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ABSTRACT

Monitoring the efficacy associated with antiresorptive therapy is an intuitive yet integral part of successful
osteoporosis management. Although response rates to bisphosphonates in clinical trials—as judged by

changes in bone mineral density (BMD)—are genera

Tly high, a small percentage of compliant patients do

not respond. Accordingly, monitoring may help identify noncompliant patients and allow for other,
possibly more successful, therapeutic interventions. Dual energy x-ray absorptiometry is the accepted
method of assessing BMD to determine the need for treatment and to monitor its effects. Change in BMD
is considered a valid intermediate end point for efficacy of fractare risk reduction. However, clinical trials
have shown that the reduction in fracture risk associated with antiresorptive therapy may occur before
changes in BMD become apparent. Vertebral fracture benefit is observed even among women who
maintain rather than gain BMD during antiresorptive therapy. Clinical trials show that suppression of bone
turnover markers after as little as 3 months of therapy is strongly associated with reductions in risk for
fracture. Although formal guidelines fot monitoring bone turnover markers do not yet exist, there are data
to suggest that changes in these markers are valid intermediate endpoints for efficacy of fracture risk
reduction that may provide valuable additional data on therapeutic success, particularly early in treatment
and before changes in BMD become apparent. © 2006 Elsevier Inc. All rights reserved.
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Monitoring therapeutic efficacy associated with antire-
sorptive therapy is an intuitively reasonable component of
managing the patient with osteoporosis. Response rates (o
antiresorptive therapy based on changes in bone mineral
density (BMD) and bone turnover in clinical trials, even
among highly compliant patients, range from approximately
70% to 85%. In clinical practice, monitoring changes in
individuals can help identify both patienis who do not re-
spond to therapy and those who are noncompliant."* Mon-
itoring is particularly important during the first few years of
{reatment to establish therapeutic efficacy. Once the efficacy
of a particular therapy has been established, there is no
evidence 1o indicate that its efficacy is subsequently lost as
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long as the patient remains compliant. Therefore, repeated
long-term monitoring while on therapy would seem to have
reduced utility.

Recent guidelines recognize the role of BMD testing in
postmenopausal women in establishing the diagnosis of osteo-
porosis, determining the patient’s risk of fracture, identifying
candidates for intervention, and assessing changes in bone
mass over time in treated and untreated patients.®* In addition,
guidelines indicate that BMD testing may be a valuable tool to
enhance acceptance of—and compliance with—treatment. The
role of bone turnover marker testing in individuals in clinical
practice remains controversial; however, data suggest that bone
turnover marker testing may augment BMD testing, particu-
larly when assessing fracture risk in elderly patients, assessing
therapeutic response to antiresorptive agents, and identifying
palients with high bone furnover to predict rapid bone loss.

This review examines the relation between BMD, bone
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wrnover markers, and fracture risk. It summarizes recom-
mendations for the timing and frequency of monitoring with
bone density measurements and the selection of appropriate
densitometry techniques and skeletal siles. The utility and
availability of bone turnover markers for monitoring pa-
tients in clinical practice are also reviewed.

BONE MINERAL DENSITY AND FRACTURE RISK

Multiple studies have demonstrated an exponential relation
between declining BMD and increasing fracture rigk>
This relation is firmly established and not considered con-
troversial. It quickly became clear, however, that reductions
in fracture risk observed with antiresorptive therapies were
greater than those expected from the observed increases in
bone density.'® Further, the reductions in risk were not
proportional to the increases in BMD observed among the
various antiresorptive agents. Although differences in clin-
ical trial design were offered as a partial explanation for
these findings, it seemed plausible that increases in BMD
did not account for all of the observed fracture risk reduc-
tion seen with these agents.

Subsequent studies have established that there is a sta-
tistically significant relation between changes in BMD and
fracture risk reduction, although the exact magnitude of this
relation remains controversial. In a regression meta-analysis
of 13 different trials of antiresorptive agents, Wasnich and
Miller!! found a statistically significant relation between
increasing BMD at the spine or hip and the reduction in
spine fracture risk. Greater increases in BMD versus pla-
cebo were associated with greater reductions in spine frac-
ture risk, although it was clear that a small reduction in risk
could still be anticipated even if BMD did not increase
compared with placebo. In this analysis, the majority but not
all of the reduction in risk was attributable to the increase in
BMD.

