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Abstract

Purpose of review This paper reviews evidence in support of or counter to the use of bis-
phosphonate (BP) drug holiday to minimize the occurrence of rare adverse events such as
atypical femoral fracture, while maintaining the osteoporosis-related fracture prevention
benefit conferred by the medication.

Recent findings Fracture prevention benefit achieved with 3-5 years of BP treatment
appears to be maintained during holiday for women at low to moderate risk of fracture.
Women with bone mineral density T-score< —2.5 or prior fragility fracture remain at high
risk for fracture and continuation of therapy is advised. Additionally, evidence suggests
that duration of BP use, level of adherence to therapy, and length of holiday may also influ-
ence fracture risk during holiday. There are few studies on AFF risk during drug holiday, but
the limited evidence suggests a rapid decline in risk within the first 1-2 years of holiday.
Summary BP drug holiday appears to be a reasonable part of osteoporosis treatment
strategy for women at relatively low risk of osteoporosis-related fracture as assessed after
initial treatment, while higher risk women may benefit from continued therapy rather than
a BP holiday. Greater understanding of the influences of BP treatment duration and holiday
length, and their interaction, can inform more individualized treatment decision-making.
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Introduction

Alendronate, a medication in the class of bisphos-
phonates (BPs), was approved for use in the USA for
the treatment and management of osteoporosis in
1995. Other nitrogen-containing bisphosphonates
were subsequently approved for use in osteoporosis:
risedronate in 2000, ibandronate in 2003, and zole-
dronate in 2007. Bisphosphonates are currently the
first-line medication for this condition and are used by
millions of people around the world. Several clinical
trials have established the efficacy of the bisphospho-
nates for reducing the occurrence of vertebral and hip
fractures among men and women with osteopenia and
osteoporosis, effectively reducing the morbidity and
mortality associated with these osteoporosis-related
fractures.

In 2005 and 2006, reports began appearing in the
medical literature of femur fractures that were mor-
phologically distinct from the “typical” osteoporo-
sis-related hip and femur fractures occurring among
people with osteoporosis. These distinctive fractures
occurred below the lesser trochanter, often in the
upper to mid-shaft region of the femur, and appeared
to occur spontaneously, without trauma. Whereas
hip fractures most frequently result from a fall, these
new fractures, now called “atypical femoral fractures
(AFF),” seemed to first break and then cause a fall.

As clinicians and researchers learned more about
these fractures over the subsequent decade, a likely
association with BP use became apparent. Beginning
in approximately 2006, clinicians and patients with
osteoporosis began hearing more about rare, adverse
events associated with use of BPs, as a lawsuit was
filed against Merck and Co, Inc., for osteonecrosis of

the jaw (ONJ) in 2006, a published paper suggested
an increased risk of atrial fibrillation with BP use
(2008) [1], and ABC World News broadcast about
alendronate and AFF (2010) [2]. Concurrently, after a
decade of increasing use of BPs, steep declines in use
began in about 2008-2009 [2]. Similarly, after years
of declining incidence of hip fracture since 1995, age-
adjusted rates began increasing again in approximately
2013 [3]. While the decline in BP usage is probably
multifactorial, concerns about AFF certainly contribute
as clinicians and/or patients elect to decline or delay
treatment for osteoporosis in an attempt to avoid
these concerning atypical fractures.

As the association between BP use, particularly longer-
term use, and AFF became more clear, clinicians and
researchers considered the use of a “drug holiday,” a
period of no treatment after a defined period of active
treatment, as a way to minimize the risk of AFF while
still maximizing the protective effect of BPs on major
osteoporosis-related fractures (MOF). The main ques-
tions around the use of drug holiday include as fol-
lows: (1) do MOF risks increase during holiday and
(2) does AFF risk decrease during holiday? Answers to
these questions may change depending on the length
of pre-holiday BP treatment, length of actual drug
holiday, and the population of patients studied. It is
important to understand whether there are subgroups
of patients who should not be put on holiday. This
review summarizes what is currently known about the
answers to these questions about drug holiday and
identifies important gaps in our knowledge about the
use and effects of BP drug holidays.

