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What is the optimal duration
of bisphosphonate therapy?

B ABSTRACT

It is reasonable to stop bisphosphonates after 5 years
of use and then to follow patients with markers of bone
turnover. As long as the levels of these markers remain
reduced, adding an antiresorptive drug does not make
physiologic sense.

M KEY POINTS

Bisphosphonates reduce the risk of osteoporotic frac-
tures, including devastating hip and spine fractures.

As with any drugs, bisphosphonates should not be used

indiscriminately. They are indicated for patients at high
risk of fracture, especially those with vertebral fractures
or a hip bone density T score lower than —2.5.

There is little evidence to guide physicians about the
duration of bisphosphonate therapy beyond 5 years. One
study with marginal power did not show any difference
in fracture rates between those who continued taking
alendronate and those who discontinued after 5 years
(JAMA 2006; 296:2927-2938).

Evidence is accumulating that the risk of atypical fracture
of the femur increases after 5 years of bisphosphonate use.

Anabolic drugs are needed; the only one currently avail-

able is teriparatide (Forteo), which can be used when
fractures occur despite (or perhaps because of) bisphos-
phonate use.

doi:10.3949/ccjm.78a.11022

A LMOST ALL THE DATA about the safety and
efficacy of bisphosphonate drugs for treat-
ing osteoporosis are from patients who took
them for less than 5 years.

Reports of adverse effects with prolonged
use have caused concern about the long-term
safety of this class of drugs. This is particularly
important because these drugs are retained
in the skeleton longer than 10 years, because
there are physiologic reasons why excessive
bisphosphonate-induced inhibition of bone
turnover could be damaging, and because
many healthy postmenopausal women have
been prescribed bisphosphonates in the hope
of preventing fractures that are not expected
to occur for 20 to 30 years.

Because information from trials is scant,
opinions differ over whether bisphospho-
nates should be continued indefinitely. In
this article, I summarize the physiologic
mechanisms of these drugs, review the scant
existing data about their effects beyond 5
years, and describe my approach to bisphos-
phonate therapy (while waiting for better
evidence).

@ MORE THAN 4 MILLION WOMEN
TAKE BISPHOSPHONATES

The first medical use of a bisphosphonate was
in 1967, when a girl with myositis ossificans
was given etidronate (Didronel) because it in-
hibited mineralization. Two years later, it was
given to patients with Paget disease of bone
because it was found to inhibit bone resorp-
tion.! Etidronate could not be given for longer
than 6 months, however, because patients de-
veloped osteomalacia.

Adding a nitrogen to the molecule dra-
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FIGURE 1. Mineralization surfaces in studies of normal people and with osteoporosis thera-
pies. Mineralization (tetracycline-labelled) surfaces are directly related to the bone formation
rate. Each point is the mean for a study, and error bars are one standard deviation. The clini-
cal trials show the values before and after treatment, or in placebo vs medication groups. A
list of the references is at http:/courses.washington.edu/bonephys/physop.html.

matically increased its potency and led to the
second generation of bisphosphonates. Alen-
dronate (Fosamax), the first amino-bisphos-
phonate, became available in 1995, It was
followed by risedronate (Actonel), ibandro-
nate (Boniva), and zoledronic acid (Reclast).
These drugs are potent inhibitors of bone re-
sorption; however, in clinical doses they do
not inhibit mineralization and therefore do
not cause osteomalacia.

Randomized clinical trials involving more
than 30,000 patients have provided grade A
evidence that these drugs reduce the inci-
dence of fragility fractures in patients with os-
teoporosis.” Furthermore, observational stud-
ies have confirmed that they prevent fractures
and have a good safety profile in clinical prac-
tice.

Therefore, the use of these drugs has be-
come common. In 2008, an estimated 4 mil-
lion women in the United States were taking
them.}

VOLUME 78 ¢ NUMBER 9

COPYRIGHT SUSAN OTT, USED WITH PERMISSION.

