Osteoporos Int
DOI 10.1007/s00198-008-0813-x

HOT STUFF

To stop or not to stop, that is the question

Ego Seeman
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Abstract Treatment aimed at preventing fractures should
be stopped if evidence of continued antifracture efficacy is
lacking, if continued treatment increases bone fragility by
adversely affecting matrix properties, and if stopping does
not increased bone fragility. Credible evidence of antifrac-
ture efficacy beyond 5 years is lacking because of attrition
of the cohort originally allocated to treatment or placebo
and lack of controls. Prolonged suppression of remodeling
is associated with accumulation of microdamage, advanced
glycation products and increased tissue mineral density in
animal studies but the structural benefits appear to out
weight these adverse effects. Atypical minimal trauma
subtrochanteric fractures are associated with prolonged
treatment in human subjects but these are exceedingly rare.
Stopping treatment does result in the reemergence of
remodeling, rapidly with some drugs, more slowly with
others while fracture rates are increased in poor compliers
to treatment. Thus, within the constraints of limited
evidence, I infer that stopping therapy is more likely to do
net harm than continuing therapy - treatment should be
continued in the majority of individuals.

Keywords Benefit - Harm - Osteoporosis - Stopping -
Treatment

We know why to treat—fractures are associated with
morbidity, mortality and cost [1]. We know who and when
to treat—those at high absolute risk for fracture [2]. We
know what drugs to use—those tested in credibly designed
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and executed trials [3]. But how long should we treat?
Three questions need to be addressed to struggle with the
answer to this question. Is antifracture efficacy sustained
with prolonged therapy? Does prolonged therapy do harm?
Does stopping therapy result in a re-emergence of bone
fragility? Before these questions are addressed, it is helpful
to review the cellular machinery of bone remodeling and
how pharmacological agents influence this process.

Bone remodeling: Samson’s hair and Achilles’ heel

One of the purposes of remodeling in adulthood is to
maintain skeletal health by removing old or damaged bone
[4]. However, advancing age is associated with the
emergence of a negative balance produced by the basic
multicellular units (BMUs), whose cellular constituents
remove a larger volume of bone than they subsequently
deposit [4, 5]. Consequently, each time remodeling occurs,
whether it is for damage removal or adaptation to loading,
there is net loss of mineralized bone tissue. This negative
BMU balance is the morphological basis for bone loss, but
only 1-2% less bone is deposited than was removed by
each remodeling cycle—the mechanism driving the magni-
tude of the bone loss and severity of structural decay, the
remodeling rate; the birth rate of new remodeling units [4].
Thus, suppression of bone remodeling is most important in
reducing the progression of structural decay during aging.
This is a major benefit of antiresorptives; they reduce the
birth rate of BMUs. When treatment is given, BMUs
initiated before treatment complete their cycle during
treatment by depositing bone in each of the many
previously excavated cavities [6]. However, this deposition
of bone proceeds unopposed by the simultaneous birth of
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the same number of new BMUs excavating resorption sites.
The net effect is an increase in bone mass and its
subsequent rapid primary then slower secondary minerali-
zation, leading to an increase in bone mineral density
(BMD) (Fig. 1).

The level of the BMD reached with treatment depends
on the baseline remodeling rate before treatment and the
degree of suppression of remodeling by the drug [7]. The
higher the remodeling rate and the more the suppression of
remodeling, the greater will be the BMD achieved. If
remodeling rate was very high before treatment and treat-
ment suppressed remodeling completely, this will produce
the largest increase in BMD. This is partly why the change
in BMD does not predict fracture risk reduction [7].

This increase in the mineralized bone mass is not an
anabolic effect of antiresorptives. It is the result of partial
filling deficit in bone mass and its mineral content that is
transient because it is the result of the normal delay in onset
and slower completion of the formation phase of the
remodeling cycle that follows the more rapid resorptive
phase [7]. The filling of the deficit on the other hand is
partial because BMU balance is negative; these excavated
cavities are not completely refilled. [8]. Progression of
fragility is slowed and perhaps reversed to some degree
because partial filling of existing remodeling sites reduces
intracortical porosity and stress concentrators while the
prevention of concurrent excavation of new sites by
suppression of remodeling prevents the appearance of new
structural damage [9].

