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T he osteoporosis agent teriparatide (For-
teo) no longer carries a boxed warning 

about the risk of osteosarcoma, and dosing is 
no longer limited to 24 months of lifetime use. 
These labelling changes have left clinicians 
with the challenge of identifying patients for 
consideration of long-term treatment.
 Teriparatide was initially approved based 
on only 19 months of data on fracture reduc-
tion, in contrast to the 3 years required for all 
other osteoporosis drugs. Given the lack of 
clinical trial data, in this article we offer sug-
gestions for selecting patients for extended use 
of teriparatide based mostly on our extensive 
experience treating patients with teriparatide, 
some patients for longer than 2 years.

 ■ CHANGES TO THE LABEL

In November 2020, the US Food and Drug 
Administration (FDA) approved changes to 
the label for the parathyroid hormone (PTH) 
analogue teriparatide (PTH 1-34), by removing 
the 2-year lifetime treatment limitation and the 
boxed warning about the potential risk of os-
teosarcoma.1 The lifetime limitation had been 
established because 24 months was the longest 
that any woman had been treated with teripara-
tide in the labeling clinical trial.2

Osteosarcoma boxed warning
The deleted boxed warning (not a contraindi-
cation) regarding osteosarcoma was based on 
studies in Fischer 344 rats showing that high 
doses of teriparatide—3 times greater than the 
approved human dosing based on milligrams 
per kilogram of body weight—administered 
over most of a rat lifespan (about 24 months) 
were associated with the development of osteo-

sarcoma. Based on this observation, which oc-
curred while the clinical trial for teriparatide 
was ongoing, the trial was terminated early. As 
a result, study participants received teriparatide 
for an average of 19 months, with a mean ob-
servation time of 21 months.2 
 In the 18 years since teriparatide was ap-
proved, no increase in osteosarcoma risk has 
been reported in studies in animals with bone 
remodeling similar to that in humans (eg, 
monkeys). However, considering the rarity of 
osteosarcoma (about 1 in 250,000 adults per 
year), the sample size of about 60 monkeys in  
a study by the manufacturer of Forteo3 was too 
small to provide conclusive data.
 In humans treated with teriparatide, there is 
no evidence of an increased risk of osteosarcoma. 
The observed incidence of osteosarcoma during 
a 15-year postmarketing surveillance study was 
no different than the background incidence rate 
for individuals not treated with teriparatide.4
 The boxed warning has not been removed 
for abaloparatide (Tymlos), a synthetic ana-
logue of PTH-related protein (PTHrP 1-34), 
but at the time of this writing, the FDA is 
in discussions with the manufacturer about 
removing the boxed warning. Another PTH 
1-34 product (Bonsity) has also not had any 
recent label change.

The duration of dosing
The revised teriparatide label states that use 
“for more than 2 years during a patient’s life-
time should only be considered if a patient re-
mains at or has returned to having a high risk 
for fracture.”1 Now that the teriparatide label 
permits use for longer than 2 years, there are 
practical clinical questions about the selection 
of patients for an extended use. 
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 ■  BEHIND THE ORIGINAL FDA APPROVAL

Teriparatide is derived from splitting the bio-
logically active 1-34 amino-acid fragment 
from the intact PTH 1-84 molecule. The 
labeling trial for teriparatide was a placebo-
controlled study with the primary end point 
of new vertebral compression fracture (VCF) 
over 3 years.2 The FDA requires evidence that 
pharmacologic treatment of women with post-
menopausal osteoporosis reduces fracture risk 
over a 3-year period compared with placebo, 
with a favorable balance of benefi ts and risks.

Are there osteosarcoma risks?
When osteosarcoma was observed in the 
Fischer 344 rats receiving teriparatide, the 
study sponsor halted the human trial while 
the rat data were evaluated. After the FDA 
concluded that the osteosarcoma risk was con-
fi ned to the rats, they encouraged the manu-
facturer to resume the clinical trial. However, 
by this time, approximately 50% of the pa-
tients who had been enrolled in the initial 
registration trial had switched to treatment 
with alendronate, resulting in loss of statistical 
power as defi ned by the study design. Never-
theless, a subsequent evaluation of the clinical 
data found that teriparatide was effective in 
preventing fractures and well tolerated.2 

 ■ WHY THE TIME-LIMIT CHANGE 
FOR DOSING? 

