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ABSTRACT
Increases in bonemineral density (BMD)with osteoporosis treatment are associatedwith reduced fracture risk. IncreasingBMD is there-
fore a goal of osteoporosis therapy. Here, we compare the probability of achieving a T-score of > �2.5 over 3 years at the total hip
(TH) or lumbar spine (LS) in womenwith osteoporosis, ≥55 years of age, after the following treatment sequences: 1 year romosozumab
followed by 2 years denosumab (FRAME and FRAME extension trials), 1 year romosozumab followed by 2 years alendronate, or
alendronate-only for 3 years (ARCH trial). Probabilities of attaining the BMD target within 1 year of treatment were also determined.
At both skeletal sites, in women with a baseline T-score ≥ �2.7, there was >50% probability of achieving the BMD target with any
3-year regimen. The probability of achieving the target BMD in those with a baseline TH T-score equal to�3.0 was 61% with romoso-
zumab/denosumab, 38%with romosozumab/alendronate, and 9%with alendronate. In those with a baseline LS T-score equal to�3.0,
the probability of achieving a T-score > �2.5 was 93% with romosozumab/denosumab, 81% with romosozumab/alendronate, and
55% with alendronate. With 1 year of treatment, in patients with a baseline TH T-score equal to �2.7, the probability of reaching the
target T-score with romosozumab was 71% to 78% and 38% with alendronate. For patients with an initial LS T-score equal to �3.0,
the probability of achieving the target T-score over 1 year was 85% to 86% with romosozumab and 25% for alendronate. Our findings
suggest baseline BMD and the probability of achieving BMD T-score goals are factors to consider when selecting initial treatment for
patientswith osteoporosis. As baseline T-score falls below�2.7 (TH) and�3.0 (LS), alendronate has<50% likelihoodof achieving a BMD
goal above osteoporosis range, whereas these probabilities remain relatively high for regimens beginningwith romosozumab. © 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

Current guidelines for the treatment of postmenopausal
women with osteoporosis in the United Kingdom,

United States, and Europe are not fully aligned.(1–3) Traditionally,

first-line treatment has consisted of an antiresorptive (eg, alen-
dronate, denosumab), but recent studies have highlighted the
need to begin with anabolic therapy to obtain optimal treatment
outcomes in individual patients.(4–11) Fracture risk has emerged
as a key variable to help select the initial therapy.(1,3) In patients
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at very high risk of fragility fracture, including those with a recent
fracture, available data and emerging guidelines are increasingly
supportive of initial treatment with an anabolic agent.(2,3,12,13)

Currently available anabolic treatment options include abalo-
paratide or teriparatide, administered for up to 2 years, and
romosozumab, administered for 1 year. These treatments are
usually followed by an antiresorptive treatment using bispho-
sphonates or denosumab.(3)

A recent meta-regression analysis including 38 randomized
controlled trials (RCTs) linked the magnitude of treatment-related
changes in bonemineral density (BMD) with anti-fracture efficacy,
particularly for vertebral and hip fractures.(14) Although low BMD is
certainly not the only factor contributing to fracture risk, studies
have confirmed the importance of the relationship between
BMD level attained after or during therapeutic intervention and
fracture risk reduction.(5,15–18) Overall, the findings suggest that
total hip BMD has the strongest association with subsequent frac-
ture risk and may be a useful clinical target for a goal-directed
treatment approach for patients with osteoporosis.(5,15,18–20)

A total hip T-score above �2.5 has been suggested as a mini-
mum treatment goal, but higher total hip BMD targets may be
more appropriate for women with additional independent frac-
ture risk factors such as advanced age, underlying disease, or fre-
quent falls.(15,16,19,21) As such, it is critical that treatment goals are
tailored to the patient, with treatment decisions individualized
accordingly.(19) Goal-directed therapy may be a useful concept
to communicate the need for aggressive, early therapy for some
patients with very low BMD or very high imminent fracture risk,
and for critically evaluating initial treatment decisions. Finally,
sharing a specific therapeutic target with the patient could be
useful for optimizing adherence to therapy.

