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ABSTRACT
Patients with osteoporosis and chronic kidney disease (CKD) are at increased risk of fracture and associated negative outcomes,
including increased mortality. The present post hoc analysis of two randomized, multicenter, phase 3 clinical trials—Fracture Study
in Postmenopausal Women with Osteoporosis (FRAME) and Active-Controlled Fracture Study in Postmenopausal Women with Oste-
oporosis at High Risk (ARCH)—investigated the efficacy and safety of romosozumab in postmenopausal women with osteoporosis
and mild-to-moderate CKD. The analysis included data from 7147 patients from FRAME and 4077 from ARCH. Eighty-one percent
of patients from FRAME and 85% from ARCH had mild or moderate reduction in estimated glomerular filtration rate (eGFR) at base-
line, and part of this reduction is likely age related. During the 1-year double-blind phases of the trials, patients received romosozu-
mab 210 mg sc or placebomonthly in FRAME and romosozumab 210 mg sc monthly or alendronate 70 mg po weekly in ARCH. Bone
mineral density (BMD) at the lumbar spine, total hip, and femoral neck and vertebral and nonvertebral fractures were assessed at
baseline andmonth 12. In both trials, the least-squaremean percent change from baseline BMDwas significantly greater in the romo-
sozumab groups versus controls across all kidney function categories at month 12. Romosozumab reduced the relative risk of new
vertebral fractures at month 12 among patients with eGFR of 30–59, 60–89, and ≥90 mL/min by 72% (95% confidence interval
[CI] 14–91; p = 0.017), 70% (40–85; p < 0.001), and 84% (30–96; p = 0.005), respectively, in FRAME versus placebo, and by 51%
(5–75; p= 0.04), 19% (�28 to 49; p= 0.39), and 57% (1–81, p= 0.04), respectively, in ARCH versus alendronate. Incidences of adverse
events, asymptomatic decreases in serum calcium, and evolution of kidney function during the studies were similar across all baseline
kidney function groups. Romosozumab is an effective treatment option for postmenopausal women with osteoporosis and mild-to-
moderate reduction in kidney function, with a similar safety profile across different levels of kidney function. © 2022 The Authors.
Journal of Bone andMineral Research published byWiley Periodicals LLC on behalf of American Society for Bone andMineral Research
(ASBMR).
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Introduction

A substantial portion of postmenopausal women have the
comorbidities of reduction in kidney function and osteoporo-

sis. The prevalence of chronic kidney disease (CKD) in females
≥65 years in the United States is estimated to be 12% to 16%.(1,2)

Moderate-to-severe reduction in kidney function is present in
approximately 85% of women with osteoporosis.(3) CKD predis-
poses patients to metabolic bone disease that causes quantita-
tive and qualitative changes in bone tissue, leading to
increased risk of fracture.(4-6) Results from the Third National
Health and Nutrition Examination Survey (NHANES III) indicated
a twofold increase in the prevalence of hip fracture among par-
ticipants with an estimated glomerular filtration rate (eGFR)
≤60 mL/min compared with participants with normal kidney
function.(7)

Given the increased risk of fracture observed in conjunction
with CKD, it is important to evaluate the efficacy and safety of
osteoporosis treatments in this patient population.(8) Bisphos-
phonates are often first-line therapy for osteoporosis(9) and are
generally well tolerated in patients with mild-to-moderate
reduction in kidney function. However, they are not recom-
mended for patients with severe reduction in kidney function
(creatinine clearance <30 mL/min for risedronate and ibandro-
nate; <35 mL/min for alendronate and zoledronic acid).(6,10,11)

Bisphosphonates undergo renal clearance and may accumulate
in patients with CKD, theoretically leading to an increase in
adverse effects. Clinical trials in osteoporosis have excluded
patients with severe reduction in kidney function or end-stage
renal disease (ESRD).(12) In a post hoc analysis, denosumab, an
antiresorptive agent that is not cleared by kidneys,(4) was found
to reduce fracture risk in women with osteoporosis and impaired
kidney function.(13) Patients with severe CKD are at increased risk
for developing hypocalcemia while on denosumab.(14,15) A lim-
ited number of post hoc analyses assessing the use of anabolic
agents (teriparatide, abaloparatide) suggest no clinically mean-
ingful difference in bonemineral density (BMD) increase, fracture
risk reduction, or treatment-emergent adverse events (TEAE)
between patients with normal or impaired kidney function.(16-18)

Romosozumab has been shown to be superior to placebo and
oral alendronate in reducing fractures in two large phase 3 clini-
cal trials. In the pivotal Fracture Study in Postmenopausal
Women with Osteoporosis (FRAME), 1 year of romosozumab
treatment, 210 mg subcutaneously monthly, was compared with
placebo.(19) Romosozumab treatment resulted in significantly
greater BMD gains of 13.3% at the lumbar spine, 6.9% at total
hip, and 5.9% at the femoral neck compared with placebo.
Patients treated with romosozumab also had a 73% lower rela-
tive risk of new vertebral fractures and a 36% lower relative risk
of clinical fractures at 1 year.

