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Abstract
Summary Romosozumab is a therapy that stimulates bone formation and reduces bone resorption. In this study of postmeno-
pausal women with low BMD, a second course of romosozumab following a period off treatment or on denosumab increased or
maintained BMD, respectively, and was well tolerated, providing insight into treatment sequence options.
Introduction In patients with high fracture risk, therapies that stimulate bone formation provide rapid BMD gains; currently
available agents, parathyroid hormone receptor agonists, are limited to a 2-year lifetime exposure and generally used for a single
treatment course. However, for long-term osteoporosis management, a second treatment course may be appropriate.
Romosozumab, a therapy with the dual effect of increasing bone formation and decreasing bone resorption, reduces fracture
risk within 12 months. Here, we report efficacy and safety of a second romosozumab course.
Methods In this phase 2, dose-finding study, postmenopausal women with low bone mass (T-score ≤ − 2.0 and ≥ − 3.5) received
romosozumab or placebo (month 0–24) followed by placebo or denosumab (month 24–36); participants then received a year of
romosozumab (month 36–48).
Results Of 167 participants who entered the month 36–48 period, 35 had been initially randomized to romosozumab 210 mg
monthly. In participants who received romosozumab 210 mg monthly followed by placebo, a second romosozumab course (n =
19) increased BMD by amounts similar to their initial treatment (month 0–12) at the lumbar spine (12.4%; 12.0%, respectively)
and total hip (6.0%; 5.5%, respectively). Following denosumab, a second romosozumab course (n = 16) increased BMD at the
lumbar spine (2.3%) and maintained BMD at the total hip. Safety profiles were similar between first and second romosozumab
courses.
Conclusions After 12 months off-treatment, a second romosozumab course again led to rapid and large BMD gains. Following
denosumab, BMD gains with romosozumab were smaller than with initial treatment. No new safety findings were observed
during the second course.
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Introduction

Osteoporosis is a chronic condition that requires long-term
treatment. Increasing evidence supports treatment strategies
designed to improve bone mineral density (BMD) until de-
sired goals have been achieved and maintained in order to
reduce the risk of fracture [1, 2]. Therapies that stimulate bone
formation can quickly increase BMD and improve bone mi-
crostructure. Such therapies increase bone strength [3],
resulting in a rapid reduction in fracture risk [4, 5].

In the lifetime management of a patient with osteoporosis,
more than one course of a therapy that stimulates bone forma-
tion may be clinically warranted. Currently available agents that
stimulate bone formation, such as the parathyroid hormone
(PTH) analogue teriparatide and the PTH receptor agonist
abaloparatide, are limited to a combined 2 years of treatment
in a patient’s lifetime due to lack of longer-term clinical data and
carcinogenicity observed in animal models [6, 7], thus generally
limiting treatment to a single course of PTH agonist therapy.

Romosozumab is a monoclonal antibody that binds to and
inhibits sclerostin. This therapy for osteoporosis has a dual effect
of increasing bone formation and decreasing bone resorption [8,
9]. The first 12 months of this dose-finding, phase 2 study in
postmenopausal women with low bone mass (ClinicalTrials.
gov, NCT00896532) evaluated the efficacy and safety of
different romosozumab doses (70 mg, 140 mg, and 210 mg)
administered by subcutaneous (SC) injection at 1- or 3-month
intervals to identify the optimal romosozumab regimen [8]. The
210 mg dose of romosozumab administered monthly (QM) for
12 months produced greater increases in BMD [8], and was
subsequently selected for further clinical development. This
dose regimen was shown to reduce the risk of new vertebral,
clinical, nonvertebral, and hip fractures in phase 3 pivotal frac-
ture trials with 12 months of treatment [4, 5], including in an
alendronate-controlled active-comparator study [5]. In an exten-
sion of the phase 2 study, we investigated the effects of
switching from romosozumab to placebo or denosumab from
month 24 to month 36 and observed that participants receiving
denosumab continued to accrue BMD, whereas BMD returned
toward pretreatment levels when romosozumab was switched to
placebo without follow-on therapy [10]. At month 36 of this
phase 2 study, all participants were switched from placebo or
denosumab to a second course of romosozumab 210mgQM for
another 12 months. Here, we report the efficacy and safety re-
sults of this second course of romosozumab treatment.

