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Bone density vs bone quality:
What’s a clinician to do?

W ABSTRACT

Studies of the epidemiology of osteoporosis and of drug
treatments for it have challenged the concept that denser
bone means stronger bone. Bone strength or resistance to
fracture is not easily measured by routine densitometry,
being a function of both density and quality.

B KEY POINTS

Bone quality is a composite of properties that make bone
resist fracture, such as its microarchitecture, accumulated
microscopic damage, the quality of collagen, mineral
crystal size, and bone turnover.

The T score was derived from a population of white
women in their mid to late 60s and older; in other popu-
lations, low T scores do not necessarily reflect the dis-
ease state—osteoporosis—with its inherent decreased
strength and propensity to fracture.

In assessing the risk of fractures, clinicians should con-
sider not only the bone mineral density but also clinical
risk factors.

Markers of bone turnover are elevated in some cases of
primary osteoporosis and return to normal levels with
antiresorptive therapy but not with anabolic therapy.

“The author has disclosed that he fias received honoraria from the Eli Lilly, Merck, and Novartis
tompanies for teaching and speaking,
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OST CLINICIANS WERE TAUGHT directly or
M indirectly thar bone density is the gauge
for assessing bone strength and the response
to antiosteoperotic treatment. In recent years,
however, the concept of bone strength has
moved beyond density alone and has expanded
to include a number of characteristics of bone
that collectively are called quality.

This paper describes how the notion of
quality has emerged and some of the clinical
scenarios in which quality applies. It discusses
several observations in the clinical literature
that challenge our understanding of bone den-
sity and strength and provides the practitioner
a better understanding of densitometry in clin-
ical practice.

B WHAT IS BONE QUALITY?

Bone quality is not precisely defined. It is de-
scribed operationally as an amalgamation of
all the factors that determine how well the
skeleton can resist fracturing, such as micro-
architecture, accumulated microscopic dam-
age, the qualiry of collagen, the size of mineral
crystals, and the rate of bone turnover. The
term became popular in the early 1990s, when
paradoxes in the treatrment of osteoporosis
challenged the generally accepted orthodoxy
that bone density itself was the best way to as-
sess strength of bone.,

B FROM BONE MASS TO T SCORES
TO BONE QUALITY

Today’s practitioners appreciate the impor-
tarice of the T score in diagnosing osteoporo-
sis. It was not always this way, since the early
attempts to use bone densitometry focused on
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Fluoride looks good as a treatment
if we ook only at density
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FIGURE 1. Although the dose-response curve indicates
that sodium fluoride increases bone mass, this drug
actually increases the fracture rate because it makes
bone more brittle.
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a specific cutoff of bone mass as a risk for frac-
ture and not the statistical T scores or Z scores
that we know.!”

The T score concept was originally de-
veloped to assess the probability of fragility
fractures in postmenopausal white women in
their mid to late 60s and older.* It has been
useful because the disease prevalence is high
in this age group. The T score as originally
used was a surrogate marker for the histolog-
ic changes in aged bone that render it weak
and susceptible to fractures from low load-
ing forces: the lower the score, the worse
the fracture risk. It followed intuitively that
a low T score clinched the diagnosis of pri-
mary osteoporosis.

But the T score has its problems when
used outside this intended population. Prac-
titioners have assumed that all patients with
abnormally low scores have primary osteopo-
rosis. However, this number alone is insuf-

ficient to accurately make such a diagnosis
in patients outside the demographic group
in which it was developed, because the low
disease prevalence in younger groups makes
the score less accurate as a predictive tool.
Moreover, reevaluation of data from pivotal
clinical trials has brought into question our
long-held idea that increases in bone den-
sity parallel increases in bone strength and
reduction in fractures, and that therapeurtic
improvement in bone density is the mark of
success. Bone strength or resistance to frac-
ture is more complex than density alone. Into
this arena enters the concept of bone quality,
which attempts to explain the following ob-
servations.

