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Abstract
Discontinuation of denosumab (DMab) is associated with decline in bone density. Whether raloxifene can be effective to 
attenuate bone loss after DMab discontinuation in certain conditions when other antiresorptives cannot be used remains 
unclear. Data on postmenopausal women with osteoporosis who discontinued DMab treatment after short-term use (1-to-4 
doses) at Severance Hospital, Seoul, Korea, between 2017 and 2021 were reviewed. Changes in bone mineral density (BMD) 
at 12 months after DMab discontinuation was compared between sequential raloxifene users (DR) and those without any 
sequential antiresorptive (DD) after 1:1 propensity score matching. In matched cohort (66 patients; DR n = 33 vs. DD n = 33), 
mean age (69.3 ± 8.2 years) and T-score (lumbar spine − 2.2 ± 0.7; total hip − 1.6 ± 0.6) did not differ between two groups at 
the time of DMab discontinuation. Sequential treatment to raloxifene in DR group attenuated the bone loss in lumbar spine 
after DMab discontinuation compared to DD group (DR vs. DD; − 2.8% vs. − 5.8%, p = 0.013). The effect of raloxifene on 
lumbar spine BMD changes remained robust (adjusted β + 2.92 vs. DD, p = 0.009) after adjustment for covariates. BMD 
loss at femoral neck (− 1.70% vs. − 2.77%, p = 0.673) and total hip (− 1.42% vs. − 1.44%, p = 0.992) did not differ between 
two groups. Compared to BMD at DMab initiation, DR partially retained BMD gain by DMab treatment in lumbar spine 
(+ 3.7%, p = 0.003) and femoral neck (+ 2.8%, p = 0.010), whereas DD did not. Raloxifene use after DMab treatment attenu-
ated lumbar spine BMD loss in postmenopausal women with short exposures (< 2 years) to DMab.
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Introduction

Denosumab (DMab), a humanized anti-RANKL monoclo-
nal antibody, is a potent antiresorptive agent that reduces 
fracture risk effectively and exhibits long-term efficacy and 
safety [1, 2]. Recent clinical guidelines endorsed the use 
of DMab as one of the first-line anti-osteoporosis medica-
tion in patients with a high risk of fracture [3, 4]. However, 
unlike bisphosphonates, several studies have reported the 
reversal of DMab’s effect after its discontinuation, causing 

rapid bone loss and increasing immediate fracture risk [5–7]. 
To overcome this drawback, sequential administration of 
bisphosphonate or continuation of DMab is recommended 
currently as a standard treatment based on the data from 
randomized clinical trials [8–10].

Raloxifene is an antiresorptive agent recommended as 
second line treatment for postmenopausal osteoporosis, par-
ticularly when drugs such as bisphosphonate and DMab are 
not suitable for use [3, 11, 12]. There is insufficient data on 
the effect of sequential raloxifene treatment after DMab dis-
continuation on changes in bone mineral density (BMD) or 
bone fracture [13]. We hypothesized that the partial attenu-
ation of BMD loss facilitated by raloxifene therapy may pro-
vide an alternate approach in limited clinical circumstances 
when the sequential treatment with bisphosphonate or DMab 
continuation are not applicable in postmenopausal women. 
However, randomized trials to test this hypothesis might not 
be feasible due to practical and ethical issues.

In this propensity score-matched, observational, proof-of-
concept study using real-world data, we examined the effect 
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of raloxifene use after DMab discontinuation on changes in 
BMD compared to patients who discontinued DMab without 
a sequential antiresorptive therapy due to various reasons.

Methods

Study Subjects

Data on postmenopausal women initiated with DMab ther-
apy (60 mg subcutaneous injection for every 6 months) 
between 2017 and 2019, followed by raloxifene 60 mg daily 
or discontinuation of DMab without any treatment for 1 year 
at Severance Hospital, Yonsei University, Seoul, Korea 
(n = 94), were retrieved from Severance Clinical Data Repos-
itory System (Fig. 1). All subjects received DMab injections 
(at least one dose, up to four doses) during the study period. 
After excluding data of subjects showing absence of BMD at 
baseline or follow-up (n = 2), DMab followed by raloxifene 
treatment group (DR; n = 51) and DMab discontinuation 
without any treatment group (DD; n = 41) were 1:1 matched 
using propensity score matching based on factors such as 
age, body mass index (BMI), lumbar spine and total hip 
BMD at the time of DMab discontinuation, total number of 
DMab injection, and the use bisphosphonate within 2 years 
prior to DMab initiation. After matching, a total of 66 sub-
jects (DR, n = 33; DD, n = 33) were present in final cohort. 
This study was approved by Institutional Review Board of 
Severance Hospital, with a waiver of written consent since 

the study design was based on retrospective medical record 
review (IRB No. 4-2021-1346).