Methods

Study design

This phase 2, international, multicenter, randomized, placebo-
controlled study enrolled postmenopausal women aged 55–

85 years with a low BMD (T-score of ≤ − 2.0 and ≥ − 3.5 at
the lumbar spine, total hip, or femoral neck) [8]. Key exclu-
sion criteria were history of vertebral fracture or fragility frac-
ture of the wrist, humerus, hip, or pelvis after 50 years of age;
history of metabolic bone disease; and a serum level of 25-
hydroxyvitamin D < 20 ng/mL. The design and primary re-
sults for this study have been previously published [8].

Treatment groups in the romosozumab double-blind
period (month 0 to 24), the denosumab extension period
(month 24 to 36), and the romosozumab second-course
period (month 36 to 48) are presented in Fig. 1. In brief,
participants were first randomly assigned (1:1:1:1:1:1:1:1)
to double-blind treatment with placebo or one of five SC
regimens of romosozumab (70 mg or 140 mg or 210 mg
QM, or 140 mg or 210 mg every 3 months [Q3M]), open-
label oral alendronate 70 mg weekly (QW), or SC
teriparatide 20 μg daily for 12 months [8]. Thereafter,
participants in the romosozumab and placebo groups con-
tinued their assigned treatment for an additional
12 months. At month 24, participants entered a 12-
month extension period and were rerandomized (1:1)
within their treatment groups to double-blind treatment
with SC denosumab 60 mg or placebo every 6 months
(Q6M). Women in the alendronate group switched to SC
romosozumab 140 mg QM at month 12, were randomized
in the denosumab extension period, and completed the
study at month 36. Women in the teriparatide group ended
study participation at month 12. Women who were initial-
ly randomized to placebo or romosozumab and completed
the extension at month 36 were eligible to enter a 12-
month second-course period with SC romosozumab
210 mg QM through month 48. As participants in the
alendronate and teriparatide groups did not participate in
the second-course period, they were not included in the
present analysis. Throughout the study, all women were
instructed to take calcium (≥ 1 g) and vitamin D (≥
800 IU) daily. Additional details of the study design have
been previously published [8, 10].

Study procedures and outcomes

BMD was measured at the lumbar spine and proximal femur
by dual X-ray absorptiometry (Lunar, GE Medical Systems,
Madison, WI, USA or Hologic, Hologic Inc., Bedford, MA,
USA) at baseline (month 0) and months 3, 6, 12, 18, 24, 30,
36, 39, 42, and 48. BioClinica (previously known as Synarc;
Newark, CA, USA) analyzed the scans blinded to treatment
assignments and provided quality control of the individual
scans and densitometers.

Blood was collected and analyzed for serum chemistry,
hematology, bone turnover markers, and levels of
antiromosozumab antibodies. Levels of the bone formation
marker procollagen type 1 N-terminal propeptide (P1NP;

Osteoporos Int (2019) 30:2437–24482438

http://clinicaltrials.gov
http://clinicaltrials.gov


UniQ P1NP RIA, Orion Diagnostica Oy, Espoo, Finland) and
the bone resorption marker β-isomer of C-terminal
telopeptide of type 1 collagen (β-CTX; Serum CrossLaps
ELISA, Nordic Bioscience Diagnostics, A/S, Herlev,
Denmark) were assessed as previously described [11], through
month 36 and then at months 37, 39, 42, 45, and 48.

Adverse events were reported by individual trial sites.
Serum levels of antiromosozumab binding antibodies were
assessed at month 0, month 1, then every 3 months through
month 27, followed bymonths 36, 39, 42, 45, and 48; positive
samples were additionally tested for romosozumab neutraliz-
ing activity in vitro, as previously described [8].

Results of the study periods up to month 36 have been
previously published [8, 10]. This report focuses on results
from the romosozumab second-course period of the study
(month 36 to 48) with endpoints of the percentage change
from month 0 in BMD at the lumbar spine, total hip, and
femoral neck, and bone turnover markers (P1NP and β-
CTX), as well as safety analyses of a second course of
romosozumab following 12 months of denosumab or placebo
together with calcium and vitamin D.