B DENSER BONE
IS NOT ALWAYS STRONGER

The first inkling of the discrepancy between
density and strength arose with the use of so-
dium fluoride to treat osteoporosis. Although
sodium fluoride produced large increases in
bone mass (and therefore in density) (riGure
1), the strength of the bone did not parallel
this change.®® In fact, fluoride made bone
more brittle, because it changed the quality
of the mineral and rendered it more suscep-
tible to fracturing. High serum fluoride levels
increased the vertebral fracture rate despite
higher bone density.

# NOT ALL LOW BONE MINERAL DENSITY
IS OSTEOPOROSIS

The following case describes a clinical scenar-
io in which a patient has low bone density but
does not have osteoporosis.

A young healthy woman
with low bone density
A 35-year-old healthy woman who has jogged
recreationally for decades is evaluated for pos-
sible treatment of osteoporosis. She started o
feel back pain after doing heavy work in her
garden. Spinal radiographs did not show a rea-
son for her pain, but her physician, concemed
about osteopenia, sent ber for dual-energy x-ray
absorptiometry. Her spinal T scores and Z scores
were 2.5 standard deviations below the mean.
Should she start pharmacologic therapy?
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Young bone is stronger than older bone
This case shows the other end of the spectrum
from the fluoride story. Here, a young healthy
person inappropriately underwent a densiry
scan, which led to confusion about how to in-
terpret the results.

Asstated above, T scores are not appropriate
for young patients—the Z score is used instead.
In this case, the low value implied deficiency of
bone mass compared with age-matched norms.
However, in this patient with no clinical risk
factors for fracture, a fow T score meant that
her bone density was low, but not that she had
OSTEOPOIOsis.

Several factors could account for her low
bone density. It could be genetic, if her family
is small in stature, or she could be at the ex-
treme end of the distriburion curve for normal
individuals. Runners tend to be slight in build,
and so may have lighter bones. Furthermore,
for women, excessive running could lead to
lower estrogen activity and therefore lower
bone mineral density.

Drug treatment is not warranted for this
patient, but standard therapy with exercise,
vitamin D, and adequate elemental calcium
{rom the diet or supplements is reasanable.

Twao decades ago, in one of the first indica-
tions that something besides bone density was
critical to strength, a hallmark study showed
that fracture rates are dramatically differen:
across similar levels of bone mass or T scores
depending on a person’s age (reure 2).” Many
subsequent observations alse brought into
question how important density is.%*

Thus, the notion of quality entered the
clinical arena. Young bone and older bane are
qualitatively different in strength, even with
similar bone density. This difference was later
found to be related to significant qualitative
changes within the microscopic architecture
of the bone, the collagen, the mineral, and
the physiologic activity of the skeletal cells—
elements that the T score does nat reflect.

Hence, young bone is stronger than older
bone across all levels of bone mass or T scores.
Its quality is better.

M CHANGES IN DENSITY ACCOUNT FOR
ONLY PART OF THE DECREASE IN RISK

Clinical studies showed that the drugs approved

CLEVELAND CLINMC JOURNAL OF MEDICINE

At any T score, young bone
is stronger than older bone
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FIGURE 2. Estimated incidence of fracture as a function
of age and bone mass in 521 white women followed for

an average of 6.5 years,

HUPSL, SLEMENDA CW, JOHNSTON CC IR, AGE AND BONE MASS AS FREDICTORS OF FRACTURL IN
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for reating osteoporosis prevented fractures bet-
ter than we would expect from their effects on
bone density. The increases in density ranged
from about half a percent with vitamin D to over
10% with high doses of teriparatide {Forteo),
while the decreases in the risk of vertebral frac-
tures ranged from 23% to0 69% (tasLe 1)."%! Cum-
mings et al,” reviewing data from the Fracture
Intervention Trial,!’ estimared that the change
in bone density with alendronate (Fosamax) 5
mg exphained only 16% {95% confidence inter-
val 11%—-27%) of the reduction in spinal fracture
risk. With raloxifene (Evista}, only 4% of the re-
duction in vertebral fracture risk is ascribable to
the changes in density—96% is unexplained.'*
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TABLE 1