M BISPHOSPHONATES STRENGTHEN BONE
BY INHIBITING RESORPTION

On a molecular level, bisphosphonates inhibit
farnesyl pyrophosphate synthase, an enzyme
necessary for formation of the cytoskeleton in
osteoclasts. Thus, they strongly inhibit bone
resorption. They do not appear to directly
inhibit osteoblasts, the cells that form new
bone, but they substantially decrease bone
formation indirectly.*

To understand how inhibition of bone re-
sorption affects bone physiology, it is necessary
to appreciate the nature of bone remodeling.
Bone is not like the skin, which is continu-
ally forming a new layer and sloughing off the
old. Instead, bone is renewed in small units.
It takes about 5 years to remodel cancellous
bone and 13 years to remodel cortical bone’;
at any one time, about 8% of the surface is be-
ing remodeled.

The first step occurs at a spot on the sur-
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face, where the osteoclasts resorb some bone
to form a pit that looks like a pothole. Then a
team of osteoblasts is formed and fills the pit
with new bone over the next 3 to 6 months.
When first formed, the new bone is mainly
collagen and, like the tip of the nose, is not
very stiff, but with mineral deposition the
bone becomes stronger, like the bridge of the
nose. The new bone gradually accumulates
mineral and becomes harder and denser over
the next 3 years.

When a bisphosphonate is given, the os-
teoclasts abruptly stop resorbing the bone, but
osteoblasts continue to fill the pits that were
there when the bisphosphonate was started.
For the next several months, while the previ-
ous pits are being filled, the bone volume in-
creases slightly. Thereafter, rates of both bone
resorption and bone formation are very low.

A misconception:

Bisphosphonates build bone

While semantically it is true that the bone
formation rate in patients taking bisphospho-
nates is within the normal premenopausal
range, this often-repeated statement is essen-
tially misleading.

The most direct measurement of bone for-
mation is the percentage of bone surface that
takes a tetracycline label, termed the mineral-
izing surface. IGURE 1 shows data on the mineral-
izing surface in normal persons,® women with
osteoporosis, and women taking various other
medications for osteoporosis. Bisphosphonate
therapy reduces bone formation to values that
are lower than in the great majority of normal
young women.” A study of 50 women treated
with bisphosphonates for 6.5 years found that
33% had a mineralizing surface of zero.® This
means that patients taking bisphosphonates
are forming very little new bone, and one-
third of them are not forming any new bone.

With continued bisphosphonate use, the
bone gradually becomes more dense. There
is no further new bone, but the existing bone
matrix is packed more tightly with mineral
crystals.” The old bone is not resorbed. The
bone density, measured radiographically, in-
creases most rapidly during the first 6 months
(while resorption pits are filling in) and more
gradually over the next 3 years (while bone is
becoming more mineralized).
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Another common misunderstanding is
that the bone density increases because the
drugs are “building bone.” After 3 years, the
bone density in the femur reaches a plateau.'
[ have seen patients who were very worried
because their bone density was no longer in-
creasing, and their physicians did not realize
that this is the expected pattern. The spinal
bone density continues to increase modestly,
but some of this may be from disk space nar-
rowing, harder bone edges, and soft-tissue
calcifications. Spinal bone density frequently
increases even in those on placebo.

Bisphosphonates suppress markers

of bone turnover

These changes in bone remodeling with
bisphosphonates are reflected by changes in
markers of bone formation and resorption.
The levels of markers of bone resorption—N-
telopeptide cross-linked type I collagen (NTx)
and C-telopeptide cross-linked type I collagen
(CTx)—decrease rapidly and remain low.
The markers of bone formation—propeptide
of type I collagen, bone alkaline phosphatase,
and osteocalcin—decrease gradually over 3 to
6 months and then remain low. As measured
directly at the bone, bone formation appears
to be more suppressed than as measured by
biochemical markers in the serum.

In a risedronate trial,!' the fracture rate
decreased as the biochemical markers of bone
turnover decreased, except when the markers
were very low, in which case the fracture rate
increased.

Without remodeling, cracks can accumulate
The bisphosphonates do not significantly in-
crease bone volume, but they prevent micro-
scopic architectural deterioration of the bone,
as shown on microscopic computed tomo-
graphic imaging.!? This prevents fractures for
at least 5 years.