Statistical analysis

The efficacy analysis set included participants who were ini-
tially randomized to SC romosozumab 210 mg QM from
month 0 to 24 and enrolled in the romosozumab second-
course period. We report efficacy of the romosozumab
210 mg QM dose only as this is the dose evaluated in the
phase 3 trials [4, 5]; combined results for all romosozumab
doses had shown a similar efficacy trend to that of
romosozumab 210 mg, as previously published [10]. The

safety analysis set included participants initially randomized
to either placebo or any dose of romosozumab, who received
at least one dose of romosozumab in the second-course period.
To assess safety, we compared participants who had their first
12-month exposure to romosozumab during month 36 to 48
(i.e., participants randomized to the two placebo dose groups
in month 0 to 24, followed by placebo or denosumab; n = 27),
with participants pooled from all romosozumab groups
(month 0 to 24) and who had then received romosozumab
again in the second-course period (month 36 to 48; n = 140).

Analysis of the percentage change from month 0 in BMD
and bone turnover markers included all participants who had a
value at month 0 and at least one measurement on study, with
no imputation for missing values. Percentage changes in
BMD are presented as means and 95% confidence intervals.
Percentage changes in P1NP and β-CTX are presented as
medians and interquartile ranges. Adverse events were coded
using the Medical Dictionary for Regulatory Activities (ver-
sion 15.1).

Results

Participant disposition and baseline demographics

Of the 313 participants enrolled in the romosozumab (N =
261) or placebo (N = 52) arms during the initial double-blind
period of the study, 167 participants entered the romosozumab
second-course period (Figs. 1 and 2). Of these, 155 (93%)
completed the second-course period (Fig. 2). Of the 11 (7%)
participants who discontinued the study during the second-
course period, the most common reasons were consent

Romosozumab 210 mg QM (N = 52)

Romosozumab 70 mg QM (N = 51)

Romosozumab 140 mg Q3M (N = 54)

Romosozumab 140 mg QM (N = 51)

Romosozumab 210 mg Q3M (N = 53)

Month
12

Month
0

Month
24

Month
36

Month
48

Denosumab
60 mg SC Q6M

Placebo
SC Q6M

1:1

Placebo QM (N = 30)
Placebo Q3M (N = 22)

Alendronate 70 mg QWa  (N = 51)
Teriparatide 20 µg QDb (N = 55)

Romosozumab
Double-blind

Period

Denosumab
Extension

Period

Romosozumab
210 mg QM

Romosozumab
Second-course

Period

(N = 129) 

(N = 131) 

(N = 167) 

Fig. 1 Study schema. Participants were randomized 1:1:1:1:1:1:1:1 for
the first 24 months of treatment. Administration of placebo and the
various romosozumab doses was blinded; alendronate and teriparatide
were administered open-label. At month 24, participants were
rerandomized (1:1) within treatment groups to receive blinded placebo
or denosumab 60 mg SC Q6M for 12 months, followed by a 12-
month second-course period with romosozumab 210 mg QM. All
participants were instructed to take calcium (≥ 1 g) and vitamin D (≥

800 IU) daily. aParticipants randomized to alendronate switched to
romosozumab 140 mg QM at month 12, were randomized to the
denosumab extension period, and completed the study at month 36;
these participants are not included in the present analysis (month 36 to
month 48). bParticipants randomized to teriparatide completed the study
at month 12 and were not included in the present analysis (month 36 to
month 48). QD, every day; QM, monthly; Q3M, every 3 months; Q6M,
every 6 months; QW, weekly; SC, subcutaneous
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withdrawn (5 [3%] participants) and adverse event (4 [2%]
participants). One participant had not undertaken the 48-
month visit at the time of the analysis; therefore, the analysis
included this patient’s data for all the time points except data
for the 48-month visit. Of the 52 participants initially random-
ized to romosozumab 210 mg QM, 35 were enrolled in the
second-course period (19 had received romosozumab 210 mg
QM followed by placebo and 16 had received romosozumab
210 mg QM followed by denosumab) and received a second
course of romosozumab (Online Resource Fig. 1). One partic-
ipant discontinued from each of the two groups. Efficacy re-
sults for the 35 participants initially randomized to
romosozumab 210 mg QM are reported here since this dose
has been evaluated in phase 3 studies [4, 5]. Safety results are
reported for all the 167 participants enrolled in the month 36 to
48 romosozumab second-course period.

