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It has recently been proposed that a treat-to-
target strategy could be useful in the man-
agement of osteoporosis [1,2]. The strategy of 
treating to a prespecified target in medical 
practice involves the definition of a level of a 
chosen disease biomarker that is associated 
with optimal protection against the detri-
mental effects of the particular disease. In 
many diseases, including diabetes, hyper-
tension, rheumatoid arthritis (RA) and 
hypercholesterolemia, this has appeared to 
facilitate disease management decisions and 
increased uptake of therapies. The proposal 
of treat-to-target in osteoporosis has sparked 
discussions about the appropriateness of the 
biomarkers and the general approach [3,4].

Treat to target as a strategy: 
lessons from other fields
The aim of treat-to-target is to simplify 
management, and ultimately reduce organ 
damage and improve clinical outcomes [1]. 
Thus, reducing blood pressure to below 
the recommended targets (140/90 mm 
Hg) reduces the risk of clinical events such 
as stroke [5]. In diabetes, the target of gly-
cated hemoglobin (HbA

1C
) <7% is gener-

ally applied in patients with Type 2 dia-
betes to reduce risk of microvascular and 
macrovascular events [6]. Current European 
guidelines suggest three low-density lipo-
protein (LDL) cholesterol targets according 
to underlying risk of heart disease (LDL 
cholesterol <1.8, <2.5 or <3.0 mmol/l for 
patients at very high, high and moderate 
risk, respectively) to reduce cardiovascular 
events [7].

Although these targets are widely applied 
clinically, their use is not supported by all. For 
example, in a 2011 NICE Guideline Devel-
opment Group update, it was concluded that 
‘data on optimal blood pressure treatment tar-
gets, particularly for systolic blood pressure, 
are inadequate. Current guidance is largely 
based on the blood pressure targets adopted in 
clinical trials but there have been no large trials 
that have randomized people with hyperten-
sion to different systolic blood pressure targets 
and that have had sufficient power to examine 
clinical outcomes’ [8]. Similarly, the research 
base supporting LDL cholesterol targets and 
their safety has also been questioned and the 
recent ACC/AHA guidance has abandoned 
the use of LDL and non-HDL cholesterol 
targets as it was unable to find RCT evidence 
to support continued use of such targets [9]. 
Instead they have recommended a strategy 
whereby treatment is targeted at those most 
likely to benefit, in other words, those at most 
risk, and have suggested that such individu-
als should receive the appropriate intensity of 
statin therapy to reduce their risk.

More recently, the management of RA 
has been adapted to a treatment to target 
approach [10,11]. In contrast to the other 
chronic diseases outlined above, the target in 
RA focuses on the consequence of the dis-
ease process, joint inflammation, rather than 
a risk factor or surrogate endpoint. The tar-
get comprises a state of low disease activity 
as the minimum target and there is reason-
able evidence that achieving the latter leads 
to better clinical outcomes than traditional 
approaches [12].
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“Effective management strategies need to balance the aim of continuing treatment 
in patients at risk of fracture against issues such as the long-term effects of treatment, 
the relevance and weight given to rare side effects and the impact of drug holidays.”
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Treat to target as a strategy in osteoporosis
The hallmark of successful treatment, particularly for 
the patient, is the absence of an intercurrent fracture. 
No therapy can reduce fracture risk by 100%, so it is to 
be expected that fractures will occur on treatment. The 
occurrence of a fracture during treatment may simply 
reflect residual fracture risk in a patient receiving an 
effective treatment, for example, a risk (e.g., falls) that 
is not modified by the current treatment. It may also 
reflect poor compliance or a true suboptimal response 
to the treatment with both perhaps indicating the need 
for a change in management strategy. Such complexi-
ties suggest it is unrealistic to apply the occurrence of 
incident fracture in a treat-to-target strategy. Further-
more, the lack of incident fracture, though gratifying, 
cannot provide a signal to change management.

As the ultimate goal of any management strategy 
in osteoporosis is the prevention of fracture, treating 
to target implies that there is a surrogate measure that 
confirms a lower fracture risk in the individual osteo-
porotic patient. Such surrogate measures might include 
BMD, bone turnover markers (BTMs) or FRAX® [13] 
probability.

Bone mineral density
Despite the predictive value of BMD for fracture and 
the good correlation between fracture risk and BMD, 
a number of features make it a less than ideal choice 
for a target. First, many fractures arise in individuals 
with BMD that lies above the definition of osteopo-
rosis [14]. Second, for a given value of BMD, the risk 
for fracture increases markedly with age, so that age 
would also need to be taken into account. More impor-
tantly, while most osteoporosis treatments tend to 
increase BMD up to a plateau – and this is associated 
with fracture risk reduction – it is unknown whether 
switching to another osteoporosis treatment to obtain 
even greater increases in BMD actually translates into 
additional fracture benefit [1]. Finally, while treatment-
induced increases in BMD are associated with reduc-
tions in fracture risk, the correlations are sufficiently 
poor that it is not possible to make even reasonably 
certain estimates in individuals (as opposed to popula-
tions) that the risk of fracture is decreased to a specific 
target level. In Phase III clinical trials, even in studies 
of the most potent antiresorptives, there is a substan-
tial overlap in changes in BMD between treated and 
untreated patients [15].