Osteoporosis and bisphosphonate medications

Osteoporosis is a condition of bone where resorption outpaces formation,
resulting in decreased bone mineral density (BMD) and increased risk for
fractures due to bone fragility. Currently, the first-line medications for man-
agement and treatment of osteoporosis are the bisphosphonates (BPs),
including alendronate, risedronate, ibandronate, and zoledronate. BPs are
synthetic analogs of inorganic pyrophosphate, an endogenous inhibitor of
bone mineralization via inhibition of the crystallization of calcium salts [4].
BPs strongly inhibit bone resorption at the bone surface and then remain
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embedded in bone with a half-life of nearly 10 years [5, 6]. Decreased bone
resorption, coupled with slowed bone formation, reduces the rate of over-
all bone turnover to that of premenopausal levels in women. Several rand-
omized controlled trials (RCTs) have shown BPs to reduce vertebral fractures
by approximately 35-70% and hip fractures by 35-50% [7].

Atypical femoral fractures

In 2005 and 2006, cases of unusual fragility fractures in the subtrochan-
teric and femoral shaft areas were reported in the literature [8, 9], and were
soon followed by additional case reports and epidemiologic studies [10, 11].
These unusual fractures, now called atypical femoral fractures (AFFs), feature
a morphological pattern distinct from other subtrochanteric and femoral
shaft fractures. AFF characteristics include a transverse orientation and con-
comitant cortical thickening at the fracture site and seem to occur most com-
monly among women treated for osteoporosis with BPs, though AFFs have
occasionally occurred among men and among women without BP exposure.
Additionally, these fractures occur in the absence of trauma, unlike typical
subtrochanteric and femoral shaft fractures typically resulting from high
energy trauma such as motor vehicle crashes [11].

In 2010, the American Society for Bone and Mineral Research (ASBMR)
published a Task Force Report on Atypical Femoral Fractures (AFF) review-
ing the knowledge to date about the epidemiology and pathophysiology of
these fractures and identifying areas of need for additional research [11].
Furthermore, the ASBMR Task Force proposed a case definition for AFE The
ASBMR Task Force published an updated report on AFF in 2014 [12] and
included the latest information on the epidemiology, pathophysiology, and
case management of these fractures. The 2014 ASBMR Task Force report also
included a revised case definition of AFE, which now requires the following:

1. Fracture location — the fracture must be located along the femoral diaphysis from just distal to the lesser
trochanter to just proximal to the supracondylar flare.
2. Atleast 4 of 5 major features must be present:

(a) The fracture is associated with minimal or no trauma.

(b) The fracture line originates at the lateral cortex and is substantially transverse, though it may become
oblique as it extends medially.

(c) Incomplete fractures involve only the lateral cortex, while complete fractures extend through both
cortices and may include a medial spike.

(d) The fracture is non-comminuted or minimally comminuted.

(e) Localized periosteal or endosteal thickening in the lateral cortex at the fracture site (“beaking” or “flar-
ing”) is observed.

3. Minor features may be observed as well, but are not required to be present for diagnosis:

(a) Generalized increase in cortical thickness of the femoral diaphyses
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(b) Prodromal pain or dull ache in the groin or thigh, either unilateral or bilateral
(c) Bilateral femoral diaphysis fractures, either incomplete or complete

