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Operationalizing Treat-to-Target for Osteoporosis

E. Michael Lewiecki

New Mexico Clinical Research & Osteoporosis Center, Albuquerque, NM, USA

Treat-to-target (TTT) for osteoporosis is a concept for individualizing patient treatment decisions that focuses on achieving an ac-
ceptable level of fracture risk rather than response to treatment alone. While a response to treatment is essential in order to achieve
an acceptable level of risk, it is not necessarily sufficient. Some patients have a good response to treatment yet remain at high level
of fracture risk. Since there is no way to directly measure bone strength in patients treated for osteoporosis, a surrogate measurement
must be used. Bone mineral density (BMD) is commonly used to select patients for treatment and has emerged as the most useful
surrogate for assessing reduction of fracture risk after treatment is started. Recent large meta-regression studies have shown a robust
correlation between larger increases in BMD with treatment and greater reductions in fracture risk. Application of TTT for osteopo-
rosis involves assessing fracture risk before starting treatment and initiating treatment with an agent that is most likely to reduce frac-
ture risk to an acceptable level, represented by a target BMD T-score, over a reasonable period of time. This review offers sugges-
tions for implementing TTT for osteoporosis in clinical practice and managing patients who fail or succeed in reaching the target.
More study is needed to fully validate the use of TTT for osteoporosis for initiating and modifying treatments to reduce fracture risk.
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INTRODUCTION

Treat-to-target (TTT; sometimes called treat-to-goal or goal-di-
rected treatment) is the concept that treatment decisions should
be made according to the likelihood of achieving a measure or
composite of measures that represents treatment success. These
biomarkers are surrogates for the clinical outcome of interest,
which may be the absence of an adverse event with a silent
chronic disease or disease remission with a chronic symptomat-
ic disease. This strategy of disease management is familiar to
most physicians for its application to the care of patients with
conditions such as hypertension [1], diabetes mellitus [2], and
rheumatoid arthritis [3].

Osteoporosis is a silent chronic disease characterized by re-
duced bone strength and increased risk of fracture [4]. Fracture

is the clinical outcome of interest for patients with osteoporosis;
the goal of treatment is to prevent fractures. Since the risk of
fracture can never be totally eliminated, the pragmatic treatment
goal is reduction of fracture risk. This raises several questions
regarding treatment decisions.

1. How much reduction in fracture risk is desirable and

achievable?

2. How can we best assess the reduction in fracture risk with

treatment?

3. How can we use this information to individualize treatment

decisions?

All medications approved for the treatment of osteoporosis
have been shown to reduce the risk of vertebral fractures in ran-
domized controlled clinical trials (RCTs) conducted in post-
menopausal women with osteoporosis. For appropriately select-

Received: 20 January 2021, Revised: 3 February 2021,
Accepted: 7 February 2021

Corresponding author: E. Michael Lewiecki

New Mexico Clinical Research & Osteoporosis Center, 300 Oak St. NE,
Albuquerque, NM 87106, USA

Tel: +1-505-855-5525, Fax: +1-505-884-4006, E-mail: mlewiecki@gmail.com

270 www.e-enm.org

Copyright © 2021 Korean Endocrine Society

This is an Open Access article distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (https://creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribu-
tion, and reproduction in any medium, provided the original work is properly
cited.


http://crossmark.crossref.org/dialog/?doi=10.3803/EnM.2021.970&domain=pdf&date_stamp=2021-03-20

Treat-to-Target for Osteoporosis E n M

ed patients, any treatment is probably better than none; however,
not all drugs are the same.

Bisphosphonates (e.g., alendronate, risedronate, ibandronate,
zoledronate) constitute the most widely used class of drugs for
the treatment of osteoporosis because of low cost and a general-
ly favorable balance of benefits and risks. These antiresorptive
agents are associated with modest increases in bone mineral
density (BMD) and reductions in fracture risk [5]. Since the in-
troduction of bisphosphonates for the treatment of osteoporosis,
other therapeutic agents with differing pharmacological and
clinical profiles have been developed. These include a more po-
tent antiresorptive compound, denosumab, that increases BMD
more than bisphosphonates [6-8], and anabolic compounds that
reduce fracture risk more than bisphosphonates [9-12], with
some anabolic compounds increasing BMD more than others
[13,14]. These new developments, along with robust data show-
ing that larger increases of BMD with treatment are associated
with greater reductions of fracture risk [15,16] and recognition
of the importance of treatment sequence [17] have increased the
complexity of choosing initial osteoporosis therapy and assess-
ing the outcomes of treatment.