Bone Mineral Density Measurements

All BMD measurements of lumbar spine, femoral neck, 
and total hip were performed using a single dual-energy 
X-ray absorptiometry (DXA; Discovery W, Hologic, Inc.; 
NH, USA) at before DMab initiation, baseline (time of 
DMab discontinuation), and follow-up (1 year after DMab 
discontinuation; Supplementary Fig. 1) in the Severance 
Hospital, Seoul, Korea. Coefficients of variation for lum-
bar spine, femoral neck, and total hip were 1.2%, 2.1%, and 
1.7%, respectively. Changes in BMD at lumbar spine (%) 
between baseline and follow-up was the primary outcome 
of the study. BMD data at the time of DMab initiation were 
available in a subset of matched pairs of study subjects (DR, 
n = 27; DD, n = 27) for the extension analysis. T-score was 
calculated by third National Health and Nutrition Examina-
tion Survey, using data of young white female as reference 
[14].

Covariates

Height and weight were measured at DXA testing room 
using automated digital stadiometer. Previous fracture his-
tory was obtained using diagnosis codes and medical records 
with X-ray images review. Bisphosphonate exposure within 
2 years prior to DMab initiation was defined by reviewing 

Fig. 1  Study flow
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hospital drug claim database and medical records. Serum 
calcium, phosphate, and creatinine were measured using 
Hitachi chemistry autoanalyzer 7600-110 (Hitachi Ltd, 
Tokyo, Japan) at the central laboratory of Severance Hos-
pital. Serum 25-hydroxyvitamin D levels were determined 
using a radioimmunoassay (RIA; DiaSorin, Inc.; Stillwater, 
MN, USA; intraassay CV < 4.1%, interassay CV < 7.0%). 
Reasons of raloxifene sequential treatment or discontinu-
ation of DMab were reviewed based on medical records, 
which was later grouped into four categories (recent or 
planned invasive dental procedure; ineligible to get finan-
cial reimbursement from national health insurance due to 
improved BMD after DMab treatment; refused sequential 
bisphosphonate due to fear of any acute or chronic com-
plications; and other unknown reason). Serum C-terminal 
telopeptide (CTX; Elecsys β‐CrossLaps; Roche Diagnos-
tics, Mannheim, Germany; intraassay CV < 3.5%, interassay 
CV < 8.4%) and procollagen type 1N-terminal propeptide 
(P1NP; Roche Diagnostics, Mannheim, Germany; intraassay 
CV < 3.6%, interassay CV < 3.9%) at baseline and follow-up 
were available in a subset of subjects (n = 32).

Vertebral Fracture Assessment

Vertebral fracture after DMab discontinuation was assessed 
in all patients using clinical investigation for newly devel-
oped back pain for each visit. Systemic spine X-ray or DXA 
vertebral fracture assessment at the time of DXA testing 
at baseline (time of DMab discontinuation) and follow-up 
(1 year after DMab discontinuation) were available in 40 
subjects (40/66, 60.6%). Newly developed vertebral fracture 
after DMab discontinuation was defined as grade 2 or higher 
vertebral fracture using semiquantitative Genant method 
with newly developed back pain (clinical vertebral fracture) 
or without any documented clinical symptoms (morphomet-
ric vertebral fracture) based on review of medial record and 
spine images [15].

