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ABSTRACT

Patients often start treatment to reduce fracture risk because of a bone mineral density T-score consistent

with osteoporosis (≤ �2.5). Others with a T-score above �2.5 may be treated when there is a history of

fragility fracture or when a fracture risk algorithm categorizes them as having a high risk for fracture. It is

common to initiate therapy with a generic oral bisphosphonate, unless contraindicated, and continue ther-

apy if the patient is responding as assessed by stability or an increase in bone mineral density. However,

some patients may respond well to an oral bisphosphonate, yet remain with an unacceptably high risk for

fracture. Recognition of this occurrence has led to the development of an alternative strategy: treat-to-tar-

get. This involves identifying a biological marker (treatment target) that represents an acceptable fracture

risk and then initiating treatment with an agent likely to reach this target. If the patient is on a path to

reaching the target with initial therapy, treatment is continued. If it appears the target will not be reached

with initial therapy, treatment is changed to an agent more likely to achieve the goal.

� 2019 Elsevier Inc. All rights reserved. � The American Journal of Medicine (2019) 132:e771−e777
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INTRODUCTION
Current pharmacologic therapies lower risk of fracture by

20%-70%, depending on fracture site, medication used, and

population treated.1,2 Other helpful interventions include
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lifestyle modifications, such as preventing falls, good nutri-

tion, ceasing smoking, and avoiding excess alcohol.

It is common clinical practice to initiate treatment with a

generic oral bisphosphonate (eg, alendronate, risedronate,

or ibandronate), unless contraindicated, in which case
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parenteral antiresorptive agents (eg, zoledronic acid or

denosumab) may be offered (Table 1).3 Antiresorptive

agents increase bone mineral density, improve bone

strength, and reduce risk of fracture by decreasing the rate

of bone remodeling, initially decreasing bone resorption

more than formation. Patients at very high risk of fracture,

such as those with a recent fragility fracture, multiple fragil-
CLINICAL SIGNIFICANCE

� When initiating therapy because of a
T-score ≤ �2.5, a reasonable target
T-score is > �2.0.

� Osteo-anabolic therapy has been dem-
onstrated to reduce fracture risk more
than antiresorptive therapy in patients
at high risk.

� Bone mineral density should be moni-
tored for response to therapy and prog-
ress toward the treatment target.

� If there is unacceptable progress toward
the treatment target, reevaluate and
consider changing treatment.
ity fractures, or very low bone mineral

density, may be treated initially with an

osteo-anabolic agent (eg, teriparatide or

abaloparatide). Osteo-anabolic medica-

tions increase bone mineral density and

reduce risk of fracture by increasing the

rate of bone remodeling and modeling

and increasing bone formation more

than resorption, resulting in improve-

ments in bone structure and an increase

in bone mineral density.4 Because the

sequence of therapy (antiresorptive fol-

lowed by osteo-anabolic vs osteo-ana-

bolic followed by antiresorptive) may

be clinically relevant,5 careful therapy

selection is required. Head-to-head clin-

ical trials have demonstrated osteo-ana-

bolic agents are superior to

antiresorptive agents for reducing risk
of fracture in patients in a high-risk categorgy.6−8

Except for teriparatide and abaloparatide, limited by the

US Food and Drug Administration (FDA) to no more than

24 months of cumulative lifetime use, there is little evi-

dence-based guidance regarding duration of treatment and

when to continue, change, or stop medication. Patients are
Table 1 Comparison of Two Strategies for Managing Patients with Oste

Treatment Step Current Paradigm

Decision to treat Determined by baseline level of frac
typically according to T-score, pr
fracture, or fracture-risk algorithm

Evaluation for secondary causes
of osteoporosis

Yes

Goal of treatment Response to treatment

Selection of initial treatment Usually a generic oral bisphosphona
contraindication is present

Monitor for treatment effect Yes, usually BMD measurement by D
bone turnover marker

Treatment success Stability or increase in BMD
Markers of treatment failure Significant decrease in BMD, lack of

change in bone turnover marker,
fracture(s) on therapy

Managing treatment failure Change to treatment more likely to
response

BMD = bone mineral density; DXA = dual-energy X-ray absorptiometry; FRAX = F

From Curr Osteoporos Rep. 2017 Apr;15(2):103-109. doi: 10.1007/s11914-017-
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typically monitored with bone mineral density testing by

dual-energy X-ray absorptiometry (DXA) 1 to 2 years after

starting therapy. Stability or an increase in bone mineral

density and the absence of fractures is generally assumed to

be good response to treatment, leading to continuation of

the same medication.9 However, there may be circumstan-

ces in which a patient responds well to therapy, yet contin-
oporosis

Treat-to-T

ture risk,
ior to fragility
(ie, FRAX)

