +1.8%" — +28% —
week or RAL 60 mg/ 18 months ALN or RAL

day for at least 18 treatments

months

+14%" — +32%" —

“Significant difference in % change in hip BMD between the two arms.
ALN, Alendronate; BMD, bone mineral density; RLX/RAL, raloxifene; RIS, risedronate; TPTD, teriparatide.
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FIGURE 79.2 Change in hip BMD at 12 £0015
months with continued bisphosphonate versus
switch to denosumab. * Indicates significant dif-
ference  between  groups, P<.05. ALN,
Alendronate; BMD, bone mineral density; BP,
bisphosphonate; Dmab, denosumab; IBN, ibandro-

nate; RIS, risedronate; ZOL, zoledronic acid.
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FIGURE 79.3 Change in hip BMD after f0020
switching from a bisphosphonate to teriparatide.
* Indicates significant difference between groups,
P <.05. ALN, Alendronate; BMD, bone mineral
density; RSN, risedronate; TPTD, teriparatide.
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(taking into consideration the skeletal sites at the high-
est risk of fracture). The challenge is to determine the
optimal duration of therapy taking into account frac-
ture risk stratification (low, moderate, high, very high),
its changing nature over time, patient adherence and
preferences, pharmacokinetics/offset of efficacy of
drug therapy, and a risk—benefit analysis. New drugs
were approved based on registration trials similar to
the ones for existing approved drugs, and no trials are
anticipated to address sequential therapies over
extended periods of time, in general, and following ini-
tial BP therapy in particular. Furthermore, there is also
no evidence base to inform treatment decisions beyond
10 years. Therefore the management of such patients is
based on expert opinion taking into account the
patient’s individual risk profile.

The ASBMR algorithm provides a framework for po49s
decision-making that is based on fracture risk assess-
ment in patients on BPs for less than 10 years. While
the recommendation to treat fragility fractures is uni-
versal, risk stratification in treatment naive patients,
who have not experienced a fracture, is quite variable
worldwide [102]. Fracture risk assessment approaches
in patients on long-term BPs are equally variable. They
include clinical risk factors, comorbidities (steroids,
frailty), T-scores, fracture risk calculators (both with
variable cutoffs), or a combination of any of these.
Concerns regarding the accuracy of risk assessment
tools to predict future fractures in patients on therapy
have been raised, but analyses from the Manitoba
Canadian cohort suggest that at least in the case of
FRAX they are feasible [103]. We concur with the
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ASBMR approach on fracture risk assessment after 3
years of intravenous ZOL and 5 years of oral BP ther-
apy, and on recommendations to continue BP therapy,
for up to 6 years of intravenous ZOL, or up to 10 years
for oral BPs, in high-risk patients. We consider indivi-
duals at high risk those who are older (>70-75
years), have comorbidities such as frailty or are on cor-
ticosteroids or sex-steroid ablation hormonal therapy,
have a low BMD if Caucasians (T-score below —2 or
—2.5 at the hip), exceed their country-specific fracture
risk threshold, and those who suffer prevalent (spine
or hip), or incident fractures on BP treatment (pro-
vided poor adherence and secondary causes of osteo-
porosis have been ruled out). Subjects at lower risk can
be considered for a BP drug interruption or holiday,
with periodic monitoring every 2—3 years, consisting
of clinical evaluation, measurement of BMD, and pos-
sibly bone markers [59,72,75]. Consideration to resume
drug therapy in patients on drug holidays is probably
best based on incident fractures, bone loss (exceeding
center-specific least significant change), high fracture
risk score, and possibly high BTMs (exceeding lower
third of premenopausal range). Importantly, it would
be most desirable to refer patients on long-term BP to
a bone expert, who can best describe benefits and risks
to the individual patient, engaging him/her in the
decision to reach a tailored individual decision and
agreeable therapeutic plan.

Acknowledgment

The authors thank Mr. Ali Hammoudi for his artwork on the algo-
rithm and figures.

References

[1] Barrionuevo P, Kapoor E, Asi N, Alahdab F, Mohammed K,
Benkhadra K, et al. Efficacy of pharmacological therapies for
the prevention of fractures in postmenopausal women: a net-
work meta-analysis. ] Clin Endocrinol Metab 2019;104
(5):1623—-30.

[2] Jha S, Wang Z, Laucis N, Bhattacharyya T. Trends in media
reports, oral bisphosphonate prescriptions, and hip fractures
1996—2012: an ecological analysis. ] Bone Miner Res 2015;30
(12):2179—-87.