Statistical Analysis

Data were presented as mean ± standard deviation or median 
[interquartile range] for continuous variables and numerical 
value (%) for categorical variables. Independent two-sample 
t-test, Wilcoxon rank-sum test, and χ2 test were used to com-
pare baseline characteristics of study subjects as appropri-
ate. We performed PSM between DR and DD groups using 
nearest-neighbor algorithm within specified caliper width 
(0.2 of the standard deviation of the logit of the propen-
sity score) on 1:1 basis without replacement. Propensity 
score was calculated based on age, BMI, BMD of lumbar 
and total hip, number of DMab injection, and bisphospho-
nate use prior to DMab treatment. Covariate balance was 
assessed using standardized bias with a threshold of 20% 

to determine substantial imbalance (Supplementary Fig. 2). 
Changes in BMD (%) at follow-up were compared between 
DR and DD groups using independent two-sample t-test. 
Differences in bone turnover markers at baseline and follow-
up were compared using Wilcoxon signed-rank test within 
each group. Independent effect of raloxifene use on BMD 
changes of lumbar spine were estimated using multivariable 
linear regression analysis. In an extension subset to evalu-
ate trajectory of BMD from DMab initiation to follow-up, 
effects of sequential raloxifene treatment after DMab discon-
tinuation on BMD (%, BMD at DMab initiation as reference) 
at each time point were assessed using linear mixed model 
with adjustment for covariates. The study sample size (33 
subjects for each DR and DD group) achieved 73% power 
to detect observed difference in BMD changes in the lumbar 
spine between the two groups at an α of 0.05. All statistical 
analyses were performed using STATA 16.1 (Stata Corp., 
TX, USA). Statistical significance level was set at two-sided 
p value < 0.05.

Results

Clinical Characteristics of Study Subjects

In propensity score-matched cohort (DR, n = 33; DD, n = 33; 
Fig. 1), the mean age was 69.3 ± 8.2 years and T-score of 
lumbar spine and total hip was − 2.2 ± 0.7 and − 1.6 ± 0.6, 
respectively, at the time of DMab discontinuation. In over-
all unmatched subjects, the DR group had lower BMI and 
T-scores at lumbar spine and total hip compared to those 
of the DD group (Supplementary Table 1). After PSM 
based on age, BMI, BMD of lumbar spine and total hip, 
DMab injection numbers, and prior bisphosphonate expo-
sure, all matched variables did not show significant differ-
ences between DR and DD (Table 1) with the reduction of 
standardized bias to less than the prespecified imbalance 
threshold after matching (Supplementary Fig. 2). The most 
common reason for sequential raloxifene treatment was pre-
planned invasive dental surgery (n = 18, 55%), whereas the 
most common reason for DMab discontinuation without any 
sequential treatment was ineligibility to obtain insurance 
reimbursement in patients with BMD at non-osteoporotic 
range (n = 18, 55%), followed by refused bisphosphonate use 
due to fear of complications (n = 9, 27%).

Effect of Raloxifene on BMD After DMab 
Discontinuation

In overall matched cohort, BMD at 12 months follow-up 
after DMab discontinuation decreased significantly in all 
sites including lumbar spine (− 4.3%, 95% CI − 5.5 to − 3.0, 
p < 0.001), femoral neck (− 2.0%, 95% CI − 3.3 to − 0.7, 
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p = 0.004), and total hip (− 1.4%, − 2.8 to − 1.0, p = 0.035). 
Sequential treatment of raloxifene in DR group attenu-
ated the bone loss in lumbar spine after DMab discontinu-
ation compared to that in DD group (DR vs. DD; − 2.8% 
vs. − 5.8%, p = 0.013; Fig. 2). Difference in BMD changes 
did not reach statistical significance at femoral neck (− 1.7% 
vs. − 2.3%, p = 0.673) and total hip (− 1.4% vs. − 1.4%, 
p = 0.992). The effect of raloxifene on BMD changes in 
lumbar spine remained independent (adjusted β + 2.92 vs. 
DD, 95% CI 0.75 to 5.10, p = 0.009) in multivariable model 
after adjustment for age, BMI, previous fracture, lumbar 
spine T-score, bisphosphonate use prior to DMab initiation, 
and DMab injection times (Table 2). Younger age (adjusted 

β − 0.21 per 1-year younger, p = 0.004) and previous history 
of fracture (adjusted β − 4.29, p = 0.003) were independent 
predictors of bone loss after DMab discontinuation. No inci-
dent clinical or morphometric vertebral fracture was noted 
during the follow-up period in all subjects in both DD and 
DR groups. However, one radius fracture in DD group was 
observed at 7 months after DMab discontinuation.