Baseline demographics and clinical characteristics were
similar between the groups at month 0 (Table 1). At month
36, BMD and bone turnover markers were reflective of the
assigned treatment group in the prior 12 months (placebo or
denosumab; Table 1).

BMD and bone turnover markers in participants who
received romosozumab 210 mg QM from month 0
to 24

In participants who switched from romosozumab to placebo in
year 3 (month 24 to 36), BMD had declined substantially,
albeit not to pretreatment levels [10]. The second course of
romosozumab (month 36 to 48) resulted in BMD increases at
the lumbar spine, total hip, and femoral neck, which were
overall similar to the initial BMD increases observed in year
1 of treatment (Fig. 3a, b; Table 2). BMD increased by 12.4%
from month 36 to month 48 (Fig. 3a; Table 2; 12.0% from
month 0 to month 12) at the lumbar spine. At the total hip,
BMD increased by 6.0% frommonth 36 to month 48 (Fig. 3b;
Table 2; 5.5% from month 0 to month 12). At the femoral
neck, BMD increased by 6.3% from month 36 to month 48
(Table 2; 5.4% from month 0 to month 12). For the bone
formation marker (P1NP) and bone resorption marker (β-
CTX), the percentage changes were similar in the initial
romosozumab double-blind and second-course periods in par-
ticipants who received a second course of romosozumab fol-
lowing placebo (Fig. 3c, d). In these participants, P1NP levels
increased in the month following the initiation of the second
course of romosozumab (month 37), returned to month 0
levels by month 42, and thereafter remained below month 0
values through month 48 (Fig. 3c). β-CTX levels decreased
toward initial month 0 values by month 39 and fell below
month 0 values at months 45 and 48 (Fig. 3d).

In participants who received denosumab from month 24 to
month 36, BMD also increased with a second course of
romosozumab (month 36 to 48) at the lumbar spine,

counteracting the expected BMD loss known to occur follow-
ing denosumab discontinuation (Fig. 3a; Table 2). BMD in-
creased by 2.3% from month 36 to month 48 (Fig. 3a;
Table 2). At the hip measurement sites, BMD was maintained
(Fig. 3b; Table 2). At the total hip, the increase from the
original study baseline was 7.3% from month 0 to month 36,
then was unchanged from month 36 to month 48 (Fig. 3b;
Table 2). At the femoral neck, the increase from the original
baseline was 6.7% from month 0 to month 36 and remained
unchanged from month 36 to month 48 (Table 2). P1NP
levels, which had been reduced during denosumab treatment,
gradually increased during the second course of
romosozumab, reaching month 0 values by month 42 and
increasing beyond the original baseline by month 48 (Fig.
3c). β-CTX levels, which were suppressed during denosumab
treatment, increased from month 36, reaching month 0 values
by month 39 to further increase above baseline until month 42
and then return toward baseline by month 48 (Fig. 3d).

Safety for all participants enrolled in the month 36
to 48 romosozumab second-course period

The adverse event profile in the second course of
romosozumab 210 mg QM (month 36 to 48) was similar to
the first course of romosozumab 210 mg QM (month 0 to 12;
Table 3) [8]. For the 140 participants who received a second
course of romosozumab from month 36 to month 48 after
being treated with a first course of romosozumab (any dose
and schedule) for the first 24 months, the subject incidence of
adverse events was 84.3% (118/140 participants) in the
second-course period and 80.0% (28/35 participants) for the
subset of participants who had received a first course of
romosozumab 210 mg QM dose during month 0 to month
24 (n = 35; Table 3). The incidence of adverse events in par-
ticipants who had received a first course of romosozumab
followed by placebo and then received a second course of
romosozumab was generally comparable to that of partici-
pants who had received a first course of romosozumab follow-
ed by denosumab and then received a second course of
romosozumab: 83.3% (60/72 participants) and 85.3% (58/68
participants), respectively. The incidence of adverse events
was 88.9% (24/27 participants) in participants who received
a first course of romosozumab during month 36 to month 48
(Table 3).