BONE QUALITY

Small increases in bone density,
large decreases in fracture risk

DRUG % INCREASE IN % DECREASE IN

SPINAL DENSITY NEW FRACTURES
Vitamin D 0.4 37
Calcium 1.7 23
Raloxifene {Evista) 25 40
Calcitonin (Miacalin) 37 54
Risedronate {Actonel) 45 36
Alendronate (Fosamax) 6.1 48
Teriparatide {Forteo) 20 g 9.7 65
Teriparatide 40 pg 13.7 69

ADAFTED FROM GUYATT GH, €1 AL SUMMARY OF META-ANALYSIS OF THERAPIES FOR
POSTMENDOPALSAL OSTEQPOROSIS AND THE RELATIONSHIP BE1¥WEEN BONE DENSITY AND
FRACTURES. ENDQCRINOL METRB CLIN NOATH AM 2002, 31' 659-679 AND DATA FROM NEER
Rid, ARNALD CO. ZANCHETTA IR, €T AL, EFFECT OF PARATHYROW HORMONE (1-34) ON FRAL-
TURES AND BONE MINERAL DENSITY I FOSTMENCPAUSAL WIIMEN WATH DSTEQPORUSIS. N
ENGL ) MED 2007; 34414341441 WITH PERMISSION FROM ELSEVIER, WWAALELSEVIER COM.

Bone strength
is more

complex than
density alone
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I BONES BECOME STRONGER
BEFORE THEY BECOME DENSER

In a number of clinical trials, antiresorptive
drugs of various classes started to reduce the
risk of fractures before the increases in bone
density reached their maximum. Raloxifene
significantly reduces the incidence of fractures
wirhin 6 to 12 months of starting treatment,
whereas the maximal increase in spinal hone
density of 2% to 3% is seen at 3 years.”” This
type of information further supported the dis-
cordance of density and bone strength and
underscored the concept that drug therapy af-
fects other factors in bone physiology.

One of these other factors is skeletal turn-
over, which is assessed by measuring the levels
of enzymes or collagen fragments released by
osteoblasts or osteoclasts in the blood or urine.
These substances are markers of bone metaho-
lism. They do not establish the diagnosis of
specific diseases, but their concentrations are
higher in high-bone-turnover states such as in
some cases of primary osteoporosis. The topic
has been reviewed in detail by Singer and Eyre
(www.ccjm.org/content/75{10/739).}¢

Antiresorptive therapy decreases the lev-
els of these markers to normal within weeks

YOLUME 76 » NUMBER &

of starting therapy. This prompt response is
believed to be the reason that fracture risk re-
duction is seen so early. This effect of therapy
represents a reduction in high osteoclastic
activity and, secondarily, preservation of the
microarchitecture. Meanwhile, osteoblastic
activity adds bone to these less-active osteo-
clastic sites. If the amount is sufficient, bone
densitomeiry may detect it.

I LACK OF CHANGE IN DENSITY DOES NOT
NECESSARILY MEAN LACK OF RESPONSE

The lack of change in bone density in patients
taking bisphosphonates does not necessarily
mean a lack of response. The following clini-
cal scenario exemplifies this paradox.

A middle-aged woman

on bisphosphonate therapy

A 68-year-old woman is seen because she

seems to be having a poor response to oral

bisphosphonate therapy, which was started 3

years ago after she had two vertebral fractures.

Her bone density has not changed during this

time, but the levels of her bone turnover mark-

ers have decreased and remain normal.
Should she start another type of therapy?

Bone turnover markers indicate a response
Studies show that parients with osteoporosis
cun be stratifted into those at low or high risk
of fractures on the basis of the activity of bone
turnover markers. The risk of fractures is two
times higher in people who have high {evels of
these markers than in those with normal lev-
els, and can rise to four to five times as high in
people who have both high marker levels and
low bone density."