In the Active-Controlled Fracture Study in Postmenopausal
Womenwith Osteoporosis at High Risk (ARCH), 1 year of romoso-
zumab treatment was compared with ≥1 year of alendronate
treatment.(20) Compared with alendronate, romosozumab treat-
ment resulted in significantly greater gains in BMD from baseline
at the lumbar spine (13.7% versus 5.0%, p < 0.001), total hip (6.2%
versus 2.8%, p < 0.001), and femoral neck (4.9% versus 1.7%,
p < 0.001). Patients receiving romosozumab for 12months expe-
rienced a significant 37% and 28% reduction in the relative risk of
vertebral and clinical fractures, respectively, as well as a 26%
reduction in nonvertebral fractures and a 36% reduction in hip
fractures compared with alendronate.

We performed a post hoc analysis of 1-year data from these
two studies to determine the efficacy and safety of romosozu-
mab versus control among women with osteoporosis and differ-
ent levels of kidney function.

Materials and Methods

Study design and patient population

This post hoc analysiswas performedusing results from the double-
blind portions of the phase 3 FRAME (NCT01575834) and ARCH
(NCT01631214) studies (Supplemental Table S1).(19,20) The FRAME
trial enrolled postmenopausal women with osteoporosis (BMD T-
score ≤ �2.5 at the total hip or femoral neck),(19) whereas the
active-controlled ARCH trial enrolled postmenopausal women with
osteoporosis and a fragility fracture.(20)

Patients were stratified according to degree of kidney func-
tion at baseline, as determined by eGFR. Age-related reductions
in eGFR would be expected in this population. eGFR was calcu-
lated using the Modification of Diet in Renal Disease (MDRD)
study equation and normalized to body surface area
(mL/min/1.73 m2).(21) Kidney function was categorized as: nor-
mal (eGFR ≥90 mL/min), mild reduction in kidney function (eGFR
60–89 mL/min), or moderate reduction in kidney function (eGFR
30–59 mL/min).

Patients with severe reduction in kidney function (eGFR 15–
29 mL/min) were not included in this efficacy analysis owing to
the small number enrolled in the studies. Among the 33 patients
enrolled in FRAME and not included in this analysis, 18 met eGFR
criteria for severe reduction in kidney function, and baseline
eGFR information was unavailable for 15 patients. Although the
ARCH protocol called for subjects with eGFR <35 mL/min to be
excluded—in line with alendronate label—a small number of
patients with eGFR below this threshold were nonetheless
enrolled in the study, and these patients were still included in
that study based on intent-to-treat analysis. Among the
16 patients enrolled in ARCH and not included in this analysis,
11 had severe CKD and 5 had no baseline eGFR information avail-
able. Therefore, this post hoc analysis included data from 7147
(99.5%) of the 7180 patients enrolled in FRAME and 4077
(99.6%) of the 4093 patients enrolled in ARCH (Supplemental
Fig. S1).

Study outcomes

Efficacy outcomes included percent change in BMD from
baseline to month 12 at the lumbar spine, total hip, and fem-
oral neck and incidence of new vertebral fractures at month
12. BMD was measured by dual-energy X-ray absorptiometry
(DXA) performed at baseline, month 6, and month 12. Verte-
bral fractures were assessed by lateral radiographs of the
spine obtained at baseline, month 6, and month 12 during
the double-blind period in FRAME and at baseline and month
12 during the double-blind period in ARCH. Vertebral and
nonvertebral fracture radiographs were assessed at a central
imaging center.