In 2013, the idea of facilitating the management of patients
with osteoporosis using a TTT strategy was presented in two si-
multaneous publications [18,19]. The principles supporting the
concept of TTT for osteoporosis were described (Fig. 1) and
recommendations for further action were made. These publica-
tions raised awareness of this concept in the medical community
and quickly generated lively discussions on the merits and limi-
tations of TTT for osteoporosis [20,21]. This is an update of
progress with TTT for osteoporosis, including new data that
have emerged.

AMERICAN SOCIETY FOR BONE AND
MINERAL RESEARCH: NATIONAL
OSTEOPOROSIS FOUNDATION WORKING
GROUP PROGRESS REPORT (2017)

Following the two initial publications on TTT for osteoporosis,
the American Society for Bone and Mineral Research (AS-

BMR) joined with the US National Osteoporosis Foundation
(NOF) to establish a working group, composed of leading os-
teoporosis experts and clinicians from seven different countries,
representing a range of medical specialties, to review the best
available medical evidence, identify gaps in the evidence, and
propose a pathway forward. The Working Group published a
progress report in 2017 [22]. Recent evidence is currently under
review in preparation for a final report.

The ASBMR-NOF Working Group described differences be-
tween standard treatment (sometimes called “step therapy” or
“fail first”) and the TTT approach (Fig. 2) [22,23]. It was pro-
posed that treatment targets be predicated on the initial indica-
tion for treatment. When a patient is started on treatment be-
cause of T-score <-2.5, then the target would be a T-score that
is at least above the T-score treatment threshold of —2.5, ideally
much better. When a patient is started on treatment because of
10-year fracture probability by a fracture risk algorithm, such as
FRAX, that is above the country-specific treatment threshold
(e.g., major osteoporotic fracture risk =20% or hip fracture risk
=3% in the United States), the target would be a level of risk
that is at least above the fracture risk treatment threshold, ideally
much better. When a patient is treated because of having an os-
teoporotic fracture despite having T-score >-2.5, the target is
no future fracture, as it is with all patients. Although the TTT
approach is attractive for physicians due to its intuitive nature, it
has been more aspirational than achievable in some respects
(e.g., there was, and still is, no validated fracture risk algorithm
that captures the reduction in fracture risk associated with treat-
ment) and could not have been applied to all patients treated for
osteoporosis. More evidence was needed before TTT for osteo-
porosis could be accepted for general use in clinical practice.

To fully validate the use of TTT for osteoporosis, a research
agenda was proposed by the Working Group and by others [20].
This included studies to identify a level of T-score or fracture
risk at which anabolic therapy should be considered; to better
define the correlation between BMD increases with treatment
and fracture risk reduction; to compare the probability of reach-
ing a T-score target with different therapeutic agents; head-to-
head trials comparing the efficacy of therapeutic agents to reduce

« Initial treatment should be selected according to the likelihood of achieving an acceptable level of fracture risk over a reasonable period of time.
* A patient may respond to therapy yet still have an unacceptably high risk of fracture.

* Response to therapy is essential but not necessarily sufficient in achieving an acceptable level of risk.

Fig. 1. Principles of treat-to-target for osteoporosis [18,19]. Application of these principles provides a foundation for individualizing treat-
ment decisions according to the baseline level of fracture risk and desired magnitude of risk reduction.
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dronic acid)

level of fracture risk, and no incident fracture.
« Treatment target is established as part of the baseline evaluation.

achievement of the target.

Standard treatment: Treatment success is defined as response to therapy and no incident fracture. Response is usually defined as stability or an in-
crease in bone mineral density and/or an appropriate change of a bone turnover marker.

