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ABSTRACT

Romosozumab, a monoclonal anti-sclerostin antibody that has the dual effect of increasing bone formation and decreasing bone
resorption, reduces fracture risk within 12 months. In a post hoc, exploratory analysis, we evaluated the effects of romosozumab after
12 months of denosumab in postmenopausal women with low bone mass who had not received previous osteoporosis therapy. This
phase 2 trial (NCT00896532) enrolled postmenopausal women with a lumbar spine, total hip, or femoral neck T-score < —2.0 and
> —3.5. Individuals were randomized to placebo or various romosozumab dosing regimens from baseline to month 24, were re-
randomized to 12 months of denosumab or placebo (months 24-36), and then all received romosozumab 210 mg monthly for
12 months (months 36-48). Results for the overall population have been previously published. Here, we present results for changes
in bone mineral density (BMD) and levels of procollagen type | N-terminal propeptide (P1NP) and p-isomer of the C-terminal telopep-
tide of type | collagen (B-CTX) from a subset of women who were randomized to placebo for 24 months, were re-randomized to
receive denosumab (n = 16) or placebo (n = 12) for 12 months, and then received romosozumab for 12 months. In women who were
randomized to placebo followed by denosumab, romosozumab treatment for 12 months maintained BMD gained during denosu-
mab treatment at the total hip (mean change from end of denosumab treatment of 0.9%) and further increased BMD gains at the
lumbar spine (mean change from end of denosumab treatment of 5.3%). Upon transition to romosozumab (months 36-48), P1NP
and p-CTX levels gradually returned to baseline from their reduced values during denosumab administration. Transitioning to romo-
sozumab after 12 months of denosumab appears to improve lumbar spine BMD and maintain total hip BMD while possibly prevent-
ing the rapid increase in levels of bone turnover markers above baseline expected upon denosumab discontinuation. © 2021 The
Authors. JBMR Plus published by Wiley Periodicals LLC on behalf of American Society for Bone and Mineral Research.
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Introduction the disordered trabecular microarchitecture found in patients

with postmenopausal osteoporosis.(Z) In contrast, bone-forming

A ntiresorptive drugs and bone-forming agents are distinct
classes of therapies for treating patients with osteoporo-
sis.") Estrogen receptor activators, bisphosphonates, and deno-
sumab are anti-remodeling drugs that reduce bone resorption
and formation, increase bone mineral density (BMD), improve
bone strength and reduce fracture risk, but they do not restore

agents stimulate bone formation, resulting in large increases in
BMD and improved bone structure, and have been shown to
be more effective at reducing fracture risk than oral bisphospho-
nates.®~” Based on these data, bone forming agents are recom-
mended as appropriate initial treatment for patients at very high
risk of fracture.®~'%
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Romosozumab, an anti-sclerostin monoclonal antibody, is a
bone-forming agent with a novel mechanism of action—a dual
effect of activating both modeling-based and remodeling-based
bone formation while reducing bone resorption.!? In
treatment-naive postmenopausal women with osteoporosis,
romosozumab significantly improved bone mass and reduced
fracture risk compared to placebo or alendronate.®'*'¥ The bene-
fits of the initial treatment with romosozumab for 12 months were
maintained when patients were transitioned to either alendronate
or denosumab.®'*'> Some patients who have previously received
antiresorptive therapies might also be candidates for romosozu-
mab. Changes in BMD, estimated bone strength, and levels of
serum bone turnover markers (BTMs) have been evaluated in
patients transitioned from bisphosphonates to romosozumab.'®
BMD and BTM responses to romosozumab in postmenopausal
women who had taken denosumab for 12 months have also been
reported;’” however, the women in that report had received
romosozumab for 24 months before they received denosumab.
To address a more common clinical scenario, we report here a post
hoc, exploratory analysis of the effects of transitioning from deno-
sumab to romosozumab in women with low bone mass not previ-
ously treated with romosozumab.

