
https://doi.org/10.1177/1759720X18775936 
https://doi.org/10.1177/1759720X18775936

Ther Adv Musculoskel Dis

2018, Vol. 10(5-6) 105 –115

DOI: 10.1177/ 
1759720X18775936

© The Author(s), 2018.  
Reprints and permissions:  
http://www.sagepub.co.uk/
journalsPermissions.nav

Therapeutic Advances in Musculoskeletal Disease

journals.sagepub.com/home/tab 105

Introduction
Activation of the canonical Wnt pathway leads 
through a series of intracellular events to translo-
cation of β-catenin to the nucleus of osteoblasts 
and subsequently to gene transcription that stim-
ulates bone formation through stimulation of 
osteoblast differentiation, proliferation and sur-
vival (Figure 1).1 ‘The glycoprotein, sclerostin 
encoded by the SOST gene is expressed in osteo-
cytes, and recent data have also shown, that scle-
rostin is expressed in other cells types like for 
example chondrocytes.’2,3 When sclerostin binds 
to the low-density lipoprotein receptor protein 5 
and 6 (LRP5/6) and Frizzled coreceptors on the 
osteoblast surface, the canonical Wnt pathway is 
inhibited (Figure 1).4,5 Accordingly, sclerostin 
inhibits bone formation by inhibiting the osteo-
blasts. In addition, sclerostin increases bone 
resorption by increasing the production of recep-
tor activator of nuclear factor kappa-β-ligand 
(RANKL) by the osteocytes.6

The clinical effects of sclerostin have been 
unraveled by two autosomal recessive disorders. 
Sclerosteosis is caused by a loss of function muta-
tions in the SOST gene7,8 and patients with scle-
rosteosis have increased bone mineral density 
(BMD) and a very low risk of fractures.8–10 Van 
Buchem disease, another rare, autosomal recessive 
disease, is caused by a mutation in the regulatory 
region of SOST. Like sclerosteosis, the patients 
have high BMD, but the condition is milder than 
sclerosteosis.11,12 Recognition of the effects of scle-
rostin has inspired the development of sclerostin 
inhibitors as a potential treatment of osteoporosis. 
Romosozumab (ROMO) is a monoclonal anti-
body against sclerostin13 (Figure 2). The antibody 
is humanized, meaning that it is nonhuman but the 
amino-acid sequence is modified to increase simi-
larity with a human antibody. ROMO is adminis-
trated subcutaneously with an absorption of 
50–70% and a half-life of 6–7 days.13,14
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Animal studies
The effect of inhibition of sclerostin was first inves-
tigated in animals. Some 19-month-old female 
ovariectomized or sham-operated mice were rand-
omized to either treatment with a sclerostin anti-
body (Scl-Ab) 25 mg/kg twice weekly or placebo 
for 5 weeks.15 BMD in the Scl-Ab treated mice 
increased by 26% at the lumbar spine and 17% at 
the femur–tibia. Histomorphometric analyses of 
cancellous and cortical bone showed increased 
bone volume in both compartments and elevated 
bone formation indices on trabecular, periosteal, 
endocortical, and intracortical surfaces. Similar 
findings were seen in a short-term study compris-
ing aged, gonad-intact male rats.16 Investigations 
of the longer-term effects were then undertaken.  
A 26-week study with Scl-Ab treatment in  
ovariectomized 6-month-old female rats found 
increased bone mass and strength compared with 
vehicle-treated animals.17 Interestingly, the bone 
formation rate peaked after 6 weeks’ treatment and 

thereafter, declined towards baseline, whereas 
bone resorption remained suppressed throughout 
the 26 weeks.17

The effects of previous or concomitant treatment 
with alendronat (ALN) were investigated in 
10-month-old ovariectomized rats. Neither pre-
treatment nor pre- and concomitant treatment 
with ALN negatively affected the outcome of 
treatment with Scl-Ab for 6 weeks.18

Monkeys have, unlike rodents, a bone remodeling 
process very similar to bone remodeling in humans 
and therefore the effect of inhibition of sclerostin 
has been investigated in female, gonad-intact cyn-
omolgus monkeys. The monkeys were randomized 
to Scl-Ab 3, 10, or 30 mg/kg or placebo monthly for 
2 months.19 Bone mineral content (BMC) and 
BMD increased dose dependently (11–29%) and 
bone strength was increased in the monkeys treated 
with 30 mg/kg. Histomorphometric analyses of 