Adverse events (AEs) were reported by individual trial sites.
Events related to calcium homeostasis were graded based on
the Common Terminology Criteria for Adverse Events (CTCAE)
version 3.0.
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Statistical methods

BMD analysis included all randomized subjects with a baseline
BMD and ≥1 post-baseline evaluation at or before month 12.
Least squares (LS) mean percent change from baseline in BMD
at the lumbar spine, total hip, and femoral neck was estimated
by analysis of variance (ANCOVA) model, adjusted for treatment,
baseline value, machine type, and baseline value-by-machine
type interaction. In ARCH, BMD results were additionally adjusted
for age strata and prevalence of severe vertebral fracture at base-
line, whereas in FRAME, results were additionally adjusted for
age and prevalent vertebral fracture stratification variables. Ana-
lyses of new vertebral fractures included all randomized patients
with a baseline and ≥1 post-baseline evaluation of vertebral frac-
ture at or before month 12. Relative risk of new vertebral fracture
was estimated based on theMantel–Haenszel method, and odds
ratio (OR) was calculated based on logistic regression model.
New vertebral fracture results were adjusted for age and preva-
lent vertebral fracture stratification variables in FRAME and
adjusted for age strata, baseline total hip BMD T-score, and pres-
ence of severe vertebral fracture at baseline in ARCH. Missing
values were imputed by the last observation carried forward
(LOCF) method. Safety analysis included all patients who
received ≥1 dose of investigational product in the double-blind
period, and results were summarized according to baseline kid-
ney function as groups of normal, mild, and moderate.

Results

Patient population

At baseline, most patients had mild (4939 [69%] in FRAME and
2478 [61%] in ARCH) or moderate (1360 [19%] in FRAME and
993 [24%] in ARCH) decreases in kidney function. Within each
trial, baseline and clinical characteristics were similar across
treatment groups and kidney function categories (Table 1).
Patients in ARCH were approximately 4 to 5 years older than
patients in FRAME; thus, the higher percentage of patients in
ARCH with a moderate decrease in kidney function is likely due
to age-related reduction in eGFR. The median age of patients
with a moderate reduction in kidney function was ≥5 years older
than for patients with normal or mildly impaired kidney function
for both trials. Baseline BMD was lower and the proportion of
patients with prior osteoporotic fracture and prevalent vertebral
fracture was greater in ARCH than in FRAME.

Change from baseline BMD

In both ARCH and FRAME, significant BMD increases were
observed across all kidney function categories and across each
of three different anatomical BMD samples after 1 year of romo-
sozumab treatment (Fig. 1). Similar trends were found for both
least-square means (LSM) percent differences in BMD from base-
line and absolute LSM differences in BMD (data not shown).

In FRAME, the between-group difference in LS mean (95%
confidence interval [CI]) change from baseline BMD at month
12 at the lumbar spine was 13.7% (13.1–14.4; p < 0.001) in
patients with normal kidney function, 13.0% (12.7–13.3;
p < 0.001) in patients with mild CKD, and 10.9% (10.4–11.4;
p < 0.001) in patients with moderate CKD. LS mean (95% CI) dif-
ferences between romosozumab and placebo in total hip BMD
were 6.1% (5.6–6.6; p < 0.001), 5.9% (5.7–6.1; p < 0.001), and
5.2% (4.7–5.6; p < 0.001) in patients with normal kidney function,
mild CKD, and moderate CKD, respectively. LS mean (95% CI)

differences between treatment groups in femoral neck BMD
were 5.3% (4.6–5.9; p < 0.001), 5.3% (5.0–5.5; p < 0.001), and
4.6% (4.1–5.1; p < 0.001) in patients with normal kidney function,
mild CKD, and moderate CKD, respectively. The BMD increase at
the femoral neck was similar for patients with normal kidney
function compared with those with CKD; however, the BMD
increase appears to be slightly different at the lumbar spine (sub-
group interaction p < 0.001) and total hip (subgroup interaction
p = 0.003) according to kidney function status.

In ARCH, BMD LS mean (95% CI) differences between treat-
ment groups at month 12 at the lumbar spine were 9.6% (8.5–
10.7; p < 0.001) in patients with normal kidney function, 8.8%
(8.3–9.3; p < 0.001) mild CKD, and 8.1% (7.3–8.9; p < 0.001) mod-
erate CKD; for total hip BMD, they were 4.3% (3.5–5.2; p < 0.001),
3.2% (2.9–3.6; p < 0.001), and 3.0% (2.5–3.6; p < 0.001), respec-
tively; differences at the femoral neck were 4.0% (3.1–5.0;
p < 0.001), 3.2% (2.8–3.6; p < 0.001), and 2.7% (2.1–3.4;
p < 0.001) in patients with normal kidney function, mild CKD,
and moderate CKD, respectively. The BMD increases at the lum-
bar spine and femoral neck were similar among women with
normal kidney function compared with those with CKD but var-
ied slightly at the total hip according to kidney function status
(subgroup interaction p = 0.013); these results differ from those
summarized above for the FRAME study.