Fig. 1 Partial filling of remod-
eling sites excavated before
treatment proceeds during treat-
ment but with fewer new
remodeling sites being created.
The net effect is a rise in bone
mass and its mineral content,
stabilization of stress concentra-
tors and a likely reduction in
fracture risk

BMD

Untreated

In addition, as the birth rate of new BMUs is suppressed,
matrix deposited by remodeling cycles months to years
previously (that would be removed had high remodeling
continued) undergoes more complete secondary minerali-
zation, increasing material stiffness, a beneficial effect if
high remodeling before treatment reduced the tissue
mineral density below that needed at that location. This
secondary mineralization, which is part of the transient
remodeling deficit [8], occurs very slowly by enlargement
of crystals deposited during primary mineralization [10,
11]. When protracted by long-term remodeling suppression,
secondary mineralization of more and more of the total
bone mass is responsible for the continued increase in
BMD [12]. Whether this is beneficial or deleterious to bone
strength is uncertain and is discussed below.

Differing potency of drugs in suppressing
remodeling—a double edged sword

Suppression of remodeling varies from treatment to
treatment: it is greater with alendronate and risedronate
than with raloxifene. It is claimed to be greater with
alendronate than with risedronate [13], although the data
supporting this are unconvincing because of differences in
the distribution of baseline remodeling rate (which influen-
ces the level of BMD reached) and drop-outs in the two
groups may have influenced the findings. Remodeling

Treat

Structural decay
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suppression is particularly rapid, profound, and short-lived
with denosumab and greater than observed with alendro-
nate [14, 15]. It is rapid and protracted with zoledronic acid
[16].

Just as the degree of remodeling suppression may have
beneficial and deleterious effects, the degree of incomplete-
ness of remodeling suppression may also have beneficial
and deleterious effects. With less remodeling suppression,
continued birth of new BMUs with their negative bone
balance is likely to produce structural decay. While residual
remodeling is slow, structural decay is also likely to be
slow, but with time, trabecular thinning, endocortical
thinning, and intracortical porosity may continue, albeit at
a slower rate than before treatment, compromising bone
strength despite continued treatment. Alternatively, or in
addition, residual remodeling may remove damaged matrix
and maintain tissue mineral density and collagen composi-
tion. The net effect of these differing processes is not
known. There may be loss of the initial partial restoration of
strength produced by treatment followed by slowly increas-
ing fragility despite continued treatment (Fig. 2).

There is little evidence that antiresorptives reduce the
magnitude of the negative BMU balance by either reducing
the volume of bone resorbed by the BMU or increasing the
volume of bone formed by the BMU. Some evidence exists
for this with estrogen therapy, not bisphosphonates [17, 18].
If remodeling balance were restored then the slow remod-
eling will not produce structural damage. If BMU balance
were made positive by treatment by reducing the volume of

Fig. 2 As treatment A contin-
ues, BMD increases because of
secondary mineralization of
bone (depicted as yellow stars
within blue bone matrix). Had
high remodeling continued, this
bone would be replaced with
new bone with a lower tissue
mineral density. Treatment B
modestly suppresses remodeling
so erosion of bone continues as
new resorption cavities
(depicted in yellow resorption
cavities) are created by the con-
tinued remodeling. However,
drug B may allow matrix repair
so the net effect will be deter-
mined by several factors (see
text). In placebo the high
remodeling continues to erode
bone

BMD

Treatment B

Placebo

Treatment A

bone resorbed and increasing the volume of bone formed
by each BMU, then it would be advantageous for a drug to
increase remodeling rate as each remodeling event would
deposit a net positive volume of bone on the three
components of the endosteal envelope, focally thickening
trabeculae and the cortex on its endocortical surface as well
as reducing intracortical porosity.

Is antifracture efficacy sustained with prolonged
therapy?