Figure 1. The Wnt signalling pathway.
Left: the Wnt pathway is activated by the interaction between LRP5/6, Wnt and Frizzled. Beta-catenin is released and enters 
the nucleus and activates transcription from Wnt target genes. Right: the Wnt pathway is inactivated due to sclerotin binding 
to LRP5/6 and beta-catenin is phosphorylated and degraded.
Illustration courtesy of Alessandro Baliani© 2018.
LRP5/6, low-density lipoprotein receptor protein 5 and 6; β-cat, beta-catenin; Axin, a scaffold protein; APC, adenomatous 
polyposis coli (tumor suppressor protein); GSK3β, glycogen synthase kinase 3 beta; P, phosphate; CK1α, casein kinase 1 
alpha; DSH, disheveled (cytoplasmic protein).
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bone samples revealed increased bone formation on 
trabecular, periosteal, endocortical and intracortical 
surfaces. Serum levels of serum type 1 aminotermi-
nal propeptide (s-P1NP) and osteocalcin increased 
dose dependently, whereas serum C-telopeptide 
(s-CTX) decreased temporarily, suggesting an 
uncoupling of bone formation and resorption.19 
Similar effects of ROMO were seen in ovariecto-
mized monkeys, a model of postmenopausal 

osteoporosis.20 In this study, it was demonstrated 
that the effects of ROMO are reversible when stop-
ping the treatment. The authors also demonstrated 
that the material properties of bone were main-
tained during treatment and that bone strength was 
positively correlated to bone mass.

Finally, a study comprising male cynomolgus 
monkeys was undertaken to investigate the 

Figure 2. Romosozumab mode of action.
Illustration courtesy of Alessandro Baliani© 2018.
RANKL, receptor activator of nuclear factor kappa-β-ligand; Scl, sclerostin.
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mechanisms underlying the continued increase in 
bone mass, despite the attenuation in bone forma-
tion markers seen with continued ROMO treat-
ment. This study demonstrated that the early 
phase of treatment (10 weeks) is characterized  
by increased modeling-based bone formation, 
increased wall thickness at remodeling sites and 
reduction in remodeling space secondary to reduc-
tion in erosion surfaces at cancellous bone. In 
addition, periosteal and endocortical bone forma-
tion was increased at the cortex of the vertebral 
bodies. Later on (28 weeks), the effect on bone 
modeling at cancellous bone attenuates, but the 
reduction in remodeling is maintained and com-
bined with a positive remodeling balance due to 
reduction in resorption depth and increase in wall 
thickness. The increased bone formation at peri-
osteal and endocortical surfaces was maintained.21

Clinical trials
See Table 1 for an overview of the clinical trials 
investigating the effects of ROMO. Two phase I 
studies have been undertaken. The first was a sin-
gle-dose study demonstrating highly significant 
increases in markers of bone formation, s-P1NP, 
bone-specific alkaline phosphatase (s-BAP) and 
osteocalcin, 85 days after administration of 
ROMO.13 Interestingly, the bone resorption 
marker, s-CTX, decreased significantly over the 
same period of time. BMD increased dose depend-
ently, 5.3% and 2.8% at the lumbar spine and 
total hip, respectively, 85 days after a single 
administration of 10 mg/kg subcutaneously.

The second phase I study investigated repeated 
dosing of ROMO and confirmed the prominent 
increases in markers of bone formation, moderate 
decreases in the bone resorption marker, and 
increases in BMD.14 Thus, the phase I studies 
demonstrated that treatment with ROMO in 
humans appears to be dual action, stimulating 
bone formation and at the same time, inhibiting 
bone resorption.