Cummings and colleagues'® performed a regression
meta-analysis of 12 different trials of antiresorptive agents.
As in the Wasnich and Miller meta-analysis, there was a
statistically significant relation between increasing spine
BMD and reduction in spine fracture risk. A small reduction
in risk was also seen even when there was no increase in
spine BMD compared with placebo. Unlike the Wasnich
and Miller meta-analysis, however, Cummings and col-
leagues concluded that the majority of the reduction in spine
fracture risk was not explained solely by the increase in
BMD.

The relation between increasing hip BMD and reduction
in non—spine fracture risk was evaluated in a meta-analysis
of 12 trials of antiresorptive agents by Hochberg and col-
Jeaguest Once again, a statistically significant relation
between increasing BMD and declining fracture risk was
demonstrated. Greater increases in BMD predicied greater
decreases in fracture risk. Unlike the meta-analyses exam-
ining the relation between increasing BMD and reducing
spine fracture risk, in the Hochberg study no significant

reduction in non-spine fracture risk was seen in the absence
of a significant increase in hip BMD.

The relation between the increase in BMD and the re-
duction in fracture risk has also been examined by looking
at individual trials or at multiple trials of a single antire-
sorptive agent. An analysis of the prospective Fracture In-
tervention Trial (FIT) included 2,984 women recruited for
the Vertebral Fracture Arm (VFA) and Clinical Fracture
Arm (CFA) who received alendronate; larger increases in
total hip or spine BMD at the end of 12 and 24 months of
therapy were associated with a substantially lower incidence
of new vertebral fractures at the end of the trial. This
suggested that greater increases in BMD on therapy were
associated with greater decreases in spine fracture risk."*

Watts and colleagues'® looked at this same relation be-
tween increasing BMD and reducing spine fracture risk by
pooling data from the 2,047 women receiving 2.5 mg or 5
mg of risedronate daily from the North American Vertebral
Efficacy with Risedronate Therapy (VERT-NA) trial, the
Multinational VERT trial (VERT-MN), and the Hip Inter-
vention Program (HIP) trial.”® Although this analysis
showed greater reductions in spine fracture risk in women
who gained BMD on therapy compared with those who lost
BMD on therapy, it could not be shown that greater gains in
BMD on therapy resulted in greater reductions in spine
fracture risk.

The simple maintenance of BMD on therapy would also
appear to be of benefit in reducing fracture risk. In FIT,
subjects who were compliant (defined as taking =70% of
the study drug, alendronate, for 3 to 4 years), but who had
a measured decline of 0% to 4% in BMD at the lumbar
spine, nevertheless had 60% reduction in vertebral fracture
risk compared with patients who received placebo.’° A
measured decline of =3% is generally considered indicative
of no real change in BMD.!” However, subjects with =4%
Joss in BMD and those who lost any BMD at both the hip
and spine did not benefit from alendronate.'® Together,
these data imply that compliant patients who maintain BMD
after 1 to 2 years of therapy still receive substantial benefit
from treatment.

The exact percentage of spine fracture risk reduction that
can be attributed to increased BMD during antiresorptive
therapy is controversial. In the Watts group study, an anal-
ysis of the relation between increascs in spine BMD on
risedronate therapy and reductions in spine fracture risk
suggested that only 18% of the reduction in risk was attrib-
utable to the increase in BMD.'? In an analysis of a slightly
different group of women from the VERT-NA and
VERT-MN trials using the same statistical methodology,
the reduction in spine fracture risk attributable to the in-
crease in BMD appeared to be 28%, not 189.'% Shih and
colleagues'? also performed multiple statistical analyses of
data from the 2 arms of the FIT of alendronate. Depending
on the arm of the trial, the skeletal site chosen to evaluate
the change in BMD, und the timc al which the change in
BMD was measured, the estimates for the percentage of the
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reduction in spine fracture risk attributable Lo the increase in
BMD varied from <<10% to =>80%.