Patients and Methods

Study design and patients

The women in this report were part of the romosozumab phase
2 dose-finding study (NCT00896532; https://www.clinicaltrials.
gov/ct2/show/NCT00896532). This international, multicenter,
randomized, placebo-controlled, parallel-group study and its
extensions had randomized 419 postmenopausal women 55 to
85 years old with low bone mass (T-score of < —2.0 and
> —3.5 at the lumbar spine, total hip, or femoral neck) into mul-
tiple arms and interventions; the details have been previously
published.""*'7'® Briefly, women were randomized to receive
one of five dosing regimens of subcutaneous romosozumab
monthly or every 3 months (n = 261) or to receive one of two
open-label comparators (weekly oral alendronate 70 mg
[n = 51] or daily subcutaneous teriparatide 20 pg [n = 55])
(Figure 1A; Supplemental Figure S1). The remaining 52 women
were randomly assigned to receive subcutaneous placebo
monthly or every 3 months. On completing the 12-month
double-blind treatment period, women in the romosozumab
and placebo groups continued their assigned treatment for an
additional 12 months. At month 24, eligible consenting women
entered a 12-month extension phase and were re-randomized
(1:1) to double-blind treatment with subcutaneous placebo or
subcutaneous denosumab 60 mg every 6 months. Those who
completed the month 24 to month 36 extension period then
entered a 12-month phase where they received open-label sub-
cutaneous romosozumab 210 mg monthly through month 48.
All women were instructed to take calcium (=1 g) and vitamin
D (=800 IU) daily throughout the study. In this analysis, we report
the results from a subset of women who were randomized to
receive placebo for 24 months, re-randomized to receive deno-
sumab or placebo for 12 months, and then received romosozu-
mab for 12 months. This provides two treatment groups: one
that received romosozumab after 3 years of placebo (Group 1;
n = 12) and the second group that received placebo for 2 years,
then denosumab for 12 months followed by 12 months of treat-
ment with romosozumab (Group 2; n = 16) (Figure 1B). Only data
from the 28 subjects who entered the month 36 to month

48 romosozumab treatment period are included in the analyses.
One woman in Group 2, although assigned to receive placebo
during months 0 to 12, received romosozumab during this
period. To be consistent with data previously reported from this
study, data for this woman was included in the efficacy but not
the safety analyses.

Study procedures

The study procedures for assessing BMD and BTMs have been
previously published."*'”'® Briefly, BMD at the lumbar spine
and proximal femur were evaluated by dual-energy x-ray absorp-
tiometry (DXA; 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 (pre-
viously known as Synarc; Newark, CA, USA) analyzed the scans
and provided quality control of the individual scans and densi-
tometers. Fasting serum samples were collected and analyzed
to assess levels of procollagen type | N-terminal propeptide
(PTNP) (UniQ P1NP radioimmunoassay [RIA]; Orion Diagnostica
Oy, Espoo, Finland) and p-isomer of the C-terminal telopeptide
of type | collagen (B-CTX) (Serum CrossLaps enzyme-linked
immunosorbent assay [ELISA]; Nordic Bioscience Diagnostics,
A/S, Herlev, Denmark) at baseline through month 36 and then
at months 37, 39, 42, 45, and 48.

Study outcomes

Results for the whole population and for other treatment
sequences have been previously published.*'7~'® This report
focuses on changes in BMD and P1NP and p-CTX levels in a sub-
set of women who received 12 months of romosozumab either
after 36 months of placebo (Group 1) or after 24 months of pla-
cebo followed by 12 months of denosumab (Group 2).

A nonresponder analysis assessed the proportion of women
with a BMD percentage decrease of >3% at the lumbar spine,
total hip, or femoral neck during four time periods: baseline to
24 months, 24-36 months, 36-48 months, and 24-48 months.
The 3% arbitrary cutoff for response versus nonresponse repre-
sents the approximate least significant change for the lumbar
spine and total hip, as previously reported.'®

Statistical analysis

Data for all endpoints were summarized descriptively. Percent-
age changes from baseline in BMD are presented as means
and 95% confidence intervals (Cls). Percentage changes from
baseline in P1INP and B-CTX are presented as medians and inter-
quartile ranges. For the nonresponder analysis, number (n) and
percentages of subjects are presented.

Results

Patients and baseline characteristics

Results of this phase 2 study and its extensions have been previ-
ously reported.”*'7"'® This study reports data for months 24 to
48 for the 28 women who entered the month 36 to month
48 romosozumab treatment period (12 women in Group 1 who
received romosozumab after 3 years of placebo; 16 women in
Group 2 who received placebo for 2 years, then denosumab for
12 months followed by 12 months of treatment with romosozu-
mab). No women in Group 1 discontinued the study while receiv-
ing romosozumab between month 36 and month 48. Two
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Fig. 1. Phase 2 study design. (A) Women were randomized 1:1:1:1:1:1:1:1 to 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, women were rerandomized (1:1) within
treatment group to placebo or denosumab (60 mg s.c. Q6M) for 12 months, followed by a 12-month second course of romosozumab 210 mg s.c.
QM. (B) A subset of women who were randomized to receive placebo for 24 months (n = 52), rerandomized to receive denosumab (n = 16) or placebo
(n = 12) for 12 months, and then received romosozumab for 12 months and whose results are presented in this report. *Individuals transitioned to romo-
sozumab 140 mg QM at month 12, were randomized in the denosumab extension period, completed the study at month 36 and are not included in the
present analysis. PIndividuals completed the study at month 12 and are not included in the present analysis. “Of the 52 women initially randomized to
placebo from months 0 to 24, 18 were rerandomized to receive denosumab and 18 to receive placebo; the remaining 16 discontinued the study. Abbre-
viations: Q3M, every 3 months; Q6M, every 6 months; QD, daily; QM, monthly; QW, weekly; s.c.,, subcutaneously.

women in Group 2 discontinued the study during this period;
1 due to an adverse event and the other due to withdrawn
consent.