Serious adverse events were reported in 7 (5.0%) partici-
pants receiving a second course of romosozumab (breast can-
cer in 2 participants, lung cancer in 2 participants, myocardial
infarction in 1 participant, inguinal hernia in 1 participant, and
osteoarthritis in 1 participant) and in 1 (3.7%) participant re-
ceiving her first course of romosozumab in the second-course
period (thyroid cancer) (Table 3); none were considered to be
treatment related. No fatal events were reported in either
group. Serious cardiovascular adverse events in participants
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receiving a second course of romosozumab were low and
similar in frequency to those in participants receiving
romosozumab during the first course, and also similar in fre-
quency to those in participants receiving placebo from month
0 to month 24 (data not shown).

Adverse events of interest reported during the
romosozumab second-course period included hypersensitivi-
ty, injection-site reactions, malignancy, and osteoarthritis.
Adverse events potentially associated with hypersensitivity
were reported in 11 (7.9%) participants receiving a second
course of romosozumab and in 2 (7.4%) participants receiving

their first course of romosozumab during the second-course
period. Injection-site reactions, mostly mild in severity, were
reported over the 12-month period in 10 (7.1%) participants
receiving a second course of romosozumab and in 2 (7.4%)
participants receiving their first course of romosozumab in the
second-course period. Malignancy was reported in 5 (3.6%)
participants receiving a second course of romosozumab and in
1 (3.7%) participant receiving her first course of
romosozumab, and osteoarthritis was reported in 3 (2.1%)
participants and in 3 (11.1%) participants, respectively.
There were no reports of hyperostosis, hypocalcemia,
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Fig. 2 Disposition for all participants randomized in the study.
Participants were randomized 1:1:1:1:1:1:1:1 for the first 24 months of
treatment. Administration of placebo and the various romosozumab doses
was blinded; alendronate and teriparatide were administered open-label.
At month 24, participants were rerandomized (1:1) within treatment
groups to receive blinded placebo or denosumab 60 mg SC Q6M for
12 months, followed by a 12-month second-course period with
romosozumab 210 mg QM. Of the participants initially randomized to
romosozumab 210 mg QM, 19 placebo-treated and 16 denosumab-
treated participants entered the second-course period. All participants
were instructed to take calcium (≥ 1 g) and vitamin D (≥ 800 IU) daily.
aAt month 12, participants initially randomized to receive placebo
continued to receive placebo up to month 24. bAt month 12,
participants initially randomized to receive a specific dose and schedule
of romosozumab continued to receive their assigned treatment up to

month 24. cAt month 12, participants initially randomized to receive
alendronate (gray box) were switched to romosozumab 140 mg QM for
12 months, up to month 24, and were not included in the present analysis
(month 36 to month 48). dParticipants initially randomized to receive
teriparatide (gray box) completed the study at month 12 and were not
included in the present analysis (month 36 to month 48). eCumulative
number of participants who discontinued the study during the first
24 months. fNumber of participants who discontinued the study
between month 24 and month 36. gOne subject was randomized to
receive placebo in the initial treatment period but received
romosozumab treatment. hNumber of participants who discontinued the
study between month 36 and month 48. iOne participant had not
undertaken the 48-month visit at the time of the analysis. PO, orally;
QM, monthly; Q3M, every 3 months; Q6M, every 6 months; QW,
weekly; SC, subcutaneous
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positively adjudicated osteonecrosis of the jaw, or positively
adjudicated atypical femur fracture. Overall, subject incidence
of adverse events in participants receiving a second course of
romosozumab was similar to that in participants who received
placebo between month 0 and month 12 (Table 3).

Of the 140 participants initially exposed to romosozumab,
33 (23.6%) had at leas t one posi t ive resul t for
antiromosozumab antibody before receiving the first dose of
romosozumab in the second-course period, with 6 and 8 par-
ticipants having a positive result for antiromosozumab anti-
body at month 24 and month 36, respectively. Of these 33, 6
(4.3%) had at least one positive result for neutralizing
antiromosozumab antibody before receiving the first dose of
romosozumab in the second-course period. During the
second-course period, 11 of these 33 participants who had
tested positive in the initial double-blind period tested positive
for binding antibodies also during the denosumab extension
period while the other 22 tested negative; only 1 of the 11
participants had antiromosozumab antibodies with neutraliz-
ing activity in vitro at the end of the second-course period.
This 1 participant had tested positive for neutralizing
antiromosozumab antibodies before receiving the first dose
of romosozumab in the second-course period. No participant
who previously tested negative to neutralizing antibodies de-
veloped neutralizing antiromosozumab antibodies during the
second-course period. Two (1.4%) participants previously an-
tibody negative developed binding antiromosozumab antibod-
ies during the second-course period, none with neutralizing
activity. For the overall population, including the 1 participant
who had antiromosozumab antibodies with in vitro neutraliz-
ing activity at the end of the second-course period, binding
antibody status did not have any impact on the mean percent-
age changes from month 0 at the lumbar spine, total hip, and
femoral neck BMD at both month 24 and month 48. During
the second-course period, the frequency of overall adverse
events by antibody status was comparable between
antibody-positive and antibody-negative participants.