The bone-forming agent romosozumab, approved for treat-
ing postmenopausal osteoporosis by FDA, EMA, PMDA, and

other health authorities, is a humanized monoclonal antibody
to the osteocyte protein sclerostin. By inhibiting sclerostin activ-
ity, romosozumab exerts a dual effect to stimulate modeling-
based bone formation and inhibit bone resorption.(8,22,23)

Because of its dual effect, romosozumab produces substantial
gains in BMD over short periods of time, making it favorably indi-
cated in patients at high imminent risk of fracture.(22,23) The most
recent guidelines from the American Association of Clinical
Endocrinologists (AACE) now include romosozumab treatment
within their recommended first-line treatment options for post-
menopausal women at very high risk of fracture (eg, with prior
fracture or very low BMD T-score [< �3.0]).(3)

Since BMD on therapy serves as an indicator of treatment
success, one of the factors that should be considered to deter-
mine choice of treatment is the probability of achieving specific
BMD treatment targets. The primary objective of these post hoc
analyses was to compare the probabilities of achieving a T--
score > �2.5 at the total hip or lumbar spine over 3 years with
alendronate treatment alone versus treatment sequences of
12 months of romosozumab followed by 2 years of alendro-
nate, or 12 months of romosozumab followed by 2 years of
denosumab. An additional objective was to compare the prob-
abilities of achieving non-osteoporotic BMD T-scores over
1 year of treatment with romosozumab compared with
alendronate.

Methods

Study design

These post hoc analyses were based on the FRAME
(NCT01575834) and ARCH (NCT01631214) phase 3, multicenter,
international, randomized, double-blind trials in postmenopausal

Fig. 1. Study design. (A) Data from placebo arm of FRAME study not included in analyses. FRAME study extension comprised months 24 to 36. Enrolled
participants included postmenopausal women aged 55 to 90 years with a total hip (TH) or femoral neck (FN) bonemineral density (BMD) T-score ≤ �2.5 to
�3.5. Key exclusion criteria included BMD T-score ≤ �3.5 at the TH or FN, prior hip fracture (fx) or any severe or >2 moderate vertebral fracture (VFx). (B)
Eligible participants included postmenopausal women aged 55 to 90 years with either (1) TH or FN BMD T-score ≤ �2.5 and either ≥1 moderate/severe
VFx or ≥2mild VFx, or (2) TH or FN BMD T-score ≤ �2.0 and ≥2moderate/severe VFx or proximal femur fx within 3 to 24 months before randomization. Key
exclusion criteria included contraindications to alendronate. For both FRAME and ARCH studies, additional key exclusion criteria included history of met-
abolic bone disease or use of agents affecting bone metabolism. DXA = dual-energy X-ray absorptiometry; PO = orally; QM = monthly; Q6M = every 6
months; QW = weekly; SC = subcutaneously.
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women with osteoporosis (Fig. 1).(8,22) {FIG1}Briefly, women in the
FRAME trial received either romosozumab or placebo for 1 year,
each followed by open-label denosumab for 2 years (1 year in
FRAME and a second year in the study extension).(22) In ARCH,
women received either romosozumab or alendronate for 1 year,
followed by 2 years of open-label alendronate in both groups; fur-
ther study details have been previously described.(8)

Inclusion criteria for the two studies differed, with the criteria
for ARCH requiring prior vertebral or proximal femur fracture,
whereas those without history of fracture were eligible for partic-
ipation in FRAME.(8,22) FRAME did not include women with a
baseline total hip or femoral neck T-score ≤�3.5, whereas ARCH
had no lower limit. Both studies required women to have a
T-score at the total hip or femoral neck below �2.5.

Assessment and procedures

In the FRAME and ARCH studies, BMD at the proximal femur and
lumbar spine were evaluated by dual-energy X-ray absorptiome-
try (DXA) at baseline and every 12 months thereafter using Holo-
gic (Marlborough, MA, USA) or GE/Lunar (Madison, WI, USA)
densitometers. Scans were processed and analyzed blinded to
treatment at a central imaging vendor (Bioclinica, Princeton,
NJ, USA) as previously described(22); assessors remained blinded
to treatment in both studies.

Statistical analysis

All patients from the ARCH trial and women randomized to
romosozumab from the FRAME trial, with total hip BMD values
at baseline and at least one evaluable total hip BMD value at
month 12 or 36, or with lumbar spine BMD values at baseline

and at least one evaluable lumbar spine BMD value at month
12 or 36, were included in these post hoc analyses.

