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Osteoporosis is a disorder of skeletal fragility 
which is the consequence of bone loss, usually in 
postmenopausal women or older men, resulting 
in low bone mass and deranged skeletal architec-
ture that compromises bone strength.1 Most of 
our current therapies for osteoporosis inhibit 
bone resorption by osteoclasts and indirectly 
inhibit bone formation.2 While these therapies 
can strengthen the skeleton and reduce fracture 
risk, they do not correct the structural abnormali-
ties that characterize patients with established 
osteoporosis. Only therapeutic agents that 
enhance bone formation will be able to do that.

The elucidation of the pivotal role of sclerostin as 
a modulator of osteoblastic activity and bone for-
mation led to the concept that inhibiting scle-
rostin would be an attractive strategy to treat 
osteoporosis, a topic that was thoroughly reviewed 
in this journal by Dr Lewiecki in 2014.3 Since 
then, additional preclinical evidence has emerged 
and several clinical studies, including two phase 
III fracture endpoint trials, have been completed, 
making it timely to provide an update on the 
potential role of anti-sclerostin therapy in the 
management of patients with osteoporosis.

Clinical disorders of sclerostin deficiency
Homozygous genetic deficiency of sclerostin 
results in the syndromes of sclerosteosis and van 
Buchem disease.4 Sclerosteosis is due to loss of 
function mutations of the SOST gene on chro-
mosome 17q12-21. There are no mutations in 
the SOST gene with van Buchem disease, but 
patients have a noncoding deletion, downstream 
of the SOST gene, that is required for that gene’s 
transcription in bone. The two diseases are phe-
notypically similar. In sclerosteosis, affected indi-
viduals appear normal at birth except for 
syndactyly. Bony overgrowth results in mandibu-
lar hypertrophy and, in the skull, frontal bossing, 
narrowing of the foramina causing cranial nerve 
entrapment with facial palsy and/or deafness, and 
decreased intracranial volume and cranial basilar 
stenosis with elevation of intracranial pressure in 
some cases. Patients with van Buchem disease do 
not have syndactyly and generally have milder 
clinical features.

The group led by Dr Papapoulos has demon-
strated that heterozygotes of these conditions, 
with low but not absent levels of sclerostin, have a 
normal phenotype except for high bone mass.4 In 
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addition, that group has shown improved quality 
of the bone matrix in sclerostin-deficient mice 
and humans, with increased heterogeneity of 
matrix mineralization density and higher levels of 
matrix proteoglycans.5 Furthermore, unlike most 
other conditions of high bone mass or osteoscle-
rosis, average matrix mineralization density is 
decreased relative to normal controls. These 
alterations in bone composition are beneficial for 
bone strength, consistent with the lack of bone 
brittleness in patients with sclerosteosis. These 
results also imply that the increases in bone min-
eral density (BMD) observed by dual energy 
X-ray absorptiometry measurements in clinical 
trials may underestimate the true increase in bone 
mass induced with anti-sclerostin treatment. 
Taken together, this information adds to the 
promise that inhibiting sclerostin may be an effec-
tive and hopefully safe treatment for osteoporosis 
and other bone disorders.

Preclinical studies
Dr Lewiecki reviewed the early studies in rats and 
monkeys in which sclerostin-inhibiting antibodies 
increased bone formation and decreased bone 
resorption, leading to improved or normalized 
bone structure, bone mass and bone strength 
while maintaining bone quality in these animal 
models of osteoporosis.3 Trabecular and cortical 
bone thickness was increased, and cortical poros-
ity was reduced. More recent studies have defined 
the structural changes induced by anti-sclerostin 
therapy. In cynomolgus monkeys, the anabolic 
response to anti-sclerostin antibody increased the 
thickness of trabeculae in all three spatial orienta-
tions (axial, oblique, and transverse) and con-
verted rod-like structures into more mechanically 
sound plate-like structures.6,7 Additionally, the 
complex kinetics of bone formation and resorp-
tion in response to anti-sclerostin therapy have 
been clarified. The initial response to therapy is a 
direct activation of quiescent bone lining cells, 
acutely increasing the number of functioning 
osteoblasts.8 This results in a marked but tran-
sient increase in modeling-based bone formation 
on previously quiescent trabecular, endocortical 
as well as periosteal surfaces, accompanied by a 
decrease in bone resorption. This is then followed 
by an attenuation of modeling-based bone forma-
tion with a persistent decrease in remodeling 
space and a positive bone balance, resulting in a 
slower but progressive increase in trabecular 
BMD with long-term treatment. In cortical bone, 
anti-sclerostin therapy substantially increased 