Next, a phase II study comprising 419 postmeno-
pausal women with low bone mass was initiated. 
The study investigated the effect of treatment with 
one of five different doses of ROMO either monthly 
(70 mg, 140 mg, 210 mg) or 3 monthly (140 mg, 
210 mg) as well as ALN 70 mg weekly, teriparatide 
(TPTD) 20 µg daily or placebo.25 Patients treated 
with ROMO 210 mg monthly had a 91% increase 
in s-P1NP after 1 month, however, after 12 months, 
s-P1NP was 20% below baseline level. s-CTX 
decreased by 41% after 1 week; the suppression of 

s-CTX leveled of over the treatment duration, but 
remained 26% below baseline after 12 months. As 
expected, ALN suppressed the bone turnover 
markers (P1NP −64%, CTX −66%) and TPTD 
increased turnover (P1NP +84%, CTX +80%). 
As for BMD, the effect of ROMO was significantly 
better than the effect seen for the other treatment 
regimens. Thus, ROMO increased lumbar spine 
BMD by 11.3% compared with 0.1% in the pla-
cebo group and 4.1% and 7.1% in patients treated 
with ALN or TPTD (p < 0.001 for all three com-
parisons), respectively.25 The same pattern was 
seen at the total hip (ROMO 4.1%, TPTD 1.3%, 
ALN 1.9%, and placebo −0.7%, p < 0.001 for all 
three comparisons). Quantitative computed tomog-
raphy (QCT) was performed in a subset of partici-
pants receiving placebo, TPTD, or ROMO 210 mg 
monthly.26 Trabecular volumetric BMD (vBMD) 
increased similarly with ROMO and TPTD at the 
spine, however, at the hip, trabecular vBMD 
increased 10.8% with ROMO compared with 4.2% 
with TPTD. Finally, cortical vBMD at the total hip 
increased with ROMO (+1.1%), but decreased 
with TPTD (–0.9%). Finite element analyses 
revealed that ROMO increased vertebral and femo-
ral neck strength more than TPTD and placebo. At 
the vertebrae, the increase was +27.3% in women 
treated with ROMO compared with +18.5% and 
−3.9% in women treated with TPTD and placebo, 
respectively. At the femoral neck, the pattern was 
similar, although the changes were smaller: +3.6%, 
−0.7%, and −0.1% in women treated with ROMO, 
TPTD and placebo, respectively.27 An extension of 
the study led to further increase in BMD (lumbar 
spine 15.7%, total hip 6.0%) in women treated  
with 210 mg ROMO for another 12 months.28 After 
2 years, the participants we re-randomized to pla-
cebo or denosumab (DMAB) 60 mg/6 months.28 
Participants treated with DMAB during the third 
year had cumulative increases of 19.4% and 7.1% in 
BMD at the spine and total hip, respectively. Women 
treated with placebo during the third year lost bone, 
and BMD returned towards pretreatment levels.

The antifracture efficacy of ROMO in women with 
osteoporosis was demonstrated in two phase III tri-
als. In the FRAME study, 7180 postmenopausal 
women with osteoporosis were randomized to 
ROMO 210 mg monthly or placebo for 12 months, 
followed by an open-label extension during which 
all patients received DMAB 60 mg every 6 months 
for 12 months.22 During the first 12 months, 
ROMO reduced the risk of vertebral fracture by 
73% [ROMO group: 0.5% (16 of 3321 patients); 
placebo group: 1.8% (59 of 3322 patients); p < 
0.001] and clinical fractures by 36% [ROMO 
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group: 1.6% (58 of 3589 patients); placebo group: 
2.5% (90 of 3591 patients); p = 0.008]. A 25% 
nonsignificant reduction in nonvertebral fractures 
was noted [ROMO: 1.6% (56 of 3589 patients); 
placebo group: 2.1% (75 of 3591); p = 0.10]. 
Interestingly, an interaction between geographical 
region and the effect of ROMO on nonvertebral 
fractures was seen; apparently, there was no effect 
among women from Latin America [ROMO: 1.5% 
(24 of 1550 patients); placebo group: 1.2% (19 of 
1534)], but a 42% reduction in nonvertebral frac-
tures among women from the rest of the world 
[ROMO: 1.6% (32 of 2039); placebo group: 2.7% 
(56 of 2057); p = 0.04 for the treatment-by-region 
interaction]. The authors state that the unexpected 
low rate of nonvertebral fractures among women 
from Latin America is in accordance with a post hoc 
estimation of fracture risk using FRAX® and more 
recent epidemiology data, revealing a very low risk 
of nonvertebral fractures despite low nonspine 
BMD.22 During the extension, the risk reduction 
for fracture was maintained, although this was only 
formally significant for vertebral fractures. In addi-
tion, ROMO increased BMD at the spine by 13.3% 
and at the total hip by 6.8% after 12 months com-
pared with 0.0% at both regions in women treated 
with placebo. During the extension, BMD increased 
in both the ROMO + DMAB and placebo + 
DMAB groups. By 24 months, BMD at the spine 
had increased by 17.6% and 5.0% in the ROMO + 
DMAB and placebo + DMAB groups, respectively 
and at the total hip by 8.8% and 2.9%, respectively 
meaning that the absolute difference in BMD 
between the two groups was maintained during the 
extension.22