All antiresorptive treatments lower the
levels of these markers to the normal range
and keep them low. In the patient described
above, her normal levels of bone turnover
markers after treatment indicate a good thera-
peutic response, The treatment should be
continued.

B WHAT'S A CLINICIAN TO DO?

These cases illustrate some important ques-
tions that often arise in the trearment of pa-
tients.
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How should the risk of fractures be as-
sessed? Bone densitometry is a better marker
of fracture risk than of bone strength because
it cannot detect the important qualitative ele-
ments of strength. The higher prevalence of
osteoporosis in the older population gives the
T score cutoff of 2.5 standard deviations be-
low the mean a greater predictive power to di-
agnose osteoporosis than it does in a younger
population with a lower disease prevalence. In
younger patients, this cutoff at best represents
low bone density and is not diagnostic of os-
teoporosis unless it is present with other risk
factors for fracture.

Newer tools for assessing fracture risk are
now enteting clinical practice. Estimates of
absolute fracture risk are being used,’** and
a fracture risk assessment tool is being imple-
mented worldwide.”’2 Developed by the
World Heaith Organization and called FRAX,
it is based on the bone mineral density of the
femoral neck combined with other factors: the
patient’s age, sex, weight, and height, whether
the patient has a personal or family history of
fracture, and whether the patient smokes, uses
glucocorticoids, has theumatoid arthritis, has
secondary osteoporosis, or consumes alcohol
in excess. It is available online (www.shef.
ac.uk/FRAX{/tool.jsp) and gives an estimate of
the 10-year risk of fracture.

How should response to therapy be as-
sessed? In clinical practice, patients who show
no changes in bone density may still be respond-
ing to therapy, and the response can be detected
by the levels of bone tumover markers. Patients
using antiresorptive drugs have normal levels of
these markers, decreased from a higher haseline
value. Patients using anabolic agents show high-
er levels of these bone markers, indicating en-
hanced bone building. So therapeutic efficacy is
seen as stable or increased bone density coupled
with decreased and normal tumover markers

over markers with anabolic drug use.

When fractures occur in patients on
therapy, however, it becomes difficult o as-
sess good or poor drug response. Patients who
have a fracture within the first year of therapy
are best left on the treatment, since this may
not generate the full response. Patients who
start having fractures years mto therapy, how-
ever, may be experiencing secondary forms
of osteoporosis superimposed on the original
primary disease.® Vitamin D deficiency, hy-
perparathyroidism, and celiac disease are com-
mon problems. Or, perhaps, patients may not
be adherent to therapy.?% Poor compliance,
inappropriate use of medications (especially
the bisphosphonate drugs), or even problems
of malabsorption of oral medication may be a
consideration. The intravenous forms of bis-
phosphonate drugs warrant consideration in
this scenario.**

In the future, we may have betrer tests of
bone quality. One such test, called finite el-
ement analysis, uses computer modeling and
three-dimensional imaging. It has been used
for years by engineers designing and testing
the strength of bridges, airplanes, and other
structures and is now being evaluated as a way
to estimate bone strength.

In summary, bone physiology and bone
strength are very complex issues that have re-
cently attained new and important nuances.
The original use of bone densitometry was o
assess the risk of fragility fractures and, second-
arily, to diagnose primary osteoporosis in the
population of patients for which it was origi-
nally developed. While the bone densitom-
etry score does bear some relationship to bone
strength, it is noc a sufficient surrogate marker
in many cases. Hence, clinicians need to ju-
diciously use these testing procedures in con-
bination with a number of clinical factors to
diagnose osteoporosis and assess the response

T scores are
not appropri-
ate for young
patients—the
Z score is used
instead

with antiresorptive drug use and increased turn-
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may not be a function of baseline patient fracture risk,
though these fi ndings may be somewhat biased, as most
osteoporosis-treatment clinical trials have mvolved higher-
risk patients. Nevertheless, clinicians intuitively consider
additional therapies for patients perceived to be at
persistently high-risk for additional fracture.