No analyses have been done to determine whether fracture
rates within a treatment group (not relative to controls) at
the end of the second and third year are higher or lower
than fracture rates during the first year. Indeed, given the
low annual event rate, most studies are probably not
powered to detect any differences should they truly exist.
An alternative approach that is feasible is to study serial
changes in the material and structural properties of bone
during long-term therapy using high-resolution quantitative
computed tomography or bone histomorphometry to deter-
mine whether treatment with varying levels of continued
remodeling produces beneficial effects on the material
properties (damage removal, glycation, tissue mineral
density) but detrimental structural changes. Studies in
animals with osteonal bone and haversian canal systems
(not murine bone) would also be instructive.
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Absence of evidence beyond 3 years is not evidence of
absence

Although never formally compared, fracture risk reduction
relative to controls in the first 12 months of treatment
appears to be about 60-70%, while the risk reduction
during the subsequent 3—4 years is usually 30-50% [3].
Whether this pattern is the result of the mechanisms
discussed above or is the result of loss of high-risk
individuals (who are censored from later analyses after the
fracture event) is not clear. After the first year of treatment,
more fracture cases are censored from the placebo group
than from the treatment group, leaving a lower-risk cohort
in the placebo group for subsequent analysis of fracture
rates in later years. Antifracture efficacy will therefore
appear less in later years than during the first year of
treatment.

Evidence of antifracture efficacy sustained up to 4 years
treatment is reported with several treatments [3]. Benefits
for up to 5 years have been reported by intention to treat
with strontium ranelate [19]. Benefits for 6-7 years are
reported with risedronate [20] and for 10 years with
alendronate [12]. However, interpretation of the latter two
reports is difficult given the loss of most participants
originally randomly allocated to treatment [12, 20]. No
inferences regarding the long-term effects of alendronate on
fracture rates can be made when a cohort from another
study is used as a ‘control’ group [12]. Random treatment
allocation and retention of subjects throughout a trial

assures the placebo and treated group have equal preva-
lence of known and unknown covariates that influence
fracture outcome. Without that assurance it is not possible
to confidently infer that the observation of fewer events in
treated subjects than in ‘controls’ is produced by the
treatment (rather than by other covariates).

Similar problems exist with three calcium intervention
studies [21-23]. In each, poor compliance or drop-outs
occurred in about 50% of subjects. While a lower fracture
incidence was found in compliers with calcium than in
compliers with placebo, this may not have been due to a
reduction in risk produced by calcium; the lower incidence
of fractures may be the result of characteristics of compliers
that confer lower morbidity and mortality, not of the
supplement [24]. Regarding drop-outs, if healthy partic-
ipants are lost from the placebo arm, fracture rates will be
higher in the remaining group analyzed, if sick participants
are lost from the treatment arm fracture rates will be lower
in the treatment group available for analysis, so the risk
reduction will appear increased (Fig. 3).

The effect of poor compliance is complex [24]. If
included in the analysis, poor compliance with placebo
will increase fracture rate because poor compliance is
associated with higher morbidity and mortality. However,
poor compliance with treatment may produce a higher
fracture rate because of this ‘inherently’ higher morbidity
and mortality, and/or a higher fracture rate because the
efficacious drug is not being taken. In the same way, it is
also not possible to infer that reported deleterious effects

Fig. 3 Drop-outs that differ in Fx
number or characteristics in the rate Sick
placebo and treatment arm will drop out
produce an under- or over- Obscure
estimate of the risk reduction. benefit
Presence of poor compliers wilt | g S
produce discordant effectsby | placebo, L
increasing fracture rates in both Fx
arms but more so in the treat- Healthy rate Non-compliers
ment arm, underestimating the drop out to placebo ’
treatment benefit (see text)
treatment
R <
Fx Non-compliers
rate
to drug
healthy 0 1 2 3 oyrs
drop out /" Exaggerate
benefit
.............. ‘
freatment  dropout
0 1 2 3 4 5 oyrs
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such as increased hip fracture rates or cardiovascular
disease with calcium are due to the calcium supplements
[25, 26]. The point is, credible inferences of any kind are
not possible when design and execution are flawed by large
numbers of drop-outs, by lack of controls randomly
allocated to treatment at onset and followed throughout
the study, by small numbers in later years of the study, and
by poor compliance.