[3] Silverman SL, Gold DT. Compliance and persistence with oste-
oporosis therapies. Curr Rheumatol Rep 2008;10(2):118—22.

[4] Reyes C, Tebe C, Martinez-Laguna D, Ali MS, Soria-Castro A,
Carbonell C, et al. One and two-year persistence with different
anti-osteoporosis medications: a retrospective cohort study.
Osteoporos Int 2017;28(10):2997—3004.

[5] Roerholt C, Eiken P, Abrahamsen B. Initiation of anti-
osteoporotic therapy in patients with recent fractures: a nation-
wide analysis of prescription rates and persistence. Osteoporos
Int 2009;20(2):299—-307.

[6] Black DM, Schwartz AV, Ensrud KE, Cauley JA, Levis S,
Quandt SA, et al. Effects of continuing or stopping alendronate
after 5 years of treatment: the Fracture Intervention Trial

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

79. Long-term bisphosphonate treatment: continuation and interruption

Long-term Extension (FLEX): a randomized trial. JAMA
2006;296(24):2927—-38.

Liberman UA, Weiss SR, Broll J, Minne HW, Quan H, Bell NH,
et al. Effect of oral alendronate on bone mineral density and the
incidence of fractures in postmenopausal osteoporosis. The
Alendronate Phase III Osteoporosis Treatment Study Group. N
Engl ] Med 1995;333(22):1437—43.

Black DM, Reid IR, Boonen S, Bucci-Rechtweg C, Cauley JA,
Cosman F, et al. The effect of 3 versus 6 years of zoledronic
acid treatment of osteoporosis: a randomized extension to the
HORIZON-Pivotal Fracture Trial (PFT). ] Bone Miner Res
2012;27(2):243—54.

Black DM, Reid IR, Cauley JA, Cosman F, Leung PC, Lakatos P,
et al. The effect of 6 versus 9 years of zoledronic acid treatment
in osteoporosis: a randomized second extension to the
HORIZON-Pivotal Fracture Trial (PFT). ] Bone Miner Res
2015;30(5):934—44.

Kim TY, Bauer DC, McNabb BL, Schafer AL, Cosman F, Black
DM, et al. Comparison of BMD changes and bone formation
marker levels 3 years after bisphosphonate discontinuation:
FLEX and HORIZON-PFT extension I trials. ] Bone Miner Res
2019;34(5):810—16.

McClung M, Miller P, Recknor C, Mesenbrink P, Bucci-
Rechtweg C, Benhamou CL. Zoledronic acid for the prevention
of bone loss in postmenopausal women with low bone mass: a
randomized controlled trial. Obstet Gynecol 2009;114
(5):999-1007.

Greenspan SL, Perera S, Ferchak MA, Nace DA, Resnick NM.
Efficacy and safety of single-dose zoledronic acid for osteoporo-
sis in frail elderly women: a randomized clinical trial. JAMA
Intern Med 2015;175(6):913—21.

Grey A, Bolland M], Horne A, Mihov B, Gamble G, Reid IR.
Duration of antiresorptive activity of zoledronate in postmeno-
pausal women with osteopenia: a randomized, controlled mul-
tidose trial. CMA]J 2017;189(36):E1130—6.

Reid IR, Horne AM, Mihov B, Stewart A, Garratt E, Wong S,
et al. Fracture prevention with zoledronate in older women
with osteopenia. N Engl ] Med 2018;379(25):2407—16.

Adler RA. Duration of anti-resorptive therapy for osteoporosis.
Endocrine 2016;51(2):222—4.

Eastell R, Hannon RA, Wenderoth D, Rodriguez-Moreno ],
Sawicki A. Effect of stopping risedronate after long-term treat-
ment on bone turnover. ] Clin Endocrinol Metab 2011;96
(11):3367—-73.

Watts NB, Chines A, Olszynski WP, McKeever CD, McClung
MR, Zhou X, et al. Fracture risk remains reduced one year after
discontinuation of risedronate. Osteoporos Int 2008;19
(3):365—72.