Patient characteristics at baseline (month 0) and month 24 in
the subset of women reported in this analysis were generally
similar between groups (Table 1) with women in Group 2 being
somewhat younger, having fewer years since menopause, and
having higher levels of BTMs as compared to Group 1. Baseline
characteristics for patients included in this analysis were also
similar to those previously reported for the overall phase 2 study
population.®

BMD

BMD remained stable at the lumbar spine and decreased mod-
estly in the proximal femur in women who received placebo
for the first 24 months (Figure 2; Table 2). Increases in BMD at

the lumbar spine, total hip, and femoral neck of 9.1%, 4.6%,
and 3.9%, respectively, were observed during the 12-month
therapy (from month 24 to 36) with romosozumab in Group 1
(Figure 2A,C; Supplemental Figure S2A; Table 2). In Group 2, the
average increase in BMD was 5.5%, 2.8%, and 2.3% at the lumbar
spine, total hip, and femoral neck, respectively, during therapy
with denosumab from month 24 to 36. In these women, lumbar
spine BMD increased an additional 5.3% while taking romosozu-
mab for 12 months for an average cumulative gain of 11.5% over
the 24-month denosumab-to-romosozumab treatment period
(Figure 2B; Table 2). The increase in BMD seen with denosumab
at the total hip was maintained by 12 months of romosozumab;
0.9% mean change from end of denosumab treatment, for a
cumulative gain of 3.8% over the 24-month treatment period
with denosumab and romosozumab (Figure 2D; Table 2). Simi-
larly, the femoral neck BMD increase noted with denosumab
treatment was maintained by 12 months of romosozumab;
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Table 1. Baseline characteristics of the subset of women who were randomized to placebo for 24 months, denosumab or placebo for
12 months, and then received romosozumab for 12 months

Month 0 baseline

Month 24 baseline

Group 1 (n =12) Group 2 (n = 16) Group 1 (n=12) Group 2 (n = 16)
Treatment from month 0-24 Placebo Placebo Placebo Placebo
Treatment from month 24-36 Placebo Denosumab 60 mg Q6M Placebo Denosumab 60 mg Q6M

Treatment from month 36-48

Romosozumab 210 mg QM Romosozumab 210 mg QM Romosozumab 210 mg QM  Romosozumab 210 mg QM

Age (years), mean + SD 68.2 + 6.5 63.8 + 4.1 707 £ 64 66.1 + 4.1
Years since menopause, 20.3 +9.8 169 + 6.4 223 +938 189 + 6.4
mean + SD
BMD T-score, mean & SD
Lumbar spine —23+06 —24+04 —-21+£07 —24+04
Total hip —-13+07 —-1.1+06 —-15+0.7 —1.2+ 06
Femoral neck —1.8+ 06 —-16+05 —-19+ 06 —-1.7+04
P1NP (ng/L), median (Q1, Q3) 37.0(33.8,41.0) 524 (44.9,59.2) 38.2 (30.0, 55.6) 50.0 (40.0, 56.0)

B-CTX (ng/L), median (Q1, Q3)

372.0 (306.0, 415.5)

503.5 (392.5, 635.5)

534.0 (433.5, 692.0)

626.0 (466.0, 833.0)

Notes: Reference ranges for the study are 9.7-92.5 pg/L for PINP and 16.0-430.0 ng/L for -CTX. n = number of women enrolled from month 36 to

month 48.

Abbreviations: 3-CTX, p-isomer of the C-terminal telopeptide of type | collagen; BMD, bone mineral density; P1NP, procollagen type | N-terminal propep-
tide; Q1, first quartile; Q3, third quartile; Q6M, every 6 months; QM, monthly; SD, standard deviation.
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Fig. 2. Percentage change from baseline in lumbar spine and total hip BMD through month 48 for (A,C) placebo-to-placebo-to-romosozumab and (B,D)
placebo-to-denosumab-to-romosozumab. Data reported are for a subset of women who were randomized to receive placebo for 24 months (n = 52),
rerandomized to receive denosumab or placebo for 12 months, and then received romosozumab for 12 months. n = number of women enrolled from
month 36 to month 48. Abbreviations: BMD, bone mineral density; Q6M, every 6 months; QM, monthly.
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Table 2. Mean BMD percentage changes from baseline at the lumbar spine, total hip, and femoral neck