(d) Delayed fracture healing

Since the initial reports of AFF appeared, several epidemiologic stud-
ies have attempted to quantify the potential association between AFF and
BP use. Results have been somewhat mixed, partially due to differences in
study design and the manner of ascertaining AFF (via radiograph review,
ICD codes, or use of radiograph reports). Overall, the evidence suggests
a strong relationship between BP use and the occurrence of AFF, though
the magnitude of the association has varied across studies. A 2013 meta-
analysis of 11 studies [13-23] estimated an overall pooled risk ratio of 1.70
(CI 1.22-2.37) [10], but also revealed that estimates of the association
coming from the cohort studies [10, 13-15, 17, 18, 23] (RRs ranging from
1.03 to 2.41) tended to be systematically lower than those arising from the
case—control studies [16, 19-22] (RRs ranging from 2.11 to 69.1). However,
all of the cohort studies and one of the case-control studies [21] based
their analyses on subtrochanteric/femoral shaft (ST/FS) fractures without
x-ray verification that the fractures were AFFE. It is likely that many of the
fractures counted as outcomes in these studies were not AFF, which would
dilute the association between BP and fracture, assuming that “typical” ST/
FS fractures were not independently associated with BP use. The remain-
ing case-control studies all used radiographically confirmed AFF as their
outcome, which likely eliminated the dilution of effect. In the years after
Gedmintas et al. [10] completed their meta-analysis, 4 other key epide-
miologic studies looked at the BP and AFF association [24, 25¢, 26], 3 of
which used radiographically validated AFF as the outcome. Each of these 3
studies found elevated risk for AFF among BP users, whereas Abrahamsen
found that risk was lower among more adherent BP users compared to less
adherent users [24].

Duration of BP use also seems to be strongly associated with the occur-
rence of AFF. Dell et al. [27], in a cohort study with 142 radiographically
adjudicated AFFs and BP exposure information from automated pharmacy
data, observed incidence rates increased from an age-adjusted rate of 0.3
AFF/100,000 person-years at< 2 years of BP use to 38.9 AFF/100,000 person-
years at 6.0-7.9 years of BP exposure. At >8 years of BP use, incidence of
AFF increased steeply to 113.1/100,000 person-years. These findings were
supported by later work by Schilcher et al. [26], though the magnitudes of
risk at low levels of BP exposure were high, much greater than at each level
of BP duration than those observed by Dell and were inconsistent with RCT
evidence [28°°].

Some of these initial studies also examined additional risk factors for AFE,
above and beyond BP exposure, though findings have been mixed. Risk fac-
tors proposed have included age; race; activity levels; genetic factors; femoral
characteristics like BMD, generalized cortical thickness, and femoral geom-
etry; comorbidities such as diabetes mellitus and rheumatoid arthritis; and
medication exposures such as glucocorticoids and proton pump inhibitors
[28¢¢]. In general, there does appear to be evidence of age, Asian ancestry,
and glucocorticoid use all being associated with risk of AFF [11, 12, 28e¢].
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Drug holidays
]

Being a chronic condition, osteoporosis treatment/management was origi-
nally expected to continue indefinitely once initiated. However, the appar-
ent association between longer-term BP use and AFF risk prompted clini-
cians to consider ways to minimize AFF risk while still maximizing the
fracture prevention benefit that BPs confer. Drug holidays, periods during
when treatment with BP is temporarily suspended, are an attempt to do
just that. Under the drug holiday framework, people would initially be
treated with BPs for a period during which maximum fracture prevention
benefit appears to be achieved. The optimal time length for pre-holiday BP
treatment is debated, but current research suggests it might be somewhere
between 3 and 5 years [29, 30¢¢]. Following initial treatment, they then
would stop taking the drug for a period of time, such as 1-3 years. Fracture
risk assessments would be conducted prior to and periodically during the
drug holiday with the patient restarting on BPs or other anti-osteoporosis
agents when/if fragility fracture risk increased beyond a given threshold or
other criteria were met.