Miller PD, Recker RR, Harris S, Silverman S, Felsenberg D,
Reginster ], et al. Long-term fracture rates seen with continued
ibandronate treatment: pooled analysis of DIVA and MOBILE
long-term extension studies. Osteoporos Int 2014;25(1):349—57.
Fatoye F, Smith P, Gebrye T, Yeowell G. Real-world persistence
and adherence with oral bisphosphonates for osteoporosis: a
systematic review. BMJ Open 2019;9(4):e027049.
Balasubramanian A, Brookhart MA, Goli V, Critchlow CW.
Discontinuation and reinitiation patterns of osteoporosis treat-
ment among commercially insured postmenopausal women. Int
J Gen Med 2013;6:839—48.

Adams AL, Adams JL, Raebel MA, Tang BT, Kuntz ]JL,
Vijayadeva V, et al. Bisphosphonate drug holiday and fracture
risk: a population-based cohort study. ] Bone Miner Res 2018;33
(7):1252-9.

Curtis JCR, Li Z, Arora T, Saag K, Wright N, Daigle S, Kilgore
M, Delzell E. The impact of bisphosphonate drug holidays on

X. Pharmacotherapeutics

Dempster-MFO-V2-1632172  978-0-12-813073-5

00079




To protect the rights of the author(s) and publisher we inform you that this PDF is an uncorrected proof for internal business use only by the author(s), editor(s), reviewer(s), Elsevier
and typesetter MPS. It is not allowed to publish this proof online or in print. This proof copy is the copyright property of the publisher and is confidential until formal publication.

[23]

[24]

[25]

[26]

[271

[28]

[29]

(301

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

References

fracture rates. In: The impact of bisphosphonate drug holidays
on fracture rates. Abstract 1006 presented at the ASBMR meet-
ing. 2018.

Strom O, Landfeldt E, Garellick G. Residual effect after oral
bisphosphonate treatment and healthy adherer effects—the
Swedish Adherence Register Analysis (SARA). Osteoporos Int
2015;26(1):315—25.

Dennison EM, Cooper C, Kanis JA, Bruyere O, Silverman S,
McCloskey E, et al. Fracture risk following intermission of oste-
oporosis therapy. Osteoporos Int 2019;30(9):1733—43.

Khosla S, Burr D, Cauley J, Dempster DW, Ebeling PR,
Felsenberg D, et al. Bisphosphonate-associated osteonecrosis of
the jaw: report of a task force of the American Society for Bone
and Mineral Research. ] Bone Miner Res 2007;22(10):1479—91.
Eiken PA, Prieto-Alhambra D, Eastell R, Abrahamsen B.
Surgically treated osteonecrosis and osteomyelitis of the jaw
and oral cavity in patients highly adherent to alendronate treat-
ment: a nationwide user-only cohort study including over
60,000 alendronate users. Osteoporos Int. 2017;28(10):2921—8.
Marx RE. Pamidronate (Aredia) and zoledronate (Zometa)
induced avascular necrosis of the jaws: a growing epidemic. J
Oral Maxillofac Surg 2003;61(9):1115-17.

Wotton CJ, Green ], Brown A, Armstrong MEG, Floud S, Beral
V, et al. Use of oral bisphosphonates and risk of hospital admis-
sion with osteonecrosis of the jaw: Large prospective cohort
study in UK women. Bone. 2019;124:69—74.

Khan AA, Morrison A, Hanley DA, Felsenberg D, McCauley
LK, O'Ryan F, et al. Diagnosis and management of osteonecro-
sis of the jaw: a systematic review and international consensus.
] Bone Miner Res 2015;30(1):3—23.

Shane E, Burr D, Ebeling PR, Abrahamsen B, Adler RA, Brown
TD, et al. Atypical subtrochanteric and diaphyseal femoral frac-
tures: report of a task force of the American Society for Bone
and Mineral Research. ] Bone Miner Res 2010;25(11):2267—94.
Shane E, Burr D, Abrahamsen B, Adler RA, Brown TD, Cheung
AM, et al. Atypical subtrochanteric and diaphyseal femoral
fractures: second report of a task force of the American Society
for Bone and Mineral Research. ] Bone Miner Res 2014;29
(1):1-23.

Nguyen HH, van de Laarschot DM, Verkerk AJ, Milat F,
Zillikens MC, Ebeling PR. Genetic risk factors for atypical femo-
ral fractures (AFFs): a systematic review. JBMR Plus 2018;2
(1):1-11.