bone formation and bone mass which correlated 
with increases in estimated strength. No changes 
in calculated material properties were observed. 
At the radial diaphysis, a transient, reversible 2% 
reduction in cortical BMD was observed with 
therapy despite relative improvements in bone 
mineral content. High-resolution peripheral 
quantitative computed tomography (QCT) con-
firmed that this decline in radial cortical BMD 
was a due to increased intracortical remodeling 
but with no increase in cortical porosity. As men-
tioned previously, this decrease in BMD may 
reflect the lower mineralization density of the 
large volume of newly formed bone. Finite ele-
ment modeling demonstrated maintenance of 
radial diaphyseal strength and improved strength 
at metaphyseal sites.

Preclinical studies with particular relevance to the 
potential clinical use of anti-sclerostin therapy 
include the observation that the anabolic response 
to sclerostin antibody therapy was as robust in 
aged mice as in younger mice.9 Additionally, the 
anabolic effect of therapy was unaffected by pre-
vious or simultaneous treatment with a bisphos-
phonate and could be restored after a short 
treatment-free interval.6,10 Relevant to the phase 
III study design, the increases in bone mass 
achieved with sclerostin antibody treatment were 
maintained or improved when that therapy was 
followed by a receptor activator of nuclear factor 
κ B inhibitor.6

As Dr Lewiecki pointed out, sclerostin is 
expressed in chondrocytes and synovial cells, 
raising the possibility that sclerostin plays a role 
in inflammatory or degenerative joint diseases.3 
Sclerostin-deficient mice developed severe oste-
oarthritis in response to joint instability, raising 
the possibility that sclerostin inhibition might be 
deleterious to cartilage.11 More recently, inhibi-
tion of sclerostin has been demonstrated to 
accelerate disease in a mouse model of rheuma-
toid arthritis.12

There was also concern about a potential carcino-
genic risk with anti-sclerostin therapy since teri-
paratide, another bone-forming agent, has been 
associated with dose-related increases in osteosar-
coma in rats and since canonical Wnt signaling is 
involved in the control of cellular proliferation in 
many tissues. In a rat lifetime carcinogenic toxicity 
study with romosozumab, an anti-sclerostin anti-
body being studied in clinical trials, no treatment-
related effects on tumor incidence were observed.13
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Phase I studies
Dr Lewiecki described in detail the results of sin-
gle and multiple dose phase I studies with romo-
sozumab, a humanized monoclonal IgG2 
antibody with high specificity for human scle-
rostin, and with blosozumab, an IgG4 humanized 
monoclonal anti-sclerostin antibody.3 Studies 
with both agents demonstrated rapid and marked 
increases in biochemical markers of bone forma-
tion, decreases in bone resorption markers and 
increases in BMD. The effects of romosozumab 
on trabecular and cortical structural parameters 
were also assessed by QCT and high-resolution 
QCT scans of the lumbar and thoracic spine in 48 
subjects (32 women, 16 men) with low bone mass 
in a placebo-controlled phase Ib study.14 Women 
received active treatment of 1 or 2 mg/kg every 2 
weeks or 2 or 3 mg/kg every 4 weeks, while men 
were given 1 mg/kg every 2 weeks or 3 mg/kg 
every 2 weeks for 3 months. All active treatment 
groups were combined for analyses. Subjects 
were followed off therapy for an additional 3 
months. At 3 months, significant increases were 
observed in trabecular BMD (9.5%) and appar-
ent density-weighted cortical thickness and corti-
cal stiffness (26.9%). These improvements in 
structural parameters were maintained during the 
3-month off-treatment follow-up period.