But bisphosphonates may have long-term
negative effects. One purpose of bone remod-
eling is to refresh the bone and to repair the
microscopic damage that accumulates within
any structure. Without remodeling, cracks can
accumulate. Because the development and re-
pair of microcracks is complex, it is difficult
to predict what will happen with long-term
bisphosphonate use. Studies of biopsies from
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women taking bisphosphonates long-term are
inconsistent: one study found accumulation of
microcracks,!® but another did not.?

I STUDIES OF LONG-TERM USE:
FOCUS ON FRACTURES

For this review, I consider long-term bisphos-
phonate use to be greater than 5 years, and |
will focus on fractures. Bone density is only a
surrogate end point. Unfortunately, this fact is
often not emphasized in the training of young
physicians.

The best illustration of this point was in
a randomized clinical trial of fluoride,'* in
which the bone density of the treated group
increased by 8% per year for 4 years, for a total
increase of 32%. This is more than we ever
see with current therapies. But the patients
had more fractures with fluoride than with
placebo. This is because the quality of bone
produced after fluoride treatment is poor, and
although the bone is denser, it is weaker.

Observational studies of fracture incidence
in patients who continued taking bisphos-
phonates compared with those who stopped
provide some weak evidence about long-term
effectiveness.

Curtis et al® found, in 9,063 women who
were prescribed bisphosphonates, that those
who stopped taking them during the first 2
years had higher rates of hip fracture than
compliant patients. Those who took bisphos-
phonates for 3 years and then stopped had a
rate of hip fracture during the next year simi-
lar to that of those who continued taking the
drugs.

Meijer et al'® used a database in the Neth-
erlands to examine the fracture rates in 14,750
women who started taking a bisphosphonate
for osteoporosis between 1996 and 2004.
More than half of the women stopped taking
the drug during the first year, and they served
as the control group. Those who took bisphos-
phonates for 3 to 4 years had significantly
fewer fractures than those who stopped during
the first year (odds ratio 0.54). However, those
who took them for 5 to 6 years had slightly
more fractures than those who took them for
less than a year.

Mellstrom et al'” performed a 2-year
uncontrolled extension of a 5-year trial of
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risedronate that had blinded controls.’® Ini-
tially, 407 women were in the risedronate
group; 68 completed 7 years.

The vertebral fracture rate in the placebo
group was 7.6% per year during years O through
3. In the risedronate group, the rate was 4.7%
per year during years O through 3 and 3.8% per
year during years 6 and 7. Nonvertebral frac-
tures occurred in 10.9% of risedronate-treated
patients during the first 3 years and in 6% dur-
ing the last 2 years. Markers of bone turnover
remained reduced throughout the 7 years.
Bone mineral density of the spine and hip did
not change from years 5 to 7. The study did
not include those who took risedronate for 5
years and then discontinued it.

Bone et al”’ performed a similar, 10-year
uncontrolled extension of a 3-year controlled
trial of alendronate.?® There were 398 patients
randomly assigned to alendronate, and 164 re-
mained in the study for 8 to 10 years.

During years 8 through 10, bone mineral
density of the spine increased by about 2%;
no change was seen in the hip or total body.
The nonvertebral fracture rate was similar in
years O through 3 and years 6 through 10. Ver-
tebral fractures occurred in approximately 3%
of women in the first 3 years and in 9% in the
last 5 years.

The FLEX trial:

Continuing alendronate vs stopping

Only one study compared continuing a
bisphosphonate vs stopping it. The Fracture
Intervention Trial Long-Term Extension
(FLEX)'® was an extension of the Fracture In-
tervention Trial (FIT)?"* of alendronate. I am
reviewing this study in detail because it is the
only one that randomized patients and was
double-blinded.

In the original trial,?**? 3,236 women were
in the alendronate group. After a mean of 5
years on alendronate, 1,099 of them were
randomized into the alendronate or placebo
group.'® Those with T scores lower than 3.5
or who had lost bone density during the first 5
years were excluded.