Discussion

The management of osteoporosis requires long-term therapy,
which may include treatment with different agents, in se-
quence, over a patient’s lifetime [12]. This study is the first
to describe the efficacy and safety of a second course of
romosozumab and provides further insight into potential treat-
ment sequencing with this therapeutic agent.

In participants who received a second course of
romosozumab following placebo, large BMD gains resulted
at the lumbar spine, total hip, and femoral neck. These in-
creases were similar in magnitude and rapidity to those ob-
served during the initial 12 months of romosozumab treat-
ment. The changes in bone turnover markers during theTa
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second course of romosozumab following placebo were also
similar to those seen in the first romosozumab treatment
course. The consistency and magnitude of the results of the
second course of romosozumab compared with the first course
of romosozumab therapy after 1 year without active therapy
indicates that the responsiveness of the skeleton to sclerostin
inhibition had fully reset within that time period, including the
positive effect of romosozumab administration on modeling
bone formation.

As bone mass and structure are major determinants of bone
strength and thus fracture risk, it is reasonable to expect treat-
ments that result in rapid and large gains in BMD to also result
in faster and greater fracture risk reductions. Preclinical stud-
ies support maintenance of the relationship between bone
mass and strength during romosozumab administration [13,
14] and our study showed that a second course of
romosozumab following placebo produced large and rapid
gains in BMD, which were similar to those observed during
the first romosozumab administration. In randomized con-
trolled studies, large and rapid BMD gains with initial
romosozumab treatment were demonstrated to result in signif-
icant reductions in fracture risk in postmenopausal women
with osteoporosis, in comparison with not only placebo in
the pivotal FRActure study in postmenopausal woMen with
ostEoporosis (FRAME) [4] but also with alendronate in the
Active-controlled fRaCture study in postmenopausal women
with osteoporosis at High risk (ARCH) [5]. In FRAME, the
large BMD increases with an initial 1 year of romosozumab
treatment were associated with a rapid reduction in fracture
risk. This benefit extended during year 2 [4] and year 3 [15],
when all participants received denosumab. During the 24-
month period after 12 months of romosozumab or placebo
treatment, with all participants on denosumab in the second
year, fewer fractures occurred in participants who first re-
ceived romosozumab versus placebo in year 1. This suggests
a persistent benefit from rapid bone mass accrual, conveying a
stronger foundation on which to transition to denosumab
treatment.

In our study, we also assessed switching from denosumab
to romosozumab. BMD was either further increased (lumbar
spine) or maintained (total hip) with romosozumab following
denosumab. This stands in contrast to the declines in BMD
after denosumab treatment that have been documented in
studies evaluating the switching from denosumab to
teriparatide, an agent that stimulates bone formation but also
increases bone resorption. In the DATA-Switch study [16],
switching from denosumab to teriparatide showed transient
losses in BMD at the spine and more pronounced losses at
the hip in postmenopausal women with osteoporosis, demon-
strating that the net effect of increased resorption from
discontinuing denosumab cannot be fully compensated by
teriparatide’s effect of stimulation of bone formation. This is
not surprising given that teriparatide therapy also has a pro-

