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Effects of antiresorptive and anabolic drugs on bone remodelling and modelling

Juliet E Compston, Michael R McClung, William D Leslie Lancet 2019; 393: 364–76



Anabolic windows for Teriparatide, Abaloparatide and Romosozumab

G. Tabacco and JP. Bilezikian. British Journal of Clinical Pharmacology 

Teriparatide (TPTD) and Abaloparatide (ABL) are the only osteoanabolic drugs 
available, at this time, for treatment of osteoporosis. TPTD is a 34–amino acid 
fragment that is identical in its primary sequence to the 34 amino acids of full-length 
human parathyroid hormone [hPTH(1-84)]. ABL is identical to parathyroid hormone 
related peptide (PTHrP) through the first 22 residues with significantly different amino 
acids inserted thereafter, between residues 22 and 34. Both drugs are administered for 
a maximum of 24 months, and should be followed by an anti-resorptive agent to 
maintain gains in BMD. Romosozumab, a monoclonal antibody that binds to and 
inhibits sclerostin, appears to have dual actions by stimulating bone formation and 
reducing bone resorption.



Romosozumab is a monoclonal antibody directed against the 
Wnt inhibitor sclerostin

TD Rachner, LC Hofbauer, A Göbel and E Tsourdi Journal of Molecular Endocrinology (2019) 
62, R145–R154 



The relationship between hip bone mineral density T-score and fracture risk





Lower risk of fractures with teriparatide than with risedronate
treatment in postmenopausal women with severe osteoporosis.

(b)  Risk of clinical fractures(a) Risk of vertebral fractures



Schematic presentation of bone turnover with 
romosozumab and teriparatide treatment



Romosozumab for 12 months followed by alendronate reduced the risk of 
vertebral (a) and clinical (b) fracture compared to alendronate alone 

in postmenopausal women with osteoporosis



Schematic illustration of the effect of an anabolic or a bone-building agent, 
followed by an antiresorptive on 

(a) spine BMD and on (b) vertebral fracture incidence



In RCTs with teriparatide, the number of patients with incident hip fractures
was small and insufficiently powered to show statistically significant differen-
ces between groups. We, therefore, conducted a systematic review and meta-
analysis of the efficacy of teriparatide in the reduction of hip and upper limb
fractures in women and men with osteoporosis. Only RCTs that included
patients with the approved treatment indications and dose for use of teripara-
tide were included; trials with off-label use of teriparatide were excluded. Two
independent reviewers performed study selection and data extraction... 23
RCTs were included, 19 with an active-controlled arm (representing 64.9% of
the patients included in the control group) and 11 double-blind, representing
data on 8644 subjects, 3893 of them treated with teriparatide.



Forest plot of hip fracture outcomes



Forest plots of upper limb fracture outcomes: 
(a) humerus, (b) forearm, (c) wrist
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Effects of teriparatide on hip and upper limb fractures in 
patients with osteoporosis: 

A systematic review and meta-analysis

Conclusions
Our systematic review and individual-level meta-analyses of
23 randomized clinical trials comparing teriparatide to place-
bo or other anti-osteoporosis drugs in a total of 8644 sub-
jects with osteoporosis in the approved indications for its
clinical use, indicate that there is a significant reduction of
hip fracture and a neutral effect on the pooled upper limb
fractures reported. Collectively, these results support consi-
deration of teriparatide for the treatment of osteoporosis as
a first-line therapy in patients at high risk for osteoporotic
fractures, although they should be interpreted in the con-
text of the relatively small number of reported hip fractures.

Bone 120 (2019) 1–8



Conclusion
Data from this study indicate that
2 years of teriparatide treatment
leads to increased bone organic
matrix and mineral content in the
iliac crest. The magnitude of
these increases in the iliac crest
were not detected with conven-
tional aBMD measurements at
other skeletal sites.

Journal of Bone and Mineral Research, 
December 2018, pp 2230–2235



In conclusion,
in this randomized pilot clinical trial designed to examine immediate
vs delayed treatment with teriparatide for skeletal healing of an
atypical femoral fracture, we found a preliminary signal for greater
improvement in healing indices with immediate treatment. The
treatment was well tolerated and appears to be safe. However,
because this is a rare event, and numbers were small, the results
must be interpreted with caution.



Purpose: In women with postmenopausal osteoporosis, we 
investigated the effects of 24 months of treatment with 
alendronate (ALN) following 18 months of treatment with 
abaloparatide (ABL) or placebo (PBO).
Results: Five hundred fifty-eight women from ACTIVE’s ABL 
group and 581 from its PBO group (92% of ABL and PBO 
completers) were enrolled.

J Clin Endocrinol Metab, August 2018, 103(8):2949–2957



Incidence of new vertebral fractures in 
ACTIVE, ACTIVExtend only, and ACTIVE plus ACTIVExtend



Time-to-event analyses of 
Nonvertebral fractures, 
were defined as fractures excluding 
those of the spine, sternum, patella, 
toes, fingers, skull, and face and those 
with high trauma.