The bone mineral density of the hip in the
placebo group decreased by 3.4%, whereas in
the alendronate group it decreased by 1.0%.
At the spine, the placebo group gained less
than the alendronate group.
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Despite these differences in bone density,
no significant difference was noted in the rates
of all clinical fractures, nonvertebral fractures,
vertebral fractures as measured on radiographs
taken for the study (“morphometric” fractures,
11.3% vs 9.8%), or in the number of severe
vertebral fractures (those with more than a
two-grade change on radiography) between
those who took alendronate for 10 years and
those who took it for 5 years followed by pla-
cebo for 5 years.

However, fewer “clinical spine fractures”
were observed in the group continuing alen-
dronate (2.4% vs 5.3%). A clinical spine frac-
ture was one diagnosed by the patient’s per-
sonal physician.

In FIT, these clinical fractures were pain-
ful in 90% of patients, and although the com-
munity radiographs were reviewed by a cen-
tral radiologist, only 73% of the fractures were
confirmed by subsequent measurements on
the per protocol radiographs done at the study
centers. About one-fourth of the morpho-
metric fractures were also clinical fractures.”
Therefore, 1 think morphometric fractures
provide the best evidence about the effects of
treatment—ie, that treatment beyond 5 years
is not beneficial. Other physicians, however,
disagree, emphasizing the 55% reduction in
clinical fractures.?*

Markers of bone turnover gradually in-
creased after discontinuation but remained
lower than baseline even after 5 years without
alendronate.’® There were no significant dif-
ferences in fracture rates between the placebo
and alendronate groups in those with baseline
bone mineral density T scores less than —2.5.1°
Also, after age adjustment, the fracture inci-
dence was similar in the FIT and the FLEX
studies.

Several years later, the authors published a
post hoc subgroup analysis of these data.”” The
patients were divided into six subgroups based
on bone density and the presence of vertebral
fractures at baseline. This is weak evidence,
but I include it because reviews in the litera-
ture have emphasized only the positive find-
ings, or have misquoted the data: Schwartz et
al stated that in those with T scores of —2.5
or below, the risk of nonvertebral fracture was
reduced by 50%%; and Shane? concluded in
an editorial that the use of alendronate for 10
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FIGURE 2. Fractures rates in the FLEX trial, a randomized
double-blind study of women who took alendronate for
10 years (alendronate group) compared with women who
took alendronate for 5 years followed by placebo for 5
years (placebo group). A post hoc analysis separated par-
ticipants into six groups based on the presence of a verte-
bral fracture and the bone density (femoral neck T score) at
the start of the trial, and the graph shows the percentage
of women with a fracture during the last 5 years. The only
significant difference was in the group with T scores below
-2.5 who did not have a vertebral fracture at the outset.

DATA FROM SCHWARTZ AV, BAUER DC, CUMMINGS SR, ET AL; FLEX RESEARCH GROUP. EFFICACY OF
CONTINUED ALENDRONATE FOR FRACTURES IN WOMEN WITH AND WITHOUT PREVALENT VERTEBRAL
FRACTURE: THE FLEX TRIAL. J BONE MINER RES 2010; 25:976-982.

years, rather than for 5 years, was associated
with significantly fewer new vertebral frac-
tures and nonvertebral fractures in patients
with a bone mineral density T score of =2.5 or
below.?¢

What was actually seen in the FLEX study
was no difference between alendronate and
placebo in morphometric vertebral fractures
in any subgroup. In one of the six subgroups
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(N = 184), women with osteoporosis without
vertebral fractures had fewer nonvertebral
fractures with alendronate. There was no ben-
efit with alendronate in the other five sub-
groups (FIGURE 2), not even in those with the
greatest risk—women with osteoporosis who
had a vertebral compression fracture, shown
in the first three columns of FGuRre 2.> Never-
theless, several recent papers about this topic
have recommended that bisphosphonates
should be used continuously for 10 years in
those with the highest fracture risk.??7-?

I ATYPICAL FEMUR FRACTURES

Recent reports, initially met with skepticism,
have described atypical fractures of the femur
in patients who have been taking bisphospho-
nates long-term (FIGURE 3).28-°

By March 2011, there were 55 papers de-
scribing a total of 283 cases, and about 85 in-
dividual cases (listed online in Ott SM. Os-
teoporosis and Bone Physiology. http://courses.
washington.edu/bonephysfopsubtroch.html. Ac-
cessed 7/30/2011).