Pedrazzoni M, Giusti A, Girasole G, Abbate B, Verzicco I,
Cervellin G. Atypical femoral fractures in Italy: a retrospective
analysis in a large urban emergency department during a 7-
year period (2007-2013). ] Bone Miner Metab 2017;35(5):562—70.
Black DM, Abrahamsen B, Bouxsein ML, Einhorn T, Napoli N.
Atypical femur fractures: review of epidemiology, relationship
to bisphosphonates, prevention, and clinical management.
Endocr Rev 2019;40(2):333—68.

Dell RM, Adams AL, Greene DF, Funahashi TT, Silverman SL,
Eisemon EO, et al. Incidence of atypical nontraumatic diaphy-
seal fractures of the femur. ] Bone Miner Res 2012;27
(12):2544—50.

Schilcher ], Koeppen V, Aspenberg P, Michaelsson K. Risk of
atypical femoral fracture during and after bisphosphonate use.
Acta Orthop. 2015;86(1):100—7.

LeBlanc ES, Rosales AG, Black DM, Genant HK, Dell RM,
Friess DM, et al. Evaluating atypical features of femur fractures:
how change in radiological criteria influenced incidence and
demography of atypical femur fractures in a community set-
ting. ] Bone Miner Res 2017;32(11):2304—14.

Adler RA. Management of endocrine disease: atypical femoral
fractures: risks and benefits of long-term treatment of

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

1825

osteoporosis with anti-resorptive therapy. Eur ] Endocrinol
2018;178(3):R81-7.

Lo JC, Hui RL, Grimsrud CD, Chandra M, Neugebauer RS,
Gonzalez JR, et al. The association of race/ethnicity and risk of
atypical femur fracture among older women receiving oral
bisphosphonate therapy. Bone 2016;85:142—7.

ISCD Official Positions—Adult: The International Society for
Clinical Densitometry, Available from: <https://www.iscd.
org/ official-positions /2019-iscd-official-positions-adult/ >; 2019
[accessed 28.10.19].

Bliuc D, Tran T, van Geel T, Adachi JD, Berger C, van den
Bergh J, et al. Mortality risk reduction differs according to
bisphosphonate class: a 15-year observational study.
Osteoporos Int 2019;30(4):817—28.

Cremers S, Papapoulos S. Pharmacology of bisphosphonates.
Bone 2011;49(1):42—-9.

Lin JH. Bisphosphonates: a review of their pharmacokinetic
properties. Bone 1996;18(2):75—85.

Porras AG, Holland SD, Gertz BJ. Pharmacokinetics of alendro-
nate. Clin Pharmacokinet 1999;36(5):315—28.

Peris P, Torra M, Olivares V, Reyes R, Monegal A, Martinez-
Ferrer A, et al. Prolonged bisphosphonate release after treat-
ment in women with osteoporosis. Relationship with bone turn-
over. Bone 2011;49(4):706—9.

Fink HA, MacDonald R, Forte ML, Rosebush CE, Ensrud KE,
Schousboe JT, et al. Long-term drug therapy and drug disconti-
nuations and holidays for osteoporosis fracture prevention: a
systematic review. Ann Intern Med 2019;171.

Roberts ], Castro C, Moore AE, Fogelman I, Hampson G.
Changes in bone mineral density and bone turnover in patients
on ‘drug holiday’ following bisphosphonate therapy: real-life
clinic setting. Clin Endocrinol (Oxf) 2016;84(4):509—15.

Mignot MA, Taisne N, Legroux I, Cortet B, Paccou ]J.
Bisphosphonate drug holidays in postmenopausal osteoporosis:
effect on clinical fracture risk. Osteoporos Int 2017;28
(12):3431-8.

Bindon B, Adams W, Balasubramanian N, Sandhu ], Camacho
P. Osteoporotic fractures during bisphosphonate drug holiday.
Endocr Pract 2018;24(2):163—9.

Curtis JR, Westfall AO, Cheng H, Delzell E, Saag KG. Risk of
hip fracture after bisphosphonate discontinuation: implications
for a drug holiday. Osteoporos Int 2008;19(11):1613—20.

Nayak S, Greenspan SL. A systematic review and meta-analysis
of the effect of bisphosphonate drug holidays on bone mineral
density and osteoporotic fracture risk. Osteoporos Int 2019;30
(4):705-20.

Naylor KE, McCloskey EV, Jacques RM, Peel NFA, Paggiosi
MA, Gossiel F, et al. Clinical utility of bone turnover markers in
monitoring the withdrawal of treatment with oral bisphospho-
nates in postmenopausal osteoporosis. Osteoporos Int 2019;30
(4):917-22.