Incidence of new vertebral fracture

In FRAME, patients treated with romosozumab had significantly
lower risk for new vertebral fractures compared with placebo
regardless of kidney function status (Fig. 2A). The relative risk of
new vertebral fractures at month 12 diminished by 84% (95%
CI 30–96, p = 0.005), 70% (95% CI 40–85, p < 0.001), and 72%
(95% CI 14–91, p = 0.017), in patients with normal kidney func-
tion, mild CKD, and moderate CKD, respectively, compared with
placebo. There was no treatment-by-subgroup interaction
effect (p = 0.75).

In ARCH, the relative risk of new vertebral fractures at month
12was significantly reduced in patients with normal kidney func-
tion and those with moderate CKD who were treated with romo-
sozumab compared with patients treated with alendronate
(relative risk reduction: 57% [95% CI 1–81; p = 0.04] and 51%
[95% CI 5–75, p = 0.04], respectively). Patients with mild CKD
had a 19% (95% CI �28 to 49) relative risk reduction in new ver-
tebral fractures at month 12 (p = 0.39; Fig. 2B). There was no
treatment-by-subgroup interaction effect (p = 0.28).

Incidence of nonvertebral fractures

The risk of nonvertebral fractures was reduced by 26% at month
12 in both FRAME and ARCH (p= 0.08 and p= 0.06, respectively).
Subgroup analyses showed a consistent treatment effect across
eGFR groups as evidenced by overlapping 95% CIs and lack of
treatment-by-subgroup interactions (Supplemental Table S2).

Incidence of adverse events

In both studies, the incidences of treatment-emergent adverse
events (TEAEs) and serious AEs (SAEs) were comparable in both
treatment groups within and across eGFR categories (Table 2).
The proportion of patients who discontinued treatment due to
a TEAE ranged from 2.2% to 3.8% and was also comparable
across all eGFR categories in both studies.

Investigator-reported mild-to-moderate AEs of hypocalce-
mia occurred in 3 patients across both trials. One patient with
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mild CKD receiving romosozumab in FRAME had a moderate
(grade 2) common terminology criteria for adverse events
(CTCAE) TEAE of hypocalcemia that occurred in the setting of
chronic obstructive pulmonary disease, congestive heart fail-
ure, fall, and acute encephalopathy where calcium supplemen-
tation was withheld during the patient’s hospitalization. In
ARCH, one patient with eGFR ≥90 receiving alendronate and
one patient with eGFR 60–89 receiving romosozumab

developed hypocalcemia. All events were non-serious, mild,
and resolved with increase of oral calcium supplementation.
Laboratory analyses revealed that 19 patients (14 in the romo-
sozumab and 5 in the placebo groups) in FRAME and 5 patients
(all in the alendronate group) in ARCH had decreases in
albumin-adjusted serum calcium levels. No AEs of hypocalcemia
were reported by the investigator in association with these find-
ings. All these findings were of mild (<lower limit of normal–

Table 1. Baseline Demographics and Clinical Characteristics in the FRAME and ARCH Studies

FRAME study

eGFR ≥90 mL/min/1.73 m2 eGFR 60–89 mL/min/1.73 m2 eGFR 30–59 mL/min/1.73 m2

Normal kidney function Mild reduction in kidney function Moderate reduction in kidney function

Placebo Romosozumab Placebo Romosozumab Placebo Romosozumab
n = 417 n = 431 n = 2531 n = 2408 n = 627 n = 733

Age, median (range), years 69 (55–88) 68 (55–88) 70 (55–90) 69 (55–90) 75 (56–89) 75 (57–90)
Ethnicity, n (%)
Hispanic 146 (35) 153 (36) 997 (39) 959 (40) 269 (43) 306 (42)
Non-Hispanic 271 (65) 278 (64) 1534 (61) 1449 (60) 358 (57) 427 (58)

BMI (kg/m2), mean (SD) 23.4 (4.0) 23.5 (4.0) 24.7 (4.3) 24.5 (4.2) 25.7 (4.8) 25.8 (4.5)
eGFR (mL/min/1.73 m2), mean (SD) 102.7 (9.5) 102.7 (9.3) 73.1 (8.2) 73.5 (8.2) 50.4 (6.5) 50.2 (6.5)
BMD T-score, mean (SD)
Lumbar spine �2.8 (1.0) �2.9 (1.0) �2.8 (1.0) �2.8 (1.0) �2.5 (1.1) �2.5 (1.1)
Total hip �2.5 (0.5) �2.6 (0.4) �2.5 (0.5) �2.5 (0.5) �2.5 (0.5) �2.5 (0.5)
Femoral neck �2.8 (0.3) �2.8 (0.3) �2.7 (0.3) �2.8 (0.3) �2.8 (0.3) �2.8 (0.3)