Phase II studies
The phase II romosozumab dose-ranging study 
[ClinicalTrials.gov identifier: NCT00896532] 
evaluated treatment effects in 419 postmenopau-
sal women aged 55–85 with low bone mass who 
were randomly assigned to receive subcutaneous 
doses of romosozumab ranging from 70 mg every 
3 months to 210 mg every month or placebo 
injections.15 Other patients were randomly 
assigned to receive open-label subcutaneous teri-
paratide 20 µg daily or alendronate 70 mg weekly. 
At 12 months, the average increases in BMD at 
the lumbar spine (LS) and total hip (TH) were 
11.3% and 4.1% respectively with the 210 mg 
every month dose of romosozumab. These 
increases were significantly greater than those 
observed with teriparatide or alendronate. BMD 
at the 1/3 radial site decreased by 0.9% with pla-
cebo, 1.3% with romosozumab and 1.7% with 
teriparatide.

Bone formation markers rose promptly, peaked 
at 1–3 months, returned to baseline by 6 months 
and were then below baseline for the remainder 
of the 12-month treatment interval. This 

pattern of response is very similar to the timing 
of the anabolic effect of romosozumab in cyn-
omolgus monkeys.8 During the second year of 
the study, markers of bone formation and 
resorption remained below baseline in patients 
who continued romosozumab.16 Consistent 
with these results, LS BMD increased 3.8% 
during the second year of romosozumab ther-
apy, which is a smaller increase than had 
occurred in the first year.

After 2 years, romosozumab therapy was discon-
tinued. Patients were randomized to receive den-
osumab 60 mg subcutaneously every 6 months or 
placebo for 12 months. In those who received pla-
cebo, BMD values decreased to or toward base-
line values.16 Formation markers also returned to 
baseline values, while serum C-terminal telopep-
tide of type 1 collagen (CTX) levels rose to values 
significantly greater than baseline before falling 
toward pretreatment values. In patients who were 
switched to denosumab, BMD increased in LS 
(3.7%) and TH (1.1%), increments that were 
similar to the increases during the second year of 
romosozumab therapy.

Volumetric BMD was assessed by QCT in a sub-
set of patients from the romosozumab phase II 
study.17 Increases in integral volumetric BMD in 
both the LS and TH were significantly greater 
after 12 months of therapy with romosozumab 
compared with teriparatide (Table 1).

In a phase II dose-ranging study and its extension 
evaluating the effect of blosozumab, 120 post-
menopausal women with low BMD were ran-
domly assigned to receive that drug in 
subcutaneous doses of 180 mg every 4 weeks, 180 
mg every 2 weeks, 270 mg every 2 weeks or pla-
cebo.18 Progressive dose-dependent increases in 
BMD were observed over the 12-month treat-
ment. Compared with placebo, the average 
increase in BMD was 17.7% in the LS, 6.2% in 
the TH and 7.3% in the total body with the dose 
of 270 mg every 2 weeks. As with romosozumab, 
the top of the dose–response curve for BMD was 
not identified. BMD at the 1/3 radius site did not 
change significantly.

Markers of bone turnover changed in patterns 
similar to those observed with romosozumab. 
Serum type 1 procollagen N-terminal peptide 
increased to a peak of 160% above baseline at 4 
weeks with the dose of 270 mg blosozumab every 
2 weeks. With continued therapy, the values then 
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gradually decreased, remaining above baseline at 
6 months but falling to near baseline at 12 months. 
Serum CTX decreased promptly after starting 
therapy to as much as 40% below baseline after 2 
weeks of treatment. As was seen with the larger 
doses of romosozumab, CTX returned to baseline 
at week 12 and thereafter remained below baseline 
and lower than values in the placebo group.

