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ABSTRACT

Background: This systematic review and meta-analysis aimed to evaluate the efficacy and cardiovascular safety of romosozumab
compared with placebo. Methods: Randomized controlled trials (RCTs) were searched from Medline, EMBASE, Cochrane Central,
and Web of Science until July 2022. Primary outcomes included the change in bone mineral density (BMD) from baseline at month
6. The secondary outcomes were the change of bone turnover markers (N-terminal propeptide of type 1 procollagen (P1NP); C-ter-
minal telopeptide of type 1 collagen (CTX)) from baseline at month 3, and the incidence of cardiovascular adverse events for the total
follow-up period. Results: A total of 7 RCTs on 8,370patients were included. Romosozumab showed better effects in improving
BMD in both lumbar spine and femoral neck at month 6 (standardized mean difference, SMD 2.20 [95% CI: 1.89-2.52], SMD 0.63
[95% CI: 0.41-0.86]). In contrast to placebo, romosozumab significantly increased PINP levels and reduced CTX levels at month 3
(SMD 0.93[95% CI: 0.65-1.22], SMD —1.03 [95% CI: —1.23~ —0.82]. However, there was no significant difference in the composite
incidence of cardiovascular adverse events and major adverse cardiovascular events (OR 1.16 [95% CI: 0.82-1.65], OR 1.08 [95%
CI: 0.75-1.56]). Conclusion: This analysis showed that romosozumab significantly improved BMD compared to placebo and was
beneficial for change in bone turnover markers. There is no significant difference in the incidence of cardiovascular adverse events
compared to placebo.
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Fig. 1. Overview of the study selection process
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Table 1, Patient characteristics of studies included in the analysis
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N Age ———— N Age
Follow_up (mg) (month) (mg)
(month)
; Romosozumab - - - - - 3,589 709 12 210
Cosman, 2016'D M“!“ F
Racial Placebo - - 3,591 70.8
i Romosozumab 163 724 6,12 - 210 163 72.4 15 210
Lewiecki, 20182 M“h‘ M
Racial Placebo 82 715 82 715
Romosozumab 34 66.7 6 1,3,6 210 34 66.7 9 210
Baek, 2021'% Korean F
Placebo 33 68.4 33 68.4
. ) Romosozumab 123 677 6 1,3,6 210 241 67.6 9 210
NCT, 20139 White F
Placebo 53 68.4 53 68.4
) ) 16 Romosozumab 63 683 6,12 1,3,6 210 189 67.7 15 70,140,
Ishibashi, 2017'®  Japanese F 210
Placebo 63 67.8 63 67.8
; Romosozumab 52 663 6,12 1,3,6 210 - - - -
McClung, 20147~ Mult
Racial Placebo 52 670 - -
; Romosozumab - - - - - 243 76.3 12 70, 140,
Schemitsch, 20201 MUt g 510
Racial Placebo - - 89 760
BMD, bone mineral density; PINP, N-terminal propeptide of type 1 procollagen; CTX, C-telopeptide of collagen type 1
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(A) Experimental Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Nct, 2013 18.60 44.77 115 -9.40 18.11 48 29.6% 0.72[0.37; 1.06]
Baek, 2021 29.40 50.98 33 -3.402898 31 19.6% 0.78 [0.27; 1.28]
McClung, 2014 25.60 38.71 50 -5.40 2885 50 25.0% 0.90 [0.49; 1.31]
Ishibashi, 2017 25.50 33.40 59 -11.50 20.30 59 25.8% 1.33[0.93; 1.73]

Total (95% Cl) 257

Test for overall effect Z = 6.43 (P < 0.0001)

188 100.0%
Heterogeneity: Tau? = 0.0398; Chi? = 5.69, df = 3 (P = 0.13); I2 = 47% U T T

SD Total Weight IV, Random, 95% CI

0.93 [0.65; 1.22]

T
=1.56 =1 =05 0 0.5 1 1.5

Std. Mean Difference Std. Mean Difference

IV, Random, 95% CI

B) Experimental Control
Study Mean SD Total Mean

Baek, 2021 -29.00 26.46 33 9.90 38.33 31
Ishibashi, 2017 -24.60 30.50 57 14.90 40.20 59
Nct, 2013 -21.40 21.02 117 -1.00 21.54 51

McClung, 2014 -28.50 21.82 50 -3.90 28.85 50
Total (95% Cl) 257
Heterogeneity: Tau? = 0; Chi® = 0.68, df = 3 (P = 0.88); I = 0%
Test for overall effect Z =-9.91 (P <0.0001)