The FDA approved teriparatide for the treat-
ment of postmenopausal women with osteo-
porosis who are at high risk for fracture, with a 
24-month lifetime limit of use. High fracture 
risk was described as a history of osteoporotic 
fracture or multiple risk factors for fracture, or 
as failure of or inability to tolerate osteoporo-
sis therapy.1

 In 2020, 18 years after the FDA approval 
of teriparatide, the incidence of osteosarcoma 
in patients treated for 2 years was reported as 
being lower than the natural incidence rate of 
osteosarcoma in adults.4 Use of teriparatide for 
more than 2 years during a patient’s lifetime 
should be considered only if a patient remains 
at or has returned to having a high risk for 
fracture.1 Determination of high risk, there-
fore, is a clinical decision to be made by the 
clinician. 

 The 2019 Endocrine Society clinical practice 
guidelines included patient profi les representing 
examples of high and very high fracture risk5:
• High risk: T-score of minus 2.5 or below, 

or prior hip or vertebral fracture, or high 
fracture probability by the fracture risk as-
sessment tool (FRAX) (10-year probabil-
ity of major osteoporotic fracture ≥ 20%, 
or 10-year probability of hip fracture ≥ 3%)

• Very high risk: T-score of minus 2.5 or be-
low and 1 or more fractures, or multiple ver-
tebral fractures, or severe vertebral fracture.

 The Endocrine Society guidelines suggest 
that anabolic therapy with teriparatide or 
abaloparatide be considered the fi rst-line for 
treatment for up to 2 years in postmenopausal 
women with osteoporosis who are at very high 
risk of fracture.5 
 For initial therapy in patients at high risk, 
there is evidence that teriparatide should be 
started fi rst, followed by an antiresorptive 
agent (eg, bisphosphonate, estrogen, selec-
tive estrogen receptor modulator, calcitonin, 
denosumab) because the bone formation ef-
fects of teriparatide are blunted by initiating 
therapy with an antiresorptive agent. Thus, 
the sequence of  treatment is important.6,7

 Abaloparatide is a molecular modifi cation 
of PTH-related protein that is synthesized with 
76% homology to human PTH-related protein. 
This modifi cation conveys to abaloparatide a 
different binding confi guration to its receptor 
(PTH receptor type 1) than teri paratide. In 
clinical practice, the resulting stimulation of 
osteoblasts by abaloparatide results in faster 
and greater increases in bone mineral density 
(BMD) than with teriparatide.8

Use for glucocorticoid-induced osteoporosis
In the teriparatide clinical trial that led to the 
regulatory approval of teriparatide for the treat-
ment of glucocorticoid-induced osteoporosis, 
participants were randomized to receive teripa-
ratide or alendronate for a total of 3 years.9 The 
primary end point was change in BMD at the 
lumbar spine, and vertebral fracture risk reduc-
tion was a secondary outcome measure. 
 Results showed that BMD increased sig-
nifi cantly more with teriparatide than with 
alendronate, and new radiographic and 
clinical vertebral fractures were reduced to a 
greater extent. These fi ndings supported the  
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FDA approval of teriparatide to treat gluco-
corticoid-induced osteoporosis, although the 
recommended 24-month lifetime treatment 
duration was not extended.
 The superior effects of teriparatide over 
alendronate are biologically plausible, as glu-
cocorticoids inhibit osteoblast recruitment 
and activity,10,11 while teriparatide stimulates 
osteoblastic bone formation and alendronate 
inhibits it.

 ■ CLINICAL IMPLICATIONS OF EXTENDED USE

In our opinion, long-term use of teriparatide 
can be considered in high-risk patients receiv-
ing long-term glucocorticoid therapy. How-
ever, we still need more data on the safety and 
effi cacy of long-term use.