Same

Yes

Achieveme
risk; tre
treatme

te unless a Treatment
reaching

XA, sometimes Same

Attainmen
expected Failure to

pathway

elicit a Change to
treatme

racture Risk Assessment Tool.
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ues to have an unacceptably

high risk for fractures. Response

to therapy alone is not the

desired treatment outcome for

other chronic diseases (eg,

hypertension, diabetes melli-

tus), and should not be for oste-

oporosis. Response to therapy is

necessary, but it is not always

sufficient to achieve an accept-

able level of fracture risk. This

is the fundamental principle

behind the concept of treat-to-

target for osteoporosis.
TREAT-TO-TARGET
Treat-to-target is used to man-

age a variety of different
chronic diseases, including rheumatoid arthritis,10 hyper-

tension,11 and diabetes mellitus.12 The treatment targets in

these diseases are imperfect, but they provide frameworks

for clinical decisions with opportunities for improving, har-

monizing, and simplifying disease management and still

allowing individualized treatment decisions.
arget

nt of an acceptable level of fracture
atment target is identified before
nt is started
most likely to be successful in
the treatment target is selected

t of treatment target
reach treatment target or be on a
toward the target

treatment more likely to reach the
nt target
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Treat-to-target strategies aim to reduce end-organ dam-

age and improve clinical outcomes.13 A useful target is

achievable with current therapies, intuitive for health care

providers, and easily applied. Treat-to-target strategies set a

biomarker value associated with a sufficiently reduced level

of risk for the consequences of the disorder being treated.

The therapy that has the highest probability of reaching that

target in a reasonable time frame is then selected. Progress

toward the target is reassessed periodically, facilitating

decisions to stop, continue, or change therapy (Table 2).
POTENTIAL TARGETS FOR OSTEOPOROSIS
TREATMENT
The goal of osteoporosis treatment should be a fracture risk

below the risk threshold for initiating therapy. Because

there is no direct way to measure bone strength or fracture

risk in individuals, surrogates are used. Candidate surro-

gates include bone turnover markers, estimates of fracture

risk using a validated fracture risk algorithm, and bone min-

eral density (expressed as T-score, the standard deviation

[SD] difference between the patient’s bone mineral density

and the bone mineral density of a young-adult reference

population; Table 2).

Bone Turnover Markers
Bone turnover markers (eg, C-telopeptide, a marker of bone

resorption; N-terminal propeptide of type 1 collagen, a

marker of bone formation) are biological by-products of

bone remodeling that change rapidly with treatment, allow-

ing for assessment of treatment response within weeks to

months of starting or changing therapy.14 In a meta-analy-

sis, a 70% decrease in bone turnover markers was associ-

ated with an approximate 40% lower risk of fracture with

bisphosphonate therapy taken for a year.15 A suggested tar-

get for antiresorptive therapies has been the reduction of

bone turnover markers below the mean premenopausal

level.16 Although the changes in bone turnover markers

may be useful to monitor therapy, there are many limita-

tions, including preanalytical and analytical variability, lim-

ited availability and affordability, lack of consensus on
Table 2 Considerations in the Use of Treatment Targets for Osteoporos

Indication for Treatment* Treatment Target Co

T-score ≤ �2.5 T-score > �2.0 Su

High risk for fracture
(eg, FRAX, CAROC)

Fracture risk below the
treatment threshold

La

Fragility fracture
(independent of T-score
and fracture risk algorithm)

T-score > �2.0 or appropriate
response of bone turnover marker

Ra

CAROC = Canadian Association of Radiologists and Osteoporosis Canada; FRAX

*The treatment target must vary according to the indication for treatment. Th
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reference ranges, inadequate definition of the least signifi-

cant change, and debate about the preferred marker for dif-

ferent medications.17 In numerous phase III trials where

anti-fracture therapies were assessed, there were substantial

overlaps in the changes of bone turnover markers between

placebo and treatment arms,18 casting doubt on the use of

bone turnover markers as a target in individual patients. In

clinical trials, there was also a large overlap of bone turn-

over marker levels between those who go on to develop

fractures and those who do not.17 Given these uncertainties,

a bone turnover marker is currently not an appropriate sole

target in a treat-to-target strategy.
Fracture-Risk Algorithms
Fracture-risk tools such as the Fracture Risk Assessment