Prevalent vertebral fractures, n (%) 65 (16) 83 (19) 470 (19) 440 (18) 107 (17) 145 (20)
Prior osteoporotic fracture, n (%)a 134 (32) 151 (35) 916 (36) 832 (35) 201 (32) 281 (38)
Severe vertebral fracture, n (%) 0 (0.0) 0 (0.0) 3 (0.1) 0 (0.0) 0 (0.0) 1 (0.1)
FRAX score, median (IQR)b n = 416 n = 430 n = 2528 n = 2402 n = 627 n = 731

11.4 11.3 10.9 10.6 10.5 11.3
(7.5, 16.5) (7.5, 17.4) (7.1, 16.7) (7.0, 16.8) (6.9, 16.4) (7.2, 17.4)

Median (IQR) 25-hydroxyvitamin D, ng/mL 28.0 28.0 27.1 27.3 27.2 26.6
(24.2, 34.4) (24.0, 32.9) (23.3, 32.0) (23.6, 32.7) (23.6, 32.0) (23.2, 31.6)

ARCH Study

eGFR ≥90 mL/min/1.73 m2 eGFR 60–89 mL/min/1.73 m2 eGFR 30–59 mL/min/1.73 m2

Alendronate Romosozumab Alendronate Romosozumab Alendronate Romosozumab
n = 336 n = 270 n = 1217 n = 1261 n = 485 n = 508

Age, years
median (range) 73 (55–90) 74 (55–89) 74 (55–90) 74 (55–90) 79 (56–89) 79 (56–90)
Ethnicity, n (%)
Hispanic 129 (38) 102 (38) 392 (32) 386 (31) 140 (29) 140 (28)
Non-Hispanic 207 (62) 168 (62) 825 (68) 875 (69) 345 (71) 368 (72)

BMI (kg/m2), mean (SD) 24.8 (4.4) 25.1 (4.8) 25.3 (4.4) 25.3 (4.3) 26.0 (4.5) 26.0 (4.5)
eGFR (mL/min/1.73 m2), mean (SD) 103.0 (10.4) 103.6 (13.2) 73.0 (8.1) 72.9 (7.9) 50.7 (6.8) 49.5 (6.9)
BMD T-score, mean (SD)
Lumbar spine �3.2 (1.3) �3.2 (1.3) �3.0 (1.2) �3.0 (1.2) �2.7 (1.3) �2.7 (1.3)
Total hip �2.9 (0.7) �2.9 (0.7) �2.8 (0.6) �2.7 (0.7) �2.8 (0.7) �2.8 (0.7)
Femoral neck �3.0 (0.6) �3.0 (0.5) �2.9 (0.5) �2.9 (0.5) �2.9 (0.5) �2.9 (0.5)

Prevalent vertebral fractures, n (%) 317 (94) 256 (95) 1172 (96) 1213 (96) 467 (96) 494 (97)
Prior osteoporotic fracture, n (%)a 333 (99) 263 (97) 1207 (99) 1248 (99) 482 (99) 504 (99)
Severe vertebral fracture, n (%) 219 (65) 181 (67) 784 (64) 826 (66) 313 (65) 360 (71)
FRAX score, median (IQR)b n = 335 n = 269 n = 1214 n = 1259 n = 483 n = 508

18.8 17.9 17.3 17.8 18.2 18.7
(13.3, 26.2) (13.7, 24.2) (12.3, 24.3) (12.3, 24.9) (12.7, 25.4) (13.4, 27.1)

Median (IQR) 25-hydroxyvitamin D, ng/mL 28.3 29.4 27.4 28.2 28.0 28.4
(24.0, 35.6) (24.4, 38.0) (23.6, 33.9) (24.0, 34.8) (24.4, 34.4) (24.0, 34.9)

eGFR = estimated glomerular filtration rate; BMI = body mass index; BMD = bone mineral density; FRAX = Fracture Risk Assessment Tool version 3.9;
IQR = interquartile range; SD = standard deviation.

aAt or after age 45 years.
bIndicates 10-year probability of major osteoporotic fracture, expressed as percentage and calculated with BMD. FRAX version 3.9 includes adjustment

for country-based differences in fracture risk.
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Fig. 1. Percent change in bone mineral density (BMD) from baseline (BL) at month 12 by estimated glomerular filtration rate (eGFR) subgroup. *Denotes
statistical significance. Error bars = 95% confidence intervals (CI). LSM = least-square means.