Drug holidays are only a reasonable strategy, though, if the risk of major
osteoporosis-related fragility fractures does not increase during the holiday
period and if AFF risk decreases during holiday. Because of the relative rar-
ity of AFFE, any increase in risk of MOF would quickly counter any AFF risk
reduction achieved with a drug holiday. Additionally, drug holiday may not
be appropriate for all patients. [dentifying those subgroups who should (or
should not) be put on holiday is critical. So the key questions that needed
to be addressed were as follows: (1) does BP drug holiday increase the risk
of MOF during or after the holiday; (2) does AFF risk decrease during BP
drug holiday; (3) how does the length of pre-holiday BP treatment and
drug holiday itself influence answers to these questions; and (4) are there
important subgroups of BP-treated patients who should not be considered
for drug holiday?

Is fracture prevention benefit maintained during holiday?

Studies supporting maintenance of fracture prevention benefit

The initial evidence about retention or loss of fracture prevention benefit
upon BP discontinuation came from early randomized controlled trials
(RCTs) of BP efficacy and extensions of those trials (Table 1). In the Frac-
ture Intervention Trial (FIT) Long-term Extension (FLEX) study, investiga-
tors found that after 5 years of alendronate treatment, an additional 5 years
of treatment did not result in better prevention of non-vertebral fractures
(NVF) when compared to women who ceased alendronate treatment after
the initial 5 years [31]. That is, using alendronate for 5 years appeared to
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confer similar protection against NVF to that achieved by continuing alen-
dronate for a total of 10 years.

Additionally, in another RCT of women randomized to either rise-
dronate or placebo for 3 years, Watts et al. [32] found that after 1 year off
drug, the risedronate group remained at reduced risk for morphometric
vertebral fractures compared to the placebo group (RR 0.54, CI 0.34-0.86),
suggesting that the fracture prevention benefit was retained over the course
of a short holiday.

In 2014, Cosman and colleagues [33] used data from the 3-year exten-
sion of the HORIZON study of zoledronate and found that after discon-
tinuation, low-risk women (those with hip T-score> - 2.5 and no recent
incident fracture) had no additional risk for either NVF or morphometric
vertebral fractures compared to women who continued zoledronate.

Additional evidence about associations between BP drug holiday and
risk of fracture have come from several observational studies. In a large
cohort study conducted using administrative data from a US healthcare
organization, Curtis et al. [34] observed that for women who had used
BPs with good compliance for at least 2 years, changes in hip fracture risk
varied during holiday based on duration of pre-holiday BP use, BP adher-
ence levels, and duration of holiday. After 2 years of use, cessation of BP
for up to 1 year was not associated with any increased risk of hip fracture
compared to continuing users of BP. They also observed that greater adher-
ence (280% MPR) and longer pre-holiday use of BP (=3 years) maintained
fracture reduction benefit even among higher risk women.

Another cohort study conducted among members of 5 regional loca-
tions of a large, integrated healthcare system included 39,502 women who
had used BP (mostly alendronate) for at least 3 years and then compared
the occurrence of new MOF among those who subsequently went on holi-
day (> 12 months with no BP use) to those who did not have a drug holiday
[35]. The holiday group had similar hip and spine fracture risk compared
to the non-holiday group.

Pfeilschifter et al. [36°], in a prospective cohort study of 1973 men and
women who had used BPs for at least 80% of the time for>4 years, and
who also had BMD T-score< -2.0 (lumbar spine, femoral neck, or total
hip) or had a vertebral fracture prior to BP initiation, found no difference
in fracture risk for up to 25 months among the subjects without a prior
vertebral fracture.

Most recently, Selling and colleagues conducted a cohort study of
31,475 women and men in Denmark who used alendronate continuously
for>5 years prior to taking a drug holiday [37¢], and found no increased
risk associated with drug holiday for any fracture, nor for vertebral, hip,
radius/ulna, humerus, or other fractures.