From these analyses, it is clear that there is a statistically
significant relation between increasing BMD due to antire-
sorptive therapy and decreasing fracture risk. However, this
relation may not be the same for reductions in spine fracture
risk compared with non-spine fracture risk. Small reduc-
tions in spine fracture risk are predicted even in the absence
of demonstrable increases in BMD, but it is not clear that
this is the case for reductions in non-spine fracture risk. The
exact magnitude of the reduction in risk attributable to the
increase in BMD remains controversial, as the result is
clearly dependent on how each analysis is performed. It
would also seem clear from the analyses by Hochberg and
coworkers'* of the FIT of alendronate and the analysis by
Watts and colleagues'® of the VERT and HIP trials of rised-
ronate that it is far better to gain BMD on therapy than to
lose it.

BONE TURNOVER MARKERS AND FRACTURE
RISK

Increased bone turnover has been proposed as a potential
risk factor for osteoporotic fractures because it may increase
hone loss and cause microarchitectural deterioration of bone
tissue.2%?? Bone is constantly being remodeled in a cyclic
process by which osteoclasts resorb borne tissue and osteo-
blasts produce new bone matrix that is subsequently min-
eralized. Bone loss occurs when the balance of the remod-
eling process shifts toward excess resorption.  Bone
remodeling, or bone turnover, activity is reflected in serum
or urine levels of various biochemical markers. Serum
markers of bone formation include bone alkaline phospha-
tase, osteocalcin, and the C- and N-terminal propeptides
of type I collagen. Urine bone resorption markers include
breakdown products of type I collagen such as pyri-
dinjum crosslinks (pyridinoline [PYR], deoxypyridino-
Jine [D-PYR]) and the C- and N-telopeptides of type I
collagen (CTx and NTx). These biochemical products of
bone formation and bone resorption are collectively
called biochemical markers of bone turnover. Although
levels of these markers are a dynamic reflection of rates
of bone remodeling, they do not provide information on
_ the existing level of BMD. Consequently, they cannot
confirm the presence or absence of osteoporosis and are
not a substitute for BMD testing.

In 1996, Garnero and colleagues™ demonstrated that
elderly women with elevated levels of the bone resorption
markers urinary CTx and D-PYR had an increased risk for
hip fracture that was independent of BMD. The relation
between markers of bone turnover, age, and fracture risk
was also examined in an age-stratified random sumple of
151 women.>® Among postmenopausal women, levels of
biochemical markers of bone turnover were positively as-
sociated wilh age; depending on the marker used, the prev-
alence of elevated turmover among postmenopausal women
~50 years old ranged from 9% to 42%. In this sample,

osteoporosis was significantly associated with high bone
turnover and prior osteoporotic fracture.

Recent meta-analyses provide further evidence that bone
turnover——rather than just increases in BMD—has a strong
influence on fracture rsk. In the meta-analyses from
Wasnich and Miller'' and from Cummings and col-
leagues, 2 the small reductions in spine fracture risk seen in
the absence of an increase in BMD compared with placebo
suggest an independent role of the reduction in bone turn-
over in the spine fracture risk reduction achieved with
antiresorptive agents. The Hochberg group meta-analysis
noted earlier showed a statistically significant relation be-
tween reduction in non-spine fracture risk and reduction in
bone turnover.'® Greater reductions in turnover predicted
greater reductions in non-spine [racture risk. The Hochberg
model estimated that 70% reduction in markers of bone
resorption or 50% reduction in markers of bone formation
compared with placebo would result in 40% and 44% re-
ductions in the risk of non-spine fracture, respectively.

These data suggest that increased bone turnover is an
important determinant of fracture susceptibility. Similarly,
reductions in bone turnover during antiresorptive therapy
reduce fracture risk. Trials of antiresorptive agents indicate
that reductions in vertebral fracture risk are observed within
1 year of therapy. This effect occurs 0o rapidly to be solely
the result of increases in BMD,”*** In trials of postmeno-
pausal women on risedronate, reductions in incidence of
vertebral fracture of 61% to 65% were observed after 1 year
of therapy, well before significant changes in BMD were
detectable.2*2° When combined with findings from.the sep-
arate meta-analyses of Wasnich and Miller'! and Cum-
mings and colleagues,'* which suggested that reductions in
spine fracture risk could be expected in the absence of
increases in BMD compared with placebo, and the sus-
pected deleterious effects of high bone turnover on bone
architecture, it has been reasonably assumed that these carly
reductions in spine fracture risk are attributable to suppres-
sion of bone turnover. \