For these reasons, it is unknown whether antifracture
efficacy is sustained beyond 5 years for any agent. It is
possible that treatment induces an initial stabilization or
partial reversal of fragility, followed by a slow re-
emergence of fragility from this improved level of strength
due to slow structural decay and changes in material
properties of bone. The absolute risk for fracture in the
treated group may be increasing, but more slowly than the
rise in absolute risk in controls, so that the risk, relative to
controls, remains reduced during therapy even in patients
losing bone during treatment [27-29]. The only study
claiming a decreasing risk with time is that published by
Lindsay et al., who report that the relative risk reduction for
nonvertebral fractures increases with duration of treatment
with PTH 1-34 [30]. However, although the relative risk
reduction was numerically greater at 14-21 months than at
0-7 or 7-14 months, this was driven by the nonsignificant
increase in incidence in the placebo group with no change
in risk during the three time periods in the treatment group.

Does prolonged therapy do harm?

Benefits of remodeling suppression observed early in
treatment may be eroded because remodeling is responsible
for removal of damaged bone and changes in matrix
properties may predispose to damage accumulation [31,
32]. Prolonged suppression of remodeling increases tissue
mineral density and homogeneity predisposing to the
initiation and propagation of cracks. Collagen tissue also
becomes more cross linked with advanced glycation
products such as pentosidine, a feature that increases its
stiffness, i.e., making bone less able to deform and thereby
predisposing to crack initiation and propagation [33].

Bisphosphonates, but not raloxifene, given in doses
equivalent to those used clinically, increase the burden of
micro-damage in animal studies [34], an effect proportional
to the degree of suppression of remodeling. A reduction in
bone toughness—bone’s ability to absorb energy without
cracking—is reported, but other measures of bone strength
do not appear to be affected, perhaps due to structural
benefits produced by treatment offsetting the compromised
material properties.

There is evidence of an increase in micro-damage burden
with prolonged bisphosphonate exposure in human sub-

jects, but it is not compelling evidence [35]. The occurrence
of spontaneous subtrochanteric fractures in persons often
under 75 years of age and treatment with bisphosphonate
for over 6 years may well be causally related [36, 37]. Poor
fracture healing, osteonecrosis of the jaw, and osteopetrosis
are reported with bisphosphonate use. However, these
adverse events are profoundly rare in patients treated for
osteoporosis and are too uncommon to be detectable in
clinical trials [38—41]. A great deal of research is needed to
identify whether there are specific patient and drug-related
characteristics that predispose to these adverse outcomes;
whether this is related to baseline remodeling rate in
patients, the duration of remodeling suppression, and the
type of drug needs further work. These issues are beyond
the brief of this discussion other than to make the point that
these are rare events. Further observations using post-
marketing analysis in larger samples with more prolonged
exposure will be needed to further evaluate long-term risks
of these events during treatment.

Thus, there is absence of evidence of antifracture
efficacy during 5-10 years’ treatment, but also little
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Fig. 4 Risedronate and alendronate suppress histomorphometric
indices of the birth rate of bone remodeling to a similar degree, but
when treatment is stopped, remodeling is restored more rapidly with
risedronate than alendronate in some of these parameters. Two
examples are shown. Adapted from Fuchs et al. [39]
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evidence that prolonged therapy increases fracture risk; if it
does, then adverse skeletal events are likely to be
exceedingly uncommon. The final question is whether
harm occurs by stopping treatment.

Does stopping therapy result in a re-emergence of bone
fragility?

After stopping an antiresorptive agent, BMUs reappear on
the endocortical, intracortical, and trabecular components of
the endosteal envelope and are likely to produce cortical
thinning, intracortical porosity, trabecular thinning, and loss
of connectivity. Remodeling, at least as judged by bio-
chemical markers, increases more slowly after stopping a
bisphosphonate than estrogen or raloxifene and more
slowly after stopping alendronate than risedronate in studies
in human subjects [42].

Following oophorectomy, rats administered alendronate
or risedronate had similar degrees of suppression of
remodeling as reflected by a range of histomorphometric
measurements, but remodeling remained more suppressed
with alendronate than risedronate during 16 weeks after
withdrawal [43] (Fig. 4). Trabecular BFR/BS in the
proximal tibia was re-established in animals treated with
risedronate but not with alendronate. BMD of the fifth
lumbar vertebra remained higher than in controls after
withdrawal in rats treated with alendronate but not in those
treated with risedronate. Despite reductions in BMD and

increases in bone turnover, ultimate force of the fifth
lumbar vertebra remained higher in treated animals.