The probability of achieving a total hip or lumbar spine
T-score > �2.5 with the three treatment sequences at month
36 was estimated based on a logistic regression model,
adjusted for baseline total hip or lumbar spine T-score within
each treatment group, respectively. Similar analyses were per-
formed for probability estimates over 1 year with either romo-
sozumab treatment (from either ARCH or FRAME) or
alendronate treatment (from ARCH). In addition, the probability
of achieving a total hip or lumbar spine T-score > �2 with the
three regimens at 1 and 3 years was analyzed because patients
with high risk of fracture or other risk factors may warrant a
higher BMD target to achieve an acceptably reduced risk of
fracture. To deal with missing data, only patients with all the
required variables available were included in each analysis
(pairwise deletion). The baseline threshold T-scores equal to
�2.7, �3.0, and �3.5 were not prespecified. At a certain point
for both total hip and lumbar spine, the probability of achieving
a T-score > �2.5 was below 50% when treated with alendro-
nate alone. As such, these example baseline T-score thresholds
were selected logically to demonstrate a range of probabilities
of achieving a T-score > �2.5.

Results

Patient disposition

These post hoc analyses included 3234 women from the 3589 par-
ticipants randomized to romosozumab/denosumab in the FRAME
study, 1814 of the 2046 women randomized to romosozumab/
alendronate in the ARCH trial, and 1825 of the 2047 women ran-
domized to alendronate alone in the ARCH trial (Fig. 1). Consistent

Table 1. Baseline Characteristics and Demographic Data

Baseline characteristics

FRAME ARCH ARCH

Romo/Dmab Romo/ALN ALN

(N = 3234) (N = 1814) (N = 1825)

Age (years), mean (SD) 70.7 (7.0) 74.2 (7.5) 74.0 (7.4)
BMD T-score, mean (SD)
Total hipa �2.48 (0.47) �2.77 (0.67) �2.79 (0.65)
Lumbar spineb �2.73 (1.04) �2.94 (1.23) �2.98 (1.22)

BMD T-score, n (%)
Total hip

≤ �3.0 406 (12.6) 647 (35.7) 633 (34.7)
> �3.0 and ≤ �2.5 1311 (40.5) 556 (30.7) 597 (32.7)
> �2.5 1517 (46.9) 611 (33.7) 595 (32.6)

Lumbar spine
≤ �3.0 1358 (42.0) 892 (49.2) 917 (50.2)
> �3.0 and ≤ �2.5 627 (19.4) 279 (15.4) 274 (15.0)
> �2.5 1173 (36.3) 573 (31.6) 555 (30.4)

Missing 76 (2.4) 70 (3.9) 79 (4.3)

Romo = romosozumab; Dmab = denosumab; ALN = alendronate; SD = standard deviation; BMD = bone mineral density.
Data from placebo arm of FRAME study not included in these analyses. N = Number of patients with total hip BMD values at baseline and at least one

evaluable total hip BMD value at month 12 or month 36, or with lumbar spine BMD values at baseline and at least one evaluable lumbar spine BMD value
at month 12 or month 36.

aIn patients with total hip BMD values at baseline and at least one evaluable total hip BMD value atmonth 12 ormonth 36, Romo/Dmab n= 3234, Romo/
ALN n = 1814, ALN n = 1825.

bIn patients with lumbar spine BMD values at baseline and at least one evaluable lumbar spine BMD value at month 12 or month 36, Romo/Dmab
n = 3158, Romo/ALN n = 1744, ALN n = 1746.
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Fig. 2. Probabilities of achieving a T-score > �2.5 in the total hip (A) and lumbar spine (B) after 3 years of treatment with Romo/Dmab, Romo/ALN, or ALN
only. (A) Number of patients with evaluable total hip bone mineral density (BMD) value at baseline and month 36. (B) Number of patients with evaluable
lumbar spine BMD value at baseline and month 36. ALN = alendronate; Dmab = denosumab; Romo = romosozumab.
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with the inclusion criteria for the FRAME and ARCH studies, baseline
characteristics varied slightly between treatment groups, including
slightly higher mean T-scores for both total hip and lumbar spine
among those enrolled in FRAME (romosozumab/denosumab:
�2.5 and �2.7, respectively) compared with ARCH (romosozu-
mab/alendronate: �2.8 and �2.9, respectively; alendronate only:
�2.8 and �3.0, respectively) (Table 1). {TBL 1} In addition, the pro-
portion of women who had baseline T-scores ≤ �2.5 in the total
hip were 53% in FRAME and 66% and 68% for those initially treated
with romosozumab or alendronate in ARCH, respectively. The pro-
portion of womenwith baseline lumbar spine T-scores ≤ �3.0 were
42% in FRAME and 49% and 50% for those initially treated with
romosozumab or alendronate in ARCH, respectively. Mean age
was a few years older in ARCH versus FRAME (Table 1).