After 12 months, blosozumab therapy was dis-
continued and 106 patients entered a 12-month 
follow-up study to evaluate the effects of stopping 
therapy.19 BMD decreased significantly in all 
treatment groups. In the highest dose group, 
BMD fell to 6.9% and 3.9% above baseline and 
was 8.2% and 5.2% greater than in the placebo 
group in the LS and TH respectively at the end of 
the follow-up period. Bone formation markers 
remained near baseline during the year off ther-
apy and serum CTX returned to baseline within 4 
weeks of stopping therapy. During the follow-up 
period, fractures of the rib, humerus or elbow 
occurred in three patients who had taken bloso-
zumab 180 mg every 4 weeks, but no clinical ver-
tebral fractures were reported.

Phase III studies
The Fracture Study in Postmenopausal Women 
with Osteoporosis (FRAME) trial [ClinicalTrials.
gov identifier: NCT01575834] evaluated the 
effectiveness of romosozumab 210 mg every month 
compared with placebo for 12 months followed in 
both treatment groups by an additional 12 months 
of denosumab 60 mg every 6 months in 7180 
women with postmenopausal osteoporosis whose 
average age was 71 years.20 About 18% had preva-
lent vertebral fracture (almost all were mild or 
grade 1 deformities) and 21.7% had a history of 

prior nonvertebral fracture. The geographic distri-
bution of patients in this study was different than 
previous fracture endpoint trials. Forty-three per-
cent of patients were from Latin America and 29% 
were from Central or Eastern Europe. Eighty-nine 
percent of patients completed 12 months of the 
trial and 83.9% completed the 2-year follow up. 
During 12 months of romosozumab therapy, new 
vertebral fractures occurred in 1.8% of the placebo 
group and 0.8% with romosozumab, a relative risk 
reduction of 73% [95% confidence interval (CI) 
5–84%; p < 0.001] (Table 2). As noted in Table 2, 
the treatment effect was particularly evident during 
the second 6 months of therapy. At the end of the 
second year during which all patients had received 
open-label denosumab therapy, new vertebral fac-
ture risk was reduced by 75% in the patents who 
had initially received romosozumab compared with 
the group that had received placebo. During the 
second year, 25 of 3327 in the placebo group expe-
rienced a new fracture while only 5 of 3325 patients 
in the romosozumab group did so (Table 2).

Clinical fracture risk was reduced by 36% (2.5% 
with placebo and 1.6% with romosozumab; p = 
0.008) at 12 months. Nonvertebral fracture risk 
decreased by 25%, from 2.1% with placebo to 
1.6% with romosozumab (hazard ratio 0.75; 95% 
CI 0.53–1.05; p = 0.10). In a preplanned sub-
group analysis, significant interaction of nonverte-
bral fracture risk reduction with geography was 
observed. This was explored in more detail in a 
post hoc analysis which demonstrated very low frac-
ture risk (assessed by the FRAX fracture risk pre-
diction tool) and fracture incidence in the Latin 
American subgroup, consistent with previous epi-
demiological studies from that region.21 In that 
Latin American cohort, no treatment effect on 
nonvertebral fracture risk was noted, while in the 

Table 1.  Percent changes from baseline in areal and volumetric BMD at 12 months in a subset of patients in 
the Phase II romosozumab study.17

Dose Placebo Teriparatide Romosozumab

Not applicable 20 μg/day 210 mg/month

Areal BMD  

  LS –0.4% 6.9% 12.3%

  TH –0.7% 0.8% 3.9%

Volumetric BMD  

  LS 0.8% 12.9% 17.7%

  TH 0.3% 1.2% 4.1%

BMD, bone mineral density; LS, lumbar spine; TH, total hip.
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remainder of the study population, a significant 
42% risk reduction was observed. Romosozumab 
was associated with BMD increases of 13.3% and 
6.8% in the LS and TH respectively compared 
with baseline and with placebo at 12 months 
(Figure 1). After 12 additional months of deno-
sumab therapy, the total increases in LS and TH 
BMD from the original baseline were 17.6% and 
8.8% respectively (Figure 1). These results of the 
FRAME study have been filed with American and 
European regulatory agencies, and decisions about 
registration are expected soon.