Group 1 (n =12) Group 2 (n = 16)
Treatment from month 0-24 Placebo Placebo
Treatment from month 24-36 Placebo Denosumab 60 mg Q6M
Treatment from month 36-48 Romosozumab 210 mg QM Romosozumab 210 mg QM
BMD (% change), mean (95% Cl)
Lumbar spine
Month 0-24 2.7 (0.2,5.1) —0.8(—238,1.1)
Month 24-36 —0.4(—-21,14) 55 (3.6,7.4)
Month 36-48 9.1 (6.1, 12.1) 53(3.2,74)
Month 24-48 8.9(5.5,124) 11.5 (8.8, 14.3)
Total hip
Month 0-24 —2.2(-3.6, —0.8) —1.6 (=27, —0.5)
Month 24-36 —03(-1.4,038) 2.8 (2.1,3.6)
Month 36-48 46 (2.7,64) 0.9 (0.1, 1.8)
Month 24-48 47 (2.7,6.7) 3.8(2.6,5.0)
Femoral neck
Month 0-24 —-13(-27,0.1) —1.8(—3.3,-04)
Month 24-36 —-0.7 (-1.7,0.3) 2.3(1.0,3.6)
Month 36-48 39(1.7,6.1) 1.0 (—1.0, 2.9)
Month 24-48 3.1(0.8,5.3) 3.2(1.4,5.0)

Note: n = number of women enrolled from month 36 to month 48.
Abbreviations: BMD, bone mineral density; Cl, confidence interval; Q6M, every 6 months; QM, monthly.

Table 3. Proportion of women who experienced BMD percentage decrease from baseline >3% at the lumbar spine, total hip, and fem-
oral neck

Group 1 (n =12) Group 2 (n = 16)

Treatment from month 0-24 Placebo Placebo
Treatment from month 24-36 Placebo Denosumab 60 mg Q6M
Treatment from month 36-48 Romosozumab 210 mg QM, n2/n1 (%) Romosozumab 210 mg QM, n2/n1 (%)
Lumbar spine

Month 0-24 0/12 (0) 7/16 (43.8)

Month 24-36 1/12 (8.3) 0/16 (0)

Month 36-48 0/11 (0) 0/13 (0)

Month 24-48 0/10 (0) 0/13 (0)
Total hip

Month 0-24 5/12 (41.7) 4/16 (25.0)

Month 24-36 0/12 (0) 0/16 (0)

Month 36-48 0/11 (0) 0/13 (0)

Month 24-48 0/10 (0) 0/13 (0)
Femoral neck

Month 0-24 3/12 (25.0) 5/16 (31.3)

Month 24-36 1/12 (8.3) 0/16 (0)

Month 36-48 0/11 (0) 2/13 (15.4)

Month 24-48 0/10 (0) 0/13 (0)

Notes: n = number of women enrolled from month 36 to month 48; n7 = number of women with an evaluation; n2 = number of women who experienced
BMD percentage decrease from baseline >3%.
Abbreviations: BMD, bone mineral density; Q6M, every 6 months; QM, every month.

1.0% mean increase from end of denosumab treatment, for a months 36-48. However, two of the 13 women in this group
cumulative gain of 3.2% over the last 2 years of the study (15.4%) evidenced a decrease of femoral neck BMD of >3%
(Supplemental Figure S2B; Table 2). (a decrease of 3.6% in one and 4.0% in another) while receiving
The nonresponder analysis is presented in Table 3. None of romosozumab after 12 months of denosumab.

the women who received romosozumab in Group 1 experienced

a decrease in BMD of >3% at the lumbar spine, total hip, or fem- BTM

. . S

oral neck. Among the women in Group 2 who received denosu-

mab from months 24 to 36, none had a decrease of >3% at the Median absolute levels of PINP and p-CTX are shown in Supple-
lumbar spine or total hip while receiving romosozumab during mental Table S1 and percentage changes from baseline are shown
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Fig. 3. Percentage changes from baseline in serum P1NP and p-CTX through month 48 for (A,C) placebo-to-placebo-to-romosozumab and (B,D) placebo-
to-denosumab-to-romosozumab. Data reported are for a subset of women who were randomized to receive placebo for 24 months (n = 52), rerando-
mized to receive denosumab or placebo for 12 months, and then received romosozumab for 12 months. n = number of women enrolled from month
36 to month 48. Abbreviations: 3-CTX, p-isomer of the C-terminal telopeptide of type | collagen; PTNP, procollagen type | N-terminal propeptide; Q1, first

quartile; Q3, third quartile; Q6M, every 6 months; QM, monthly.

in Figure 3. While on placebo, PINP and -CTX remained largely
unchanged. In women who began romosozumab after 36 months
of placebo, the observed patterns of BTM changes were similar to
those reported™' (Figure 3A,0). During 12 months of denosu-
mab treatment, median serum levels of P1NP and B-CTX decreased
at all measured timepoints (months 24-36) (Figure 3B,D). Upon
transition from denosumab to romosozumab (months 36-48),
BTM levels gradually returned to levels just above baseline by
month 48 for PINP and to baseline by month 48 for B-CTX
(Figure 3B,D).