The mean age of the patients was 65,
bisphosphonate use was longer than 5 years in
77% of cases, and bilateral fractures were seen
in 48%.

The fractures occur with minor trauma,
such as tripping, stepping off an elevator, or
being jolted by a subway stop, and a dispropor-
tionate number of cases involve no trauma.
They are often preceded by leg pain, typically
in the mid-thigh.

These fractures are characterized by radio-
graphic findings of a transverse fracture, with
thickened cortices near the site of the frac-
ture. Often, there is a peak on the cortex that
may precede the fracture. These fractures ini-
tiate on the lateral side, and it is striking that
they occur in the same horizontal plane on the
contralateral side.

Radiographs and bone scans show stress
fractures on the lateral side of the femur that
resemble Looser zones (ie, dark lines seen ra-
diographically). These radiographic features
are not typical in osteoporosis but are reminis-
cent of the stress fractures seen with hypophos-
phatasia, an inherited disease characterized by
severely decreased bone formation.’!

Bone biopsy specimens show very low bone
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formation rates, but this is not a necessary fea-
ture. At the fracture site itself there is bone ac-
tivity. For example, pathologists from St. Louis
reviewed all iliac crest bone biopsies from pa-
tients seen between 2004 and 2007 who had
an unusual cortical fracture while taking a
bisphosphonate. An absence of double tetracy-
cline labels was seen in 11 of the 16 patients.*

The first reports were anecdotal cases, then
some centers reported systematic surveys of
their patients. In a key report, Neviaser et al*®
reviewed all low-trauma subtrochanteric frac-
tures in their large hospital and found 20 cases
with the atypical radiographic appearance; 19
of the patients in these cases had been taking
a bisphosphonate. A similar survey in Austra-
lia found 41 cases with atypical radiographic
features (out of 79 subtrochanteric low-trau-
ma fractures), and all of the patients had been
taking a bisphosphonate.**

By now, more than 230 cases have been re-
ported. The estimated incidence is 1 in 1,000,
based on a review of operative cases and radio-
graphs.”

However, just because the drugs are asso-
ciated with the fractures does not mean they
caused the fractures, because the patients who
took bisphosphonates were more likely to get
a fracture in the first place. This confound-
ing by indication makes it difficult to prove
beyond a doubt that bisphosphonates cause
atypical fractures.

Further, some studies have found no as-
sociation between bisphosphonates and sub-
trochanteric fractures.’®*” These database
analyses have relied on the coding of the
International Classification of Diseases, Ninth
Revision (ICD-9), and not on the examina-
tion of radiographs. We reviewed the ability
of ICD-9 codes to identify subtrochanteric
fractures and found that the predictive abil-
ity was only 36%.% Even for fractures in the
correct location, the codes cannot tell which
cases have the typical spiral or comminuted
fractures seen in osteoporosis and which have
the unusual features of the bisphosphonate-as-
sociated fractures. Subtrochanteric and shaft
fractures are about 10 times less common than
hip fractures, and the atypical ones are about
10 times less common than typical ones, so
studies based on ICD-9 codes cannot exoner-
ate bisphosphonates.
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FIGURE 3. Three-dimensional computed tomographic reformation (A), bone scan
(B), and radiograph (C) in an 85-year-old woman who had been on a bisphospho-
nate for 6 years, presented with pain in the right thigh, and soon after fell while

{

A report of nearly 15,000 patients from
randomized clinical trials did not find a signif-
icant incidence of subtrochanteric fractures,
but the radiographs were not examined and
only 500 of the patients had taken the medi-
cation for longer than 5 years.”