Probabilities of achieving non-osteoporotic BMD levels

Three years of treatment

After 3 years of treatment, during which those patients initially
randomized to romosozumab had switched to either denosu-
mab or alendronate, the probability of reaching a total hip or
lumbar spine T-score above �2.5 was dependent on treatment
sequence.

For patients with baseline T-scores equal to or higher than
�2.7 at the total hip, more than 50% of patients achieved a total
hip T-score > �2.5 within 3 years, regardless of treatment
(Fig. 2A). {FIG2} For patients with baseline total hip T-scores equal
to �3.0, the probability of achieving a total hip T-score above
�2.5 was 61% with romosozumab/denosumab, 38% with romo-
sozumab/alendronate, and 9% with alendronate alone. Patients

with a baseline total hip T-score equal to �3.5 had a low proba-
bility of reaching a total hip T-score above �2.5 at 3 years with
any of the treatment sequences (<10%; Table 2). {TBL 2}

In patients with an initial lumbar T-score ≤�2.7, there was a high
probability of achieving a lumbar spine T-score above �2.5 at
3 years with any of the treatments (97% with romosozumab/
denosumab in FRAME, 92% with romosozumab/alendronate in
ARCH, and 83% with alendronate alone) (Fig. 2B; Table 2). Among
patients who started with a lumbar spine T-score equal to �3.0,
the probability of achieving a lumbar spine T-score above �2.5
within 3 years was 93% with the romosozumab/denosumab
sequence comparedwith 81%with the romosozumab/alendronate
sequence and 55% for alendronate alone. For those with a lumbar
spine T-score equal to �3.5 at baseline, the probability of attaining
a lumbar spine T-score above �2.5 at 3 years was 67% with romo-
sozumab/denosumab compared with 46% with romosozumab/
alendronate and 11% with alendronate alone (Table 2).

One year of treatment

The probability of achieving a T-score above �2.5 at total hip
(Fig. 3A) {FIG3} or lumbar spine (Fig. 3B) was greater after 1 year
of romosozumab treatment than 1 year of alendronate
treatment.

In patients with a baseline total hip T-score equal to �2.7, the
probability of reaching a total hip T-score > �2.5 was 78% and
71% with romosozumab (FRAME and ARCH, respectively) and
38% with alendronate. For patients with initial total hip T-score
equal to �3.0 or below, the probability of achieving a total hip
T-score above �2.5 after 1 year of either treatment was low
(≤25%; Table 2).

Table 2. Probabilities of Achieving a T-Score > �2.5 in the Total Hip and Lumbar Spine at Years 3 and 1 in Patients With Baseline T-Scores
Equal to �2.7, �3.0, and �3.5

Treatment
Baseline
T-score

Site of BMD
measurement at

year 3

Probability of
T-score > �2.5 at 3 years, %

(95% CI)

Site of BMD
measurement at

year 1

Probability of
T-score > �2.5 at 1 year, %

(95% CI)

ALN
(N = 1825)

�2.7 Total hip (n = 735)a 53.3 (46.8, 59.7) Total hip
(n = 1778)c

38.4 (34.1, 42.8)
�3.0 9.3 (6.2, 13.8) 3.5 (2.4, 5.1)
�3.5 0.2 (0.1, 0.5) 0.0 (0.0, 0.1)
�2.7 Lumbar spine

(n = 719)b
82.6 (76.2, 87.5) Lumbar spine

(n = 1714)d
63.9 (58.8, 68.7)

�3.0 54.8 (47.6, 61.7) 25.1 (21.0, 29.6)
�3.5 11.0 (7.5, 15.9) 2.0 (1.3, 3.3)

Romo/ALN
(N = 1814)

�2.7 Total hip (n = 748)a 72.8 (67.7, 77.4) Total hip
(n = 1773)c

70.7 (66.8, 74.4)
�3.0 38.0 (32.6, 43.8) 21.5 (18.0, 25.5)
�3.5 5.0 (3.1, 8.0) 0.7 (0.4, 1.2)
�2.7 Lumbar spine

(n = 730)b
91.5 (87.8, 94.2) Lumbar spine

(n = 1715)d
95.3 (93.5, 96.7)

�3.0 80.6 (75.5, 84.9) 85.0 (81.6, 87.8)
�3.5 45.9 (40.0, 51.8) 39.9 (35.5, 44.4)

Romo/Dmab
(N = 3234)

�2.7 Total hip
(n = 2837)a

90.0 (88.3, 91.5) Total hip
(n = 3186)c

77.6 (75.2, 79.8)
�3.0 61.0 (57.5, 64.5) 23.8 (20.6, 27.3)
�3.5 7.8 (5.6, 10.9) 0.6 (0.4, 0.9)
�2.7 Lumbar spine