The sustained effect of bisphosphonates might be the
result of the release of bisphosphonates resident in
matrix as remodeling restarts with relocation to new
remodeling sites and so limiting bone resorption and
structural damage [44]. The more sustained the effect of
alendronate, the higher its binding affinity to mineral and
other properties that distinguish bisphosphonates [45, 46].
Raloxifene and estrogen withdrawal may leave no residual
benefits—remodeling sites appear, bone loss proceeds
again, and resorption is likely to produce structural decay.
Denosumab, a fully human monoclonal antibody, inhibits
receptor activator of nuclear factor-kappa B ligand
(RANKL), the mediator of osteoclast formation, function,
and survival suppresses remodeling very rapidly. Remod-
eling then increases slightly until the time of the next
injection but remains suppressed provided treatment
continues 3—6 monthly [14, 15]. Discontinuation is asso-
ciated with rapid rise in bone remodeling, with temporary
overshoot of remodeling markers and rapid decline in
BMD within 12 months. Retreatment rapidly resuppresses
remodeling markers and increases BMD. The reasons for
the rebound in remodeling markers after stopping treat-
ment are not known, but return to pretreatment levels does
occur (Fig. 5). Given the rapid rise in remodeling when
treatment stops, it is likely that structural decay will begin
rapidly so compliance will be essential. Thus, the degree
of return of remodeling rate depends on the type of
treatment used.

Fig. 5 Left panel: Denosumab CTX (medial ng/ml)
initially suppresses remodeling 0 1.6
more greatly than alendronate, CTX (% change)
then remodeling increases slow- -10 12
ly until the time of next admin- :
istration (adapted from Miller et
al. [14]). Right panel: With -20 Pladebo
cessation of therapy remodeling
markers rebound and BMD -30
decreases. Restarting therapy
resuppresses remodeling -40 Alendrong
markers and increases BMD. ~ (\{| ({7 pTTTeT i
Adapted from Brown et al. [15] 50 Denosum
Alendronate Lumbar spine (% change)
-60 Denosumab
8
-80
Denosumab 4 e NS
-100 Alendronate
0 1 3 6 9 12 mths
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The level of remodeling reached after stopping treatment
is probably largely determined by the rate of remodeling
before treatment. Evidence from the study by Miller et al.
suggest this is the case for denosumab, given the high
correlation between initial and final values of remodeling
markers [14]. If remodeling was high before treatment, if
the volume resorbed by each BMU was large and the
volume formed was small before treatment, then stopping
treatment is likely to result in reemergence of these
characteristics; fragility fractures should reappear just as
quickly perhaps as fracture rates decline within 6—12 months
in some studies [47]. If this is correct, then in persons with
low baseline remodeling, cessation of treatment should
increase bone remodeling modestly. These individuals lose
bone slowly and may be at low risk of fracture when
treatment is stopped [48].

There is no compelling evidence that fracture rates
reappear rapidly after stopping treatment. Heiss et al.
suggest that the incidence of fractures after stopping HRT
in the WHI did not result in a rise in fracture rates [49].
However, fracture risk in the women receiving HRT was
lower than the placebo group during treatment, with a
hazard ratio of 0.76 (95% CI 0.69-0.83) and 0.91 (95% CI
0.78—-1.06) after stopping treatment, the absence of a
protective effect suggesting that fracture rate may have
increased after stopping HRT.

Sustained antifracture efficacy is claimed after stopping
teriparatide, but inferences are difficult to make as 40-60% of
participants took bisphosphonates or other anti-osteoporosis
therapies. For vertebral fractures, sustained antifracture
efficacy was reported after stopping teriparatide but the effect
was not significant after accounting for the use of other drugs
[50]. For non-vertebral fractures, a residual benefit was
reported after stopping the 40-mcg, not after stopping the
20-mcg daily dose that is marketed [51].