Bauer DC, Schwartz A, Palermo L, Cauley ], Hochberg M,
Santora A, et al. Fracture prediction after discontinuation of 4
to 5 years of alendronate therapy: the FLEX study. JAMA
Intern Med 2014;174(7):1126—34.

Liel Y, Plakht Y, Tailakh MA. Bone turnover in osteoporotic
women during long-term oral bisphosphonates treatment:
implications for treatment failure and “drug holiday” in the
real world. Endocr Pract 2017;23(7):787—93.

Whitaker M, Guo ], Kehoe T, Benson G. Bisphosphonates for
osteoporosis—where do we go from here? N Engl ] Med
2012;366(22):2048—51.

FDA Drug Safety Communication. Ongoing safety review of
oral bisphosphonates and atypical sub trochanteric femur
fractures, Available from: <http://www.fda.gov/Drugs/

X. Pharmacotherapeutics

Dempster-MFO-V2-1632172  978-0-12-813073-5

00079



https://www.iscd.org/official-positions/2019-iscd-official-positions-adult/
https://www.iscd.org/official-positions/2019-iscd-official-positions-adult/
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/ucm203891.htm

To protect the rights of the author(s) and publisher we inform you that this PDF is an uncorrected proof for internal business use only by the author(s), editor(s), reviewer(s), Elsevier
and typesetter MPS. It is not allowed to publish this proof online or in print. This proof copy is the copyright property of the publisher and is confidential until formal publication.

1826

(571

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

DrugSafety/PostmarketDrugSafetyInformationforPatientsand
Providers/ucm?203891.htm>; 2011 [accessed 28.10.19].

FDA Panel: Rubin R. Osteoporosis drugs need better labels.
Time limits on the drugs are suggested, but how much time is
yet to be determined, <https://www.webmd.com/osteoporo-
sis/news/20110909/fda-panel-unclear-on-osteoporosis-drug-
labels#1>; 2011 [accessed 28.10.19].

Kim SC, Kim DH, Mogun H, Eddings W, Polinski JM,
Franklin JM, et al. Impact of the U.S. Food and Drug
Administration’s safety-related announcements on the use of
bisphosphonates after hip fracture. ] Bone Miner Res 2016;31
(8):1536—40.

Adler RA, El-Hajj Fuleihan G, Bauer DC, Camacho PM, Clarke
BL, Clines GA, et al. Managing osteoporosis in patients on
long-term bisphosphonate treatment: report of a task force of
the American Society for Bone and Mineral Research. ] Bone
Miner Res 2016;31(10):1910.

Fuleihan Gel H, Bouillon R, Clarke B, Chakhtoura M, Cooper
C, McClung M, et al. Serum 25-hydroxyvitamin D levels: vari-
ability, knowledge gaps, and the concept of a desirable range. |
Bone Miner Res 2015;30(7):1119—33.

Vasikaran S, Eastell R, Bruyere O, Foldes AJ, Garnero P,
Griesmacher A, et al. Markers of bone turnover for the predic-
tion of fracture risk and monitoring of osteoporosis treatment: a
need for international reference standards. Osteoporos Int
2011;22(2):391—420.

Eastell R, Rosen CJ, Black DM, Cheung AM, Murad MH,
Shoback D. Pharmacological management of osteoporosis in
postmenopausal women: an endocrine society* clinical practice
guideline. ] Clin Endocrinol Metab 2019;104(5):1595—622.

Watts NB, Bilezikian JP, Camacho PM, Greenspan SL, Harris
ST, Hodgson SF, et al. American Association of Clinical
Endocrinologists Medical Guidelines for Clinical Practice for
the diagnosis and treatment of postmenopausal osteoporosis.
Endocr Pract 2010;16(Suppl. 3):1-37.

Camacho PM, Petak SM, Binkley N, Clarke BL, Harris ST,
Hurley DL, et al. American Association of Clinical
Endocrinologists and American College of Endocrinology
Clinical Practice Guidelines for the Diagnosis and Treatment of
Postmenopausal Osteoporosis — 2016. Endocr Pract 2016;22
(Suppl. 4):1—42.

Camacho PM, Petak SM, Binkley N, Diab DL, Farooki A, Harris
ST, et al. American Association of Clinical Endocrinologists
(American College of Endocrenology). Postmenopausal
Osteoporosis 2020 [In Press].

