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ABSTRACT

BACKGROUND
Romosozumab, a3 monoclenal antibody that binds sclerostin, increases bone for-

mation and decreases bone resorption.

METHODDE

We enrolled 7180 postmenopausal women who had a T score of 2.5 to -3.5 at the
total hip or femoral neck. Patients were randomly assigned to receive subcutaneous
injections of rornosozumab (2t 2 dose of 210 mg) or placebo monthly for 12 months;
thereafier, patients in each group received denosumab for 12 moaths, at 2 dose of
60 mg, administered subcutaneously every 6 months, The coprimary end points were
the cumulative incidences of new vertebral fractures at 12 months and 24 months.
Secondary end points included clinical (a composite of nenvertebral and symptom-
ade vertebral) and nonvertebral fractures.

RESULTE

At 12 months, new vertebral fractures had occurred in 16 of 3321 patients (0.5%)
in the romosozumab group, as compared with 59 of 3322 (1.8%) in the placebo
group (representing a 73% lower rigk with romopsozumab; P<0.001}. Clinical frac-
tures had occurred in 58 of 3589 parients (1.6%) in the romosozumab group, as
compared with 90 of 3501 (2.5%) in the placebo group fa 36% lower risk with
romosozumab; P=0.008). Nonvertebral fractures had occurred in 56 of 3589 pa-
tients (1.6%) in the romogpzumab group and in 75 of 3591 (2.1%) in the placebo
group (P=0.10). At 24 months, the rares of vertebral fractures were significantly
lower in the romosozymab group than in the placebo group after each group
made the transition to denosumab (0.6% [21 of 3325 patients] in the romoso-
zumab group va. 25% {84 of 3327] in the placebo group, a 75% lower risk with
romagozuinab; P<0.001). Adverse events, including ibstances of byperostosis,
cardiovascular events, osteocarthritis, and cancer, appeared to be balanced between
the groups. One atypical femoral fracture and two cases of osteonecrosis of the
jaw were observed in the romosozumab group.

CONCLUSIONS

In postmenopausal women with osteoporosis, romosczumab was associated with
2 lower rigk of vertebral fracture than placebo at 12 months and, after the transition
to denosumab, at 24 months, The lower risk of dlinical fracture that was seen with
romosozumab was evident at 1 year. {Funded by Amgen and UCB Pharma; FRAME
ClinicalTrigle. pov number, NCT)1575834.)
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groups. The demographic and clinical character-
istics of the patients at baseline were balanced
in the two groups (Table 1). The mean age of the
patients was 70.9 years. The mean bone mineral
density T scores were —2.72 at the lumbar spine,
-2.47 at the total hip, and —2.75 at the femoral
neck. A total of 1317 patients (18.3%) had a preva-
lent vertehral fracture {the majority of which were
mild in severity), and 1560 (21.7%) had a previous
nonvertebral fracture. The geographic regions
with the highest enrcllment were Latln America
(3084 patients) and Central or Bastern Burope
{2093 patients).

12-MONTH FRACTURE EFFICACY
Romosizumab was associated with a risk of new
vertebral fracture that was 73% lower than the
risk with placebo at 12 months (incidence, 0.5%
(16 of 3321 patients] in the romosozumab group
vs. 1.8% [59 of 3322) in the placebo group; risk
ratio, 0.27; 95% confidence interval [CT], 0,16 to
047; P<0.001) (Big. 2A, and Table S2 in the Sup-
plementary Appendix). By 6 monthe, new verte-
bralfracturcshadoccunedinMpatientsinthe
romosozumab group and in 26 in the placebo
group. Between 6 months and 12 months, frac-
tures occurred in 2 additional patients in the
romosozymab group, as compared with 33 ad-
ditional patients in the placebo group, Romoso-
zumab wae also associated with a risk of clinical
fracture thar was 36% lower than the risk with
placebo at 12 months; fracrures occurred in 58
of 3589 patients (1.6%) in the romosozumab group
va, 90 of 3591, (2.5%) in the placebo group (hazard
ratio, 0.64; 95% ClI, 0.46 » 0.89; P=-0.008) (Fig. 7B,
and Table 52 in the Supplementary Appendix).