Safety

Adverse events that started during months 36 to 48 are shown in
Table 4. The adverse-event profile during months 36 to 48 was
similar to that in the first course of romosozumab 210 mg every
month (month 0 to month 12%). Of the 28 women who entered
the month 36 to month 48 romosozumab treatment period
(12 in Group 1; 16 in Group 2), one woman in Group 2 had
received romosozumab during months 0 to 12 of the double-
blind period and data for this woman was excluded from the
safety analysis. Of the remaining 27 patients, adverse events
were reported in 24 women; 12 (100.0%) in Group 1 and
12 (80.0%) in Group 2 experienced adverse events. A serious

adverse event of invasive follicular thyroid carcinoma was
reported in one (6.7%) patient in Group 2. Although not consid-
ered treatment related, the thyroid cancer led to discontinuation
from the study. No fatal events were reported in either group.
Adverse events potentially associated with hypersensitivity
were reported in two women, one in Group 1 and the other in
Group 2. Injection-site reactions, mostly mild in severity, were
reported in two (13.3%) women in Group 2 and malignancy
was reported in one (6.7%) woman in Group 2. Osteoarthritis
was reported in three women; two (16.7%) women in Group
1 and one (6.7%) woman in Group 2. There were no reports of
hyperostosis, hypocalcemia, positively adjudicated osteonecro-
sis of the jaw, or positively adjudicated atypical femur fracture.

Discussion

In this exploratory analysis, transitioning from 12 months of
denosumab to romosozumab for 12 months resulted in a grad-
ual increase in serum markers of bone formation and resorption
to or slightly above baseline levels from the low values observed
while on denosumab. The BMD gain achieved with denosumab
was generally maintained at the proximal femur and increased
by an additional 5.3% at the lumbar spine.
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Table 4. Subject incidence of adverse events during months 36 to 48

Group 1 (n=12)

Group 2 (n = 15)°

Treatment from month 0-24 Placebo Placebo
Treatment from month 24-36 Placebo Denosumab 60 mg Q6M
Treatment from month 36-48 Romosozumab 210 mg QM, n1 (%) Romosozumab 210 mg QM, n1 (%)
All 12 (100.0) 12 (80.0)
Serious? 0 (0) 1(6.7)
Leading to study discontinuation 0 (0) 1(6.7)
Death 0 (0) 0 (0)
Adverse events of interest
Potentially associated with hypersensitivity 1(8.3) 1(6.7)
Injection-site reactions 0 (0) 2(13.3)
Malignancies 0(0) 1(6.7)
Osteoarthritis 2(16.7) 1(6.7)
Atypical femoral fracture® 0(0) 0 (0)
Hypocalcemia 0 (0) 0 (0)
Hyperostosis 0 (0) 0 (0)
Osteonecrosis of the jaw® 0 (0) 0(0)

Notes: Only adverse events starting during months 36 to 48 are included. n = number of participants in each treatment group who received at least one
dose of romosozumab during months 36 to 48; n1 = number of participants reporting at least one adverse event.

Abbreviations: Q6M, every 6 months; QM, every month.

20Of the 16 women in Group 2, one had received romosozumab during months 0 to 12 of the double-blind period; data for this woman was excluded from

the safety analysis.

POne woman in Group 2 had invasive follicular thyroid carcinoma deemed by the investigator not to be related to the study drug; the woman was dis-

continued from the drug and study due to the cancer.

All potential events of osteonecrosis of the jaw and atypical femur fracture from the start of the study were retrospectively assessed for adjudication.