Fig. 2. Incidence of new vertebral fractures at month 12 by eGFR subgroup. Relative risk (RR) reduction was calculated as 1 - ratio risk x 100 and expressed
as a precentage with 95% confidence intervals (CIs) in parentheses. Analyses included all randomized patients with a baseline and ≥1 postbaseline radio-
graph. aBased on Mantel–Haenszel method. bBased on logistic-regression model. FRAME results adjusted for age and prevalent vertebral fracture strati-
fication variables; ARCH results adjusted for age strata, baseline total hip BMD T-score, and presence of severe vertebral fracture at baseline; p value based
on score test. eGFR = estimated glomerular filtration rate; RR = relative risk; OR = odds ratio.
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8.0 mg/dL) or moderate (7.0–<8.0 mg/dL) severity based on
CTCAE grading, except for one patient receiving placebo in
FRAME who had a severe (grade 4) low albumin-corrected serum
calcium level that resolved without treatment.

In FRAME, the incidence of positively adjudicated cardiovas-
cular (CV) events, defined as CV events leading to death, serious
myocardial infarction, or stroke, was similar across patients with
different degrees of reduced kidney function at baseline. Events
were reported in 0.2%, 0.7%, and 1.6% of patients with normal
kidney function, mild CKD, and moderate CKD, respectively, in
both the romosozumab and placebo arms. In ARCH, the inci-
dence of positively adjudicated CV events among
romosozumab-treated patients was 1.9%, 1.7%, and 2.8% in
patients with normal kidney function, mild CKD, and moderate
CKD, respectively, compared with 0.6%, 1.0%, and 1.7% of
patients receiving alendronate (Table 2).

Injection site reactions occurred more frequently among
romosozumab-treated patients, but the incidence was compara-
ble across eGFR categories. No differences were observed
between treatment groups in the proportion of patients report-
ing other AEs of interest nor were there differences across eGFR
groups (Table 2).

Change in kidney function

Kidney function remained stable during the 12-month treatment
period in both studies. Overall, 72% to 85% of patients with mild-
to-moderate CKD at baseline remained in the same eGFR cate-
gory at month 12. Among patients with normal kidney function
at baseline, 30% to 42% changed to mild CKD similarly in both
treatment groups of each trial (Fig. 3). The mean (SD) change
from baseline eGFR at month 12 was�0.7 (10.3) mL/min/1.73m2

Table 2. Adverse Events Through Month 12 (Safety Populationa)

FRAME study

Baseline eGFR (mL/min/1.73 m2)

eGFR ≥90 eGFR 60–89 eGFR 30–59

Placebo Romosozumab Placebo Romosozumab Placebo Romosozumab
n = 416 n = 431 n = 2526 n = 2406 n = 625 n = 734

AEs, n (%)
TEAEs 332 (79.8) 353 (81.9) 2015 (79.8) 1881 (78.2) 507 (81.1) 569 (77.5)
SAEs 24 (5.8) 38 (8.8) 220 (8.7) 211 (8.8) 68 (10.9) 93 (12.7)
TEAEs leading to treatment
discontinuation

9 (2.2) 16 (3.7) 63 (2.5) 64 (2.7) 22 (3.5) 26 (3.5)

Fatal AEs 0 (0.0) 1 (0.2) 19 (0.8) 18 (0.7) 5 (0.8) 8 (1.1)
Hypocalcemia 0 (0.0) 0 (0.0) 0 (0.0) 1 (<0.1) 0 (0.0) 0 (0.0)
Hypersensitivity 34 (8.2) 37 (8.6) 170 (6.7) 169 (7.0) 41 (6.6) 36 (4.9)
Injection-site reactions 14 (3.4) 22 (5.1) 73 (2.9) 137 (5.7) 15 (2.4) 29 (4.0)
Malignancy 2 (0.5) 4 (0.9) 43 (1.7) 33 (1.4) 10 (1.6) 12 (1.6)
Hyperostosis 5 (1.2) 5 (1.2) 19 (0.8) 11 (0.5) 4 (0.6) 2 (0.3)
Osteoarthritis 34 (8.2) 41 (9.5) 216 (8.6) 185 (7.7) 66 (10.6) 57 (7.8)
Positively adjudicated
CV eventsb

1 (0.2) 1 (0.2) 18 (0.7) 16 (0.7) 10 (1.6) 12 (1.6)

ARCH study

Baseline eGFR (mL/min/1.73 m2)

eGFR ≥90 eGFR 60–89 eGFR 30–59

Alendronate Romosozumab Alendronate Romosozumab Alendronate Romosozumab
n = 333 n = 267 n = 1195 n = 1259 n = 479 n = 509