Noavertebral fractures constituted the major-
ity (»85%) of clinical fractures. Nonvertebral
fractures occurred in 56 patients {1.6%) in the
romosozumadb group and in 75 (2.19%) in the
placebo group (hazard ratio, 0.75; 95% CI, 0.53
to 1.05; P=0.10) (Fig. 2C, and Table §2 in the
Supplementary Appendix). Owing to the lack of
statistical significance for the nonvertebral end
point and the prespecified testing sequence, alf
other 12-month fracture end-point analyses were
considered to he exploratory (Table §2 in the

Supplementary Appendix).

The treatment effect in prespecified subgronps
was consistent with regard to new vertebral, clini-
cal, and nonvertebral fractures (data not shown),
except with regard to clinical and nonvertebral

i

fractures across geographic regions, for which
significant treatroent-by-reglon interactions were
observed (P=0.03 and P=0.04, respectively). These
findings were evaluated in a post hoc analysie
that ehowed that the incidence of nonvertebral
fracture in the region of Latin America was 1.5%
(24 of 1550 patients} in the romospzumab group
versus 1.2% (19 of 1534) in the placebo group
thazard ratio, 1.25; 95% CI, 0.68 to 2.27), By
contrast, among the patients outside the region
of Latin America, the incidence was 1.6% (32 of
2039) in the romosozumab group versus 2.7%
(56 of 2057} in the placebo group, representing
2 risk that was 42% lower in the romosozumab
group (hazard ratio, 0.58, 95% CI, 0.37 to 0.89;
P=0.04 for the treatmeni-by-region interaction).

The corresponding bazeline 10-year dsk of major
osteoporotic fracture, as assessed by the Fracture
Risk Acsesement Tool (FRAX; developed by the
World Health Organization [www.shefac ukjfrax/}),
was 8.7% in Latin America and 17.0% elsewhere,

24~ MONTH fl.ﬁlt‘l‘Ull BFFICACY

All the patients made the tansition to denosumab
in the second year. The cumulative 24-month inci-
dence of new vertehral fracture was lower in the
group that had eriginally received romosozumab
(21 of 3325 patients [0,6°%)) than in the group
that had originally received placebo (84 of 33277
[2.5%N, with & 75% lower risk in the romosozumab
group (cisk ratio, 0.25; 95% C1, (.16 to 0.40; PcQuD0T)
(Fig. 2A). In the secand year, 5 patients in the group
that had originally received romosozumab and
25 in the group that had originally received pla-
cebo had a pew vertebral fracture,

There was no significant difference in the
risk of nonvertebral fracture at 24 months (96 of
3589 patients (2,79} in the romosozumab group
and 129 of 3591 [3.6%] in the placebo group;
hazard ratio, 0.75; 95% C1, 0.57 to 0.97 nominal
P = 0.03; adjusted P=0.06). Owing to the pre-
specified testing eequence, treatment compari-
sons for other fracture end points at 24 months
were considered to be exploratory. There was no
significant difference in the risk of clinical frac-
ture between the group that had originally received
romosozamab and the group thar had originally
received placebo (99 patients and 147 patientis, re-
spectively; hazard rado, 0.67; 95% CI, 0.52 to 0.87;
pominal P=0.002; adjusted P=0.10) (Fig. 2B). De-
tails are provided in Table 82 in the Supplementary
Appendix.
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Figure 2. Incidence of New Vertetral, Clinleal, and Norvertebwa) Fractures.
The caprimary eitd points were the cumulative incldences of neiw vertrbral fracture gt 12 mionths dnd at 24 months (Panel A). The rk
ratio was assessed among pitfents in the romosogumab group is compared with those in the placebo group st 12 ronths (end of the
.doutile-blind period) and st 24 months {by which time patients in both groups bad received opéndabel denokumab for 12 months).
Data from patients who undérwent randomization and had a taselise radiograph and at least one radiogriph obtaingd after the base-
line visit are indluded here, Kaplari-Meler turves of the first dintoal fracture (Panel 8) and the first nonvertebral fravture (Paned ) from
the time-to-event analysis are shown, intinding the double-blind period through 12 months.and the perjod with open-late! denosumab
from 12 to 24 months; The insets show the same data on ani arlarged y axis, Data from patients who withdrew from the trial or who
reached the end of the reporting period without having a fraciune were censored at the leit observation time. P vajues are for resubts ot
12 months and 24 months atid are based on 4 Cox proportional-hazands mods! with adjustment foi age and prevalent vertdbia! fracture,
adjusted for muliple comparisons, '