Some aspects of these results are notable. First, neither the
rapid increase in levels of BTMs to values above baseline nor the
rapid decrease in BMD that accompanies denosumab discontinu-
ation was observed when therapy was switched from denosumab
to romosozumab.?%2" These results differ from those seen upon
transitioning from denosumab to teriparatide where BTMs
increased well above baseline, and BMD in the proximal femur
declined significantly during the first 12 months of teriparatide
therapy.?? Second, the gains in BMD with 12 months of romoso-
zumab in the group that had previously received 12 months of
denosumab were smaller than those achieved over 12 months
when romosozumab was the first therapy. Smaller increments in
BMD were also observed with romosozumab therapy in postmen-
opausal women who had previously received bisphosphonate
therapy compared with responses typically observed in those
who had not taken osteoporosis medications.""*'® Moreover,
the total gain in total hip and femoral neck BMD achieved with
12 months of denosumab followed by 12 months of romosozu-
mab in this study was smaller than that achieved with 12 months
of romosozumab in women who had previously received only
placebo. Finally, increases in BMD over the 24-month sequence
of denosumab followed by romosozumab were smaller (lumbar
spine +11.5%, total hip +3.8%, femoral neck +3.2%) than the
reported changes in women with osteoporosis who received
12 months of romosozumab followed by denosumab for an addi-
tional 12 months in the Fracture Study in Postmenopausal
Women with Osteoporosis (FRAME) (lumbar spine +16.6%, total
hip +8.5%, femoral neck +7.3%)."®

The observed differences in BMD responses depending upon
the sequence with which romosozumab and denosumab are
given have important clinical implications. Recent studies have
shown associations between current fracture risk and proximal
femur BMD achieved on treatment with alendronate, denosu-
mab, or romosozumab.®*?# These observations are supported

by the meta-regression analysis showing that therapies that pro-
duce the largest increases in BMD are associated with the great-
est reductions in fracture risk.?” Collectively, these results
support the use of a bone-forming agent first followed by a
potent antiresorptive drug as an optimal treatment sequence,
particularly for women at very high risk of fracture.'>2®

The smaller BMD gains observed with romosozumab follow-
ing denosumab are consistent with other studies showing that
changes in BMD both with antiresorptive drugs and teriparatide
are related to baseline levels of bone turnover.”’=2% BTM levels
are routinely lower in women receiving denosumab compared
with pretreatment values.®%*" Our results are also consistent
with a recent observational study demonstrating smaller BMD
increases with romosozumab in women who had received previ-
ous antiresorptive therapy.©?

Interpreting the BMD and BTM responses in women transi-
tioning from denosumab to any other therapy is complicated
by the dynamic changes in bone remodeling known to occur
in the several months following denosumab discontinua-
tion.?%2" The BMD response during the 12 months of romoso-
zumab after denosumab in our study is, at least in relative
terms, greater than is apparent because a significant decrease
in bone density would have been expected upon stopping deno-
sumab without further therapy.2%2"

The clinical value of the present study is that this is the first
study to evaluate the sequence of denosumab followed by
romosozumab in treatment-naive postmenopausal women.
Important limitations to our study need to be acknowledged.
The small number of individuals and the post hoc, exploratory
nature of our study precludes firm conclusions about the effec-
tiveness of romosozumab to prevent the rebound in bone remo-
deling and loss of bone density upon discontinuation of
denosumab, and our results should be interpreted with caution.
Additionally, the short duration of denosumab therapy

JBMR® Plus

SKELETAL RESPONSES TO ROMOSOZUMAB AFTER DENOSUMAB 7 of 9 Ml



(12 months) before transitioning to romosozumab might not
reflect responses to that of transition after longer exposure to
denosumab. Furthermore, the women in our study had low bone
mass and were not at high risk of fracture and thus might not be
representative of subjects most likely to receive romosozumab
therapy.

In conclusion, romosozumab appears to maintain or improve
the gains in BMD after a 12-month course of denosumab treat-
ment in postmenopausal women with low bone mass, while
levels of BTMs gradually return to baseline levels. The sequence
of romosozumab after denosumab is not as effective in increas-
ing BMD as is the opposite sequence of using romosozumab first.
Larger studies in women at high fracture risk are needed to
determine the true clinical impact and utility of the treatment
sequence of denosumab followed by romosozumab.

Acknowledgments

This study was funded by Amgen Inc., UCB Pharma, and Astellas
Pharma Inc. Representatives of the sponsor, Amgen Inc,
designed the clinical study in collaboration with some of the
study investigators and UCB Pharma, and performed the ana-
lyses according to a prespecified statistical analysis plan. Amgen
Inc. maintained the study database. Lisa A. Humphries, PhD, of
Amgen Inc. and Martha Mutomba (on behalf of Amgen Inc.) pro-
vided medical writing support.

Disclosures

Michael R. McClung has received consulting fees from Amgen
and Myovant and has received honorarium from Amgen and
Alexion. Michael A. Bolognese has received contract fees
and speaker fees from Amgen. Jacques P. Brown has received
grants/research support from Mereo BioPharma, Radius Health,
and Servier; has received consulting fees from Amgen and Ser-
vier; and has served on a speakers’ bureau for Amgen. Jean-Yves
Reginster has received grants/research support from IBSA-Gen-
evrier, Mylan, CNIEL, and Radius Health; has received lecture fees
from IBSA-Genevrier, Mylan, CNIEL, and Dairy Research Council;
and has received consulting fees/participated on advisory
boards for IBSA-Genevrier, Mylan, Radius Health, and Pierre
Fabre. Bente L. Langdahl has received grants/research support
from Amgen and Novo Nordisk and has served on speakers’
bureaus for UCB Pharma, Amgen, Eli Lilly, Gedeon-Richter, and
Gilead. Yifei Shi, Arkadi Chines, and Mary K. Oates are employees
of and own stock in Amgen. Jen Timoshanko and Cesar Libanati
are employees of and own stock in UCB Pharma.