Bone turnover markers
Contrary to the position of BMD, there is no consen-
sus on the characterization of high and normal bone 
turnover. In a recent meta-analysis, the predictive value 
of s-P1NP was a 1.23 (95% CI: 1.09–1.39) increase in 

fracture risk per SD increase in analyte. The hazard 
ratio per SD increase in risk of fracture for s-CTX was 
1.18 (95% CI: 1.05–1.34) [16]. These gradients of risk 
are substantially lower than those reported for the use of 
femoral neck BMD in the prediction of fracture. None-
theless, the decrease in fracture risk on anti-resorptive 
treatment is associated with significant reductions in 
BTMs [17]. However, data from clinical and population 
based studies have proved difficult to translate into accu-
rate targets for individuals and the use of BTM targets 
has not been widely translated into clinical practice.

Indices of bone strength
As fragility fracture is a consequence of impaired bone 
strength, an obvious related target could be the resto-
ration of bone strength with bone volume, trabecular 
architecture or cortical thickness considered as targets 
for treatment. Limitations include the invasive nature 
of traditional assessments (e.g., transiliac crest bone 
biopsies) or newer techniques (e.g., microindenta-
tion [18]) and the relative cost and radiation exposure 
of other techniques (e.g., computed tomography and 
finite element analysis). In terms of fracture predic-
tion, the added value of these approaches above that 
of simple measurement of areal BMD appears limited; 
whether the same holds true for assessing the response 
to therapy has been the focus of a few studies. For 
example, in a subset of patients from the FREEDOM 
study of denosumab, finite element analysis showed 
significant improvements in bone strength at both the 
spine and hip in the active treatment group but the 
correlation between sites was weak (r = 0.38) [19].

FRAX probability
The FRAX tool, most widely accessed through the 
online site [13], produces an estimation of 10-year prob-
ability of fracture risk. Several treatments have had 
efficacy evaluated in terms of FRAX score at base-
line, indicating either a greater antifracture efficacy 
at higher risk or no interaction between antifracture 
efficacy and baseline risk. In a single study, FRAX 
has been shown to perform similarly in treated and 
untreated patients, suggesting that the impact of treat-
ment on fracture risk may be difficult to detect and 
that FRAX may have a low sensitivity for reduction 
in fracture risk [20]. A recent analysis of a subset of the 
same cohort, comprising more than 11,000 women 
undergoing baseline and follow-up DXA scans, con-
firmed that FRAX scores were strongly predictive of 
incident major fracture and hip fracture over 4 years of 
treatment, but also reported that the change in FRAX 
score on treatment was not independently associated 
with the subsequent risk of a major fracture (p  = 0.8) 
or hip fracture (p = 0.3) [21].
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These findings reflect the fact that FRAX was con-
structed to estimate risk from a range of parameters, 
some of which are not modifiable by osteoporosis treat-
ments (e.g., age, sex, weight and height, prior fracture 
etc.). The major component of FRAX affected by 
osteoporosis treatment is the change in BMD which, as 
discussed, has a poor relation with fracture risk reduc-
tion. This is particularly true for BMD at the femoral 
neck which is the input variable for FRAX.

Conclusion
The ultimate goal of treating osteoporosis is to prevent 
fracture and reduce associated morbidity and mortal-
ity. Effective management strategies need to balance 
the aim of continuing treatment in patients at risk of 
fracture against issues such as the long-term effects 
of treatment, the relevance and weight given to rare 
side effects and the impact of drug holidays. The ques-
tion of whether a treat to target strategy will improve 
osteoporosis management remains an area for further 
research. None of the most likely surrogate parameters 

currently available in the field of osteoporosis appears 
to be ready for use in a treat-to-target strategy. Until 
further research provides compelling evidence for such 
a shift in approach, the current target remains one of 
directing appropriate and effective treatments to those 
at highest risk of fracture.

Acknowledgements
This editorial is based upon a European Society on Clinical and 

Economic Aspects of Osteoporosis and Osteoarthritis (ESCEO) 

position paper published earlier this year [4].

Financial & competing interests disclosure
The authors have no relevant affiliations or financial involve-

ment with  any  organization  or  entity with  a  financial  inter-

est  in  or  financial  conflict with  the  subject matter  or mate-

rials discussed  in the manuscript. This  includes employment, 

consultancies, honoraria, stock ownership or options, expert 

testimony, grants or patents received or pending or royalties

No writing assistance was utilized in the production of this 

manuscript.

References
1 Lewiecki EM, Cummings SR, Cosman F. Treat-to-target 

for osteoporosis: is now the time? J. Clin. Endocrinol. 
Metab. 98(3), 946–953 (2013).

2 Cummings SR, Cosman F, Eastell R, Reid IR, Mehta M, 
Lewiecki EM. Goal-directed treatment of osteoporosis. J. Bone 
Miner. Res. 28(3), 433–438 (2013).