« Step 1. Begin treatment with a low-cost generic oral antiresorptive (e.g., alendronate), provided there is no contraindication

« Step 2. If the patient fails Step 1 due to a contraindication, adverse effect, or poor response, switch to another low-cost antiresorptive (e.g., zole-

* Step 3. If the patient fails Step 2, consider more potent antiresorptive (e.g., denosumab) or anabolic therapy
Treat-to-target: Treatment success is defined as achievement of a target level of a biomarker (e.g., a specified T-score), representing an acceptable
« Initial treatment is selected based on fracture risk stratification and the probability of reaching the treatment target over a reasonable period of

time, with consideration of more aggressive therapy for patients at higher risk of fracture.
* Progress toward reaching the target is monitored periodically, with decisions to stop, continue, or change therapy based on progress toward or

Fig. 2. Standard treatment vs. treat-to-target for osteoporosis [22,23]. Standard treatment (“step therapy”) is often preferred by public health
officials and payors of healthcare services due to low initial treatment costs. Treat-to-target may have higher initial costs but individualizes
treatment decisions, potentially offering a greater chance of treatment success.

fracture risk; and assessment of benefits with switching from
one anti-fracture medication to another. The ultimate test for the
clinical utility of TTT for osteoporosis would be a study compar-
ing anti-fracture efficacy using TTT versus standard care.

In recent years, much but not all of the proposed research
agenda has been addressed. Two new anabolic compounds (aba-
loparatide, romosozumab) for treating osteoporosis have be-
come available. Head-to-head clinical trials with fractures as
endpoints have been conducted. The importance of treatment
sequence is now better appreciated. Clinical practice guidelines
have been revised to incorporate new methods for fracture risk
stratification as a guide for selecting initial therapy. TTT for the
United States has been included in the latest ‘Clinician’s Guide
to Prevention and Treatment of Osteoporosis’ by the NOF [24]
and its use supported by several European consensus statements
[25,26]. Although there is no cure for osteoporosis, treatment
outcomes that were once thought aspirational are now, at least
in part, achievable. More is yet to be done, but important prog-
ress has been made in addressing knowledge gaps regarding
TTT for osteoporosis and our understanding of how to apply
TTT to the management of patients with osteoporosis.

MEASURING TREATMENT RESPONSE AND
NON-RESPONSE

Prior to the approval of denosumab in 2010, treatment options
were largely limited to bisphosphonates, with fewer patients be-
ing treated with teriparatide. The expected BMD increases with
bisphosphonates were small compared with what can now be
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achieved with newer treatment regimens. The pattern of BMD
change was typically an initial increase over several years fol-
lowed by a plateau that persisted with continuing therapy. With
bisphosphonates, an acceptable response to treatment was con-
sidered to be an increase or stability of BMD, in which case
continuing treatment was usually recommended. A poor re-
sponse to treatment was described as a significant decrease in
BMD, lack of expected change in a bone turnover marker, or
possibly a fracture on therapy, any of which might trigger inves-
tigation for underlying causes and possibly a change in therapy
[23]. In 2012, a working group of the International Osteoporosis
Foundation (IOF) identified three circumstances of “treatment
failure,” largely based on expert opinion, that warranted a treat-
ment change: (1) two or more incident fractures during treat-
ment; (2) one incident fracture plus lack of suppression of bone
turnover markers with antiresorptive therapy and/or significant
decrease of BMD; or (3) lack of suppression of bone turnover
markers and significant decrease of BMD [27]. For such pa-
tients, it was suggested that a weaker antiresorptive agent be re-
placed by one that is more potent, an oral drug be replaced by
an injected drug, and a potent antiresorptive drug be replaced by
an anabolic drug. These considerations may also be applicable
to a patient who is responding to therapy yet remains at high
risk for fracture.

MEASURING TREATMENT SUCCESS

Response to treatment is necessary and desirable in order to re-
duce fracture risk. However, with the emergence of new drugs

Copyright © 2021 Korean Endocrine Society
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and new data on comparative efficacy, it became apparent that
some drugs or sequences of treatment could increase BMD and
reduce fracture risk more than others. This in turn led to consid-
eration of biomarkers that could be used in clinical practice as
surrogates for fracture risk reduction with treatment. Three can-
didate biomarkers came to the forefront: BMD, bone turnover
markers, and a fracture risk algorithm (yet to be created) for
treated patients. BMD, expressed as T-score (the standard devia-
tion difference between the patient’s BMD and the mean BMD
of a young-adult reference population), has emerged as the most
useful marker of treatment success with TTT for osteoporosis,
with robust supporting data.