Teriparatide therapy may also be appropriate for
patients who ordinarity would be candidates for oral
bisphosphonate or raloxifene therapy, but for whom there
are contraindications or issues of intolerance. Patients
who, for example, have gastrointestinal intolerance to a
bisphosphonate, or who have lower extremity venous
disease or a thromboembolic event that precludes
raloxifene or estrogen therapy, may be appropriate
candidates for teriparatide therapy, assuming that they are
at high-risk as defined above. An alternative to teriparatide
therapy in these instances might be the off-label use of the
intravenous hisphosphonates pamidronate or zoledronate,
Use of these parenteral bisphosphonates is associated with
increases in bone density and reductions in bone turmover,
though data associating these surrogate markers of
treatment efficacy with fracture reduction are not currently
available.

Glucocorticoid-induced osteoporosis is a particularly
noteworthy disorder for which teriparatide might be
considered. Although both alendronate and risedronate are
registered for treatment of glucocorticoid osteoporosis
(22-24), FDA approval of teriparatide does not
specifically namne glucocorticoid-induced osteoporosis as
an indication for therapy. The terminology “high-risk”
wounld, however, certainly include some patients receiving
glucocorticoids. Individuals who are to receive prolonged,
high-dose glucocorticoid therapy, and who would
therefore be at high risk would be, in our view, candidates
for teriparatide therapy. This view does not necessarily
include premenopausal women on glucococorticoids, in
whom the risks of teripavatide therapy are unkmown.
Although no fracture data are available regarding
postmenopausal women with glucocorticoid-induced
osteoporosis treated with teriparatide, observed changes in
bone density, bone markers, and recent data on changes in
bone geometry suggest that teriparatide may well lead to
fracture reduction in these individuals (25-27).

Is teriparatide necessarily the drug of choice for
patients with osteoporosis at high risk for fracture?
Bisphosphonates are also highly efficacious in such
individuals. In fact, the major clinical frials with
alendronate and risedronate and raloxifene enrolled
patients at high risk for fracture. These pivotal clinical
trials clearly show that antiresorptive agents reduce
incident vertebral fracture in high risk patients (7-13).
Bisphosphonates also reduce the incidence of nonveriebral
fractures, including hip fracture. In patients with recent
vertebral fracture, in whom the risk for a subsequent
vertebral or hip fracture is high if left untreated,
risedronate has been shown in prospective trials to reduce
vertebral fracture risk within one year of therapy (28). In

Clinical Use Of Teriparatide, EndocrPract. 2004;10{No. 2) 1

post-hoc analyses, alendronate and raloxifene also reduced
clinical vertebral fractures (29-30). Thus, there is evidence
of rapid reduction in fracture events with use of the
antiresorptive agents. In the case of teriparatide, the study
design (x-rays prior to treatment and 18 months after
treatment was started) does not allow one to draw simnilar
conclusions ahout a “rapid” therapeutic effect of this agent
(1). In fact, the time course of non-vettebral fracture
evenis suggests that teriparatide may not significantly
reduce fractures until after approximatelty 1 year of
iherapy. On the other hand, preclinical data support rapid
effects of teriparatide on bone geometry, bone
microarchitecture, and increased bone strength, even
though the remodeling space increases with early
teriparatide use (31-37). Impressive effects of teriparatide
on the elements of bone strength such as trabecular
connectivity and cortical width (38-39) may be expected
to promote early fracture reduction as well, especially at
the Jumbar spine.

One can quite reasonably wonder about the rationale
for using teriparatide, which is much more expensive than
the bisphosphonates, in treatment of patients at high risk
for oteoporotic fracture, in whom both teriparatide and the
bisphosphonates may lead to fracture risk reduction of
similar magnitude, as appears to be the case based on
existing data.  While  bisphoshonates  maintain
microarchitecture that may contribute to improvements in
bone strength (4042), we note that additional parameters
of bone quality are affected by teriparatide (39). If one has
the option to use a therapeutic agent that may restore or
reconstruct skeletal microstruciure and favorably influence
geometrical parameters of bone therefore, it is attractive to
use it

Who Should Not be Considered for
Teriparatide Therapy?