In the ARCH study, 4093 women with severe oste-
oporosis (T score ⩽ −2.5 and a prevalent vertebral 
fracture) were randomized to ROMO 210 mg 
monthly or ALN 70 mg/week for 12 months fol-
lowed by ALN 70 mg/week for all patients.23 At 24 
months, the risk of new vertebral fractures, clinical 
fractures, nonvertebral fractures, and hip fractures 
was reduced by 48%, 27%, 19%, and 38%, respec-
tively, in the ROMO–ALN group compared with 
the ALN–ALN group. In addition, at 24 months, 
BMD increased by 15.2% at the lumbar spine  
and 7.1% at the total hip in women treated with 
ROMO–ALN compared with 7.1% and 3.4%, 
respectively, in women treated with ALN–ALN.

In real life, most patients do not have the option of 
bone-forming treatment as first-line treatment, 
and most patients starting bone-forming treat-
ment will therefore previously have been treated 
with antiresorptives, most often, bisphosphonates. 

The aim of the STRUCTURE study was there-
fore to compare the effects of ROMO with TPTD 
in postmenopausal women previously treated with 
bisphosphonates.24 The study enrolled 436 post-
menopausal women who had been treated with 
bisphosphonates for more than 3 years. The 
women were randomized to 1 year of treatment 
with either ROMO 210 mg monthly or TPTD 20 
µg daily. BMD increased significantly more with 
ROMO than with TPTD at both the lumbar spine 
(9.8% versus 5.4%, p < 0.0001) and total hip 
(2.9% versus −0.5%, p < 0.0001).24 Bone strength 
was estimated by finite element analysis of hip 
QCT and bone strength increased by 2.5% in 
women treated with ROMO compared with a 
change of −0.7% in women treated with TPTD.

Safety
Approximately 10% of individuals administered 
ROMO in the phase I single-dosing study devel-
oped antibodies against ROMO.13 The antibod-
ies were predominantly neutralizing. In the phase 
II and the FRAME studies, antibodies against 
ROMO were found in 20% of the ROMO treated 
women. A few percent was neutralizing in vitro 
but did not affect pharmacodynamics, pharma-
cokinetics, or the clinical response.22,25 The clini-
cal relevance of these antibodies in relation to 
long-term treatment is currently not known.

The adverse events in the FRAME22 and the 
STRUCTURE studies24 were generally balanced 
between the two treatment groups. Adverse events 
in the STRUCTURE study were nasopharyngitis, 
hypercalcemia, arthralgia and injection-site reac-
tions. There was a numeric imbalance in serious 
adverse events affecting the cardiovascular system 
during the first 12 months in the ARCH study 
(2.5% of the women in the ROMO group com-
pared with 1.9% of the women in the ALN group). 
After 24 months, this subgroup of serious adverse 
events had occurred in 6.5% and 6.1% of women 
treated with ROMO–ALN and ALN–ALN, 
respectively.23 Further adjudication of these events 
is ongoing. Interestingly, the incidences of death, 
adjudicated cardiovascular and serious cardiovas-
cular events in the FRAME study were well bal-
anced between the women treated with ROMO 
and placebo; 0.6% versus 0.8%, 0.4% versus 0.5%, 
and 1.1% versus 1.2%, respectively.