GUIDELINES FOR MONITORING BONE MINERAL
DENSITY IN PATIENTS BEING TREATED FOR
OSTEOPOROSIS

Measurement Sites

Current osteoporosis guidelines are in general agreement
regarding preferred skeletal sites for diagnosing osteoporo-
sis and monitoring changes in BMD (Table 1).***" The
North American Menopause Society (NAMS) indicates that
the total hip is the preferred site for BMD testing, particu-
Jarly in women aged =60 years in whom spinal measure-
ments may be unreliable.* NAMS proposes that spine BMD
may be a uscful measure of bone loss, particularly in early
postmenopausal women, because this population tends to
lose bone faster in the spine than in the hip, The American
Association of Clinical Pndocrinologists (AACE) guide-
lines recommend BMD measurement at either the lumbar
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‘ Tabﬂe 1 Guidelines for monitoring changes in bone minérf,ai' density

American Assocfation of Clinical .-
: Erddcrinotogists

'b&ur{:l‘t‘_."A_ﬁ}erican Menopéuse:‘ﬁaciety

InternationalSaciety of Clinical
- Densitometry - '

~ Lumbar spine

Prefarred sites
e i © Prokimal femur

l:Pi'eferréc.l technique DXA. g4 o XA

Frequency e _“N'ermé[ baseline BMD: evéry 3-5
o . ; ‘

Osteoporosis prevention: every
“1-2 yr until stability is
. documented; thereafter, every
P e T TN
_ Osteoporosis therapy: annually”
. until stability is achieved,
~and every 2'yr thereafter

Total hip in ‘most, women -
- Spine may be considered in -
younger women P

U_ntreated: every 5 yr

Treated: every 2 y

“Spinéand hip <o

DXA

Treated patients: yearly until
therapeutic efféctis - 3

- established; longer intervals
thereafter - el i

- BMBD wben&mmetaidenmty, D){A:#:dﬁal.égér‘gy} seray absd}fi:ﬁo}ntetr:}}f .

26,27 -

Adapted: from Endocr Pract,’ Menopause,* and.J Clin Densitom.

spine or the proximal fernur.® In 2002, the International
Society for Clinical Densitometry (ISCD) recommended the
posteroanterior (PA) spine as the preferred site with the total
hip as an alternative site. 28 All 3 organizations agree that
tests at peripheral sites such as the wrist or heel are useful
for the assessment of fracture risk but should not be used for
diagnosis or monitoring.™***

Techniques

The various guidelines are also in general agreement that
dual energy x-ray absorptiometry (DXA) is the preferred
technique for monitoring changes in BMD during therapy
just as it is the preferred technique for diagnosis of osteo-
porosis.**+2%%* Other techniques such as quantitative ultra-
sound, radiographic absorptiometry, or single-energy x-ray
absorptiometry are not recommended because they can only
be used to measure BMD in the peripheral skeleton, such as
the wrist, heel, or hand. Similarly, although DXA is the
preferred technique for monitoring therapy, DXA measure-
ments of the wrist, heel, or hand are not used for this
purpose. Instead, such measurements of the peripheral skel-
eton by any technique are solely used for the prediction of
fracture risk or for diagnosis of osteoporosis in exceptional
cases when the spine or proximal femur cannot be measured
with DXA.