Clinical fractures, 
were defined as all fractures that 
would cause a patient to seek medical 
care, regardless of the level of trauma, 
including clinical spine
and
Major osteoporotic fractures 
were defined as fractures of the wrist, 
upper arm, hip, and clinical spine

from ACTIVE baseline at mo 43.



Percentage changes from ACTIVE baseline to end of ACTIVExtend in 
BMD



Percentage changes from ACTIVE baseline to end of ACTIVExtend in 
bone turnover markers

Conclusion
Eighteen months of treatment with ABL followed by 24 months of 
treatment with ALN reduced the risk of vertebral, nonvertebral, 
clinical, and major osteoporoticfractures and produced large 
increments in BMD of the LS, TH, and FN. These findings demonstrate 
that the sequence of ABL followed by ALN can be a highly efficacious
treatment option for postmenopausal women who are at risk for 
osteoporosis-related fractures.





Romosozumab
mode of action.





BMD T-score increases at 
the (A) lumbar spine and 
(B) total hip 
in FRAME relative to 
FREEDOM and FREEDOM 
Extension





BMD T-score increases at 
the (A) lumbar spine and 
(B) total hip 
in FRAME relative to 
FREEDOM and FREEDOM 
Extension



AM. Horne, B. Mihov, IR. Reid. 
Calcified Tissue International (2018) 103:55–61



BMD (expressed as % change from the base-
line values at the beginning of the FRAME stu-
dy) at the end of that study when Dmab was 
discontinued, and 1 year later. During the 1-
year post trial follow-up, some patients recei-
ved no treatment, some a single infusion of 
zoledronate administered 15–165 days after 
the end of the trial, and some weekly risedro-
nate 35 mg. There was significant loss of BMD 
from trial-end to 1 year in all treatment 
groups (P < 0.05), except in hip BMD for those 
taking risedronate .



In conclusion, delaying administration of intravenous 
bisphosphonate when transitioning from denosumab appears 
to increase the extent to which the gains in BMD are 
maintained.
The optimal interval remains to be defined with certainty but
appears to be 7–8 months after the last denosumab injection.
The PINP results at 1 year, suggest that re-dosing with 
zoledronate at that time is desirable. 
Continuous anti-resorptive therapy, such as an oral 
bisphosphonate, can probably be started at the time the next 
denosumab injection would have been due, since its repeated 
administration will allow it to be taken up by the skeleton as 
bone turnover progressively increases.
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JCEM 103: 3183–3193, 2018)





Percentage change from baseline 
in BTMs stratified by visit. Per-
centage change from baseline in 
(a) serum P1NP and 
(b) serum CTX levels 
stratified by visit



Abstract
This study aimed to describe clinical outcomes in patients prescribed
teriparatide and followed up for 18 months after stopping the drug in
real-life conditions. The Extended Forsteo® Observational Study
analysed incident clinical fractures in 6-month intervals .. Changes in
back pain and health-related quality of life (HRQoL; Patients were
analysed if they had a post-baseline visit, regardless of whether and for
how long they took teriparatide. Of 1531patients analysed (90.7%
female, mean age: 70.3 years), 76 (5.0%) never took teriparatide.
Median treatment duration was 23.6 months…..



Persistence with teriparatide over time differentiated by 
18- and 24-month reimbursement countries 

(data from Active Treatment Cohort)



Fracture outcomes in the Total Study Cohort during and after
teriparatide treatment for

b clinical vertebral fractures

c non-vertebral fractures d main non-vertebral fractures 
(forearm/wrist, hip, humerus, leg or ribs).

a clinical fractures



Change in back pain VAS score from baseline



Lancet 2018; 391: 230–40



Incidence of fractures over 24 months

Lancet 2018; 391: 230–40



Change from baseline in 
EQ VAS over 24 months 
(full analysis set)

Change from baseline in 
back pain over 24 months 
(full analysis set)

Lancet 2018; 391: 230–40



Lancet 2018; 391: 230–40

In conclusion, in post-menopausal women with established osteo-
porosis who are at high risk of fracture, treatment with teriparatide
was associated with a significant reduction in the incidence of
vertebral and clinical fractures compared with risedronate. Differen-
ces between groups in the incidence of non-vertebral fractures were
not statistically significant. Adverse events and safety laboratory
findings accorded with the safety profile of either drug. These data
show that teriparatide is better at preventing fractures in patients
with severe osteoporosis, and confirm previous data from clinical
trials of teriparatide versus bisphosphonates with fracture as a
secondary endpoint.



Juliet Compston doi.org/10.1016/ S0140-6736(17)31613-6

In clinical practice, it is not uncommon to encounter patients who
despite adequate adherence to medication apparently do not
respond to oral bisphosphonates, with persistently low BMD or
incident fracture during treatment. Some of these patients might
respond to intravenous bisphosphonate therapy, but in others
switching to a drug that stimulates bone formation is a reasonable
approach.



Percent changes from baseline at 24 months (M) in bone mineral 
density (BMD) of the lumbar spine and total hip in postmenopausal 
women with osteoporosis with various treatment regimens

M.R. McClung / Osteoporosis and Sarcopenia 4 (2018)



Σας ευχαριστώ   







Number of subjects with 
fractures and fracture risk 

reduction through month 12 
by region
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