Tool (FRAX) combine information from bone mineral den-

sity and selected clinical risk factors to provide an estimate

of the risk of fracture in untreated individuals. However,

the fracture-risk assessment tools currently in use do not

appear to capture the reduction in risk associated with oste-

oporosis treatments.19 A fracture-risk algorithm for patients

being treated would need to incorporate bone mineral den-

sity change during therapy, the impact of fracture during

therapy, and recency of fracture. Such a tool has not yet

been developed and validated, and therefore, none can be

used as a treatment target.
Bone Mineral Density
Bone mineral density is the leading candidate for a treat-

ment target. It is used for the diagnosis of osteoporosis and

is strongly correlated with risk of fracture in patients left

untreated, with an approximate doubling of risk for fracture

for each SD decrease (approximately equal to 1 T-score

unit) in bone mineral density.20

There is usually an increase in bone mineral density with

osteoporosis therapies. Because greater treatment-related

increases in bone mineral density are associated with

greater decreases in the risk of fracture,15,21−26 the bone

mineral density attained with therapy is a logical target,

while acknowledging that improvement in bone mineral
is

mments

pported by evidence from post hoc analyses of clinical trials with
bisphosphonates and denosumab. Very low baseline T-score and
very high risk for fractures suggest the need for aggressive treat-
ment most likely to reach the target, often osteo-anabolic followed
by antiresorptive therapy.
rgely aspirational because a validated fracture-risk algorithm that
captures the reduction in fracture risk with treatment does not yet
exist.
pid-acting highly-effective therapy may be desirable because of a
high risk of another fracture in the first 1-2 years after a fracture

= Fracture Risk Assessment Tool.

e best validated target is T-score.

o from ClinicalKey.com by Elsevier on November 28, 2019.
Copyright ©2019. Elsevier Inc. All rights reserved.
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density alone does not capture the full benefit of therapy.

With alendronate, etidronate, calcitonin, and raloxifene,

larger changes in bone mineral density are associated with

greater reductions in risk for vertebral fractures,24 and with

denosumab and zoledronic acid, the relationship between

increases in bone mineral density and reduction in risk for

fractures are especially strong with correlations of more

than 0.8.22,23

There are limitations to the use of bone mineral density

as a target. With most medications, the rate of change in

bone mineral density is slow. Because intervals between

bone mineral density tests may be 1 year or longer, it could

take years to assess attainment of the treatment target. Bone

mineral density alone does not adequately stratify risk, as

many patients with T-score values > �2.5 (cutoff for densi-

tometric diagnosis of osteoporosis by DXA) will fracture,27

owing to a variety of other skeletal and nonskeletal fac-

tors.28 There is no consensus on a bone mineral density or a

T-score value that represents an acceptably low risk for

fracture, whether there needs to be adjustment for age or

clinical risk factors and which skeletal site is optimal to

assess. Notwithstanding these limitations, the power of

bone mineral density to predict fracture is similar to the

power of blood pressure to predict stroke and superior to

serum cholesterol for the prediction cardiovascular disease

end points.20
BONE MINERAL DENSITY T-SCORE AS A TARGET
FOR OSTEOPOROSIS THERAPY
The target bone mineral density T-score of > �2.5 is con-

sistent with reports from the Western Osteoporosis Alliance

and the American Society of Bone and Mineral Research,

which suggest that a bisphosphonate “holiday” be consid-

ered when hip T-score is > �2.5 after at least 5 years of an

oral bisphosphonate or 3 years of an intravenous bisphosph-

onate.29,30 Given that the least significant change (smallest

statistically significant change with a 95% level of confi-

dence) for bone mineral density measurement is generally

about 3%-5%,31 attaining a T-score of > � 2.0 provides a

high degree of confidence that the T-score is truly > �2.5.

There are several clinical benefits of having a T-score

treatment target. Bone mineral density testing by DXA is

widely available and already used by clinicians to establish

a baseline before treatment and to monitor treatment

effect. Selection of initial treatment can be guided accord-

ing to the likelihood of reaching the T-score target, and

treatment modification can be guided according to prog-

ress, or lack of it, in reaching the T-score target. The T-

score can be used to determine when a bisphosphonate

holiday should be considered and T-score or fracture-risk

assessment can be used to determine when the holiday

should end.