(n = 2791)b
97.3 (96.4, 98.0) Lumbar spine

(n = 3140)d
96.5 (95.5, 97.4)

�3.0 92.5 (90.9, 93.8) 85.8 (83.5, 87.9)
�3.5 67.2 (64.2, 70.1) 32.3 (28.9, 35.8)

BMD = bone mineral density; CI = confidence interval; ALN = alendronate; Romo = romosozumab; Dmab = denosumab.
N= Number of patients with total hip BMD values at baseline and at least one evaluable total hip BMD value at month 12 or month 36, or with lumbar

spine BMD values at baseline and at least one evaluable lumbar spine BMD value at month 12 or month 36.
aNumber of patients with evaluable total hip BMD value at baseline and month 36.
bNumber of patients with evaluable lumbar spine BMD value at baseline and month 36.
cNumber of patients with evaluable total hip BMD value at baseline and month 12.
dNumber of patients with evaluable lumbar spine BMD value at baseline and month 12.
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Fig. 3. Probabilities of achieving a T-score > �2.5 in the total hip (A) and lumbar spine (B) after 1 year of treatment with romosozumab or alendronate. (A)
Number of patients with evaluable total hip bone mineral density (BMD) value at baseline and month 12. (B) Number of patients with evaluable lumbar
spine BMD value at baseline and month 12. ALN = alendronate; Dmab = denosumab; Romo = romosozumab.
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In patients with a baseline lumbar spine T-score equal to�2.7,
the probabilities of attaining a lumbar spine T-score above �2.5
were 97% and 95% for romosozumab treatment (in FRAME and
ARCH, respectively) and 64% for alendronate. For patients with
an initial lumbar spine T-score equal to �3.0, the probabilities
of achieving a lumbar spine T-score > �2.5 were 86% and 85%
for those treated with romosozumab in FRAME and ARCH,
respectively, but only 25% for alendronate-treated patients. In
patients who began with a lumbar spine T-score equal to �3.5,
the probabilities of achieving a lumbar spine T-score > �2.5 at
1 year were 32% and 40% for romosozumab-treated patients
(FRAME and ARCH, respectively) and 2% for alendronate-treated
patients.

Probabilities of achieving BMD T-score of ≥ �2.0 after
3 years

For patients with a baseline total hip T-score equal to �2.7 trea-
ted initially with romosozumab, there was a 28% and 12% prob-
ability of achieving a T-score ≥ �2.0 (followed by denosumab
and alendronate, respectively) compared with 2% for
alendronate-only treatment. Patients with baseline total hip
T-scores below �2.7 had a low probability of achieving a total
hip T-score ≥ �2.0, regardless of treatment (<10%; Supplemen-
tal Table S1).

For patients with initial lumbar spine T-scores equal to �2.7,
the probability of achieving a lumbar spine T-score ≥ �2.0 was
89% with romosozumab/denosumab, 68% with romosozumab/
alendronate, and 39% with alendronate alone (Supplemental
Table S1). The probability of achieving a lumbar spine
T-score ≥ �2.0 with initial romosozumab treatment for patients
with baseline lumbar spine T-scores equal to �3.0 was 71%
and 47% (FRAME and ARCH, respectively) and 15%with alendro-
nate alone (Supplemental Table S1). For patients with a baseline
T-score equal to �3.5, the probability of achieving a T-
score ≥ �2.0 was low across all treatments (≤25%).

Discussion

In these analyses, we show that women with a baseline T-score
as low as �2.7 in the total hip or �3.0 in the lumbar spine have
more than a 50% chance of achieving a T-score above�2.5 with
all three treatment regimens over 3 years. However, as baseline
T-scores fall below �2.7 to �3.0 in the total hip and below
�3.0 to �3.5 in the lumbar spine, the probability of achieving a
non-osteoporotic BMD T-score within 3 years of alendronate
alone falls to about 10% at both sites; in contrast, the probabili-
ties of achieving T-scores above osteoporotic range remain high
if the initial treatment is romosozumab.

With just 1 year of treatment in patients with baseline T-scores
of�2.7 or below in the total hip and�3.0 or below in the lumbar
spine, the probability of attaining a non-osteoporotic BMD T-
score was low with alendronate alone. In contrast, with 1 year
of romosozumab treatment, the probabilities of attaining non-
osteoporotic T-scores were more than 70% for the total hip
and about 85% for the lumbar spine. Whenever possible, women
who have a baseline T-score below�2.7 at the total hip or below
�3.0 at the lumbar spine should be considered for romosozu-
mab therapy first in order to provide a high likelihood of attain-
ing BMD levels above the osteoporotic range within 1 to 3 years.