NONE DENSITY AND MARKERS OF BONE TURNOVER gt the toial hip, by 6.9 percentage points (95% CL,
Romosozumab increased bone mineral density 5.6 to 8.1), and at the fernoral neck, by 5.9 per-
by 6 months, and at 12 months the percentage centage points (95% Cl, 4.3 to 7.4) (P<0.001 for
change from baseline was greaver with romoso- all comparisons) (Fig. 3A, 38, and 3C). Bone min-
zumab than with placebo at the Jumbar spine, eral density continued to increase in the romoso-
by 13.3 percentage points (5% CI, 11.9 v 14.7), zumab group after the trapsition to denosumab
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expected, which was driven by a geographic region
with high enrollment (Latin Americg) in which the
incidence in the placeho group at 12 months was
one thind the expected rate, with no detectable
treatment effect. The regional-subgroup data
warrant cautious interpretation owing to a lack
of adjustment for multiple comparisons and the
possibility of type 1 error. However, the low rate
of nonvertebral fracture in the plarebo group in
the Latin Armerican geographic region is consis-
tent with the low mean baseline FRAX score that
was ohserved in the patients enrolled in that
region and with recent epidemiofogic reports. 2
In 2 post hoc analysis that included patients
outside Latin America, a higher rate of nooverte-
bra) fracture was observed in the placebo group
{2.7%, vs. 1.2% in the placebo group in Latin
America), and 12 months of romosogumab
treatment resulted in a risk of fracture that was
42% Jower than the rigk with placebo. These
findings merit further evaluation.

The results regarding bone-turnover markers
confirm those reported previously”” and support
the dual effect of romosczumab in increasing
bone formation and decreasing bone resorption
by means of sclerostin inhibition. Sclerostin
blocks canonical Wnt signaling, which results in
decreased osteoblast-mediated bone formation>
and Increaced bone resorption,® both of which
are counteracted by romosozumab'* The tran-
sient increases in the PINP level after repeated
dosing may provide insight into the observed gains
in bone mineral density over the treatment pe-

riod, This effect of romosozumab on bone for-
mation and resorption translated into large in-
creases in bone mineral density at the spine and
as early as 6 months, as reported previonsly.”” Ad-
to denosumab.

Adverse events were balanced in the two groups.
Serious adverse events of hypetsensitivity reactions
were observed in the romosozumab group, al-
though these events were uncommon, Cases of
osteanecrogis of the jaw and an atypica] femotal
fracture were observed, albeit rarely, in patients
with confounding factors that msy bave contrib-
uted to the event or that raise questions about
causality.

In conclusion, rompsozumab is 2 monoclonal
antibody that increases bone fonnation and de-
creases bone resorption. One year of romoso-
rumab treatment in postmepopausal women with
osteoporosis resulted in a Jower risk of vertebral
and clinical fractures than the risk with placebo.
Substantial gains in bone mineral deusity at the
spine and hip with romosozumab provided a
fouxlation for an ongoing reduction in the risk of
fracture during sequential treatment with deno-
sumab,
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