Table 2 presents considerations for treatment targets for

the 3 categories of treatment indications.
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EVIDENCE SUPPORTING A T-SCORE TARGET
The evidence supporting a T-score treatment target has

been reviewed elsewhere in detail.32,33 Briefly, there are

accumulating data showing that greater bone mineral

density increases are associated with larger reductions in

the risk of fracture, at both vertebral and nonvertebral

sites.24−26

There may be little benefit to continuing bisphosphonate

treatment in patients who have attained a T-score > �2.5 to

> �2.0.34,35 The Fracture Intervention Trial Long-term

Extension (FLEX) and the Health Outcomes and Reduced

Incidence with Zoledronic Acid Once Yearly (HORIZON)

trials demonstrated that patients with a T-score of < �2.5

after 3-5 years of therapy (and patients with T-score < �2.0

and a vertebral fracture) may benefit from continued

therapy.31,36,37

With denosumab in the Fracture Reduction Evaluation

of Denosumab in Osteoporosis Every 6 Months (FREE-

DOM) Extension, patients attaining femoral neck or total

hip T-score > �2.5 after 3 years of therapy had no further

reductions in nonvertebral fracture risk with continued ther-

apy, whereas those with T-score < �2.5 did benefit.38 How-

ever, because discontinuation of long-term denosumab may

be followed by a rapid rise in bone remodeling, decrease of

bone mineral density, and return of fracture risk to base-

line,39 a drug holiday is not appropriate with denosumab as

it may be with bisphosphonates. Rather, treatment should

be continued or transitioned to another antiresorptive

medication.
CLINICAL APPLICATIONS FOR A T-SCORE TARGET
The National Osteoporosis Foundation Clinician’s Guide to

Prevention and Treatment of Osteoporosis40 recommends

treatment to reduce risk of fracture for a postmenopausal

woman or man age 50 years or older when the T-score mea-

sured by DXA is ≤ �2.5 at the lumbar spine, total hip, or

femoral neck. The guidelines, however, do not clearly spec-

ify how to select a specific drug for starting treatment, how

long to give it, and when, if ever, treatment should be

changed. Some examples of applying the concept of treat-

to-target in clinical practice follow.
TREAT-TO-TARGET CASE STUDIES

Patient 1
Consider a 65-year-old woman with L1-L4 T-score of �2.5

and no known fracture. Treatment could be initiated with

alendronate, a generic oral bisphosphonate that is inexpen-

sive and generally well tolerated. This decision is concor-

dant with treat-to-target principles, with a target T-score

> -2.5 and ideally > �2.0 expected to be achievable. In the

Fracture Intervention Trial,41 postmenopausal women with

osteoporosis treated with alendronate were observed to

have a 4-year bone mineral density increase of 8.3% at the

lumbar spine and 3.4% at the total hip compared with base-

line, with a significant decrease in vertebral fracture risk.
o from ClinicalKey.com by Elsevier on November 28, 2019.
Copyright ©2019. Elsevier Inc. All rights reserved.
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This patient would achieve target on alendronate and may

then qualify for a drug holiday after 3-5 years of treatment.
Patient 2
Consider another patient with much higher fracture risk: a

78-year-old woman with total hip T-score of �3.4 and a

recent severe (Grade 3) low-trauma T9 vertebral fracture.

The very low T-score and recent severe vertebral fracture

suggest that the risk of future fracture is very high. Treat-

ment with alendronate would be unlikely to reach a target

T-score > �2.5 or �2.0 and unlikely to achieve an accept-

able level of risk of fracture. A more promising plan might

be to start treatment with an osteo-anabolic agent (eg, teri-

paratide, abaloparatide) for 2 years, followed by a potent

antiresorptive agent, such as denosumab, to consolidate and

enhance the benefits of anabolic therapy.5 A recent study

enrolling postmenopausal women with vertebral fractures,

most of whom had had prior bisphosphonate, showed a

60% reduction in clinical fractures with transition to teri-

paratide for 2 years as compared to continuing risedronate

antiresorber for 2 years.6

Treat-to-target can also influence clinical decisions after

treatment is started. As an example, if patient 2 had been

initially treated with alendronate and a DXA study 2 years

later showed a bone mineral density increase of 3% at the

lumbar spine and 2% at the total hip, it would be reasonable

to conclude that she was responding to therapy and the risk

of fracture was reduced. However, it would also be likely

that risk for fracture remains very high. Other risks may

also supervene. If this patient were to have a new T10 verte-

bral fracture, the likelihood of future fractures becomes

even higher than previously estimated, despite improve-

ment in bone mineral density. Treat-to-target would suggest

a change in therapy to an anabolic drug or more potent

antiresorptive agent. Switching to denosumab increases

bone mineral density more than continuing alendronate

or switching to ibandronate, risedronate, or zoledronic

acid.41−45
CONTROVERSIES
There is evidence that switching from a bisphosphonate to