We investigated the probability of achieving a target
T-score > �2.5 because achieving this is a logical first step for
patients who present with a BMD in the osteoporotic range.

However, many fractures occur in women with T-scores above
�2.5,(3) and for these and other individuals, attaining a T-score
of �2.0 or higher might be appropriate(24,25); we therefore also
investigated the probability of achieving this BMD target.
Although there was a lower probability of achieving this more
stringent goal across all treatments, those treated initially with
romosozumab had a much higher probability at both skeletal
sites than alendronate alone. The goal of therapy should be ame-
nable to personalization based on the presence of other inde-
pendent risk factors for fracture. Having a goal can help close
the recognized gap in long-term adherence to treatment, sup-
porting lifelong management of osteoporosis.

In patients who have a very high risk of fracture in the next
1 or 2 years, it is important to consider selection of a pharmaco-
logic treatment that improves BMD and thereby reduces fracture
risk as quickly as possible. In the FRAME trial, fewer fractures were
observed in the second year, while all women were on denosu-
mab, among patients who initially received romosozumab.(5)

Similarly, reduced fracture incidence was found in women origi-
nally randomized to romosozumab versus alendronate in the
ARCH study during years 2 and 3, while all women were on alen-
dronate. These findings suggest that the rebuilding of bone with
romosozumab can lead to a persistent benefit after transition to
an antiresorptive therapy. One year of treatment with romosozu-
mab resulted in higher BMD compared with alendronate in the
ARCH study, and higher BMD, particularly in the total hip, was
associated with lower subsequent risk of both nonvertebral
and vertebral fracture.(25) In women who begin with a total hip
T-score of �2.7, 1 year of treatment with alendronate is unlikely
to achieve the target BMD level, but the probability with 1 year of
romosozumab exceeds 70%.

The results presented here also demonstrate that if a patient
has a very low T-score to begin with, particularly at the total
hip (T-score below �3.5), it may be difficult to achieve non-
osteoporotic BMD goals within 3 years, regardless of treatment.
Still, a treatment strategy utilizing romosozumab initially fol-
lowed by denosumab has the greatest probability of improving
BMD to treatment targets within 3 years. Future research could
illuminate whether multiple courses of romosozumab or other
sequential, or even combination, treatmentsmay provide further
improvements.

Study strengths and limitations

The large number of patients included in the FRAME and ARCH
studies allowed a large sample size to be used in these post
hoc analyses, increasing the robustness of the findings. Limita-
tions included the different study designs of FRAME and ARCH.
As the study design and eligibility criteria are different across
the FRAME and ARCH studies, post hoc comparisons made
across trials are indirect and descriptive. Additionally, in the pre-
sent study, we did not analyze the relationship between the BMD
achieved and the decrease in the risk of subsequent fracture,
although this has been evaluated previously in ARCH and other
studies.(8,16,26–28) A further limitation of this study is that the ana-
lyses limit the achievement of improved BMD T-scores to > �2.5
or ≥ �2.0. Achieving these BMD targets may not be adequate for
patients who may have high fracture risk primarily from non-
BMD factors. Finally, it should be noted that here we assessed
which treatment sequence was associated with the greatest
chance of achieving a specific T-score. Of course, the choice of
therapeutic agent for each individual patient should take into
consideration factors other than just BMD.
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In patients with osteoporosis, treatment with romosozumab
followed by an antiresorptive agent provided the greatest prob-
ability of achieving a target T-score above osteoporosis range at
the total hip and lumbar spine within 3 years, with the romoso-
zumab/denosumab sequence yielding the greatest probability
of achieving this goal in patients with the lowest T-scores. Over
1 year of therapy, the probabilities of achieving BMD levels
above the osteoporosis range at total hip and lumbar spine were
much higher with romosozumab than alendronate. When select-
ing initial treatment for patients with osteoporosis, especially in
those with a high risk of imminent or long-term fragility fracture,
the BMD at baseline and probability of achieving their BMD goal
should be considered.