Compston ], Bowring C, Cooper A, Cooper C, Davies C,
Francis R, et al. Diagnosis and management of osteoporosis in
postmenopausal women and older men in the UK: National
Osteoporosis Guideline Group (NOGG) update 2013. Maturitas
2013;75(4):392—6.

Ensrud KE, Barrett-Connor EL, Schwartz A, Santora AC, Bauer
DC, Suryawanshi S, et al. Randomized trial of effect of alendro-
nate continuation versus discontinuation in women with low
BMD: results from the Fracture Intervention Trial long-term
extension. ] Bone Miner Res 2004;19(8):1259—69.

NOGG: Clinical guideline for the prevention and treatment of
osteoporosis, Available from: <https://www.sheffield.ac.uk/
NOGG/NOGG%20Guideline%202017.pdf>; 2017 [accessed
28.10.19].

Black DM, Rosen CJ. Clinical practice. Postmenopausal osteopo-
rosis. N Engl ] Med 2016;374(3):254—62.

Shepstone L, Lenaghan E, Cooper C, Clarke S, Fong-Soe-Khioe
R, Fordham R, et al. Screening in the community to reduce frac-
tures in older women (SCOOP): a randomised controlled trial.
Lancet 2018;391(10122):741—7.

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]
[85]
[86]

[87]

79. Long-term bisphosphonate treatment: continuation and interruption

Black DSA, Bauer D, Cauley ], Ensrud K, Napoli N. Predicting
fracture risk during a bisphosphonate holiday in the FIT long-
term extension (FLEX) study: comparison of a custom risk tool
vs FRAX. In: American Society for Bone and Mineral Research
Annual Meeting 2019. Abstract 1089.

Bouxsein ML, Eastell R, Lui LY, Wu LA, de Papp AE, Grauer
A, et al. Change in bone density and reduction in fracture risk:
a meta-regression of published trials. ] Bone Miner Res 2019;34
(4) 632-42. 72.

Cummings SR, Karpf DB, Harris F, Genant HK, Ensrud K,
LaCroix AZ, et al. Improvement in spine bone density and
reduction in risk of vertebral fractures during treatment with
antiresorptive drugs. Am ] Med 2002;112(4):281—-9.

Hochberg MC, Greenspan S, Wasnich RD, Miller P, Thompson
DE, Ross PD. Changes in bone density and turnover explain
the reductions in incidence of nonvertebral fractures that occur
during treatment with antiresorptive agents. ] Clin Endocrinol
Metab 2002;87(4):1586—92.

Bauer DC, Black DM, Bouxsein ML, Lui LY, Cauley JA, de
Papp AE, et al. Treatment-related changes in bone turnover
and fracture risk reduction in clinical trials of anti-resorptive
drugs: a meta-regression. ] Bone Miner Res 2018;33(4):634—42.
Sarkar S, Reginster JY, Crans GG, Diez-Perez A, Pinette KV,
Delmas PD. Relationship between changes in biochemical mar-
kers of bone turnover and BMD to predict vertebral fracture
risk. ] Bone Miner Res 2004;19(3):394—401.

Reginster JY, Devogelaer JP. Raloxifene reduces fractures in
postmenopausal women with osteoporosis. Clin Orthop Relat
Res 2006;443:48—54.

Bruyere O, Detilleux ], Chines A, Reginster JY. Relationships
between changes in bone mineral density or bone turnover
markers and vertebral fracture incidence in patients treated
with bazedoxifene. Calcif Tissue Int 2012;91(4):244—9.

Eastell R, Barton I, Hannon RA, Chines A, Garnero PP, Delmas
PD. Relationship of early changes in bone resorption to the
reduction in fracture risk with risedronate. J] Bone Miner Res
2003;18(6):1051—6.

Delmas PD, Munoz F, Black DM, Cosman F, Boonen S, Watts
NB, et al. Effects of yearly zoledronic acid 5 mg on bone turn-
over markers and relation of PINP with fracture reduction in
postmenopausal women with osteoporosis. ] Bone Miner Res
2009;24(9):1544—51.

Jacques RM, Boonen S, Cosman F, Reid IR, Bauer DC, Black
DM, et al. Relationship of changes in total hip bone mineral
density to vertebral and nonvertebral fracture risk in women
with postmenopausal osteoporosis treated with once-yearly
zoledronic acid 5 mg: the HORIZON-Pivotal Fracture Trial
(PFT). ] Bone Miner Res 2012;27(8):1627—34.