The question of stopping therapy on fracture rates
was addressed in 1099 postmenopausal women receiv-
ing alendronate for 5 years in the FIT trial, randomized
to continued alendronate (5 or 10 mg) or change to a
placebo for another 5 years [52]. In those patients
changed from alendronate to placebo, increases in remod-
eling and decreases in BMD occurred. Non-vertebral and
morphometric vertebral fracture rates were no higher than
in patients continuing alendronate for a second 5-year
period. Clinical vertebral fractures occurred more com-
monly than in the continuous alendronate arm. The
authors inferred that treatment for 5 years offered a
sustained protective effect justifying discontinuation of
alendronate but those at very high risk of clinical vertebral
fractures should continue treatment.

Methodological flaws challenge the veracity of these
findings. First, the incidence of non-vertebral fractures
was not reduced in FIT 1 or FIT 2. A reduction in non-

vertebral fracture risk with alendronate was observed
only after post-hoc pooling of women with osteoporosis
from FIT 2 with those from FIT 1 [53]. In FLEX,
women with severe osteoporosis were excluded. So it is
difficult to attribute the lack of difference in nonvertebral
fractures in those stopping treatment after 5 years and
those treated for a second 5 years to a sustained benefit of
treatment during the first 5 years when no benefit was
observed in the original study. Second, in the 437 women
randomly allotted to placebo, 82 of the 102 who stopped
placebo took therapy including alendronate, an effect
which may lower fracture rates. In the alendronate arm,
63 of 321 (allocated 5 mg/daily) and 71 of 322 (allocated
10 mg/day) did not take it, an effect that may increase
fracture rates making it appear that no treatment was as
good as continued treatment. Third, the remodeling
markers were available in only 236 of the 1099 subjects.
By excluding patients with high bone loss and high
remodeling the authors selected a low-risk group. If
remodeling rate was low prior to treatment, then the rise
in remodeling and extent of bone loss may be modest.
Thus, the question of whether stopping alendronate leaves
a residual benefit after 5 years remains unanswered.

Poor compliance suggests that stopping treatment is
not a good idea. Gallagher et al. identified 44,531
patients prescribed alendronate or risedronate; 58.3%
continued bisphosphonate for over 1 year and 23.6% for
over 5 years [54]. The risk of hip/femur fracture was 22%
lower and for osteoporotic fracture 15% lower than
observed for individuals who stopped bisphosphonates.
Curtis et al. studied 9,063 older women compliant with
bisphosphonates for ~2 years [55]. Hip fracture incidence
(number per 1000 person years) was 8.43 in women who
discontinued bisphosphonates versus 4.67 in those con-
tinuing treatment. For women with higher compliance at
2 years or compliant for 3 years, there were no differences
in risk associated with discontinuation. The rate of hip
fracture was increased among women who discontinued
after being compliant with bisphosphonate for 2 years.
Thus, poor compliance after short-term therapy is likely to
result in increased fracture risk. With longer compliance,
cessation of therapy may not result in a detectable increase
in fracture rates but small sample sizes may have limited
the ability of the study to detect an increase in fracture
risk.

Inferences
Credible evidence for antifracture efficacy beyond 5 years
is lacking because most studies are not of this duration.

Studies that extend beyond 5 years suffer from loss of the
cohort originally randomized to treatment or placebo or
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lack appropriate controls. Benefits achieved in the first
3 years of treatment may be attenuated or lost by continued
remodeling and thus slow structural decay with drugs that
suppress remodeling modestly, while drugs that suppress
remodeling more completely may compromise damage
removal and alter bone matrix, predisposing to damage
accumulation. However, evidence for either is lacking in
human subjects. Stopping treatment results in the re-
emergence of remodeling; slowly with alendronate and
zoledronic acid [56], drugs that bind strongly to matrix,
and more rapidly with risedronate, HRT and raloxifene,
and particularly rapidly with denosumab. Remodeling
intensity probably eventually returns to the pretreatment
levels and fracture rates in persons who adhere poorly
to treatment are increased, particularly when treatment
has been given for under 3 years. A reasoned approach,
while not entirely evidence based (given the lack of
evidence), can be devised by defining the reason for
stopping, re-examining the patient’s risk for fracture, the
type and duration of therapy and using measurements of
biochemical markers of bone remodeling and noninva-
sive techniques for measuring bone mass and structure.
However, within the constraints imposed by limited
evidence, it appears that stopping therapy is more likely
to do harm than continuing therapy, so treatment should
not be stopped in the majority of individuals.
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