14.5%
26.9%
34.6%
24.0%

191 100.0% -1.03 [-1.23; -0.82] | ’I

-1.17 [-1.71; -0.64) —=&—
-1.10[-1.49; -0.71] —&#—
-0.96 [-1.30; -0.61] ——
-0.95[-1.37;-0.54] —=—

I T T 1
-15-1-050 05 1 15

© Experimental Control Std. Mean Difference Std. Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Lewiecke, 2018 9.00 5.00 156 0.30 3.53 78 259%  1.90[1.58;2.22] -

Nct, 2013 9.20 423 117 0.80 4.04 46 224%  2.00[1.59; 2.41] -
Baek, 2021 9.50 4.79 33 -0.10 4.09 31 15.0% 2.12[1.50; 2.74] —&—
McClung, 2014 8.20 3.17 50 0.30 3.48 49 182%  2.36[1.84;2.87] —
Ishibashi, 2017 13.10 5.37 59 1.20 2.69 59 18.4% 2.78 [2.27; 3.29] —4——
Total (95% CI) 415 263 100.0%  2.20 [1.89; 2.52] ->
Heterogeneity: Tau? = 0.0731; Chi? = 9.36, df = 4 (P = 0.05); I = 57% T oLl
Test for overall effect Z = 13.66 (P < 0.0001) -3 -2 -1 0 1 2 3

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference

(D) Experimental Control

Study Mean SD Total Mean SD Total Weight
Lewiecki, 2018 1.20 3.76 157 0.00 3.53 78 26.8%
Back, 2021 3.00 3.67 33 0.80 4.09 31 14.0%
ishibashi, 2017 3.30 4.60 59 0.60 2.69 59 20.1%
McClung, 2014 1.90 2.99 50 -0.40 2.96 49 18.1%
Nct, 2013 2.60 3.53 116 -0.50 3.37 46 21.1%
Total (95% CI) 415 263 100.0%

IV, Random, 95% CI

0.32 [0.05; 0.60] _
0.56 [0.06; 1.06] — =

0.71 [0.34; 1.08] — -
0.77 [0.36; 1.18] —
0.88 [0.53; 1.24] -
0.63 [0.41; 0.86] ———

Heterogeneity: Tau? = 0.0305; Chi? = 7.38, df = 4 (P = 0.12); I? = 46% I ! I !

Test for overall effect Z = 5.48 (P < 0.0001)

-1 -05 0 0.5 1

Fig. 2. Forest plots of efficacy end points (romosozumab vs placebo). (A) Standard mean difference for PINP from baseline to month 3, (B)
Standard mean difference for CTX from baseline to month 3, (C) Standard mean difference for bone mineral density of lumbar spine from
baseline to month 6, (D) Standard mean difference for bone mineral density of femoral neck from baseline to month 6
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Odds Ratio Odds Ratio

IV, Random, 95% CI

(A) Experimental Control
Study Events Total Events Total
Schemitsch, 2020 11 238 5 87 10.4%
Ishibashi, 2017 3 189 1 63 24%
Nct, 2013 3 342 0 52 1.4%
Cosman, 2016 55 3581 47 3576 79.9%
Lewiecki, 2018 7 163 2 81 48%
Baek, 2021 1 34 0 33 12%
Total (95% ClI) 4547 3892 100.0%

Heterogeneity: Tau? = 0; ChiZ = 1.09, df = 5 (P = 0.96); 12 = 0%

0.79 [0.27; 2.36] —
1.00 [0.10; 9.79] —_—
1.08 [0.06; 21.26] ;
1.17[0.79; 1.73] »

1.77 [0.36; 8.73]
3.00 [0.12; 76.31]

1.15[0.81; 1.64]

— 1l

5

Test for overall effect Z = 0.81 (P = 0.42) 01 0512 10
®) Experimental Control Odds Ratio Odds Ratio
Study Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Nct, 2013 2 342 1 52 23% 0.30[0.03; 3.37] —
Schemitsch, 2020 10 238 5 87 11.0% 0.72[0.24; 2.17] —
Ishibashi, 2017 1 189 0 63 1.3% 1.01[0.04;25.12] g
Cosman, 2016 50 3581 44 3576 80.2% 1.14[0.76; 1.71] 1
Lewiecki, 2018 7 163 2 81 52% 1.77[0.36; 8.73] —f—
Total (95% ClI) 4513 3859 100.0% 1.07 [0.74; 1.54] _T_:

Heterogeneity: Tau? = 0; Chi? = 2.03, df = 4 (P = 0.73); I = 0%

Test for overall effect Z=0.37 (P=10.71)

01 051 2 10

Fig. 3. Forest plots of cardiovascular safety end points (romosozumab vs placebo). (A) Odds ratio for composite cardiovascular diseases, (B)

Odds ratio for major adverse cardiovascular events
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