Disclosures

CD, ZW, ZY: Employees of Amgen. CL: Employee and stockholder
of UCB Pharma. EH: Consulting/speaker fees from Amgen, UCB
Pharma, Lilly, Ipsen, Theramex, AgNovos, and Alexion. EL:
Consulting/speaker fees from Amgen, Lilly, Theramex, and UCB
Pharma. FC: Received institutional grants and research support
from Amgen; has served as a consultant for Amgen and Radius
Health; and has served on the speakers’ bureaus for Amgen
and Radius Health. FB: Consulting/speaker fees from Amgen,
UCB Pharma, Lilly, Abiogen, Astellas, Janssen, and Chiesi Farma-
ceutici. J-EBJ: Advisory boards: Amgen, Eli Lilly, UCB Pharma,
and Gedeon Richter; lectures: Amgen, Eli Lilly, UCB Pharma,
Gilead, and Otsuka. PP: Consulting/speaker fees from Amgen,
UCB Pharma, Lilly, Kyowa and Kirin. SF: Received research and/or
consulting grants from Amgen, UCB Pharma, Radius, Agnovos,
Alexion, and Gedeon Richter. SRC: Consultant and honoraria for
speaking from Amgen.

Acknowledgments

The authors thank the patients, the investigators, and their
teams who took part in this study. The authors also acknowledge
Jen Timoshanko, UCB Pharma, Slough, UK, for publication coor-
dination and Hannah Brechka, PhD, from Costello Medical, UK,
for medical writing and editorial assistance based on the authors’
input and direction in accordance with Good Publication
Practice (GPP3) guidelines (http://www.ismpp.org/gpp3). This
study was sponsored by UCB Pharma and Amgen Inc.

Authors’ roles: Substantial contributions to study conception
and design: FC, CL, ZY, ZW, SF, PP, FB, EL, EH, and SRC. Substantial
contributions to acquisition of data: FC, CL, ZY, ZW, SF, J-EBJ, PP,
FB, EL, EH, and SRC. Substantial contributions to analysis and
interpretation of data: FC, CL, CD, ZY, ZW, SF, PP, FB, EL, EH, and
SRC. Drafting the article or revising it critically for important intel-
lectual content: FC, CL, CD, ZY, ZW, SF, J-EBJ, PP, FB, EL, EH, and
SRC. Final approval of the version of the article to be published:
FC, CL, CD, ZY, ZW, SF, J-EBJ, PP, FB, EL, EH, and SRC.

Data Sharing Statement

Underlying data from this manuscript may be requested by qual-
ified researchers 6 months after product approval in the US
and/or Europe, or global development is discontinued, and
18 months after trial completion. Investigators may request
access to anonymized IPD and redacted study documents, which
may include raw data sets, analysis-ready data sets, study proto-
col, blank case report form, annotated case report form,

statistical analysis plan, data set specifications, and clinical study
report. Before use of the data, proposals need to be approved by
an independent review panel at www.Vivli.org and a signed data
sharing agreement will need to be executed. All documents are
available in English only, for a prespecified time, typically
12 months, on a password-protected portal.

Peer Review

The peer review history for this article is available at https://
publons.com/publon/10.1002/jbm4.10546.

References

1. Compston J, Cooper A, Cooper C, et al. UK clinical guideline for the
prevention and treatment of osteoporosis. Arch Osteoporos. 2017;
12(1):43.

2. Kanis JA, Cooper C, Rizzoli R, Reginster JY. European guidance for the
diagnosis and management of osteoporosis in postmenopausal
women. Osteoporos Int. 2019;30(1):3-44.

3. 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 executive summary. Endocr Pract.
2020;26(5):564-570.

4. Cosman F. Anabolic therapy and optimal treatment sequences for
patients with osteoporosis at high risk for fracture. Endocr Pract.
2020;26(7):777-786.

5. 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(7):1219-1226.

6. Neer RM, Arnaud CD, Zanchetta JR, et al. Effect of parathyroid
hormone (1-34) on fractures and bone mineral density in postmeno-
pausal women with osteoporosis. N Engl J Med. 2001;344(19):
1434-1441.

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(7):722-733.

8. Saag KG, Petersen J, Brandi ML, et al. Romosozumab or alendronate
for fracture prevention in women with osteoporosis. N Engl J Med.
2017;377(15):1417-1427.

9. Langdahl B. Treatment of postmenopausal osteoporosis with bone-
forming and antiresorptive treatments: combined and sequential
approaches. Bone. 2020;139:115516.

10. 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(10117):230-240.

11. McClung MR. Romosozumab for the treatment of osteoporosis.
Osteoporos Sarcopenia. 2018;4(1):11-15.

12. Shoback D, Rosen CJ, Black DM, Cheung AM, Murad MH, Eastell R.
Pharmacological management of osteoporosis in postmenopausal
women: an Endocrine Society guideline update. JCEM. 2020;105(3):
587–594.

