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Teriparatide administered by daily subcutaneous injection, was
approved in the United States in 2002, and has been the only
anabolic medication available in the United States for almost 13
years. Outside the US, teriparatide is joined only by intact PTH
(1-84) as anabolic therapy for osteoporosis treatment. Although
both anabolic and antiresorptive medications improve bone
density and strength, their mechanisms of action are distinctly
different.’? Because anabolic agents stimulate new bone for-
mation, they have the potential to repair disordered bone
architecture and increase bone mass to a greater extent than
antiresorptive therapies. Some of the anabolic action of ter-
iparatide is through modeling on the quiescent bone surface
owing to activation of resting lining cells and/or recruitment of
newly formed/differentiated osteoblasts to the bone surface.®>®
Some of the anabolic action is remodeling based, with stimulation
of osteoblast activity within existing or new remodeling units,
leading to overfilling of resorption cavities and, thereby, thicker
packets of new bone. Larger packets of new bone growth are also
seen because of the formation overspilling the already filled
resorption cavities and/or stimulation of modeling-based bone
formation adjacent to the remodeling cavities. The balance
between the amount of modeling versus remodeling-based bone
formation might change with time on teriparatide treatment.
One of the challenges with teriparatide has been the lack of
appreciable difference in nonvertebral fracture incidence before
at least 9 months of teriparatide treatment. Ultimately, within
18 months, teriparatide does produce a 35-50% reduction in
nonvertebral fractures (range based on different definitions of
nonvertebral fractures).” However, it is unclear if this effect is truly
better than potent antiresorptive therapy in skeletal sites that are
primarily cortical bone. Teriparatide does improve cortical
thickness at 18-36 months,?® however, BMD of the hip does not
increase more with teriparatide than with alendronate.'
Furthermore, hip strength increases modestly and not sig-
nificantly more than with alendronate.!” In the few small studies
where teriparatide was compared head-to-head with bispho-
sphonates, whereas teriparatide reduced the risk of vertebral
fractures more than alendronate'? or risedronate, ™ nonvertebral
fracture incidence did not differ between teriparatide and oral
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bisphosphonates. Of course, these studies were not designed or
powered to assess the fracture outcomes for either vertebral or
nonvertebral sites. Lastly, in patients who have already been
treated with prior oral bisphosphonates or denosumab, the
benefit of subsequent teriparatide treatment is diminished,
particularly with respect to hip BMD''® and hip strength,'”
perhaps in part because of excessive bone resorption when the
stimulation of remodeling by teriparatide is coincident with the
withdrawal of a potent antiresorptive agent.

A number of potential anabolic therapies have failed in
various stages of development because of lack of efficacy,
including several calcilytic agents designed to stimulate
endogenous PTH production'®'® and transdermal patches
containing teriparatide.2°

Abaloparatide is a synthetic analog of PTHrP that retains
anabolic activity with less bone resorption, compared with
PTHrP. Leder etal.? recently published results from a short term
phase 2 trial of three doses of Abaloparatide (20, 40 and 80 mcg
by daily subcutaneous injection), compared with daily placebo
and teriparatide over 24 weeks. A small subset, 55 of the original
222 subjects, received extended treatment to 48 weeks.
Enrolled subjects were largely treatment naive with no prior use
of teriparatide or denosumab and no bisphoshphonate use
within the previous 5 years. At 24 weeks, BMD increases above
placebo were seen in the spine, total hip and femoral neck, and
were for the most part dose dependent. Spine BMD increases
with the two higher abaloparatide doses (40 and 80 mcg) were
similar to that seen with teriparatide (5.2, 6.7 and 5.5%,
respectively). In the total hip, BMD increases with the 40 and
80mcg doses were greater than that seen with teriparatide
(2.0, 2.6 and 0.5%, respectively). There were no BMD data
presented for the radius. The increases in biochemical markers
of bone formation (PINP and osteocalcin) stimulated by
abaloparatide and teriparatide were similar, whereas the effect
of abaloparatide on a marker of bone resorption (CTX) was of
lesser magnitude than that seen with teriparatide.