Changes in Bone Turnover Markers

Bone turnover markers were available at baseline and 
follow-up in a subset of study subjects (DD group, n = 8; 
DR group, n = 24). Bone turnover markers were measured 

Table 1  Clinical characteristics of matched cohort

aBMD areal bone mineral density, BMI body mass index, BP bisphosphonate, DMab denosumab, 25OHD 25-hydroxyvitamin D

DMab–raloxifene (n = 33) DMab discontinuation (n = 33) p value

Age (years) 69.4 ± 7.4 69.2 ± 9.1 0.918
BMI (kg/m2) 22.7 ± 2.9 23.7 ± 2.8 0.176
DMab injection, times 2 [2, 3] 2 [2, 3] 0.682
Previous fracture [n (%)] 7 (21) 8 (24) 0.769
Prior BP use [n (%)] 13 (40) 11 (33) 0.609
Diabetes mellitus [n (%)] 8 (24) 7 (21) 0.769
Serum calcium (albumin-corrected) (mg/dL) 9.3 ± 0.4 9.4 ± 0.4 0.971
Serum phosphate (mg/dL) 3.6 ± 0.4 3.5 ± 0.6 0.593
Serum creatinine (mg/dL) 0.8 ± 0.2 0.9 ± 0.4 0.248
Serum 25OHD, ng/mL (n = 48) 34.7 ± 9.9 (n = 27) 30.0 ± 16.2 (n = 21) 0.219
Bone mineral density
 Lumbar spine aBMD (g/cm2) 0.808 ± 0.083 0.794 ± 0.081 0.452
 Lumbar spine  T-score  − 2.2 ± 0.7  − 2.3 ± 0.7
 Femoral neck aBMD (g/cm2) 0.609 ± 0.075 0.609 ± 0.068 0.969
 Femoral neck  T-score  − 2.1 ± 0.6  − 2.1 ± 0.6
 Total hip aBMD (g/cm2) 0.745 ± 0.071 0.737 ± 0.091 0.673
 Total hip  T-score  − 1.6 ± 0.6  − 1.7 ± 0.7

Reasons of DMab discontinuation or sequential treatment to raloxifene 0.009
 Invasive dental procedure 18 (55) 5 (15)
 Unable to get insurance reimbursement due to improved BMD 9 (27) 18 (55)
 Refused bisphosphonate due to fear of complications 5 (15) 9 (27)
 Unidentified reason 1 (3) 1 (3)

Fig. 2  Changes in bone mineral density after denosumab discontinuation
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simultaneously at the time of DXA testing (Supplementary 
Fig. 1). Serum CTx and P1NP significantly increased at fol-
low-up in both DD group (CTx, median 0.144 to 0.379 ng/
mL; P1NP, 24.6 to 50.9 ng/mL) and DR group (CTx, median 
0.073 to 0.363 ng/mL; P1NP, 15.7 to 40.9 ng/mL; p < 0.05 
for all; Supplementary Fig. 3). However, the magnitude of 
changes in CTx (+ 0.255 and + 0.251 ng/mL in DD and DR, 
p = 0.760) and P1NP (+ 25.8 and + 25.4 ng/mL, p = 0.761) 
did not differ between DD and DR groups.

BMD Changes from DMab Initiation to Follow‑up

BMD measurements at the time of DMab initiation, dis-
continuation, and follow-up were available in 54 matched 
subjects (DR, n = 27 vs. DD, n = 27). Baseline BMD did not 
differ between DR and DD groups for lumbar spine (DR vs. 
DD; T-score  − 2.7 vs. − 2.8), femoral neck (− 2.3 vs. − 2.2), 
and total hip (− 1.9 vs. − 1.8). When BMD at DMab initia-
tion was set as reference value, BMD at all sites increased 
at the time of DMab discontinuation (DR vs. DD; lumbar 
spine + 6.7% vs. + 7.3%; femoral neck + 4.9% vs. + 2.9%; 
and total hip + 3.2% vs. + 3.7%; p < 0.05 compared to base-
line in each group), without significant difference between 
groups (Fig. 3). At 12 months follow-up period after DMab 

discontinuation, sequential raloxifene treatment partially 
retained bone gain caused during DMab treatment for lum-
bar spine, whereas BMD level in the DD group decreased to 
the BMD level seen during DMab initiation with significant 
group differences in linear mixed model adjusted for covari-
ates (DR vs. DD; BMD at follow-up compared to DMab 
initiation; + 3.7% vs. + 0.8%, p = 0.018). At femoral neck, 
DR group partially preserved gain in BMD obtained during 
DMab treatment as compared to DMab initiation (+ 2.8%, 
p = 0.010), whereas DD group did not (+ 0.6%, p = 0.454).