Frequency of Testing

There is some variation among the guidelines with regard to
the frequency of repeal measurements. Aceording Lo the
ISCD), measurements are rarely justified more frequently
than yearly.”*?® Once efficacy has been estublished, less
frequent intervals are deemed appropriate. Similarly, the

AACE suggests that postmenopausal women receiving
treatment for osteoporosis have yearly measurements until
stability is demonstrated and at 2-year intervals thereafter.”
In contrast, the NAMS suggests that the initial follow-up
measurement not be made for 2 years.*

These suggested intervals are based on the observed rates
of change with currently available antiresorptive agents and
the reproducibility of DXA BMD testing. The reproducibil-
ity or precision of DXA BMD testing is excellent, but not
perfect. Even when an individual is repeatedly measured
within minutes of the original test, the BMID results will not
be identical because the test is not perfectly reproducible. 17
For a physician to conclude that a real biologic change in
BMD has occurred, a change must be observed that suffi-
ciently exceeds the precision error of the test. This is called
the least significant change. When DXA testing is properly
performed, changes of =3% at the PA spine and total hip
are considered indicative of real biologic change. Changes
<3% in either direction suggest stability or no real change
in bone mass. With current antiresorptive therapies, changes
of =3% are generally not reached in the spine before 1 year
and are not reached at the total hip until 2 years of treatment
have been completed.

In accordance with the ability of current BMD technol-
ogies to detect clinically relevant changes, Medicare covers
repeal BMD testing every 23 months in women and men
aged =65 years being monitored to assess the response Lo or
efficacy of a US Food and Drug Administration (FDA)-
approved osteoporosis drug therapy. ™ The Current Proce-
dural Terminology (CPT) code 76075 refers to =1 DXA
measurement of BMD made at the spine or proximal femur.
To indicate that the efficacy ol an approved therapy for
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Table 2 - Biochemical markers of bone turnover used in’
clinical practice in the United States

! G - Laboratory
Marker ST L aene s N bl availability
Bone atkaline phosphatase Serum -+t
- Dsteocalcin . . Serum - - e
C-telopeptides of type I Serum/unne <

coliagen-- ; Lt

Deoxypyridinoline Urine . ++4
“Crosstinked N-telopeptides Urine : +++
_ of type I collagen . sl . o
Pyridinoline ; o Wine, -+

+4% = broad ava%labmty, ~ = lijmi'ted availability: :
Adapted with permission from J Clin-Densitom.>®

) ‘[’a"bi"e 3 Pmposed ref'e!ence ranges for biochemical markers
_',of“’ bone turnaver : - :

- Upper Limit’
: “Mean or  of Reference
.-_-Marker

i J Medé__a-n Range
‘Bone aiiqahna phosphatase (U/L) TgsT 296
. Bone alkaline phosphatase (jg/L) 85 143~
C-telopeptides oftype I cotlagen ek 22_0 AR
 (ug/mmol) bl R R
;Free deoxypyndmolme g o "- -5._{} oy
© (nmol/mmol) R
_'Crosshnked N—teiopept;das of type I 65

coiiagen (nmel BCE/ mmaol) -

BCE = bone collagen equwaleat
Adapted with aermxssmn from J: C!m Dansrtom 32

osteoporosis is being monitored, the CPT code V67.59 may
also be used in conjunction with the appropriate Inferna-
tional Classification of Diseases, 9th Revision, Clinical
Modification (JCD-9-CM) diagnosis code. Most private
healthcare plans provide coverage for BMD testing to mon-
itor the therapeutic response to therapy, but they generally
will not reimburse testing for this indication more often than
every 2 years.

GUIDELINES FOR MONITORING BONE
TURNOVER IN PATIENTS BEING TREATED FOR
OSTEOPOROSIS

Biochemical markers of bone turnover are particularly at-
tractive as a means of monitoring therapeutic efficacy be-
cause significant suppression of bone turnover occurs far
more rapidly than detectable changes in BMD. These mark-
ers reach a nadir within 3 to 6 months of iitiation of
therapy in clinical tials., It must be noted, however, that the
imprecision of measuring bone lurmaver using markers is far
grenter than that of measuring BMD using DXA. Addition-
ally, formal guidelines do not exist, und cutoff values for the
use of markers of bone turnover are uncertain.