In the small group of women who completed the extension
study, spine BMD increased further from 24-48 weeks, reaching
amean increment of 12.9% with the 80 mcg abaloparatide dose.
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Although the authors suggest that BMD changes appear to be
linear over time, this was not clear for the hip region where BMD
increments at 48 weeks were 2.1 and 2.7 % for the 40 and 80 mcg
doses (not different from the mean 24 weeks increments at this
skeletal site). In contrast, although the magnitude of increase was
smaller, total hip BMD did appear to increase further with ter-
iparatide between 24-48 weeks. (As the subgroups are small, we
should not overemphasize the importance of this. Paired data
from the small group of patients who completed both 24 and 48
weeks might be more instructive than comparing the 184 women
who completed the base trial at 24 weeks with the 55 women who
completed the extension at 48 weeks). Nevertheless, at 24
weeks, hip BMD changes with abaoloparatide might be an
important distinguishing feature between abaloparatide and
teriparatide. Whether this difference persists during the latter part
of a therapeutic course of these agents over 18-24 months will
need to be determined. It has been shown previously that hip
BMD tends to increase at a faster rate during the latter 6 months
of a two-year course of treatment with teriparatide.? Abalo-
paratide injections were well tolerated without apparent safety
concerns in this early trial. Incidence and severity of hyper-
calcemia were minimal and if anything lower than that seen with
teriparatide.

Obviously the fracture data from phase 3 trials will be most
important in understanding the potential clinical impact of this
compound. To that end, no data have yet been published, but
results of the phase 3 trial are in the public domain through
recent press releases.?2* Both abaloparatide (80 mcg daily)
and teriparatide (20mcg daily) were similarly effective
at dramatically reducing the vertebral fractures (new and
worsening) compared with placebo (by 83 and 78% respec-
tively, NSD). The results were very similar when restricted to new
vertebral fractures only. Apparently abaloparatide reduced
nonvertebral fracture risk by 43% (P <0.05) compared with a
28% reduction for teriparatide (NS). In addition, when com-
paring abaloparatide with placebo, there was a rapid separation
of the time to first nonvertebral fracture curves. In contrast,
there was no separation for teriparatide versus placebo until
420 days into the trial. Wrist fracture rate was also lower for
abaloparatide (0.5%) compared with teriparatide (2.0%; group
difference P<0.015). Consistent with the phase 2 trial,
BMD changes in the hip were greater at 12 and 18 months
with abaloparatide versus teriparatide and incidence of
hypercalcemia was lower.

Of course, the phase 3 study findings have to be scrutinized
by peer review, but they suggest that abaloparatide might be a
viable anabolic agent as first-line therapy for the treatment of
osteoporosis. A more modest stimulation of remodeling might
prevent increases in cortical porosity and result in a more rapid
improvement in cortical bone strength (with a larger and faster
reduction in nonvertebral fracture) than our current lone
anabolic agent. It will be important to see evidence of this effect
on iliac crest histomorphometry and confirmation of this
possible difference with noninvasive tests of bone strength,
such as finite element analysis, particularly for the hip. It will also
be important to determine what happens with administration of
abaloparatide after potent antiresorptive therapy such as
denosumab or bisphosphonates. A lesser degree of remodeling
stimulation in this setting might address the needs of a large
group of patients for whom anabolic treatment is warranted.

Conflict of Interest

Dr Cosman is an advisor for Eli Lilly, Merck and Radius, and is a
speaker for Eli Lilly.

References

1. Dempster DW, Zhou H, Recker RR, Brown JP, Bolognese MA, Recknor CP et al.
Skeletal histomorphometry in subjects on teriparatide or zoledronic acid therapy
(SHOTZ) study: a randomized controlled trial. J Clin Endocrinol Metab 2012; 97:
2799-2808.

. Arlot M, Meunier PJ, Boivin G, Haddock L, Tamayo J, Correa-Rotter R et al. Differential effects
of teriparatide and alendronate on bone remodeling in postmenopausal women assessed by
histomorphometric parameters. J Bone Miner Res 2005; 20: 1244-1253.

. Compston JE. Skeletal actions of intermittent parathyroid hormone: effects on bone
remodelling and structure. Bone 2007; 40: 1447-1452.

. Ma YL, Zeng Q, Donley DW, Ste-Marie LG, Gallagher JC, Dalsky GP et al. Teriparatide
increases bone formation in modeling and remodeling osteons and enhances IGF-Il
immunoreactivity in postmenopausal women with osteoporosis. J Bone Miner Res 2006; 21:
855-864.

. Lindsay R, Zhou H, Cosman F, Nieves J, Dempster DW, Hodsman AB. Effects of a one-month
treatment with PTH(1-34) on bone formation on cancellous, endocortical, and periosteal
surfaces of the human ilium. J Bone Miner Res 2007; 22: 495-502.

. Lindsay R, Cosman F, Zhou H, Bostrom MP, Shen VW, Cruz JD et al. A novel tetracycline
labeling schedule for longitudinal evaluation of the short-term effects of anabolic therapy with
a single iliac crest bone biopsy: early actions of teriparatide. J Bone Miner Res 2006; 21:
366-373.