Schwartz AV, Bauer DC, Cummings SR, Cauley JA, Ensrud KE,
Palermo L, et al. Efficacy of continued alendronate for fractures
in women with and without prevalent vertebral fracture: the
FLEX trial. ] Bone Miner Res 2010;25(5):976—82.

Cosman F, Cauley JA, Eastell R, Boonen S, Palermo L, Reid IR,
et al. Reassessment of fracture risk in women after 3 years of
treatment with zoledronic acid: when is it reasonable to discon-
tinue treatment? J Clin Endocrinol Metab 2014;99(12):4546—54.
Bauer DC. Clinical use of bone turnover markers. JAMA
2019;322.

McClung MR. Using osteoporosis therapies in combination.
Curr Osteoporos Rep 2017;15(4):343—52.

Cosman F. Long-term treatment strategies for postmenopausal
osteoporosis. Curr Opin Rheumatol 2018;30(4):420—6.

Cosman F, Nieves JW, Dempster DW. Treatment sequence mat-
ters: anabolic and antiresorptive therapy for osteoporosis. |
Bone Miner Res 2017;32(2):198—202.

X. Pharmacotherapeutics

Dempster-MFO-V2-1632172  978-0-12-813073-5

00079



http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/ucm203891.htm
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/ucm203891.htm
https://www.webmd.com/osteoporosis/news/20110909/fda-panel-unclear-on-osteoporosis-drug-labels#1
https://www.webmd.com/osteoporosis/news/20110909/fda-panel-unclear-on-osteoporosis-drug-labels#1
https://www.webmd.com/osteoporosis/news/20110909/fda-panel-unclear-on-osteoporosis-drug-labels#1
https://www.sheffield.ac.uk/NOGG/NOGG%20Guideline%202017.pdf
https://www.sheffield.ac.uk/NOGG/NOGG%20Guideline%202017.pdf

To protect the rights of the author(s) and publisher we inform you that this PDF is an uncorrected proof for internal business use only by the author(s), editor(s), reviewer(s), Elsevier
and typesetter MPS. It is not allowed to publish this proof online or in print. This proof copy is the copyright property of the publisher and is confidential until formal publication.

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

References

Boonen S, Marin F, Obermayer-Pietsch B, Simoes ME, Barker
C, Glass EV, et al. Effects of previous antiresorptive therapy
on the bone mineral density response to two years of teripara-
tide treatment in postmenopausal women with osteoporosis.
J Clin Endocrinol Metab 2008;93(3):852—60.

Cosman F, Wermers RA, Recknor C, Mauck KF, Xie L, Glass
EV, et al. Effects of teriparatide in postmenopausal women
with osteoporosis on prior alendronate or raloxifene: differ-
ences between stopping and continuing the antiresorptive
agent. ] Clin Endocrinol Metab 2009;94(10):3772—80.

Ettinger B, San Martin ], Crans G, Pavo I. Differential effects of
teriparatide on BMD after treatment with raloxifene or alen-
dronate. ] Bone Miner Res 2004;19(5):745—51.

Miller PD, Delmas PD, Lindsay R, Watts NB, Luckey M,
Adachi ], et al. Early responsiveness of women with osteopo-
rosis to teriparatide after therapy with alendronate or risedro-
nate. ] Clin Endocrinol Metab 2008;93(10):3785—93.

Muschitz C, Kocijan R, Fahrleitner-Pammer A, Pavo I,
Haschka J, Schima W, et al. Overlapping and continued alen-
dronate or raloxifene administration in patients on teripara-
tide: effects on areal and volumetric bone mineral density—
the CONFORS Study. ] Bone Miner Res 2014;29(8):1777—85.
Ma YL, Zeng QQ, Chiang AY, Burr D, Li ], Dobnig H, et al.
Effects of teriparatide on cortical histomorphometric variables
in postmenopausal women with or without prior alendronate
treatment. Bone 2014;59:139—47.

Kendler DL, Roux C, Benhamou CL, Brown JP, Lillestol M,
Siddhanti S, et al. Effects of denosumab on bone mineral den-
sity and bone turnover in postmenopausal women transition-
ing from alendronate therapy. ] Bone Miner Res 2010;25
(1):72—-81.

Recknor C, Czerwinski E, Bone HG, Bonnick SL, Binkley N,
Palacios S, et al. Denosumab compared with ibandronate in
postmenopausal women previously treated with bisphospho-
nate therapy: a randomized open-label trial. Obstet Gynecol
2013;121(6):1291-9.