In an analysis of 13 RCTs with antiresorptive agents by Was-
nich and Miller [28], published in 2000, it was found that larger
increases in BMD with treatment were associated with greater
reductions in vertebral fracture risk. The poison regression
model showed that an 8% increase in lumbar spine BMD would
reduce vertebral fracture risk by 54%; a 5% increase in hip
BMD was associated with a 50% decrease of vertebral fracture
risk. There was a small but significant decrease of fracture risk
with no measurable increase in BMD, probably attributable to a
modest decrease of bone remodeling that is not measured well
with BMD by dual-energy X-ray absorptiometry (DXA). This
study was soon followed by other similar analyses of published
RCTs showing that larger increases in lumbar spine BMD ac-
counted for greater reduction in vertebral fracture risk [29] and
that larger increases in lumbar spine or hip BMD accounted for
greater reduction of non-vertebral fracture risk [30]. Using dif-
ferent methodologies, these studies found differences in the
magnitude of fracture risk reduction due to BMD as opposed to
other factors (e.g., decrease of bone remodeling); however, they
were consistent in showing that fracture risk reduction was pro-
portional to BMD increase.

The largest study to date to evaluate the contribution of BMD
change with treatment to fracture risk reduction is the Founda-
tion for the National Institutes of Health (FNIH) Bone Quality
Study by Bouxsein et al. [15]. This was a meta-regression of
published data from 28 RCTs involving 19 different therapeutic
agents (six bisphosphonates, four selective estrogen receptor
modulators, calcitonin, estrogen, tibolone, calcitonin, denosum-
ab, two parathyroid hormone analogs, romosozumab, and odan-
acatib). Trial size ranged from 246 to over 16,000 subjects with
a total of over 100,000 subjects and study durations that ranged
from 1 to 8 years. Analyses of this remarkably robust dataset
confirmed and extended the findings of earlier studies, showing
that larger improvements of BMD measured by DXA were as-

Copyright © 2021 Korean Endocrine Society

sociated with greater reductions in fracture risk. The association
was strong for BMD at the total hip, femoral neck, and lumbar
spine with vertebral fractures, and for BMD at the total hip and
femoral neck with hip fractures, with a weak association (not
statistically significant) between BMD at the total hip, femoral
neck, and lumbar spine with non-vertebral fractures.

There are limitations with the use of published trial data in the
FNIH meta-regression, such as inconsistency of study durations
and fracture definitions. To address these limitations and further
evaluate the association between BMD increase with treatment
and fracture risk reduction, the FNIH Bone Quality Project con-
ducted another meta-regression that used a unique dataset of in-
dividual patient data [16]. In this analysis, individual patient
data from 91,779 participants of 23 RCTs were analyzed. Sig-
nificant associations were found between treatment-related
changes in total hip, femoral neck, and lumbar spine BMD and
reductions in vertebral (P=0.0005), hip (P=0.023), and non-
vertebral fractures (P<0.0001). Hip BMD changes explained
44% to 67% of treatment-related fracture risk reduction. The
two FNIH studies provide strong evidence that increases in
BMD with treatment may be a useful surrogate endpoint for
fractures in the design of clinical trials for new therapeutic
agents. This also supports the concept that it is not necessary
that BMD increase with treatment explains the entirety of frac-
ture risk reduction in order for BMD to be a useful clinical end-
point; it is enough that the association is proportional. While the
results do not necessarily apply to the care of individual pa-
tients, the findings are consistent with the use of BMD as a
treatment target in clinical practice.

Since the concept of using BMD T-score as a treatment target
for osteoporosis was first introduced [18,19] and initial skepti-
cism regarding its clinical utility was expressed [20], support for
the use of TTT for osteoporosis has come forth from a range of
sources [25,26,31]. However, there has been lack of consensus
on what the target T-score should be, how long to reach to target,
which skeletal site should be measured, what level of fracture
risk with treatment is acceptable, and whether treatment should
be different for different patients and different drugs. There is
evidence from the Fracture Reduction Evaluation of Denosumab
in Osteoporosis Every 6 Months (FREEDOM) trial and its long-
term extension (up to 10 years of continuous treatment with de-
nosumab) that the incidence of nonvertebral fractures is lower
with higher total hip T-score, with a plateau of fracture incidence
with achievement of total hip T-score between —2.0 and —1.5
[32]. This correlation was independent across important demo-
graphic variables, including age and prior fractures. It is also no-
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table that for women with baseline T-scores between —2.1 and
-2.5, a 1.0 T-score unit increase with denosumab was associated
with a significant decrease of nonvertebral fracture risk. Taken
as a whole, these data support the use of total hip T-score target
of at least —2.0 and perhaps higher, at least for treatment with
denosumab. Although it is not known with certainty that the
same T-score targets would apply to treatment with other phar-
macological agents, it is biologically plausible and supported by
data from the FNIH meta-regression [16].