. Neer RM, Amaud CD, Zanchetta JR, Prince R, Gaich GA, Reginster JY et al. Effect of
parathyroid hormone (1-34) on fractures and bone mineral density in postmenopausal women
with osteoporosis. N Engl J Med 2001; 344: 1434-1441.

. Dempster DW, Cosman F, Kurland ES, Zhou H, Nieves J, Woelfert L et al. Effects of daily
treatment with parathyroid hormone on bone microarchitecture and turnover in patients with
osteoporosis: a paired biopsy study. J Bone Miner Res 2001; 16: 1846-1853.

. Jiang Y, Zhao JJ, Mitlak BH, Wang O, Genant HK, Eriksen EF. Recombinant human
parathyroid hormone (1-34) [teriparatide] improves both cortical and cancellous bone structure.
J Bone Miner Res 2003; 18: 1932-1941.

10. McClung MR, San Martin J, Miller PD, Civitelli R, Bandeira F, Omizo M et al. Opposite bone
remodeling effects of teriparatide and alendronate in increasing bone mass. Arch Intern Med
2005; 165: 1762-1768.

11. Keaveny TM, McClung MR, Wan X, Kopperdahl DL, Mitlak BH, Krohn K. Femoral strength in
osteoporotic women treated with teriparatide or alendronate. Bone 2012; 50: 165-170.

12. Saag KG, Shane E, Boonen S, Marin F, Donley DW, Taylor KA et al. Teriparatide or
alendronate in glucocorticoid-induced osteoporosis. N Engl J Med 2007; 357: 2028-2039.

13. Hadji P, Zanchetta JR, Russo L, Recknor CP, Saag KG, McKiernan FE et al. The effect of
teriparatide compared with risedronate on reduction of back pain in postmenopausal women
with osteoporotic vertebral fractures. Osteoporos Int 2012; 23: 2141-2150.

14. Cosman F, Wermers RA, Recknor C, Mauck KF, Xie L, Glass EV et al. Effects of teriparatide in
postmenopausal women with osteoporosis on prior alendronate or raloxifene: differences
between stopping and continuing the antiresorptive agent. J Clin Endocrinol Metab 2009; 94:
3772-3780.

15. Boonen S, Marin F, Obermayer-Pietsch B, Simoes ME, Barker C, Glass EV et al. Effects
of previous antiresorptive therapy on the bone mineral density response to two years of
teriparatide treatment in postmenopausal women with osteoporosis. J Clin Endocrinol Metab
2008; 93: 852-860.

16. Ettinger B, San Martin J, Crans G, Pavo I. Differential effects of teriparatide on BMD after
treatment with raloxifene or alendronate. J Bone Miner Res 2004; 19: 745-751.

17. Cosman F, Keaveny TM, Kopperdahl D, Wermers RA, Wan X, Krohn KD et al. Hip and
spine strength effects of adding versus switching to teriparatide in postmenopausal women
with osteoporosis treated with prior alendronate or raloxifene. J Bone Miner Res 2013; 28:
1328-1336.

18. Halse J, Greenspan S, Cosman F, Ellis G, Santora A, Leung A et al. A phase 2, randomized,
placebo-controlled, dose-ranging study of the calcium-sensing receptor antagonist MK-5442 in
the treatment of postmenopausal women with osteoporosis. J Clin Endocrinol Metab 2014; 99:
E2207-E2215.

19. Fitzpatrick LA, Dabrowski CE, Cicconetti G, Gordon DN, Papapoulos S, Bone 3rd HG et al. The
effects of ronacaleret, a calcium-sensing receptor antagonist, on bone mineral density and
biochemical markers of bone turnover in postmenopausal women with low bone mineral
density. J Clin Endocrinol Metab 2011; 96: 2441-2449.

20. Simpson |, Blakemore J.. Industry update. Therapeutic Delivery 2014; 5: 619-625.

21. Leder BZ, Tsai JN, Uihlein AV, Burnett-Bowie SA, Zhu Y, Foley K et al. Two years of
denosumab and teriparatide administration in postmenopausal women with osteoporosis
(the DATA extension study): a randomized controlled trial. J Clin Endocrinol Metab 2014; 99:
1694-1700.

22. Cowen and Company. Abaloparatide succeeds in phase Il with compelling data, 2014.

23. Canaccord Genuity. Phase 3 detail shows significant benefit for abaloparatide vs Forteo, 2015.

24. Radius Health. Abaloparatide-SC in postmenopausal women with severe osteoporosis, 2015.

n

w

FNy

[

o

~

oo

©

APRIL 2015 | www.nature.com/bonekey


http://www.nature.com/bonekey

	title_link
	A1
	A2