A second phase III fracture endpoint trial  
(ARCH Study) [ClinicalTrials.gov identifier: 
NCT01631214] compared the effects of subcuta-
neous romosozumab 210 mg every month with 
oral alendronate 70 mg weekly for 12 months, fol-
lowed by another year in which both treatment 
groups received alendronate. In a report from the 
company, romosozumab followed by alendronate 

treatment significantly reduced the risks of new 
vertebral, clinical and nonvertebral fractures after 
24 months compared with the effects of alendro-
nate alone.22 Neither of the phase III studies was 
powered to evaluate the effect of romosozumab 
therapy on hip fracture risk, but a nominally sig-
nificant reduction in hip fracture risk was reported 
in the ARCH study.

Safety
Except for mild injection site reactions, romo-
sozumab has been well tolerated. One patient in a 
phase I romosozumab study developed sympto-
matic hepatitis one day after receiving a dose of 
10 mg/kg. Transaminase values rose to 300% 
above baseline, peaking at day 3 before gradually 
returning to normal.23 Generalized increases in 
transaminase values have not been observed.

Mild, transient and asymptomatic decreases in 
serum calcium and reciprocal increases in para-
thyroid hormone (PTH) have been noted, espe-
cially with the highest doses of both romosozumab 
and blosozumab.13,15 This is an expected response 
to the combination of the rapid formation of new 
bone matrix and inhibition of bone resorption 
induced by treatment.

In the large phase III FRAME study, injection-
site reactions, usually mild in severity, were 
observed in 5.2% of the romosozumab group and 
in 2.9% of the placebo group.20 All oral adverse 
events and femur fractures in the FRAME study 
were adjudicated by panels of experts to identify 
those events that met established criteria for oste-
onecrosis of the jaw or femoral fractures with 
atypical features. Two patients in the romo-
sozumab group had adverse events consistent 
with the definition of osteonecrosis of the jaw, 
both of whom had recognized risk factors. An 

Table 2.  Numbers of patients with new morphometric vertebral fractures in Phase III FRAME study.20

Placebo
n = 3321

Romosozumab
n = 3322

Risk ratio p value

0–6 months 26 14  

6–12 months 33   2  

0–12 months 59 (1.8%) 16 (0.5%) 0.27 <0.001

  n = 3327 n = 3325  

12–24 months 25   5  

0–24 months 84 (2.5%) 21 (0.6%) 0.25 <0.001

Figure 1.  Percent changes from baseline in BMD at 
12 and 24 months in Phase III FRAME study.20 Patients 
received romosozumab 210 mg Q6M during year 1 
and denosumab 60 mg Q6M during year 2. Open bars: 
lumbar spine BMD; Shaded bars: total hip BMD.
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event consistent with an atypical femoral fracture 
occurred 3.5 months after the first dose of romo-
sozumab in a patient with a history of prodromal 
pain at the site of fracture that was present at the 
time of enrollment.

In FRAME, the frequencies of mortality and of 
adverse and serious adverse events, including car-
diovascular disease, were balanced between the 
treatment and control groups.20 A cardiovascular 
safety concern was noted in the preliminary report 
of the ARCH study.22

A clinical study demonstrated that sclerostin 
expression was closely associated with the degree 
of joint damage in patients with osteoarthritis.24 
In tibial plateau specimens obtained from patients 
undergoing total knee arthroplasty, sclerostin 
expression was elevated from patients with late 
stage osteoarthritis compared with patients with 
early stage disease. In FRAME, there were no dif-
ferences in the incidence of adverse events related 
to back pain, osteoarthritis or hyperostosis.20

Anti-romosozumab antibodies were detected in 
20% of patients during the first year of therapy in 
the phase II study, and 3% of patients had anti-
bodies with neutralizing activity in vitro.13 Binding 
and neutralizing antidrug antibodies were found 
in 18% and 7% respectively of patients receiving 
romosozumab in the FRAME study.20 The pres-
ence of antibodies had no detectable effect on 
efficacy and did not correlate with injection site 
reactions or adverse events.