Finally, a recent systematic review estimated summary hazard ratios (HR)
for hip fracture and any clinical fracture from the observational studies report-
ing those outcomes, finding an HR of 1.09 (CI 0.87-1.37) for risk of hip
fracture and an HR of 1.13 (CI 0.75-1.70) for any clinical fracture for persons
on drug holiday compared to BP continuers [38]. This and other reviews have
concluded that the sum of the evidence supports the assertion that fracture
risk does not increase to any important degree with drug holiday [38, 39].
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Studies suggesting decreases in fracture prevention benefit

Findings in both in RCTs and observational studies have not universally dem-
onstrated maintenance of fracture prevention benefit during off-drug periods.
Black et al. found that while 5 years of alendronate treatment had similar
fracture reduction effects as 10 years of alendronate, there was evidence that
cessation of alendronate at 5 years did increase the risk of clinical vertebral
fractures, but not morphometric vertebral fractures, compared to the women
who continued alendronate [31]. Additional post hoc analyses of FLEX data
demonstrated that continuation of alendronate beyond 5 years appeared
to reduce risk of NVF among women with femoral neck T-score< -2.5 at
baseline [40]. Similarly, in a study of zoledronate, NVF risk appeared to be
higher for zoledronate discontinuers with hip T-score< - 2.5 compared to
those who continued zoledronate, and regardless of hip T-score value, having
a prior NVF or morphometric VF was associated with higher fracture risk after
discontinuation compared to continuers [33].

In a small observational cohort study conducted in France, Mignot et al.
[41] retrospectively assessed the occurrence of any clinical fracture among 183
postmenopausal women who had been treated with BP therapy for 3-5 years,
comparing those who discontinued therapy to those who continued. They
found that the women who discontinued BP were at 40% increased risk of
having a new clinical fracture during follow-up (HR 1.40, CI 1.12-1.60). It
is worth noting, though, that the only hip fractures observed were in the con-
tinuation group and the groups were similar for new vertebral fractures if the
number of involved women was counted instead of the number of fractures.

In an observational cohort study, discontinuation of BP for longer than
1 year was associated with 2-3 times increased risk of hip fracture among
women with adherence of>66% medication possession ratio (MPR) over
2 years of BP use, although this increased risk was attenuated among women
with higher baseline adherence (>80% MPR) and with longer use of BP
(3 years) prior to holiday [34]. For patients with a prior vertebral fracture,
MOF risk appears to also increase with holidays> 1 year in duration [36°].
Additionally, Curtis et al. [42¢] found that BP drug holiday > 2 years increases
the risk of all types of MOF among all patients. These studies strongly sug-
gest that duration of holiday may play an important role in maintenance or
decline of fracture prevention benefit above and beyond the influence of pre-
holiday treatment duration and level of adherence to treatment.

Comments on variations in study methods

Though the early RCTs had the benefits of randomization to minimize bias,
these studies were powered to detect changes in BMD, not moderate-modest
differences in fracture risk [31]. This resulted in wide and often overlapping
confidence intervals for fracture outcomes, or even insufficient events to estimate
differences in NVF [32]. Results from these studies suggested no difference in
fracture risk during drug holidays, with the possible exception of women with
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femoral neck T-score< - 2.5 at baseline, but researchers could not be certain that
the trials were just not powered to detect these differences [31, 33, 40]. This in
turn also limited potential subgroup analyses of interest or examination of risk
differences based on differing lengths of drug holiday. RCTs powered for rare
outcomes such as NVF would require large enrollment and follow-up times
which are cost prohibitive.

Observational studies have mitigated some of these problems with larger
sample sizes, but also introduced new challenges, since the decision to go on or
off BPs is not randomly assigned. This could be why some studies observed that
drug holidays offered a small protective effect against subsequent fractures [35].
Subsequent studies could attempt to further mitigate this bias by using propen-
sity score methods [43] to better account for differences in measured baseline
characteristics for those who decide to go on drug holidays, or to consider using
the target trial framework to better emulate an RCT [44]. Observational studies
summarized above have also used different analysis populations in terms of
age range, sex, definitions of medication adherence, and drug holiday lengths,
making it difficult to parse out why they may be arriving at different results
[35, 37¢]. If these definitions could be better aligned, perhaps considering a
range of important combinations of medication adherence and drug holiday
lengths, it may be easier to understand whether a consistent relationship exists.
Observational studies where BP use is self-reported [36®] or where outcomes
are not assessed at the patient level [41] provide less useful evidence. Since race/
ethnicity is also associated with fracture risk, further studies including diverse
populations are also extremely important [35].