Discussion

Here, we found that sequential raloxifene treatment after 
DMab discontinuation partially attenuated BMD loss for 
lumbar spine compared to absence of treatment in propensity 
score-matched cohort of postmenopausal women. Although 
significant BMD loss was observed in both DR and DD 
groups after DMab discontinuation, DR group showed par-
tial preservation of gain in BMD obtained during DMab 
treatment for lumbar spine and femoral neck. Raloxifene 
use was associated with BMD protection in lumbar spine 

Table 2  Effect of sequential raloxifene treatment after DMab discontinuation on lumbar spine BMD

DMab denosumab, BP bisphosphonate

Variables Univariate model Multivariable model

Unadjusted β (95% CI) p value Adjusted β (95% CI) p value

Raloxifene after DMab discontinuation (vs. no treatment) 3.01 (0.37 to 5.36) 0.013 2.92 (0.75 to 5.10) 0.009
Age (per 1-year younger)  − 0.15 (− 0.30 to − 0.01) 0.044  − 0.21 (− 0.34 to − 0.07) 0.004
BMI (per 1-kg/m2 increase)  − 0.44 (− 0.89 to − 0.02) 0.039  − 0.17 (− 0.57 to 0.23) 0.395
Previous fracture (vs. no)  − 3.28 (− 6.10 to − 0.46) 0.023  − 4.29 (− 7.04 to − 1.53) 0.003
Lumbar spine  T-score  at DMab discontinuation (per 1 unit increase)  − 0.72 (− 2.37 to 0.94) 0.392  − 1.24 (− 2.78 to 0.29) 0.111
BP use prior to DMab (vs. no)  − 0.15 (− 2.70 to 2.42) 0.910  − 1.61 (− 4.01 to 0.80) 0.187
DMab injection more than 2 doses (vs. 2 doses or less)  − 0.45 (− 1.65 to 0.74) 0.452  − 0.22 (− 1.32 to 0.89) 0.699

Fig. 3  Changes of BMD during denosumab initiation, discontinuation, and follow-up with or without sequential treatment in a subset (n = 54, 
DR n = 27 vs. DD n = 27)
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in the multivariable regression model after adjustment for 
covariates.

BMD loss followed by DMab discontinuation was 
reported in a phase 2 trial for DMab [16]. For lumbar 
spine and total hip, 6.6% and 5.3% loss, respectively, were 
observed after DMab discontinuation in 51 postmenopausal 
women; this loss was reversed after DMab re-administration 
[16]. Similar to previous findings, we observed that DD 
group lost most of BMD (6.5% in lumbar spine, 1.4% in 
total hip) which was later gained during DMab treatment 
period at all measured sites.

Previous studies showed that bisphosphonate was effec-
tive in preserving BMD after DMab discontinuation [17, 
18]. Oral alendronate showed a BMD gain of 0 to 1% in 
switching patients after one year of DMab use in DMab 
Adherence Preference Satisfaction study [17]. Zoledronic 
acid protected about 66% of the lumbar spine gain in BMD 
in patients switched after using DMab for an average of 
3 years [18]. Significant bone loss was observed in long-term 
DMab users compared to short-term users (2.5 years or less) 
[19, 20]. Based on the evidence, European Society guideline 
endorsed the use of either oral alendronate or intravenous 
zoledronic acid for short-term users and zoledronic acid for 
long-term users to protect bone loss after DMab therapy 
[19]. In the case of raloxifene, a study compared the effect 
of use of bisphosphonate at the time of discontinuation of 
DMab. In this study, patients taking oral bisphosphonate or 
using teriparatide before DMab were included, and the aver-
age number of DMab doses was 2.6. After DMab discon-
tinuation, the study was conducted with the raloxifene group 
(n = 13) and the bisphosphonate group (n = 40). BMD values 
were compared during the last date of DMab administration 
and 1.5 years after the final DMab therapy. In the ralox-
ifene group, the bone loss occurred in 2.7% in the lumbar 
spine and 3.8% in the femur neck. Bisphosphonate showed 
better femur neck BMD preservation than raloxifene group 
[13]. Based on these results, the ECTS guideline stated 
selective estrogen receptor modulator as non-promising 
and warrants additional data [19]. Similar to prior study, 
we observed 2.8% bone loss in the lumbar spine. However, 
when compared to DMab initiation as reference time point, 
overall partial retainment of bone gain by DMab treatment 
was noted compared to non-treatment group in our findings. 
Rebound effect after DMab discontinuation in bone turno-
ver markers was observed in both groups that serum CTx 
and P1NP significantly increased at follow-up in both DD 
and DR group. Despite the partial preservation of BMD at 
lumbar spine in DR group, raloxifene treatment after DMab 
discontinuation did not effectively suppress the elevation of 
bone turnover markers compared to non-treatment group in 
this study. However, given the relatively short-term use of 
DMab and limited sample size in this study, this finding 
needs to be examined in future studies.