A population-based, nested case-control
study using a database from Ontario, Canada,
found an increased risk of diaphyseal femoral
fractures in patients who had taken bisphos-
phonates longer than 5 years. The study in-
cluded only women who had started bisphos-
phonates when they were older than 68, so
many of the atypical fractures would have
been missed. The investigators did not review
the radiographs, so they combined both os-
teoporotic and atypical diaphyseal fractures in
their analysis.*

At the 2010 meeting of the American So-
ciety for Bone and Mineral Research, prelimi-
nary data were presented from a systematic re-
view of radiographs of patients with fractures
of the femur from a health care plan with data
about the use of medications. The incidence
of atypical fractures increased progressively
with the duration of bisphosphonate use, and
was significantly higher after 5 years compared
with less than 3 years.?
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T getting dressed and sustained a fracture of the right femoral shaft (D).

BUSH LA, CHEW FS. SUBTROCHANTERIC FEMORAL INSUFFICIENCY FRACTURE IN WOMAN ON BISPHOSPHONATE THERAPY FOR GLUCOCORTI-

COID-INDUCED OSTEOPOROSIS. RADIOLOGY CASE REPORTS [ONLINE] 2009; 4:261.

I OTHER POSSIBLE ADVERSE EFFECTS

There have been conflicting reports about
esophageal cancer with bisphosphonate Concern about

use.*H42 long-term use
Another possible adverse effect, osteone-

crosis of the jaw, may have occurred in 1.4% should not

of patients with cancer who were treated for 3 discourage us

years with high intravenous doses of bisphos- from using

phonates (about 10 to 12 times the doses rec-

ommended for osteoporosis).* This adverse these dl‘ugs

effect is rare in patients with osteoporosis, oc- ywhen there is

curring in less than 1 in 10,000 exposed pa-

tients.* a high risk
I BISPHOSPHONATES SHOULD BE USED of fracture
WHEN THEY ARE INDICATED within the next
10 years

The focus of this paper is on the duration of
use, but concern about long-term use should
not discourage physicians or patients from us-
ing these drugs when there is a high risk of an
osteoporotic fracture within the next 10 years,
particularly in elderly patients who have expe-
rienced a vertebral compression fracture or a
hip fracture. Patients with a vertebral fracture
have a one-in-five chance of fracturing an-
other vertebra, which is a far higher risk than
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any of the known long-term side effects from
treatment, and bisphosphonates are effective
at reducing the risk.

Low bone density alone can be used as an
indication for bisphosphonates if the hip T
score is lower than —2.5. A cost-effectiveness
study concluded that alendronate was benefi-
cial in these cases.” In the FIT patients with-
out a vertebral fracture at baseline, the overall
fracture rate was significantly decreased by
36% with alendronate in those with a hip T
score lower than —2.5, but there was no dif-
ference between placebo and alendronate in
those with T scores between —2 and —2.5, and
a 14% (nonsignificant) higher fracture rate
when the T score was better than —2.0.2

A new method of calculating the risk of an
osteoporotic fracture is the FRAX prediction
tool (http://www.shef.ac.uk/FRAX), and one
group has suggested that treatment is indi-
cated when the 10-year risk of a hip fracture
is greater than 3%.* Another group, from the
United Kingdom, suggests using a sliding scale
depending on the fracture risk and the age.¥

It is not always clear what to do when the
hip fracture risk is greater than 3% for the
next decade but the T score is better than
—2.5. These patients have other factors that
contribute to fracture risk. Their therapy must
be individualized, and if they are at risk of
fracture because of low weight, smoking, or
alcohol use, it makes more sense to focus the
approach on those treatable factors.

Women who have osteopenia and have
not had a fragility fracture are often treated
with bisphosphonates with the intent of pre-
venting osteoporosis in the distant future. This
approach is based on hope, not evidence, and
several editorial reviews have concluded that
these women do not need drug therapy.*°

@ MY RECOMMENDATION:
STOP AFTER 5 YEARS

Bisphosphonates reduce the incidence of dev-
astating osteoporotic fractures in patients with
osteoporosis, but that does not mean they
should be used indefinitely.

After 5 years, the overall fracture risk is the
same in patients who keep taking bisphospho-
nates as in patients who discontinue them.
Therefore, I think these drugs are no longer
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necessary after 5 years. The post hoc subgroup
analysis that showed benefit in only one of
six groups of the FLEX study does not pro-
vide compelling evidence to continue taking
bisphosphonates.