Preclinical studies have not demonstrated  
any increased risk of osteosarcoma, as is the  
case for long-term treatment with TPTD and 
abaloparatide.29
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Discussion
The current treatment options for osteoporosis are 
mostly antiresorptives, bisphosphonates or DMAB. 
The antiresorptives have strong antifracture effi-
cacy, especially against vertebral fractures but less 
so against nonvertebral fractures. In the clinic, we 
see patients with mild or even moderate osteoporo-
sis in whom we can prevent fractures with the exist-
ing antiresorptive treatments available. However, 
we do also see patients with severe osteoporosis; 
they have very low bone mass and multiple frac-
tures. These patients need bone-forming treatment 
to improve bone mass and architecture in order to 
prevent future fractures. Currently, we have the 
option of TPTD or abaloparatide. Both are strong 
stimulators of osteoblasts and bone formation, but 
the effect is limited, to some extent, by the con-
comitant increase in bone resorption and because 
these treatments can only be used once for up to 24 
months due to safety concerns. In this context, 
ROMO, with its dual-action mode of action and 
the potential for retreatment, is a very interesting 
new treatment modality.

Treatment of postmenopausal women with osteo-
porosis with ROMO increases BMD of the lum-
bar spine and hip areas, in addition to reducing 
the risk of vertebral and clinical fractures. The 
BTM response after treatment with ROMO is 
well described.13,14,25 Generally, the markers of 
bone formation increase, whereas the markers of 
bone resorption decrease, indicating a dual action 
of ROMO. It has previously been reported that 
activation of the Wnt pathway in osteoblasts not 
only stimulates bone formation, but also inhibits 
bone resorption by increasing osteoprotegerin 
(OPG) production.30 The reduced bone resorp-
tion might also be caused by deceased production 
of RANKL by osteocytes due to inhibition of scle-
rostin.31 In the phase II study, s-P1NP increased 
by 91% after 1 month in women treated with 
ROMO 210 mg monthly, however, the increase 
was temporary and s-P1NP was back to baseline 
after 6 months and even 20% below baseline level 
after 12 months.25 It is somewhat surprising that 
the increase in bone formation measured by bone 
turnover markers is only temporary. It might be 
caused by depletion of osteoblast progenitors or a 
compensatory increase in other inhibitors of bone 
formation such as dickkopf.32 In the same study, 
s-CTX also returned towards baseline at 12 
months, after the initial decrease.25

Despite the above-described changes in the 
markers of bone turnover, BMD continues to 
increase throughout the 12 months. The possible 

underlying mechanisms have been investigated 
in male monkeys. It was demonstrated that the 
early treatment phase is characterized by 
increased modeling-based bone formation, as 
well as an increased wall thickness at remodeling 
sites and a reduction in the remodeling space. In 
the later phase, the effect on bone modeling at 
cancellous bone attenuates, but reduction in 
remodeling is maintained and now combined 
with a positive remodeling balance due to reduc-
tion in resorption depth and increase in wall 
thickness. In addition, periosteal and endocorti-
cal bone formation at the cortex of the vertebral 
bodies was increased throughout the study 
period.21 The strong positive effect on bone mass 
therefore seems to be explained by an initial 
stimulation of bone modeling at trabecular sur-
faces, a more continued positive effect on bone 
remodeling, reduction in remodeling space and a 
positive remodeling balance, and an ongoing 
stimulation of bone formation at the cortex.

During the extension of the phase II study, the 
women were treated with either DMAB or placebo 
during year 3. Women treated with ROMO during 
the first 24 months followed by placebo during the 
third year lost bone mass, and BMD returned 
towards pretreatment levels during the third year.28 
Thus, the effect of ROMO is reversible, but does 
not seem to be characterized by the very steep rise 
in bone resorption seen after stopping DMAB.33,34 
BMD continued to increase in the women who 
were treated with DMAB in the third year. This 
effect was confirmed in the FRAME study.22 
Furthermore, the ARCH study demonstrated that 
treatment with ALN following ROMO also leads 
to further increases in bone mass.23

The ARCH study is the first trial to demonstrate 
superiority of one treatment of osteoporosis in a 
head-to-head comparison with fractures as the pri-
mary endpoint. Treatment for 12 months with 
ROMO reduced the risk of vertebral and clinical 
fractures by 37% and 28% in comparison with treat-
ment with ALN, respectively. After an additional 
year, where both groups were treated with ALN, the 
reduction of vertebral, clinical and nonvertebral frac-
tures in the women treated with ROMO–ALN com-
pared with women treated with placebo–ALN was 
48%, 27% and 19%, respectively.