Author Contributions

The first author (Michael R. McClung) and three authors from
Amgen Inc. (Yifei Shi, Arkadi Chines, and Mary K. Oates) take
responsibility for the integrity of the data analysis. The first
author (Michael R. McClung) wrote the first draft of the manu-
script. All authors participated in the analysis and/or interpreta-
tion of the data, and participated in the critical review and
revision of subsequent draft of the manuscript. All authors
approved the final version of the manuscript and agreed to sub-
mit it to JBMR Plus for publication.

Data Sharing

Qualified researchers may request data from Amgen clinical
studies. Complete details are available: https://wwwext.amgen.
com/science/clinical-trials/clinical-data-transparency-practices/
clinical-trial-data-sharing-request/.

References

1. Compston JE, McClung MR, Leslie WD. Osteoporosis. Lancet. 2019;
393:364-376.

2. Dufresne TE, Chmielewski PA, Manhart MD, Johnson TD, Borah B.
Risedronate preserves bone architecture in early postmenopausal
women in 1 year as measured by three-dimensional microcomputed
tomography. Calcif Tissue Int. 2003;73:423-432.

3. Saag KG, Petersen J, Brandi ML, et al. Romosozumab or alendronate
for fracture prevention in women with osteoporosis. N Engl J Med.
2017;377:1417-1427.

4. Kendler DL, Marin F, Zerbini CAF, et al. Effects of teriparatide and rise-
dronate on new fractures in post-menopausal women with severe
osteoporosis (VERO): a multicentre, double-blind, double-dummy,
randomised controlled trial. Lancet. 2018;391:230-240.

5. Chavassieux P, Chapurlat R, Portero-Muzy N, et al. Bone-forming and
antiresorptive effects of romosozumab in postmenopausal women
with osteoporosis: bone histomorphometry and microcomputed
tomography analysis after 2 and 12 months of treatment. J Bone
Miner Res. 2019;34:1597-1608.

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

7. Miller PD, Hattersley G, Riis BJ, et al. Effect of abaloparatide vs placebo
on new vertebral fractures in postmenopausal women with osteopo-
rosis: a randomized clinical trial. JAMA. 2016;316:722-733.

8. Shoback D, Rosen CJ, Black DM, et al. Pharmacological management
of osteoporosis in postmenopausal women: an Endocrine Society
guideline update. J Clin Endocrinol Metab. 2020;105:587-594.

9. Camacho PM, Petak SM, Binkley N, et al. American Association of Clin-
ical Endocrinologists/American College of Endocrinology clinical
practice guidelines for the diagnosis and treatment of postmeno-
pausal osteoporosis - 2020 update. Endocr Pract. 2020;26:1-46.

10. Kanis JA, Harvey NC, McCloskey E, et al. Algorithm for the manage-
ment of patients at low, high and very high risk of osteoporotic frac-
tures. Osteoporos Int. 2020;31:1-12.

11. Ominsky MS, Niu Q-T, Li C, Li X, Ke HZ. Tissue-level mechanisms
responsible for the increase in bone formation and bone volume
by sclerostin antibody. J Bone Miner Res. 2014;29:1424-1430.

12. McClung MR. Romosozumab for the treatment of osteoporosis.
Osteoporos Sarcopenia. 2018;4:11-15.

13. Cosman F, Crittenden DB, Adachi JD, et al. Romosozumab treatment
in postmenopausal women with osteoporosis. N Engl J Med. 2016;
375:1532-1543.

14. McClung MR, Grauer A, Boonen S, et al. Romosozumab in postmeno-
pausal women with low bone mineral density. N Engl J Med. 2014;
370:412-420.

15. Cosman F, Crittenden DB, Ferrari S, et al. FRAME study: the founda-
tion effect of building bone with 1 year of romosozumab leads to
continued lower fracture risk after transition to denosumab. J Bone
Miner Res. 2018;33:1219-1226.

16. Langdahl BL, Libanati C, Crittenden DB, et al. Romosozumab (scleros-
tin monoclonal antibody) versus teriparatide in postmenopausal
women with osteoporosis transitioning from oral bisphosphonate
therapy: a randomised, open-label, phase 3 trial. Lancet. 2017;390:
1585-1594.