Certainly, individuals who do not have advanced
osteoporosis at high risk for fracture should not be
considered for teriparatide therapy. This agent is not
recommended for preventive therapy, or in patients whose
T-scores or other assessments do not reflect advanced
osteoporotoc disease.  Patients  with  known
contraindication to teriparatide use should, of course, not
receive this drug (Table 2). A potentially unclear
contraindication to its use is “prior skeletal irradiation.”
This FDA term is specifi ¢ for therapeutic irradiation, not
diagnostic irradiation. Teriparatide is, further, not to be
considered for prevention of early postmenopausal bone
loss, a group of patients who may have small reductions in
BMD and are at low absolute fracture risk. Finally, cost
considerations are important. If insurance coverage is not
available and the patient cannot afford the expense of this
agent, one should advise another therapeutic approach.

What Baseline Tests Should be Obtained Prior to
Starting Teriparatide?
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compliance (51).

In accordance with the Bone Mass Measurement Act,
a regulation that applies only to the Medicare population,
bone mass measurement may be permitted | year after
initiation of an FDA-approved therapy. With teriparatide,
changes in bone density in the lumbar spine are so rapid
and of such a large mapnitude that it is likely signifi cant
changes exceeding the LSC will be seen after | year of
therapy. As to whether guidelines for use of BMD for
monitoring results of antiresorptive agents (i.c.,
monitoring every 23 months after the fi rst year of
therapy) will be applicable to teriparatide is not clear.
Clinicians will be influenced by these guidelines dictating
reimbursement for the test, but wiil also recognize that
there are situations in which one is justified in obtaining a
bone mass measturement earlier than this relatively long
23-month waiting period.

Expected large changes in BMD apply primarily to
the lumbar spine after teriparatide therapy. The hip
typically shows more slupgish, less dramatic change in
BMD, as is seen during therapy with antiresorptive agents
as well. The distal third of the radius does not demonstrate
signifi cant increases in BMD after teriparatide therapy as
measured by DXA though bone strength does appear to
improve in the forearm, as the cross sectional area of the
radius increases during teriparatide therapy (39). It is well
known that areal changes in bone without any changes, or
even a decline, in areal BMD can be associated with
improvemenis in bone strength, On a biomechanical basis,
therefore, even without any change in areal BMD,
teriparatide  appears efficacious at the forearm.
Measurement of true bone density, as assessed by
instruments such as quantitative computed tomography
that measure bone mass in g/cm’, may more completely

ive agents reduce levels of bone turnover markers (54-57),
teriparatide increases themn (58). Another difference is that
signifi cant changes in levels of bone mrnover markers are
associated treatment with teriparatide (e.g., up to 3 times
higher than baseline measurements) in contrast to the
antiresorptive agents. It would appear then thai bone
formation markers may be useful indicators of the efficacy
of teriparatide treatment. This expectation contrasts with
those in the case of antiresorptive agents, in which
reductions in bone tumover, although substantial, are oflen
not great enough in individual patients to meet the criteria
of significance (i.e., the LSC).

While reductions in bone resorption and bone
formation marker levels are correlated with reductions in
both new vertebral and non-vertebral fracture risk during
treatment with the two FDA-approved bisphosphonates,
the relationship between the increase in formation markers
and reduction in fracture risk has not been studied
regarding teriparatide therapy. It is reasonable,
nevertheless, to expect that such a relationship exists. The
increase in BSAP or osteocalcin seen as early as | to 3
months after initiation of teriparatide therapy has the
potential to provide useful, early feedback about the
effectiveness of teriparatide in a given patient.