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

1827

Roux C, Hofbauer LC, Ho PR, Wark JD, Zillikens MC,
Fahrleitner-Pammer A, et al. Denosumab compared with rise-
dronate in postmenopausal women suboptimally adherent to
alendronate therapy: efficacy and safety results from a ran-
domized open-label study. Bone 2014;58:48—54.

Miller PD, Pannacciulli N, Brown JP, Czerwinski E,
Nedergaard BS, Bolognese MA, et al. Denosumab or zoledro-
nic acid in postmenopausal women with osteoporosis previ-
ously treated with oral bisphosphonates. ] Clin Endocrinol
Metab 2016;101(8):3163—70.

Austin M, Yang YC, Vittinghoff E, Adami S, Boonen S, Bauer
DC, et al. Relationship between bone mineral density changes
with denosumab treatment and risk reduction for vertebral
and nonvertebral fractures. ] Bone Miner Res 2012;27
(3):687-93.

Ferrari S, Adachi JD, Lippuner K, Zapalowski C, Miller PD,
Reginster JY, et al. Further reductions in nonvertebral fracture
rate with long-term denosumab treatment in the FREEDOM
open-label extension and influence of hip bone mineral den-
sity after 3 years. Osteoporos Int 2015;26(12):2763—71.
Langdahl BL, Libanati C, Crittenden DB, Bolognese MA,
Brown JP, Daizadeh NS, et al. Romosozumab (sclerostin
monoclonal antibody) versus teriparatide in postmenopausal
women with osteoporosis transitioning from oral bisphospho-
nate therapy: a randomised, open-label, phase 3 trial. Lancet
2017;390(10102):1585—94.

Uebelhart B, Rizzoli R, Ferrari SL. Retrospective evaluation of
serum CTX levels after denosumab discontinuation in patients
with or without prior exposure to bisphosphonates.
Osteoporos Int 2017;28(9):2701-5.

El-Hajj Fuleihan G, Chakhtoura M, Cauley JA, Chamoun N.
Worldwide Fracture Prediction. ] Clin Densitom 2017;20
(3):397—424.

Leslie WD, Lix LM, Johansson H, Oden A, McCloskey E,
Kanis JA. Does osteoporosis therapy invalidate FRAX for frac-
ture prediction? ] Bone Miner Res 2012;27(6):1243—51.

X. Pharmacotherapeutics

Dempster-MFO-V2-1632172  978-0-12-813073-5

00079




To protect the rights of the author(s) and publisher we inform you that this PDF is an uncorrected proof for internal business use only by the author(s), editor(s), reviewer(s), Elsevier
and typesetter MPS. It is not allowed to publish this proof online or in print. This proof copy is the copyright property of the publisher and is confidential until formal publication.

Dempster-MFO-V2-1632172  978-0-12-813073-5 00079




To protect the rights of the author(s) and publisher we inform you that this PDF is an uncorrected proof for internal business use only by the author(s), editor(s), reviewer(s), Elsevier
and typesetter MPS. It is not allowed to publish this proof online or in print. This proof copy is the copyright property of the publisher and is confidential until formal publication.

NON-PRINT ITEM

Abstract

Bisphosphonates (BPs) remain first-line treatment for osteoporosis; long-term management is based on regis-
tration trial extensions. In one, postmenopausal women after 5 years of alendronate (ALN) were rerandomized to
5 more years of ALN or placebo. In another, women receiving three annual zoledronic acid (ZOL) infusions were
rerandomized to three more active or placebo infusions. Continuing ALN led to fewer clinical vertebral fractures;
continuing ZOL led to fewer morphometric vertebral fractures. Fracture risk reduction must be weighed against
risks of osteonecrosis of the jaw and atypical femoral fractures. The American Society for Bone and Mineral
Research Task Force approach remains valid. Patients at high fracture risk after 5 years (oral) or 3 years (intrave-
nous) BP should continue treatment with periodic reassessment. Treatment beyond 10 years is guided by clinical
judgment, and new long-term studies are unlikely. Alternative treatments are an option, but bone loss resumes
immediately after discontinuation of all osteoporosis medications other than BPs.

Keywords: Bisphosphonates; drug holiday; drug interruption; drug suspension; drug discontinuation; discontin-
ued treatment; risk—benefit; fracture risk
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