17. Kendler DL, Bone HG, Massari F, et al. Bone mineral density gains with
a second 12-month course of romosozumab therapy following pla-
cebo or denosumab. Osteoporos Int. 2019;30:2437-2448.

18. McClung MR, Brown JP, Diez-Perez A, et al. Effects of 24 months of
treatment with romosozumab followed by 12 months of Denosumab

B 80f9 MCCLUNGETAL.

JBMR Plus (WOA)


https://wwwext.amgen.com/science/clinical-trials/clinical-data-transparency-practices/clinical-trial-data-sharing-request/
https://wwwext.amgen.com/science/clinical-trials/clinical-data-transparency-practices/clinical-trial-data-sharing-request/
https://wwwext.amgen.com/science/clinical-trials/clinical-data-transparency-practices/clinical-trial-data-sharing-request/

20.

21.

22.

23.

24,

or placebo in postmenopausal women with low Bone mineral den-
sity: a randomized, double-blind, phase 2, parallel group study.
J Bone Miner Res. 2018;33:1397-1406.

. McClung MR, Bolognese MA, Brown JP, et al. A single dose of zoledro-

nate preserves bone mineral density for up to 2 years after a second
course of romosozumab. Osteoporos Int. 2020;31:2231-2241.

Miller PD, Bolognese MA, Lewiecki EM, et al. Effect of denosumab on
bone density and turnover in postmenopausal women with low
bone mass after long-term continued, discontinued, and restarting
of therapy: a randomized blinded phase 2 clinical trial. Bone. 2008;
43:222-229.

Bone HG, Bolognese MA, Yuen CK, et al. Effects of denosumab treat-
ment and discontinuation on bone mineral density and bone turn-
over markers in postmenopausal women with low bone mass.
J Clin Endocrinol Metab. 2011;96:972-980.

Leder BZ, Tsai JN, Uihlein AV, et al. Denosumab and teriparatide tran-
sitions in postmenopausal osteoporosis (the DATA-Switch study):
extension of a randomised controlled trial. Lancet. 2015;386:1147-
1155.

Cosman F, Lewiecki EM, Ebeling PR, et al. T-score as an indicator of
fracture risk during treatment with romosozumab or alendronate in
the ARCH trial. J Bone Miner Res. 2020;35:1333-1342.

Ferrari S, Libanati C, Lin CJF, et al. Relationship between bone mineral
density T-score and nonvertebral fracture risk over 10 years of deno-
sumab treatment. J Bone Miner Res. 2019;34:1033-1040.

25.

26.

27.

28.

29.

30.

31.

32.

Bouxsein ML, Eastell R, Lui L-Y, et al. Change in bone density and
reduction in fracture risk: a meta-regression of published trials.
J Bone Miner Res. 2019;34:632-642.

Cosman F. Anabolic therapy and optimal treatment sequences for
patients with osteoporosis at high risk for fracture. Endocr Pract.
2020;26:777-786.

Chen P, Satterwhite JH, Licata AA, et al. Early changes in biochemical
markers of bone formation predict BMD response to teriparatide in
postmenopausal women with osteoporosis. J Bone Miner Res. 2005;
20:962-970.

Mawatari T, lkemura S, Matsui G, et al. Assessment of baseline bone
turnover marker levels and response to risedronate treatment: data
from a Japanese phase Il trial. Bone Rep. 2020;12:100275.

Bauer DC, Garnero P, Hochberg MC, et al. Pretreatment levels of bone
turnover and the antifracture efficacy of alendronate: the fracture
intervention trial. J Bone Miner Res. 2006;21:292-299.

McClung MR, Lewiecki EM, Cohen SB, et al. Denosumab in postmen-
opausal women with low bone mineral density. N Engl J Med. 2006;
354:821-831.

Eastell R, Christiansen C, Grauer A, et al. Effects of denosumab on
bone turnover markers in postmenopausal osteoporosis. J Bone
Miner Res. 2011;26:530-537.

Ebina K, Hirao M, Tsuboi H, et al. Effects of prior osteoporosis treat-
ment on early treatment response of romosozumab in patients with
postmenopausal osteoporosis. Bone. 2020;140:115574.

JBMR® Plus

SKELETAL RESPONSES TO ROMOSOZUMAB AFTER DENOSUMAB 9 of 9 i



	Skeletal responses to romosozumab after 12months of denosumab
	Introduction
	Patients and Methods
	Study design and patients
	Study procedures
	Study outcomes
	Statistical analysis

	Results
	Patients and baseline characteristics
	BMD
	BTMs
	Safety

	Discussion
	Acknowledgments
	Disclosures
	Author Contributions
	Data Sharing
	References