Another point of interest regarding bone resorption
markers during teriparatide therapy is that the increase in
these markers does not appear to be sustained. After 12 to
18 months of teriparatide treatment, rates of bone
formation and levels of bone resorption markers tend to
decline to or toward baseline measurements, though more
data is needed ragarding the kinetic processes invoived in
these changes. The eventual fall in bone marker levels
with continued use of teriparatide may signal a waning of
the anabolic effect on bone density, though in some
clinical trials BMD continued to increase (59). This






discontinuation more quickly in the case of alendronate
{64,65).

Combining Antiresorptive and Anabolic Therapy

The recent PaTH smdy provides inferesting
information regarding the question of combining
antiresorptive and anabolic therapy (66). This study tested
PTH (1-84) alone and in combination with alendronate
compared to alendronate alone in 238 posimenopausal
women with osteoporosis. Patients had not previously
been treated with antiresorptive therapy. Using
quantitative computed tomography, these investipators
demonstrated no advantage to combination therapy
compared to PTH alone. DXA analysis revealed greater
increases m total hip BMD with combination therapy n
this investigation, and a greater increase in total body
BMD was noted with combination therapy in a related
study by Finkelstein et al (67). In some respects and at
some sites, the presence of alendronate seemed to retard
the effects of PTH. Again, these studies provide no data
regarding the effect of these agents on fracture rates or
bone microarchitecture. At this point, therefore, there may
not be any advantage gained by combination therapy with
PTH and alendronate, though available data are very
preliminary.

How Can Teriparatide®’s Effects on BMD be Sustained
AfterTeriparatide Discontinuation?

The use of a relatively short-term anabolic therapy
(18-24 months) raises the obvious question of what to do
after teriparatide treatment is discontineed. Studies
involving estrogen treatment have shown that bone mass
is maintained when estrogen therapy is continued after
teriparatide therapy has been stopped (62,68). Yet, these
studies by Lindsay, Cosman, and Lane did not include an
experimental arm in which antiresorptive therapy was
discontinued, so do not evaluate what happens to BMD
after discontinuation of teriparatide in the absence of
ongoing antiresorptive therapy. Data from large existing
clinical trials in women and men suggest that bone loss
begins rapidly among patients not immediately placed on
antiresorptive therapy after teriparatide discontinuation
(2,68). In contrast, preliminary data from these trials
suggest that BMD is maintained in patients begun on
antiresorptive therapy immediately after teriparatide is
discontinued. Finally, in the phase 1l clinical trial
evaluating the effect of thPTH (184) in postmenopausal
women over 12 months, additional improvement was
noted in spine BMD as measured by DXA when
alendronate was added after PTH was discontinped
(69,70).

Generalizability of conclusions reached in the above
studies is limited case, however, because of lack of
prospective study design and, in some instances, small
patient populations. There are, further, no data available
regarding microarchitectural or geometric changes after
teriparatide is discontinued with or without sustained
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antiresorptive treatment. In an analysis of fracture
incidence after teriparatide discontinuation, data from the
pivotal clinical trial does not allow determination of
whether bisphosphonate use was important after
teriparatide therapy with regard to the prolonged fracture
protection experienced by these patients, though the
number of observed fracture events was small (60). Again,
the post-hoc observational nature of these requires
confirmation in future studies using a more rigorous
experimental design. Until better evidence is available, it
seems wise take measures to prevent a decline in BMD
after teriparatide therapy is terminated. An antiresorptive
agent, in our opinion, should therefore be used regularly
after teriparatide is discontinued.