AEs, n (%)
TEAEs 269 (80.8) 215 (80.5) 936 (78.3) 941 (74.7) 374 (78.1) 385 (75.6)
SAEs 34 (10.2) 37 (13.9) 166 (13.9) 149 (11.8) 75 (15.7) 76 (14.9)
TEAEs leading to treatment
discontinuation

9 (2.7) 10 (3.7) 37 (3.1) 47 (3.7) 18 (3.8) 14 (2.8)

Fatal AEs 1 (0.3) 6 (2.2) 12 (1.0) 12 (1.0) 9 (1.9) 12 (2.4)
Hypocalcemia 1 (0.3) 0 (0.0) 0 (0.0) 1 (<0.1) 0 (0.0) 0 (0.0)
Hypersensitivity 17 (5.1) 14 (5.2) 71 (5.9) 82 (6.5) 28 (5.8) 26 (5.1)
Injection-site reactions 15 (4.5) 15 (5.6) 28 (2.3) 55 (4.4) 10 (2.1) 20 (3.9)
Malignancy 4 (1.2) 6 (2.2) 16 (1.3) 16 (1.3) 8 (1.7) 10 (2.0)
Hyperostosis 2 (0.6) 0 (0.0) 5 (0.4) 1 (<0.1) 5 (1.0) 1 (0.2)
Osteoarthritis 30 (9.0) 25 (9.4) 85 (7.1) 74 (5.9) 33 (6.9) 39 (7.7)
Positively adjudicated CV
eventsb

2 (0.6) 5 (1.9) 12 (1.0) 22 (1.7) 8 (1.7) 14 (2.8)

eGFR = estimated glomerular filtration rate; AEs = adverse events; TEAEs = treatment-emergent AEs; SAEs = serious AEs; CV = cardiovascular.
aIncludes all patients who received ≥1 dose of study treatment.
bDefined as CV events leading to death, serious myocardial infarction, or stroke.
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and �1.2 (10.1) mL/min/1.73 m2 in romosozumab- and placebo-
treated patients in FRAME, and 0.7 (11.8) mL/min/1.73 m2 and
0.1 (11.9) mL/min/1.73m2 in romosozumab- and alendronate-
treated patients in ARCH.

Patients with severe reduction in kidney function

Twenty-nine patients enrolled in FRAME and ARCH met the cri-
teria for severe CKD and were not included in the overall analysis
due to the small sample size. No TEAEs of hypocalcemia were
reported in this subgroup of patients in either study. In ARCH,
there were no positively adjudicated CV events in patients with
eGFR <30 mL/min (n = 11) in any treatment group. In FRAME,
among patients with eGFR <30 mL/min (n = 18), one patient in
the romosozumab group had a positively adjudicated CV event.
AE data were overall comparable among treatment groups,
although the sample size was too low to enable meaningful
conclusions.

Discussion

There is an urgent need to effectively treat osteoporosis in
patients with CKD, as patients with these combined comorbid-
ities have more than double the risk for hip fracture than the
general population, and mortality rates after fracture are three-
fold higher for patients with CKD compared with age-matched
individuals.(8) The evolving paradigm for osteoporosis treatment
in the setting of CKD requires large-scale safety data from studies
on emerging treatments for patients at different levels of CKD
function.(8,12)

This post hoc analysis demonstrated that, among patients
with CKD stages 1 to 3, romosozumab 210 mg, administered

subcutaneously once monthly for 12 months, is an effective treat-
ment for osteoporosis compared with placebo or alendronate. Sig-
nificant gains in BMD at the lumbar spine, total hip, and femoral
neck were achieved with romosozumab versus alendronate or pla-
cebo across three levels of kidney function, ranging from normal to
moderate reduction in function. Although data were provided for
all three anatomical sites, guidelines recommend use of lumbar
spine and total hip BMD for diagnosis and to guide treatment deci-
sions.(10,11) In both the FRAME and ARCH total study populations,
clinicallymeaningful increases in BMD at the lumbar spine and total
hip were observed in patients treated with romosozumab versus
either placebo or alendronate.

In FRAME, the relative risk of new vertebral fractures signifi-
cantly decreased with romosozumab compared with placebo
with similar extent of reduction in all eGFR subgroups. In ARCH,
significant reductions in the relative risk of new vertebral fracture
were observed in romosozumab-treated patients with moder-
ately impaired or normal kidney function compared with
alendronate-treated patients. However, the reduction found in
patients with mild CKD appeared to be less and not significant
compared with alendronate. The underlying reasons for the fluc-
tuation in fracture rate among CKD groups receiving alendronate
is unknown. A secondary analysis of postmenopausal women
enrolled in the placebo-controlled Fracture Intervention Trial
(FIT) found fracture risk reduction to be consistent in patients
with and without reduced kidney function (eGFR <45 mL/min)
treated with alendronate.(22) Notably, in our analysis, the rate of
vertebral fracture was lowest among alendronate-treated
patients with a mild reduction in kidney function and may have
prevented detecting a significant difference between groups.