Prior studies revealed anti-fracture efficacy and improve-
ment in BMD by raloxifene, a selective estrogen receptor 
modulator with antiresorptive action, particularly for lumbar 
spine at trabecular-bone rich site [11, 21]. Although the gain 
in BMD by raloxifene in postmenopausal osteoporosis was 
smaller than that by other antiresorptive drugs such as bis-
phosphonate or DMab, reports suggest that robust decrease 
in vertebral fracture rate in raloxifene users compared to 
relatively small gain in BMD can be contributed to improve-
ment in bone quality such as bone microstructure [22, 23]. 
Due to relatively weak antiresorptive properties and reversal 
action, better safety profile of raloxifene compared to bis-
phosphonate was proposed in previous studies. The safety 
profile was based on rare chronic complications of antire-
sorptive agents such as medication-related osteonecrosis 
of jaw or atypical femoral fracture [24, 25]. Although the 
efficacy to prevent bone loss might be lower than previously 
reported efficacy of bisphosphonate, these data support the 
use of raloxifene as second line agent to reduce fracture risk 
when bisphosphonate cannot be used due to various clini-
cal or administrative causes in real-world clinical setting. 
Our data may provide a proof-of-concept level evidence to 
support the strategy for utilizing raloxifene as second line 
therapy following discontinuation of short-term DMab when 
bisphosphonate is not applicable. However, this hypothesis 
needs to be further validated in larger trials.

In our real-world data, common reasons to discontinue 
DMab without bisphosphonate treatment was invasive dental 
surgery, ineligible to obtain reimbursement in osteopenic 
range, and refusal to bisphosphonate due to fear of rare 
complications. Previous studies reported several reasons 
for DMab discontinuation. In a report summarizing several 
observational studies, the most common reason for discon-
tinuing DMab was that the target T-score reached outside 
the region of osteoporosis [26]. Furthermore, although the 
risk is low, osteonecrosis of the jaw or atypical fracture may 
occur. Hence, the risk–benefit ratio can favor the decision 
to stop the treatment [27, 28]. In a recently published retro-
spective chart review analyzing 797 DMab users, the reasons 
for termination of treatment were a considerable increase in 
BMD (31.9%) and the occurrence of side effects (10%) [29]. 
The fear of rare complications of bisphosphonate remains 
in clinical practice, indicating the need for patient’s under-
standing to compare the risk and benefit ratio of bisphos-
phonate treatment based on evidence [30]. Because South 
Korea has universal, mandatory national insurance system to 
all Koreans, reimbursement policy of health insurance reim-
bursement agency has a huge impact on clinical practice at 
an individual level. Because current policy mandates BMD 
to be within osteoporosis range to reimburse bisphosphonate 
treatment, patients with improved BMD above this range 
after DMab treatment must continue bisphosphonate usage 
with high personal expenses. This acts as a drawback to 
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implement standard-of-care [31]. Our observation suggests 
that proper actions are needed to improve patients’ educa-
tion along with political approach to reshape reimbursement 
policy to support studies based on current evidence.