“Real-World” Issues in Teriparatide Treatment:

Adverse Events, Utilization and Reimbursement In
our experience, teriparatide is well tolerated. Patients
quickly leam to self-administer teriparatide by
subcutaneous injection. The “pen” injector with disposable
31-pauge needles offers almost painless injection, and a
nurse-educator or other knowledgeable health care
professional optimizes the patient education process. A
few patients have developed hypercalcemia 2 weeks after
teriparatide treatment was begun, Teriparatide was
discontinued in these instances, and serum calcinm levels
returned to normal in 2 days each case. When oral calcinm
intake was subsequently reduced by 500 mpg/day,
hypercalcemia did not recur once teriparatide therapy was
restarted in these patients. {n most cases, patients’ original
czlcium intake could be resumed without hypercalcemia
appearing again. Allergic wheals have been observed at
the teriparatide injection site on occasion. In one case, a
palient who developed severe large wheals at the injection
site was successfully “desensitized” to teriparatide under
treatment by an aflergist. Severe headache has led to
discontinuation of teriparatide therapy in one patient; in
another, severe headaches were avoided when the patient
drank 12 ounces of water at the time of teriparatide
adminisiration. Two patients have sustained transient heart
palpitations, and one patient had to discontinue
teriparatide treatment because of reproducihle severe
vertigo that came on 8 hours after teriparatide
administration. Two patients suffered incapacitating leg
cramps relieved by drinking a sports rehydration drink
soon after teriparatide admimistration. These adverse
gvents are rare relative to the number of patients we have
collectively treated with teriparatide over the past 6
months. It is our opinion, therefore, that the vast majority
of patients tolerate teriparatide without signifi cant adverse
effects.

The FDA approved the recombinant form of
teriparatide with a “black box warning” because rat
toxicity studies revealed the development of osteosarcoma
when high doses of teriparatide were administered for
profonged periods of time. It is important for the physician
to discuss results of these preclinical studies with patients
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and to point out that comparable tumors have not been
noted among monkeys given teriparatide in a comparable
manner. Tt is also noteworthy that in disorders of chronic
PTH excess (primary and secondary hyperparathyroidism,
and parathyroid carcinoma), the number of reports of
osteosarcoma is extremely small (71), with the occasional
report well below the incidence rate one might expect
based on coincidence.

Prior skeletal irradiation is a known contraindication
to teriparatide use. The teriparatide FDA label states that
the drug should not be taken “if you have had radiation
therapy involving your bones.” The intention of the FDA
in this instance was {0 exclude therapeutic radiation, not
diagnostic skeletal irradiation, radiciodine treatment,
electron beam radiation, or some forms of brachytherapy
such as installation of radioactive pellets or rods into body
cavities, In the latter cases the radiation therapy physician
should be asked whether the patient receiving
brachytherapy sustained a radiation dose sufficient io
expose adjacent bone.

Concluding Comments

The introduction of teriparatide marks an exciting
new advance in our fi eld, as a safe, effective anabolic
agent that improves bone density, bone microarchitecture,
and bone size is now available. Patients at high risk wil)
clearty benefi t from treatment with this new agent. In this
article we have discussed a number of important issues
that have emerged with the approval of teriparatide. As we
gain more experience with teriparatide and as more
information becomes available regarding how to use it, we
should be able to address many of these questions more
theroughly in the near future. Other questions still remain
to be raised and await greater understanding. A
representative sample of some outstanding questions
related to use of teriparatide is listed below.

» Does teriparatide reduce fracture rates to a
greater degree than is cumently achieved by
antiresorptive regimens alone?

« Can patients achieve equal clinical benefits with
shorter duration or intermittent administration of
teriparatide therapy?

» Can patients achieve greater clinical benefits
with longer duration of teriparatide use?

*  Could patientsbenefli t by retreatment afier a i rst
course of teriparatide (ie., a ‘“cyclical”
teriparatide regimen)?

s The past, present, and future use of antiresorptive
therapy needs further clarifi cation in the context
of teriparatide use.

+ Does teriparatide reduce the incidence of hip
fracture?

+  Does teriparatide enhance fracture healing?

»  How can one practically measure the efficacy of
teriparatide with indices beyond the use of bone
density and bone markers?

« In addition 1o  glucocortiocoid-induced
osteoporosis, what other secondary causes of
osteoporosis could conceivably be treated with
teriparatide?

Although there remains much to be leamed about
this anabolic agent, it is clear that its availability offers
clinicians new avenues of opportunity in the treatment of
women and men with osteoporosis,
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