Vertebral fractures are associated with an increased risk of
mortality.(23,24) The Dubbo Osteoporosis Epidemiology study

Fig. 3. Shift in kidney function from baseline tomonth 12 by baseline estimated glomerular filtration rate (eGFR) category. Analysis includes patients with
baseline eGFR ≥30 mL/min/1.73 m2.
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found that the standardized mortality rate was elevated in men
and women diagnosed with a vertebral fracture, particularly
among patients 60–74 years of age (standardized mortality ratio
[SMR] 3.77; 95% CI 2.45–5.81 in women and 4.19; 95% CI 2.42–
7.27 in men).(23) The clinical significance of these findings is of
importance because bone health in the setting of CKD is com-
plex and the effect of treatments on BMD may differ in this pop-
ulation.(4) Thus, it is reassuring to find effectiveness is maintained
across various levels of kidney function. The reductions in non-
vertebral fractures observed at 12 months were not statistically
significant. However, the relative risk of nonvertebral fracture
was reduced significantly by 19% at the later time of the primary
analysis (median time of 33 months) in ARCH.(20)

The safety profile of romosozumabwas similar across different
levels of kidney function. Monoclonal antibodies are large mole-
cules not suitable for glomerular filtration such that elimination
occurs via proteolysis by the liver or reticuloendothelial sys-
tem.(25,26) Thus, renal elimination of romosozumab is minimal.
This is supported by results from a phase 1 study in subjects with
CKD stage 4/stage 5 requiring hemodialysis, which showed that
renal impairment has no clinically significant effect on romoso-
zumab pharmacokinetics.(27) In ARCH, the incidence of positively
adjudicated CV events was higher in romosozumab than in
alendronate-treated patients.(20) In this post hoc analysis, this
numeric imbalance between treatment groups was not associ-
ated with baseline kidney function (p = 0.92 treatment-by-
subgroup interaction).

One limitation of this analysis is that classification of kidney
function reduction was determined using the MDRD equation
for eGFR, and using calculations to estimate GFR can potentially
result in misclassification of kidney function categories,(28,29)

especially in older people.
We did, however, undertake a preliminary subanalysis of ARCH

and FRAME patients in the CKD stage 3a and 3b subgroups. The
median eGFR values at baseline for ARCH CKD stage 3a and 3b
patients, respectively, were 40.3 and 53.8 mL/min/1.73 m2 for the
alendronate treatment group and 40.0 and 53.9 mL/min/1.73 m2

for the romosozumab treatment group. The median eGFR values
at baseline for FRAME CKD stage 3a and 3b patients, respectively,
were 40.6 and 53.8 mL/min/1.73 m2 for the placebo treatment
group and 41.1 and 53.5 mL/min/1.73 m2 for the romosozumab
treatment group. The 95% CIs for LSM difference in BMD between
treatment groups overlapped for the FRAME and ARCH stage 3a
and 3b subgroups at the lumbar spine, total hip, and femoral neck.
Safety profiles were overall similar between treatment groups for
both the stage 3a and 3b subgroups in both studies. In ARCH, the
treatment-emergent SAE and fatal AE percentages were numeri-
cally greater for the stage 3b subgroup compared with stage 3a
for both the alendronate and romosozumab treatment groups.
Similarly, in FRAME, the treatment-emergent SAE and fatal AE per-
centages were numerically greater for patients with stage 3b versus
stage 3a for both the placebo and romosozumab treatment groups.

In clinical practice, it has been suggested eGFR be comple-
mented with other objective findings (eg, urinary albumin) to
improve kidney function assessment and better predict the risk
for progression to ESRD.(30) There were too few patients enrolled
in FRAME and ARCHwith a severe reduction in kidney function to
permit assessment in this subgroup. Finally, the limitations of
subgroup and post hoc analyses have been well described and
should be taken into consideration.(31)

The results of this analysis suggest that romosozumab is an
effective treatment for postmenopausal women with osteoporo-
sis and mild-to-moderate reduction in kidney function.

Romosozumab did not impact kidney function nor was it associ-
ated with an increase in AEs in this population. Additional studies
are needed to assess efficacy in patients with severe reduction of
kidney function.
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