What about hypercalcemia? 
Hypercalcemia was seen more often in the piv-
otal clinical trial with teriparatide (6.1%) than 
with abaloparatide (3.4%).8 Serum calcium 
ideally should be drawn 16 hours or more after 
the injection to avoid measuring transient cal-
cium elevations that are probably not clinically 
relevant. A common clinical practice protocol 
is to measure the serum calcium 1 month and 
3 months after starting teriparatide. If no hy-
percalcemia appears during that time, it is very 
rare for hypercalcemia to appear later. 
 Prolonged treatment with teriparatide 
seems logical for patients with glucocorticoid-
induced osteoporosis who cannot be managed 
with antiresorptive medications. Although 
there is a dose-response relationship with glu-
cocorticoids and fractures, even low doses of 
glucocorticoids (eg, prednisone 2.5 mg/day) 
are associated with elevated fracture risk com-
pared with no glucocorticoids.12

What about measuring bone quality? 
Glucocorticoids induce a decline of BMD and 
have adverse effects on bone quality indepen-
dent of BMD. Bone quality has been described 
as the non-BMD properties of bone, such as 
architecture, turnover, damage accumulation,  
mineralization, and material properties that 
also determine bone strength.13,14 
 While we can accurately measure and moni-
tor BMD with dual-energy x-ray absorptiometry 
(DXA),15,16 we lack the capacity to measure bone 
quality in clinical practice. The trabecular bone 

score is a measurement derived from DXA of the 
lumbar spine that is a surrogate for trabecular 
microarchitecture, an important component of 
bone that is an independent predictor of fracture 
risk.17 The development of the trabecular bone 
score is a major advance in fracture risk predict-
ability, and it is included in the FRAX algorithm 
to estimate the 10-year probability of fracture. 
 Although the trabecular bone score may im-
prove with anabolic therapy for osteoporosis (eg, 
with teriparatide), it does not reliably increase 
with antiresorptive agents.18 Antiresorptive 
agents, however, may improve some aspects of 
bone quality, but this effect has not been system-
atically validated in human beings.19

 While the capacity to measure bone quali-
ty in clinical practice is limited, there are mea-
surements, used mostly in research settings, 
that may be helpful. Transiliac nondecalcifi ed 
double tetracycline-labeled bone biopsy pro-
vides quantitative bone histomorphometry,20 
and high-resolution peripheral quantitative 
computed tomography measures bone tra-
becular structure at peripheral skeletal sites 
with a resolution of 82 μm.21 The tomography 
test, however, is a research tool that is not cur-
rently applicable to clinical practice. Neither 
of these methodologies is widely available. 

Which patients are most likely to benefi t 
from long-term teriparatide use?
When considering the clinical benefi t of con-
tinuing teriparatide beyond 2 years, there are 
no published studies addressing this issue (not-
withstanding the 3-year data with teriparatide 
for glucocorticoid-induced osteoporosis9). In-
terestingly, a review of clinical data on teripa-
ratide treatment over time showed that while 
BMD declined rapidly after discontinuing 
teriparatide, fracture rates did not increase for 
as long as 18 months after teriparatide discon-
tinuation.22 There is no defi nitive explanation 
for this observation, although it suggests that 
improvements in bone quality with teripara-
tide persist longer than the increases in BMD. 
 In our opinion, there are clinical features 
that identify patients who may benefi t from 
long-term administration of teriparatide (Table 
1). Current glucocorticoid users are at high risk 
for fractures and remain at high or very high 
risk as long as they use glucocorticoids. Addi-
tionally, patients at high risk for fracture who 
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have a level of the bone-formation marker pro-
collagen type 1 N-terminal propeptide (P1NP) 
that remains above the upper limit of the ref-
erence range after 2 years of treatment with 
teriparatide should continue therapy because 
the elevated P1NP indicates that new bone 
formation is continuing. An increase of P1NP 
of more than 10 μg/L from baseline while on 
teriparatide therapy is correlated with improve-
ments in BMD and bone strength.23