SELECTING INITIAL TREATMENT

Clinical practice guidelines for osteoporosis have traditionally
provided indications for treatment based on fracture risk, BMD,
and/or prior fracture, but offered little guidance on which thera-
peutic agent should be selected for initiation of treatment. This
has changed with recent guidelines [33-35] that suggest consid-
eration of different treatment options depending on the level of
fracture risk. In general, it is recommended that low risk patients
be managed with non-pharmacological therapy. Patients at high

risk could be treated with any one of many therapeutic options,
including bisphosphonates, denosumab, and raloxifene. A new
category of “very high risk” has been identified to distinguish
patients who are candidates for consideration of initiating treat-
ment with an anabolic agent such as teriparatide, abaloparatide,
or romosozumab.

APPLICATIONS OF TTT FOR
OSTEOPOROSIS IN CLINICAL PRACTICE

The concept of TTT for osteoporosis provides an approach for
managing patients with osteoporosis that may coincide with the
conventional approach of starting treatment with an oral
bisphosphonate for most patients, but may lead to other treat-
ment choices for some patients. Designation of a target T-score
does not necessarily mean that it is achievable, just as treatment
targets for other disorders are not always achievable, but never-
theless being on a pathway toward the target may be beneficial.
Fig. 3 describes some pragmatic ways in which TTT for osteo-
porosis might be used in clinical practice [27,33-42]. Below are

is measured, or by conventional radiography.

¢ Evaluation before starting treatment: All patients should be evaluated for factors contributing to skeletal fragility and fracture risk [37], with ap-
propriate interventions for those that are correctable. Fracture risk should be assessed considering all available clinical information, including bone
mineral density (BMD), clinical risk factors for fracture, and spine imaging, when appropriate, for identification of vertebral fractures [38]. Imaging
of the spine can be conveniently done with vertebral fracture assessment (VFA) by dual-energy X-ray absorptiometry (DXA) at the same time BMD

* Identifying a treatment target: When treatment is started because of T-score <—2.5, a reasonable treatment target is T-score at least >—2.0. When
treatment is started with T-score >-2.5, consider a target of increasing BMD by at least 1.0 T-score units.

* Selecting initial treatment: Treatment should be started with a medication that is likely to reach the treatment target in a reasonable period of time
(e.g., 2 to 3 years), with greater urgency for patients at very high risk for fracture, especially those with a recent major fracture. Current clinical prac-
tice guidelines from endocrinology organizations have suggestions for selecting initial therapy based on level of fracture risk, with anabolic therapy
a consideration as initial therapy when fracture risk is very high [33-35].

* Monitoring treatment: Patients should be monitored for treatment efficacy and safety, as well as to assess progress toward the treatment target.
This is typically accomplished by measuring BMD every 1 to 2 years according to clinical circumstances and availability of DXA. Repeating spine
imaging may be helpful for identifying incident vertebral fractures [39], recognition of which might lead to a change in therapy.

* When the patient is not on a pathway to reach the treatment target or there is a change in fracture risk assessment: When a patient is not re-
sponding to treatment, or responding to treatment but not likely to reach the treatment target, or has a change in fracture risk according to having a
new fracture, consideration should be given to a change in therapy. This may be switching from a mild antiresorptive drug to one that is more potent,
or switching from an antiresorptive drug to an anabolic drug, or possibly adding an anabolic to an antiresorptive [27].

* When the patient is on a pathway to reaching the treatment target: Continue treatment.

* When the treatment target is reached: Since osteoporosis is a lifelong disease, lifelong attention to reducing fracture risk is warranted [40]. Pa-
tients who have reached a treatment target after completing a course of therapy with an anabolic agent should be switched to an antiresorptive drug
to enhance and consolidate the benefits achieved. Patients who have reached a treatment target with long-term bisphosphonate therapy are potential
candidates for a bisphosphonate holiday [41], with appropriate monitoring and resumption of treatment when the therapeutic effect has dissipated.
For those who have reached a treatment target with denosumab, the same treatment could be continued or the patient switched to a bisphosphonate
[36]. The risk of osteonecrosis of the jaw with long-term therapy may be minimized by maintaining good oral hygiene. Long femur imaging by
DXA may be helpful to recognize focal cortical thickening that is associated with atypical femur fractures [42].

Fig. 3. Integrating treat-to-target for osteoporosis into clinical practice. These are suggestions for using the treat-to-target concepts to indi-

vidualize treatment decisions for patients with osteoporosis.
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a few examples of clinical scenarios where TTT might influence
treatment.