13. Ferrari S, Lippuner K, Lamy O, Meier C. recommendations for osteo-
porosis treatment according to fracture risk from the Swiss Associa-
tion against Osteoporosis (SVGO). Swiss Med Wkly. 2020;150:w20352.

14. Bouxsein ML, Eastell R, Lui LY, et al. Change in bone density and
reduction in fracture risk: a meta-regression of published trials.
J Bone Miner Res. 2019;34(4):632-642.

15. Cummings SR, Cosman F, Lewiecki EM, et al. Goal-directed treatment
for osteoporosis: a progress report from the ASBMR-NOF Working
Group on Goal-Directed Treatment for Osteoporosis. J Bone Miner
Res. 2017;32(1):3-10.

16. Ferrari S, Libanati C, Lin CJF, et al. Relationship between bonemineral
density T-score and nonvertebral fracture risk over 10 years of deno-
sumab treatment. J Bone Miner Res. 2019;34(6):1033-1040.

JBMR Plus (WOA)n 8 of 9 COSMAN ET AL.

http://www.ismpp.org/gpp3
http://www.vivli.org
https://publons.com/publon/10.1002/jbm4.10546
https://publons.com/publon/10.1002/jbm4.10546


17. Ferrari S, Adachi JD, Lippuner K, et al. Further reductions in nonver-
tebral fracture rate with long-term denosumab treatment in the
FREEDOM open-label extension and influence of hip bone mineral
density after 3 years. Osteoporos Int. 2015;26(12):2763-2771.

18. Black DM, Reid IR, Cauley JA, et al. The effect of 6 versus 9 years of
zoledronic acid treatment in osteoporosis: a randomized second
extension to the HORIZON-pivotal fracture trial (PFT). J Bone Miner
Res. 2015;30(5):934-944.

19. Thomas T, Casado E, Geusens P, et al. Is a treat-to-target strategy in
osteoporosis applicable in clinical practice? Consensus among a
panel of European experts. Osteoporos Int. 2020;31(12):2303-2311.

20. Black DM, Bauer DC, Vittinghoff E, et al. Treatment-related changes in
bonemineral density as a surrogate biomarker for fracture risk reduction:
meta-regression analyses of individual patient data from multiple ran-
domised controlled trials. Lancet Diabetes Endocrinol. 2020;8(8):672-682.

21. Nogués X, Nolla JM, Casado E, et al. Spanish consensus on treat to tar-
get for osteoporosis. Osteoporos Int. 2018;29(2):489-499.

22. Cosman F, Crittenden DB, Adachi JD, et al. Romosozumab treatment
in postmenopausal women with osteoporosis. N Eng J Med. 2016;
375(16):1532-1543.

23. McClung MR, Grauer A, Boonen S, et al. Romosozumab in postmeno-
pausal women with low bone mineral density. N Eng J Med. 2014;
370(5):412-420.

24. Briot K, Roux C, Thomas T, et al. 2018 update of French recommenda-
tions on the management of postmenopausal osteoporosis. Joint
Bone Spine. 2018;85(5):519-530.

25. 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(7):1333-1342.

26. Cosman F, Cauley JA, Eastell R, et al. Reassessment of fracture risk
in women after 3 years of treatment with zoledronic acid: when is
it reasonable to discontinue treatment? JCEM. 2014;99(12):4546-
4554.

27. Black DM, Schwartz AV, Ensrud KE, et al. Effects of continuing or stop-
ping alendronate after 5 years of treatment: the Fracture Interven-
tion Trial Long-Term Extension (FLEX): a randomized trial. JAMA.
2006;296(24):2927-2938.

28. Bauer DC, Schwartz A, Palermo L, et al. Fracture prediction after dis-
continuation of 4 to 5 years of alendronate therapy: the FLEX study.
JAMA Intern Med. 2014;174(7):1126-1134.

JBMR® Plus PROBABILITY OF ACHIEVING TARGET BMD 9 of 9 n


	Romosozumab Followed by Antiresorptive Treatment Increases the Probability of Achieving Bone Mineral Density Treatment Goals
	Introduction
	Methods
	Study design
	Assessment and procedures
	Statistical analysis

	Results
	Patient disposition
	Probabilities of achieving non-osteoporotic BMD levels
	Three years of treatment
	One year of treatment

	Probabilities of achieving BMD T-score of -2.0 after 3years

	Discussion
	Study strengths and limitations

	Disclosures
	Acknowledgments
	Data Sharing Statement
	Peer Review

	References