denosumab results in additional gains in bone mineral den-

sity.42−45 Although there are robust data showing that big-

ger increases in bone mineral density with treatment are

associated with greater reductions in risk for fracture, there

is no direct evidence that switching from a bisphosphonate

to denosumab results in a further reduction in risk for frac-

ture. For some patients with very low bone mineral density

(eg, baseline T-score < �3.5), it may not be possible to

achieve the treatment target with current medications.

There is no consensus as to what is an acceptably low risk

of fracture and how this should be expressed. It would be

ideal to have a fracture-risk algorithm that fully captures

the reduction in risk for fracture with treatment. Once the

target has been attained, there is little to guide the subse-

quent course of action, although it seems reasonable to
Downloaded for Anonymous User (n/a) at University of New Mexic
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consider a bisphosphonate holiday for a patient who has

been treated with a bisphosphonate for at least 3-5 years,30

to continue denosumab for at least 10 years, switch from

denosumab to a bisphosphonate, or switch to an antiresorp-

tive agent for a patients who has completed a course of ther-

apy with teriparatide or abaloparatide. Bisphosphonate or

denosumab after teriparatide is likely to maintain or further

increase bone mineral density.5 Bisphosphonate after deno-

sumab may, in some but not all cases, maintain bone min-

eral density.46 It must be recognized that osteoporosis is a

lifelong disease that requires lifelong attention, including in

patients who have achieved the treatment target.
RESEARCH AGENDA
We recognize the need for further study to develop and vali-

date treatment targets for all patients who are treated to

reduce risk of fractures. There are some critical questions

that need to be addressed to better implement a treat-to-tar-

get strategy for all patients, whether they are treated

because of baseline T-score ≤ �2.5 or with baseline

T-score > �2.5 and previous fragility fracture or high-risk

of fracture. First, a fracture-risk assessment tool that is vali-

dated to capture the reduction in risk of fracture associated

with all therapies is needed. These data could then be linked

to various potential targets, such as T-score at various skel-

etal sites and perhaps bone turnover markers. The probabili-

ties of reaching the T-score target based on different

therapies need to be elucidated. More study is needed on

the long-term anti-fracture efficacy of switching therapies

to better inform clinicians of the benefits of switching ther-

apy (eg, from a weak antiresorptive agent to one more

potent or from an antiresorptive agent to an osteo-anabolic)

in patients who are not reaching their target.
SUMMARY
Some patients who respond to osteoporosis therapy still

have an unacceptably high risk of fracture. With a treat-to-

target approach, a target is established before treatment is

started. This can guide selection of initial therapy with a

medication or combination of medications most likely to

reach that target. Decisions to stop, continue, or change

therapy can be made according to progress toward that

target over time. For patients started on treatment because

of T-score ≤ �2.5, the most feasible treatment target is

T-score > �2.0. We suggest that initial treatment be with a

medication that has a greater than 50% probability of reach-

ing a T-score > �2.0 within 3 years. The choice of therapy

should be determined by factors that include comorbidities,

cost, access to therapy, and patient preference. Patient pref-

erence may be influenced by the length of clinical experi-

ence with the therapy, the route of administration (oral vs

subcutaneous injection vs intravenous infusion), the fre-

quency of administration, the out-of-pocket expense, and

the perceived risks of therapy. For patients at very high risk

of fracture, especially those with a recent fragility fracture,

multiple fragility fractures, or very low bone mineral
o from ClinicalKey.com by Elsevier on November 28, 2019.
Copyright ©2019. Elsevier Inc. All rights reserved.
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density (eg, T-score <�3.5), more aggressive treatment

with an anabolic agent (eg, teriparatide, abaloparatide)

should be considered, with consideration of patient prefer-

ence and cost. For a patient with baseline T-score > 2.5

who is started on treatment because of the presence of a

fracture or high probability of fracture, a treatment target at

this time is indeterminate (largely aspirational), although it

would be reasonable to try to achieve a T-score that is sig-

nificantly better than the baseline.
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