remodeling effect, which may negatively affect BMD at cor-
tical sites [3, 17]. In contrast, in our study, continued BMD
increases were observed at the lumbar spine, although these
increases were of smaller magnitude than those observed in
treatment-naïve patients. Hip BMD did not increase during the
second course of romosozumab treatment following
denosumab, but the bone-forming effects were sufficient to
maintain BMD following denosumab discontinuation. This
is explained by romosozumab’s stimulation of bone formation
together with its antiresorptive effect, fully offsetting the ex-
pected loss of bone mass associated with the increased bone
resorption known to occur following denosumab discontinu-
ation. While histomorphometric confirmatory data are not
available, the observed profile of the bone turnover markers
is consistent with this interpretation. Overall, data from our
study suggest that patients on denosumab could be
transitioned to romosozumab. However, this sequence pro-
vides a lower increase in BMD compared to transitioning from
no treatment to romosozumab; further, continuing on
denosumab would be expected to offer similar BMD gains
at the spine and greater BMD gains at the hip relative to
romosozumab following denosumab [18]. Additionally, the
results from this study illustrate the resetting of skeletal re-
sponsiveness to romosozumab after a year off therapy, with
a second course of romosozumab matching the increases in
bone formation and decreases in bone resorption, as well as
the BMD gains observed with the first administration of
romosozumab. Additional studies would be needed to deter-
mine whether such skeletal responsiveness can be achieved at
an earlier time point.

Pharmacokinetic and pharmacodynamic studies [11] have
demonstrated treatment efficacy with a 12-month course of
treatment with romosozumab, wherein there were no further
sustained increases in markers of bone formation when treat-
ment was continued for a second year. Because osteoporosis is
a chronic disease and the effects of romosozumab are revers-
ible, transitioning to another therapy after 1 year of
romosozumab treatment is required in order to maintain or
augment the BMD gains and fracture risk reduction achieved.
The phase 3 studies confirm the efficacy of antiresorptive
therapy (denosumab or alendronate) following romosozumab
in both maintaining BMD increases and reducing fracture risk
[4, 5]. In FRAME [4, 15], after 12 months of romosozumab,
participants who received 24 months of denosumab continued
to exhibit a lower fracture risk and continued to demonstrate
BMD increases at the lumbar spine and total hip versus par-
ticipants who initially received placebo in the first 12 months.
In this phase 2 study, decreases in BMD were observed on
discontinuation of romosozumab, while switching to
denosumab resulted in further gains in BMD [10]. In ARCH
[5], after 12 months of romosozumab versus alendronate,
switching to alendronate for up to 24 months maintained low-
er fracture risk and BMD gains at the lumbar spine, total hip,
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Fig. 3 Percentage change from month 0 to month 48 in lumbar spine
BMD (a), total hip BMD (b), P1NP (c), and β-CTX (d). Data shown
are for participants who had received romosozumab 210 mg QM from
month 0 to month 24 (n = 35) and had received either placebo (n = 19) or
denosumab 60 mg Q6M (N = 16) from month 24 to month 36, before
receiving romosozumab 210 mg QM from month 36 to month 48. Data

are mean (95%CI) for BMD andmedian (Q1, Q3) for P1NP and β-CTX.
β-CTX, β-isomer of C-terminal telopeptide of type 1 collagen; BMD,
bone mineral density; CI, confidence interval; P1NP, procollagen type 1
N-terminal propeptide; Q1, Q3, first and third quartiles; QM, monthly;
Q6M, every 6 months
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and femoral neck compared with alendronate alone,
supporting the long-term benefit of early treatment with
romosozumab and sequencing romosozumab before an
antiresorptive agent.

Studies have also compared switching from bisphosphonate
therapy to either romosozumab or teriparatide. In the STudy eval-
uating effect of RomosozUmab Compared with Teriparatide in
postmenopaUsal women with osteoporosis at high risk for frac-
ture pReviously treated with bisphosphonatE therapy
(STRUCTURE) [3], 12 months of romosozumab treatment re-
sulted in BMD increases from month 0 at both the spine (9.8%)
and the hip (2.9%), and significantly greater gains than with
teriparatide (5.4% and − 0.5%, respectively). Larger increases in
BMDwere observed in participants switching from alendronate to
romosozumab in the STRUCTURE study [3] compared with
those switching from denosumab to romosozumab in the present
study. This is likely the result of offsetting the rapid increases in
bone resorption on discontinuing denosumab, which is not ob-
served following discontinuation of bisphosphonates due to their
skeletal incorporation.