Does risk of AFF decline during and/or after drug holiday?

Evidence for the decreasing incidence of AFF with drug holiday is sparse. AFFs
are extremely rare and few research groups have sufficient numbers of AFF cases
to make valid inference. Schlicher and colleagues, studying a large Swedish
population observed that after cessation of BP use, risk of AFF declined by 70%
each year since last BP use (OR 0.28, CI 0.21-0.38) [22, 26]. In a large racially/
ethnically diverse population in Southern California, Black and colleagues also
found that rates of AFF decreased with time since BP discontinuation. Current
BP users had an overall rate of 4.5 AFF/10,000 person-years, which then dropped
to 1.8/10,000 person-years between 3 and 15 months after discontinuation, and
further dropped to 0.5/10,000 person-years after 15 months of holiday [25¢].
While the physiological mechanism for the rapid decline in risk has not yet been
explained, the existing evidence does seem to suggest that rapid decline of AFF
risk is possible upon discontinuation of treatment.

Comments on study methods

As mentioned previously, the extreme rarity of AFFs makes RCTs infeasible,
and even limits inference in observational studies with large populations.
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Schlicher [22, 26] was able to show risk of AFF declined with each year of
drug holiday, using all AFFs in the Swedish population in a case-control study
with controls having ordinary shaft fractures. However, the small number of
AFFs and the homogenous Swedish population did not allow for analyses
by important subgroups like race/ethnicity. Black et al. were able to improve
on this by looking at AFFs in a more diverse population and comparing AFFs
caused with hip fractures averted for a more complete risk-benefit analysis
[25¢]. Since women who sustain AFFs tend to be younger and less frail than
those who experience hip fracture, statistical methods listed previously to
reduce the effect of confounding in observational studies may provide addi-
tional value in addressing the question of AFF reduction with drug holiday.

Summary of findings: who should have a drug holiday?

Future directions

Findings of several RCT and observational studies generally support the main-
tenance of fracture reduction benefit during drug holidays or periods of dis-
continuation for finite periods, though there are a few studies with findings
of increasing risk as duration of holiday lengthens. Even among the studies
supportive of holiday, some groups for which holidays may be detrimental
have emerged. In particular, those with hip BMD < - 2.5 after 3-5 years of oral
BP therapy or 3 years of IV BP therapy remain at high fracture risk and should
continue BP or switch to another agent [45]. Additionally, evidence suggests
that BP drug holiday may be riskier and/or avoided entirely for people with
a fracture prior to or during therapy, hip BMD < - 2.0, older age, or poor
compliance with the medication [46, 47]. Therefore, risk of MOF should be
evaluated at the time holiday is being considered and, if a holiday is initiated,
risk should be re-evaluated periodically during the holiday, with particular
attention paid to the development of any new risk factors for fracture that
may suggest a return to treatment.

Addressing some additional questions could inform and improve decision-
making around the use of BP drug holidays. Current evidence suggests that
both duration of BP use prior to a holiday and the duration of the holi-
day itself may affect the risk of fractures after BP discontinuation [42¢, 48].
Further details on the interaction of treatment duration and holiday length
and effects on subsequent fracture risk would provide information clinicians
could use to further personalize recommendations around continuation of
therapy vs. employment of a drug holiday. In addition, MOF risk and AFF risk
both vary based on factors such as age and race/ethnicity, though they vary
differently from each other. More detailed understanding about how age and
race/ethnicity may modify the risk of MOF during drug holiday and the risk
of AFF while on therapy would also facilitate more personalized treatment
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recommendations. How risks for MOF and AFF change upon resumption of
treatment after drug holiday has also not been well studied.
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