 As with all osteoporosis medications, the 
BMD or the bone turnover marker may not 
always change over time while the patient is 
on therapy. However, because a stable BMD 
may be an acceptable response and the P1NP 
may not increase, we feel that as long as the 
patient does not suffer a fracture, treatment 
should be continued. Furthermore, patients 
at high or very high fracture risk who have 
multiple VCFs at baseline but no incidence of 
VCF while on teriparatide may be candidates 
for treatment longer than 2 years, especially if 
a bone formation marker such as P1NP is still 
above the reference range. 
 Data show that VCFs are associated with a 
high risk of more VCFs and non-VCFs in un-
treated patients24 and a high 10-year mortal-
ity.25 In its labeling clinical trial,2 teriparatide 
reduced VCF incidents by about 80% over 
19 months, similar to the VCF risk reduction 
with abaloparatide.8

 Renal-associated adynamic bone disease. 

There are reports suggesting that patients 
at high or very high fracture risk who have  
adynamic renal bone disease may respond to 
treatment with teriparatide.26–29 Idiopathic 
adynamic renal bone disease is a form of renal 
bone disease characterized on bone biopsy as 
very low bone turnover, very low bone forma-
tion, and poor osteoid development with an 
increased risk for low-trauma fractures.26,27 
 Many patients who have stage 4 or 5 or 
5D chronic kidney disease (especially with 
diabetic renal disease), who have bone-biop-
sy-documented adynamic renal bone disease 
have serum PTH levels below 100 to 150 pg/
mL, and who have a bone-specifi c alkaline 
phosphatase in the lower quartile of the ref-
erence range have a high positive predictive 
value for having adynamic bone disease.28 Al-
though there have been a few case reports of 
teriparatide improving bone formation param-
eters measured by paired bone biopsies in this 
patient population,30,31 data are needed from 
prospective clinical trials or large observation-
al trials to validate its long-term effi cacy. 
 Severe chronic obstructive pulmonary 
disease (COPD) and VCFs. Finally, patients 
at high risk or very high risk of fracture who 
have severe COPD and VCFs may be can-
didates for long-term use of teriparatide. Pa-
tients with COPD and VCFs are at high risk 
for more fractures and have increased mor-
tality risk.25 For each VCF in these patients, 
there is a loss of about 8% of vital capacity.32–34 
These patients cannot afford any additional 
loss of lung function. 
 Long-term use of teriparatide seems justi-
fi ed in these patients to reduce mortality risk 
by preventing more VCFs. In our opinion, 
teriparatide or abaloparatide should be the 
initial therapy in these patients, given that 
anabolic agents reduce the incidence of VCF 
to a greater extent than bisphosphonates.35

 ■ CONTINUING CHALLENGES

With the labeling changes to teriparatide, clini-
cians face the challenge of identifying patients 
for longer treatment. Although the evidence 
for guiding such a decision is limited, we have 
suggested clinical circumstances in which long-
term teriparatide may be appropriate. 
 It is unclear how long to continue teripa-

Patients at 
high or very 
high fracture 
risk who have 
severe COPD 
and vertebral 
compression 
fractures may
be candidates 
for long-term  
teriparatide
therapy

TABLE 1

Features of patients who may
benefi t from long-term
teriparatide use

Very high fracture risk, unable to come off
glucocorticoid therapy

High fracture risk, with P1NP level that remains 
high after 2 years on teriparatide

High fracture risk, with multiple vertebral
compression fractures at baseline but none
while on teriparatide  

Adynamic renal bone disease

Severe chronic obstructive pulmonary disease
and vertebral compression fractures

P1NP = procollagen type 1 N-terminal propeptide
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ratide beyond 2 years. We suggest that prac-
titioners consider continuing treatment as 
long as P1NP levels remain appropriately 
elevated and the patient has not had new 
VCFs.
 Finally, we encourage the development 
and implementation of clinical investigations 
to explore the potential additional benefi ts of 

longer-term use of teriparatide and other ana-
bolic agents. 
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