Treatment indication: T-score <-2.5

A 77-year-old woman is frail and has fallen three times in the
past year. She has no known fracture and has never received
pharmacological therapy to reduce fracture risk. She is a ciga-
rette smoker (1 pack per day since age 18 years). Her mother had
a hip fracture from a fall at age 73 years. The DXA study shows
left total hip T-score —3.1. What treatment should be started?

This patient has very low BMD and multiple risk factors for
fracture. Starting treatment with alendronate might be expected
to increase total hip BMD by about 3.4% over 4 years [43], per-
haps increasing her T-score to —2.8 or —2.7 followed by a pla-
teau of BMD at this level with continuing the same treatment.
This would represent a good response to therapy but fracture
risk would still be high. The 2020 clinical practice guidelines of
the American Association of Clinical Endocrinologists/Ameri-
can College of Endocrinologists (AACE/ACE) classify her as
being at very high fracture risk due to T-score <-3.0 and sug-
gest that she is a candidate for consideration of anabolic therapy.

In the Active-Controlled Fracture Study in Postmenopausal
Women with Osteoporosis at High Risk (ARCH), treatment
with romosozumab was superior to alendronate for reducing the
risk of new radiographic vertebral fractures and clinical frac-
tures in postmenopausal women at very high risk for fracture
[9]. In the Fracture Study in Postmenopausal Women with Os-
teoporosis (FRAME), 1 year of romosozumab followed by 2
years of denosumab is associated with a total hip BMD increase
of 8.8% over 3 years, more than twice the expected BMD in-
crease with alendronate.

For this patient, treatment with romosozumab for 1 year fol-
lowed by denosumab could increase total hip T-score to —2.3 or
—2.2 over 3 years; with continued use of denosumab, it is likely
that she could reach a T-score target of >-2.0, with optimization
of fracture risk reduction [32]. Once the treatment target is
achieved, denosumab could be continued, recognizing that no
clinical trials have evaluated efficacy or safety beyond 10 years,
or consideration could be given to switching to a bisphospho-
nate, although the ideal way to do so is uncertain [36].

Treatment indication: high fracture risk with T-score >-2.5
Pharmacological therapy to reduce fracture risk may be indicat-
ed for patients with a previous fracture, especially a recent one,
or when a fracture risk algorithm, such as FRAX, shows a level
of risk that exceeds country-specific intervention thresholds,

Copyright © 2021 Korean Endocrine Society

even with T-scores >-2.5. In such patients, an increase of at
least 1.0 T-score units may be a pragmatic treatment target, as
suggested with patients having baseline T-score between —2.1
and —2.5 treated with denosumab [32].

STRENGTHS AND LIMITATIONS

The robust correlation between BMD increases with treatment
and fracture risk reduction, demonstrated in the FNIH studies
and others, suggests that BMD could be used as a surrogate for
fracture risk in clinical trials of new therapeutic agents for os-
teoporosis and provides support for utilizing BMD as a treat-
ment target in clinical practice. Head-to-head trials showing that
BMD increases more with some drugs than others, and that
some drugs reduce fracture risk more than others, highlights the
importance of matching treatment choices to the patient’s level
of risk. Recent appreciation that the sequence of therapy makes
a difference in therapeutic response is cause to take care in se-
lection of the drug or drug class for initiating treatment. A T-
score target of >-2.0, and perhaps better yet —1.5, is supported
by long-term data with denosumab.

More data are needed to assess the clinical utility of a T-score
target with all approved drugs and a range of patient demograph-
ics. Consensus needs to be reached on using a uniform T-score
target for all drugs, a different T-score target for different drugs,
or other targets depending on clinical circumstances. Consensus
is needed on what constitutes an acceptable level of fracture risk
and whether that might be different for different patients. Data
on the probability of reaching a defined T-score over a specified
period of time with different therapeutic agents is needed, along
with data on changes of fracture risk associated with switching
from one therapeutic agent to another. TTT must be widely in-
corporated into treatment guidelines worldwide before it will be
fully accepted and implemented in clinical practice.

CONCLUSIONS

TTT for osteoporosis is a concept that provides guidance for se-
lection of initial treatment and changing treatment based on the
likelihood of achieving and maintaining an acceptable level of
fracture risk. It provides clinicians with a structure for individu-
alizing treatment decisions and optimizing outcomes.
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