There is no head-to-head comparison between 
ROMO and TPTD or abaloparatide with frac-
ture as the endpoint. The first year of the phase II 
study included a comparison of ROMO with 
TPTD on BMD and bone turnover. The increases 
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in bone mass was superior with ROMO.25 The 
STRUCTURE study compared the effect of 
ROMO with TPTD on BMD and bone strength 
in patients previously treated with long-term bis-
phosphonates.24 The study demonstrated that 
while the changes seen at the lumbar spine were 
comparable, the effects of ROMO at the hip sites, 
BMD and estimated bone strength, were more 
prominent. The effect of the two treatments on 
bone formation is similar, although bone forma-
tion markers remain increased for a longer dura-
tion with TPTD compared with ROMO. The 
most important difference is probably related to 
the effect on bone resorption; ROMO inhibits 
resorption, whereas, bone resorption is stimu-
lated by TPTD secondarily to the stimulation of 
bone formation. This difference may explain the 
differences seen in BMD.

The mode of administration, a subcutaneous injec-
tion once a month with ROMO, may be easier for 
patients than the daily subcutaneous injection with 
TPTD or abaloparatide. Some patients may be 
able to administer the injection of ROMO them-
selves others may need assistance from a health-
care professional. This needs to be taken into 
account when considering choice of treatment.

While we are waiting for the adjudication of the 
serious adverse events seen in the ARCH study, 
possible explanations for the potential increased 
risk of cardiovascular events with ROMO com-
pared with ALN has been discussed. One possi-
ble explanation is that the difference seen between 
the groups is not caused by ROMO increasing the 
risk, but by ALN reducing the risk of cardiovas-
cular events. The reduced risk of mortality seen in 
the zoledronic acid clinical trials35 led to reanaly-
sis of the clinical trials investigating bisphospho-
nates; however, meta-analyses of clinical trials 
investigating ALN failed to confirm a cardio-pro-
tective role of ALN.36 Another possible explana-
tion is that sclerostin plays a role in the 
cardiovascular system.37 Sclerostin is expressed 
outside the bone; it has been found in aortic vas-
cular smooth muscle and inhibition of sclerostin 
could therefore potentially affect the Wnt path-
way in these cells, and thereby, vascular remode-
ling. Furthermore, upregulation of sclerostin at 
sites of vascular calcification has been demon-
strated; the pathogenic role of this is currently 
unknown. Finally, the difference could be a 
chance finding, as the number of events is small.

An interesting future research topic will be the 
effect of sclerostin inhibition in patients treated 

with glucocorticoids. Glucocorticoids stimulate 
osteocyte release of sclerostin and this may be 
part of the explanation for the reduced bone for-
mation seen with long-term glucocorticoid treat-
ment.38 Concomitant treatment of mice with 
glucocorticoids and Scl-Abs prevented the gluco-
corticoid-induced reduction in osteoblast activity 
and subsequently trabecular and cortical bone 
mass and strength.39

If approved for treatment of osteoporosis, 
ROMO will be an appropriate therapy for 
patients with severe osteoporosis. In these 
patients, we aim to increase bone mass, restore 
bone architecture and quality, thereby improve 
bone strength and reduce fracture risk. Two 
studies have now showed that in this group of 
patients, bone-forming treatments are superior 
to antiresorptives. In the VERO study, it was 
demonstrated that TPTD prevented vertebral 
and clinical fractures better than risedronate.40 
The ARCH study demonstrated that ROMO 
prevented vertebral, clinical, and nonvertebral 
fractures better than ALN.23 Based on the clini-
cal trials, ROMO is most likely being approved 
for a treatment duration of 12 months. As the 
treatment effects are reversible, it will be impor-
tant to continue with an antiresorptive treat-
ment thereafter. Some patients may need 
retreatment with ROMO and it will therefore be 
interesting to see more data on this from the 
extension of the phase II study where retreat-
ment with ROMO was tried.25

In conclusion, the clinical potential for ROMO, if 
approved by the authorities for the treatment of 
osteoporosis, is great. ROMO is the first treat-
ment for osteoporosis with dual action, ROMO 
stimulates bone formation, modeling and remod-
eling based, and inhibits bone resorption. This 
leads to impressive increases in bone mass and 
bone strength and most importantly, significant 
reductions in the risk of fractures. It has also been 
demonstrated that the fracture risk reductions are 
more prominent than the reductions seen with a 
strong antiresorptive treatment.
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