A second course of romosozumab in this small group of
participants did not show new safety findings, with an observed
adverse event profile comparable to that of the first course of
romosozumab treatment during month 0 to month 12, and a low
rate of neutralizing antibody development. As previously report-
ed, no additional safety findings were observed with

romosozumab treatment during month 12 to month 24 [10].
Overall, our data suggest that a second course of romosozumab
was well tolerated in participants off osteoporosis treatment for a
year or transitioning from denosumab. Consistent with other
studies in women with postmenopausal osteoporosis comparing
romosozumab with placebo (FRAME) [4] or teriparatide
(STRUCTURE) [3], we did not observe an imbalance in cardio-
vascular adverse eventswith romosozumab administration in this
study. Results from the ARCH study [5] indicated a higher inci-
dence of positively adjudicated cardiovascular serious adverse
events in postmenopausal women treated with romosozumab
for 1 year (2.5%) versus those treated with alendronate (1.9%).

The main limitation of this study is the small sample size,
adequate for the assessment of BMD but too small to evaluate
fracture risk and low frequency safety signals. However, the
BMD gains observed in participants receiving a second course
of romosozumab after placebo were significant and similar to
the gains observed in the initial romosozumab 210 mg QM
treatment group [8].

As would be expected with a reversible agent, in the ab-
sence of follow-on therapy, increases in BMD after initial
romosozumab treatment reverse within a year off therapy; a
second course of romosozumab again led to rapid and large
BMD gains with similar rapidity and magnitude through its
dual effect of increasing bone formation and decreasing bone
resorption. The BMD effect of romosozumab after

Table 2 Percentage change in bone mineral density

Treatment from month 0 to month 24:
Treatment from month 24 to month 36:
Treatment from month 36 to month 48:

Romosozumab 210 mg QMa

Placebob

Romosozumab 210 mg QMc

N = 19

Romosozumab 210 mg QMa

Denosumab 60 mg Q6Mb

Romosozumab 210 mg QMc

N = 16

Lumbar spine

Month 0 to month 24 15.5 (12.6, 18.4) 16.4 (14.0, 18.7)

Month 24 to month 36 − 9.1 (− 10.6, − 7.5) 2.5 (1.0, 3.9)

Month 36 to month 48 12.4 (10.4, 14.5) 2.3 (0.3, 4.4)

Month 0 to month 48 17.6 (13.7, 21.4) 22.1 (17.8, 26.4)

Total hip

Month 0 to month 24 7.0 (5.3, 8.8) 5.3 (3.0, 7.5)

Month 24 to month 36 − 5.3 (− 7.3, − 3.3) 2.0 (0.7, 3.3)

Month 36 to month 48 6.0 (4.5, 7.5) − 0.1 (− 1.2, 0.9)
Month 0 to month 48 7.1 (5.2, 9.1) 7.3 (4.5, 10.2)

Femoral neck

Month 0 to month 24 7.0 (4.5, 9.5) 4.9 (3.0, 6.8)

Month 24 to month 36 − 4.3 (− 6.6, − 1.9) 1.3 (0.0, 2.7)

Month 36 to month 48 6.3 (3.3, 9.4) 0.8 (−0.3, 2.0)
Month 0 to month 48 8.6 (5.4, 11.8) 6.7 (3.8, 9.5)

Data are mean % (95% CI)

CI, confidence interval; QM, monthly; Q6M, every 6 months
a Treatment group for the romosozumab double-blind period (study day 1 to month 24)
b Treatment group for the denosumab extension period (month 24 to month 36)
c Romosozumab second-course period (month 36 to month 48)
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denosumab was less pronounced compared with the effect
observed in treatment-naïve patients, but romosozumab com-
pensated for the BMD declines associated with denosumab
discontinuation, implying a significant bone-forming activity
in these subjects as well. The data suggest that romosozumab
is well tolerated and provide insight into osteoporosis treat-
ment sequencing options for the long-term management of
patients with osteoporosis. The effect of romosozumab on
BMD is reversible upon discontinuation, and therefore should
be followed by an antiresorptive agent to preserve BMD gains
with the goal of maintaining fracture risk reduction over the
long term. Since all currently available osteoporosis therapies
are reversible over variable time frames, off-treatment patient
response must be understood to properly sequence treatments
to manage osteoporosis as a chronic disease. The effect of a
second course of romosozumab provides needed data to in-
form possible long-term therapeutic decisions in those patients
who remain at high risk for fracture.
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