DMab discontinuation is associated with the substantial 
rapid increase of the risk of new and worsening vertebral 
fracture to the levels similar to the risk in untreated patients 
[6, 19, 32, 33]. Prior vertebral fracture, longer off-treatment 
duration, younger age, long-term use of DMab, lower hip 
BMD during and after DMab treatment, and concomitant 
use of bone-affecting drugs including aromatase inhibitors 
or glucocorticoids were reported as risk factors that increase 
the risk of rebound-associated fractures in previous literature 
[19, 29, 34]. Of note, there was a case report that showed 
spontaneous clinical vertebral fracture 12 months after 
discontinuation of 5 years of DMab treatment along with 
aromatase inhibitors in a 60-year-old woman with breast 
cancer despite the use of raloxifene initiated from 7 months 
after last DMab injection [35]. In this study, no incident 
morphometric or clinical vertebral fracture was observed 
during the follow-up period in both DD and DR groups. 
Given the reported predisposing factors for fracture associ-
ated with DMab discontinuation, this finding might be at 
least partly attributed to several factors including relatively 
short-term DMab use (median 2 doses), relatively higher 
hip BMD at the time of DMab discontinuation (average total 
hip T-score  − 1.6 and − 1.7 in DR and DD group, respec-
tively) and no concomitant use of aromatase inhibitors or 
glucocorticoids in this study population. However, it should 
be noted that this study lacks statistical power to compare 
fracture incidence between DD and DR groups considering 
the small sample size and short-term follow-up duration, 
with limited generalizability. In addition, although we did 
not detect any clinical vertebral fracture during follow-up 
in all study patients during follow-up after last DMab injec-
tion, morphometric assessment using spine X-ray or DXA 
vertebral fracture assessment were limited to 40 of 66 study 
subjects (60.6%), indicating the potential under-detection of 
morphometric vertebral fracture in the rest of study popu-
lation (40%) who did not undergo any spine imaging dur-
ing follow-up. We also observed one radius fracture in DD 
group that occurred 7 months after DMab discontinuation, 
in line with a prior study based on large healthcare claim 
database that showed increased nonvertebral fracture risk 
after DMab discontinuation compared to persistent users 
[33]. Taken together, it should be emphasized that in terms 
of prevention of rebound-associated fracture, strong antire-
sorptives such as bisphosphonates need to be implemented 
as the standard care after DMab discontinuation according 
to current clinical practice guidelines, particularly in patients 
with predisposing factors for rebound-associated fractures 
[19]. Although this study showed partial attenuation of 
bone loss at lumbar spine in raloxifene users compared 

to non-treatment after DMab discontinuation in relatively 
short-term DMab users in terms of BMD, this study may 
not be adequately powered to provide relevant information 
regarding fracture risk; this needs further validation in stud-
ies with larger sample size and adequate follow-up duration.

Our study has several limitations. Due to retrospective 
observational study design, residual bias cannot be excluded, 
although we tried to control potential confounders by PSM 
and by statistical adjustment in regression models. Because 
DMab became available in late 2016 in South Korea, our 
analysis was limited to patients who received DMab treat-
ment less than 2 years. Use of raloxifene after DMab discon-
tinuation in long-term DMab users need to be investigated 
in future. Since bisphosphonates were used as sequential 
treatment in the most patients in real-world setting follow-
ing standard-of-care practice, relatively small number of DR 
and DD groups were inevitable; however, 33 subjects in each 
group in matched cohort yielded 73% statistical power at 
α of 0.05 to detect observed differences in BMD changes 
in lumbar spine between two groups in post hoc analysis. 
Further studies with larger sample size would be needed to 
validate our findings. Bone turnover markers were available 
in a subset of entire cohort, which may be insufficient to 
detect any differences in changes of bone markers between 
two groups. Although we decided to use propensity score 
matching to create a valid quasi-experimental comparison 
between DR and DD groups mainly due to imbalance in 
baseline BMD observed in unmatched cohort, propensity 
matching may lead to residual confounding in case of inexact 
matching [36, 37]. However, we observed that standardized 
bias reduced to prespecified imbalance threshold (< 0.2) 
after matching. Generalizability of study findings can be 
limited to those who excluded from the study during the 
matching process, which needs to be addressed in a larger, 
prospective cohort setting.

In conclusion, raloxifene treatment after short-term 
DMab use attenuated the BMD loss in lumbar spine after 
DMab discontinuation in postmenopausal women. These 
findings suggest that raloxifene treatment can be useful as 
an alternative to sequential therapy to partially preserve 
bone gain after DMab discontinuation. This result may be 
clinically useful when sequential treatment to bisphospho-
nate or DMab continuation is not applicable due to various 
reasons in postmenopausal women, which merits further 
investigation.
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