Injections site reactions and the occurrence of 
antidrug antibodies were also observed with 
blosozumab.15 One patient in the phase II study 
developed neutralizing antibodies at week 24 of 
treatment and titers continued to rise during the 
12-month treatment phase. The BMD response 
in this patient appeared to be blunted, perhaps as 
a consequence of inactivation of drug by the anti-
bodies. The planned phase III study with bloso-
zumab was not initiated and further development 
of the drug has been halted, perhaps because of 
the occurrence of more frequent or severe injec-
tion site reactions with a more concentrated prep-
aration of the drug.

Osteoporosis in men
A phase III registration study evaluated changes 
in BMD, bone turnover markers and adverse 
events during 12 months of treatment with 

romosozumab in men with osteoporosis 
[ClinicalTrials.gov identifier: NCT02186171]. 
As predicted by the similar pharmacokinetic and 
BMD responses observed in men and women in 
phase I studies, the phase III study demonstrated 
BMD responses in men with osteoporosis similar 
to those observed in postmenopausal women, 
providing the data to support registration of the 
drug to treat osteoporosis in men.25

Role of anti-sclerostin therapy in 
osteoporosis
The information in hand, including the well char-
acterized genetic defects, the robust preclinical 
program and the early clinical experience provides 
optimism that anti-sclerostin therapy, with its 
unique ability to substantially increase new bone 
formation while inhibiting resorption, will be a 
welcome and important addition to our menu of 
treatment options. The transient anabolic response 
limits the duration of therapy to 6–12 months at a 
time. Understanding that mechanisms for the 
attenuation of bone formation, which may involve 
depletion of the osteoblast precursor pool or 
upregulation of other cytokines such as Dkk1, 
might provide insight into ways to lengthen or to 
repeat the anabolic response.

The effects of romosozumab therapy in the 
FRAME study on vertebral and clinical fracture 
risk, especially after the first 6 months, are con-
sistent with the large and rapid increases in BMD 
observed. The lack of a significant effect on non-
vertebral fracture in comparison with placebo 
during the first year of therapy was disappointing, 
but the significant reduction in nonvertebral frac-
ture risk, compared with alendronate, after 12 
months of therapy in the ARCH study is impres-
sive. Until that study, nonvertebral fracture risk 
had never been significantly reduced within the 
first year of treatment with any therapy.

Whether warnings about limitations to therapy 
will accompany registration is not yet known. The 
warning about osteosarcoma in rats with parathy-
roid hormone analogues does not seem to pertain 
to romosozumab.13 From a clinical perspective, 
therapy should be avoided in patients with 
untreated hypocalcemia and in patients with oste-
omalacia or severe vitamin D deficiency because 
of the known effects of anti-sclerostin therapy on 
serum calcium concentrations at the beginning of 
treatment. Treatment should also be avoided in 
patients with known skeletal metastases, other 
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than myeloma, and with neurological compres-
sion syndromes until more is known about the 
safety of therapy in the phase III studies.

We still have much to learn about how this new 
therapy will be incorporated into daily clinical 
practice. It is my opinion that romosozumab will 
be an appropriate initial therapy for patients with 
severe osteoporosis and very low BMD who are in 
need of skeletal restoration and reconstruction. 
On the basis of the FRAME study, romosozumab 
will likely be approved for the treatment of 
patients at high risk of fracture for an interval of 
12 months to be followed by an antiremodeling 
agent. Because some patients may then be candi-
dates for another course of romosozumab, it will 
be important to assess the retreatment responses 
in patients who took each of the classes of antire-
modeling agents.

Conclusion
The novel skeletal effects of anti-sclerostin 
antibody therapy, especially its unprecedented 
acute anabolic action, offer great promise for 
the treatment of osteoporosis. The use of romo-
sozumab followed by potent antiremodeling 
agents will become an important part of our 
treatment of patients with severe osteoporosis. 
Exploring the effects of this therapy in disor-
ders of impaired bone formation will be very 
interesting.
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