USE OF BONE MARKERS IN CLINICAL PRACTICE
Desirable levels of bone turnover markers are generally
considered to be those within the premenopausal range.
However, the true premenopausal range for the vaious
markers is controversial. Opinion-based guidelines devel-
oped in 1999 by Miller and colleagues™® provided prelimi-
nary guidance for use of markers in clinical practice; how-
ever, it should be noted that these guidelines are not
endorsed by any major medical society at this time. Miller
and colleagues suggested that therapeutic efficacy was in-
dicated by a decrease of 20% to 50% from baseline, de-
pending on which marker was being used; if a baseline level
was unavailable, a marker level within the premenopausal
range could be considered evidence of efficacy. Biochemi-
cal markers of bone turnover that are available for use in
clinical practice and potential cutoff values for the upper
limit of the premenopausal range are summarized in Table
2 and Table 3. It should be noted that these reference ranges
may vary by laboratory and by the type of assay used. As
suggested in Table 2, not all markers are widely available.
Both urinary N-telopeptide and bone alkaline phosphatase
are useful markers and are generally clinically available.
Marker variability can be reduced by performing specimen
collection at approximately the same time each morning and
by performing duplicate measurements (i.e., measurements
made 1 or 2 days apart from which an average value is
calculated).

Guidelines from the National Osteoporosis Foundation
(NOF), NAMS, and AACE observe that bone turnover
markers may provide valuable additional information to
assist in the assessment of fracture risk and therapeutic
response, and in identifying patients with high bone turn-
over.>**1 However, specific guidance on how to use them
in the management of individual patients is lacking.

Reimbursement for biochemical markers of bone turn-
over varies among private insurers in the United States.
Measurements for collagen crosslinks (PYR, NTx ,CTx) are
potentially reimbursable by Medicare using CPT code
82523, Because of the imprecision in marker measurements,
Medicare will allow duplicate measurements to be done at
baseline.>> Reimbursement will also be considered for a
follow-up marker 3 months after the baseline value has been
obtained and again 12 months after the 3-month assessment.
Measurements may be considered for reimbursement annu-
ally thereafter. CPT codes for other markers may be found
in the current issue of the American Medical Assomahon
(AMA) CPT code book.

SUMMARY

Fracture risk is strongly related to BMD. Declining BMD is
cxponentially associated with increasing fracture risk. In-
creases in BMD during antiresorptive treatment are signif-
icantly associated with reduction in Iracture nisk. although it
is clear that not all of the reduction in risk is attributable to
the increase in BMD. Nevertheless, monitoring changes in
BMD in patients receiving treaunent for osteoporosis to
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assess therapeutic efficacy is integral (o the osteoporosis
treatment paradigm.

Although studies suggest that greater increases in BMD
are associated with greater reductions in fracture risk, it is
important lo emphasize that the stability of BMD on therapy
appears Lo confer fracture protection compared with placebo
treatment. Thus, a lack of change in BMD on therapy should
not be construed as treatment failure. Other studies, how-
ever, clearly suggest—in terms of fracture risk reduction—
that it is better to gain BMD on therapy than to lose it. Some
of these same studies suggest that reductions in spine frac-
ture risk can be seen in the absence of demonstrable gains in
BMD compared with placebo. These data, as well as data
indicating that spine fracture risk reductions occur before
significant BMD increases are observed, suggest that im-
provements in bone microarchitecture related to suppression
of bone turnover are an important determinant of the reduc-
tion in spine fracture risk.

Several major organizations have published guidelines
for monitoring changes in BMD during therapy. These
guidelines are in general agreement regarding the skeletal
sites to use for monitoring, the preferred techniques used for
monitoring, and the frequency at which repeat measure-
ments of BMD should be conducted. The organizations
responsible for these BMD guidelines are also in general
agreement that markers of bone turnover may provide valu-
able additional data over and above those obtained from
BMD. In particular, the measurement of biochemical mark-
ers may be useful for determining response (o therapy ear-
lier than with bone densitometry. However, formal guide-
lines covering the use of markers for this purpose in
individual patients do not yet exist. The level or magnitude
of change of any given marker that indicates therapeutic
efficacy remains controversial. Therefore, in spite of their
promise in the rapid assessment of therapeutic efficacy,
biochemical markers currently have limited applicability in
the care of most women at risk for osteoporosis. For most
women, a DXA spine and/or proximal femur study remains
the most appropriate diagnostic modality for diagnosing
osteoporosis, monitoring therapeutic effectiveness, and
identifying those individuals who are not compliant with or
who do not respond to therapy.
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