3 McCloskey E, Leslie WD. Goal-directed therapy in 
osteoporosis. J. Bone Miner. Res. 28(3), 439–441 (2013).

4 Kanis JA, McCloskey E, Branco J et al. Goal-directed 
treatment of osteoporosis in Europe. Osteoporos. Int. 25(11), 
2533–2543 (2014).

5 Mancia G, Fagard R, Narkiewicz K et al. 2013 ESH/ESC 
Guidelines for the management of arterial hypertension: 
the Task Force for the management of arterial hypertension 
of the European Society of Hypertension (ESH) and of the 
European Society of Cardiology (ESC). J. Hypertens. 31(7), 
1281–1357 (2013).

6 Inzucchi SE, Bergenstal RM, Buse JB et al. Management 
of hyperglycaemia in type 2 diabetes: a patient-centered 
approach. Position statement of the American Diabetes 
Association (ADA) and the European Association for the 
Study of Diabetes (EASD). Diabetologia 55(6), 1577–1596 
(2012).

7 Catapano AL, Reiner Z, De Backer G et al. ESC/EAS 
Guidelines for the management of dyslipidaemias The Task 
Force for the management of dyslipidaemias of the European 
Society of Cardiology (ESC) and the European Atherosclerosis 
Society (EAS). Atherosclerosis 217(1), 3–46 (2011).

8 National Institute for Health and Clinical Excellence 
(NICE) - British Hypertension Society (BHS). 
Hypertension: management of hypertension in adults in 
primary care.  
www.nice.org.uk/CG034guidance

9 Stone NJ, Robinson JG, Lichtenstein AH et al. 2013 ACC/
AHA guideline on the treatment of blood cholesterol 
to reduce atherosclerotic cardiovascular risk in adults: a 
report of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines. 
Circulation 129(25 Suppl. 2), S1–S45 (2014).

10 Vermeer M, Kuper HH, Moens HJ et al. Sustained beneficial 
effects of a protocolized treat-to-target strategy in very 
early rheumatoid arthritis: three-year results of the Dutch 
Rheumatoid Arthritis Monitoring remission induction cohort. 
Arthritis Care Res. (Hoboken) 65(8), 1219–1226 (2013).

11 Vermeer M, Kuper HH, Hoekstra M et al. Implementation 
of a treat-to-target strategy in very early rheumatoid arthritis: 
results of the Dutch Rheumatoid Arthritis Monitoring 
remission induction cohort study. Arthritis Rheum. 63(10), 
2865–2872 (2011).

12 Pincus T, Castrejon I. Evidence that the strategy is more 
important than the agent to treat rheumatoid arthritis. 
Data from clinical trials of combinations of non-biologic 
DMARDs, with protocol-driven intensification of therapy for 
tight control or treat-to-target. Bull. Hosp. Jt Dis. 71, S33–S40 
(2013).

13 FRAX Tool.  
www.shef.ac.uk/FRAX 

14 Siris ES, Chen YT, Abbott TA et al. Bone mineral density 
thresholds for pharmacological intervention to prevent 
fractures. Arch. Intern. Med. 164(10), 1108–1112 (2004).

15 Austin M, Yang YC, Vittinghoff E et al. Relationship between 
bone mineral density changes with denosumab treatment and 
risk reduction for vertebral and nonvertebral fractures. J. Bone 
Miner. Res. 27(3), 687–693 (2011).

16 Johansson H, Oden A, Kanis JA et al. A meta-analysis of 
reference markers of bone turnover for prediction of fracture. 
Calcif. Tissue Int. 94(5), 560–567 (2014).



4 Int. J. Clin. Rheumatol. (2015) 10(1) future science group

Editorial    McCloskey, Harvey & Kanis

17 Hochberg MC, Greenspan S, Wasnich RD, Miller P, 
Thompson DE, Ross PD. Changes in bone density 
and turnover explain the reductions in incidence of 
nonvertebral fractures that occur during treatment with 
antiresorptive agents. J. Clin. Endocrinol. Metab. 87(4), 
1586–1592 (2002).

18 Guerri-Fernandez RC, Nogues X, Quesada Gomez JM 
et al. Microindentation for in vivo measurement of bone 
tissue material properties in atypical femoral fracture 
patients and controls. J. Bone Miner. Res. 28(1), 162–168 
(2013).

19 Keaveny TM, McClung MR, Genant HK et al. Femoral and 
vertebral strength improvements in postmenopausal women 
with osteoporosis treated with denosumab. J. Bone Miner. 
Res. 29(1), 158–165 (2014).

20 Leslie WD, Lix LM, Johansson H et al. Does osteoporosis 
therapy invalidate FRAX for fracture prediction J. Bone 
Miner. Res. 27(6), 1243–1251 (2012).

21 Leslie WD, Majumdar SR, Lix LM et al. Can change in 
FRAX score be used to “treat to target”? A population-based 
cohort study. J. Bone Miner. Res. 29(5), 1074–1080 (2014).