In addition, there is a physiologic concern
about long-term suppression of bone forma-
tion. Ideally, we would treat all high-risk pa-
tients with drugs that stop bone resorption
and also improve bone formation, but such
drugs belong to the future. Currently, there is
some emerging evidence of harm after 5 years
of bisphosphonate treatment; to date the in-
cidence of serious side effects is less than 1 in
1,000, but the risks beyond 10 years are un-
known. If we are uncertain about long-term
safety, we should follow the principle of pri-
mum non nocere. Only further investigations
will settle the debate about prolonged use.

While awaiting better studies, we use the
approach shown in the algorithm in FIGURE 4.

Follow the patient

with bone resorption markers

In patients who have shown some improve-
ment in bone density during 5 years of
bisphosphonate treatment and who have not
had any fractures, [ measure a marker of bone
resorption at the end of 5 years.

The use of a biochemical marker to as-
sess patients treated with anti-turnover drugs
has not been studied in a formal trial, so we
have no grade A evidence for recommend-
ing it. However, there have been many papers
describing the effects of bisphosphonates on
these markers, and it makes physiologic sense
to use them in situations where decisions must
be made when there is not enough evidence.

In FIT (a trial of alendronate), we reported
that the change in bone turnover markers was
significantly related to the reduction in frac-
ture risk, and the effect was at least as strong
as that observed with a 1-year change in bone
density. Those with a 30% decrease in bone
alkaline phosphatase had a significant reduc-
tion in fracture risk.’!

Furthermore, in those patients who were
compliant with bisphosphonate treatment,
the reduction in fractures with alendronate
treatment was significantly better in those
who initially had a high bone turnover.’?

Similarly, with risedronate, the change in
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Estimate risk of fracture

Low risk

Do not prescribe
bisphosphonate

Severe hepatic or renal disease,
malabsorption, esophagitis,
osteomalacia, pregnancy

OoTT

Hip fracture risk higher than 3% in next decade

Check for causes of secondary osteoporosis
and contraindications to bisphosphonates

No causes or contraindications

Treat for 5 years, monitor for clinical fractures

Alternative therapy

v

Bone density stable or improved

and no fractures more than 4%

Check bone turnover,
ie, urinary N-telopeptide cross-linked
type | collagen (NTx)

\

NTx low

(< 40 nmol bone
collagen equiva-
lents per mmol

and bone density

Bone density decreasing

NTx high —> Re-evaluate and consider <— No
changing or adding therapy

T~

Patient has a fragility fracture
or thigh pain

Fracture in femoral diaphyses?

/N

Yes

creatinine
. T NTx levels
Discontinue Discontinue bisphosphonate
treatment and Evaluate both femurs should stay
monitor NTx Surgical flxatlt_)n (rods) lower than 40
yearly for fracture lines
Consider teriparatide (Forteo) for several
years after
FIGURE 4. Suggested algorithm for bisphosphonate use, while awaiting better studies. stopping
NTx accounted for half of the effect on frac-  daily variation, but despite these limitations bisphospho-
ture reduction during the clinical trial, and  they do help identify low bone resorption.
there was little further improvement in frac- In our hospital, NTx is the most economi- nates
ture benefit below a decrease of 35% t0 40%.1°  cal marker, and my patients prefer a urine
The baseline NTx level in these clinical ~ sample to a blood test. Therefore, we measure
trials was about 70 nmol bone collagen equiv-  the NTx and consider values lower than 40
alents per millimole of creatinine (nmol BCE/  nmol BCE/mmol Cr to be satisfactory.
mmol Cr) in the risedronate study and 60 in If the NTx is as low as expected, I discon-
the alendronate study, and in both the frac-  tinue the bisphosphonate. The patient re-
ture reduction was seen at a level of about 40.  mains on 1,200 mg/day of calcium and 1,000
The FLEX study measured NTx after 5 years, ~ U/day vitamin D supplementation and is en-
and the average was 19 nmol BCE/mmol Cr.  couraged to exercise.
This increased to 22 after 3 years without Bone density tends to be stable for 1 or 2
alendronate.” At 5 years, the turnover mark-  years after stopping a bisphosphonate, and the
ers had gradually increased but were still 7%  biochemical markers of bone resorption re-
to 24% lower than baseline.!° main reduced for several years. We remeasure
These markers have a diurnal thythm and  the urine NTx level annually, and if it in-
CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 78 e NUMBER 9 SEPTEMBER 2011 627



If we are unsure
about long-
term safety, we
should follow
the principle of
primum non
nocere
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creases to more than 40 nmol BCE/mmol Cr
an antiresorptive medication is given: either
the bisphosphonate is restarted or raloxifene
(Evista), calcitonin (Miacalcin), or denosum-
ab (Prolia) is used.

Bone density is less helpful, but reassuring
Bone density is less helpful because it decreases
even though the markers of bone resorption re-
main low. Although one could argue that bone
density is not helpful in monitoring patients
on therapy, [ think it is reassuring to know the
patient is not excessively losing bone.

Checking at 2-year intervals is reasonable.
If the bone density shows a consistent de-
crease greater than 6% (which is greater than
the difference we can see from patients walk-
ing around the room), then we would re-eval-
uate the patient and consider adding another
medication.

If the bone density decreases but the bio-
markers are low, then clinical judgment must
be used. The bone density result may be erro-
neous due to different positioning or different
regions of interest.

If turnover markers are not reduced

If a patient has been prescribed a bisphos-
phonate for 5 years but the NTx level is not
reduced, I reevaluate the patient. Some are
not taking the medication or are not taking it
properly. The absorption of oral bisphospho-
nates is quite low in terms of bioavailability,
and this decreases to nearly zero if the medi-
cation is taken with food. Some patients may
have another disease, such as hyperparathy-
roidism, malignancy, hyperthyroidism, weight
loss, malabsorption, celiac sprue, or vitamin D
deficiency.

If repeated biochemical tests show high
bone resorption and if the bone density re-
sponse is suboptimal without a secondary
cause, | often switch to an intravenous form of
bisphosphonate because some patients do not
seem to absorb the oral doses.

If a patient has had a fracture

If a patient has had a fracture despite several
years of bisphosphonate therapy, I first check
for any other medical problems. The bone
markers are, unfortunately, not very helpful
because they increase after a fracture and stay
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elevated for at least 4 months.” If there are
no contraindications, treatment with teripa-
ratide (Forteo) is a reasonable choice. There
is evidence from human biopsy studies that
teriparatide can reduce the number of micro-
cracks that were related to bisphosphonate
treatment,”’ and can increase the bone for-
mation rate even when there has been prior
bisphosphonate treatment.”>” Although the
anabolic response is blunted, it is still there.’®

If the patient remains at high risk

A frail patient with a high risk of fracture
presents a challenge, especially one who
needs treatment with glucocorticoids or who
still has a hip T score below —3. Many phy-
sicians are uneasy about discontinuing all
osteoporosis-specific drugs, even after 5 years
of successful bisphosphonate treatment. In
these patients anabolic medications make the
most sense. Currently, teriparatide is the only
one available, but others are being developed.
Bone becomes resistant to the anabolic effects
of teriparatide after about 18 months, so this
drug cannot be used indefinitely. What we
really need are longer-lasting anabolic medi-
cines!

If the patient has thigh pain

Finally, in patients with thigh pain, radiogra-
phy of the femur should be done to check for a
stress fracture. Magnetic resonance imaging or
computed tomography may be needed to diag-
nose a hairline fracture.

If there are already radiographic chang-
es that precede the atypical fractures, then
bisphosphonates should be discontinued. In
a follow-up observational study of 16 patients
who already had one fracture, all four whose
contralateral side showed a fracture line (the
“dreaded black line”) eventually completed
the fracture.”

Another study found that five of six incom-
plete fractures went on to a complete fracture
if not surgically stabilized with rods.®® This is
an indication for prophylactic rodding of the
femur.

Teriparatide use and rodding of a femur
with thickening but not a fracture line must be
decided on an individual basis and should be
considered more strongly in those with pain in

the thigh. (]
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