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Abstract
Summary Follow-up raloxifene therapy after denosumab discontinuation resulted in a decrease in bone mass to the pre-
denosumab levels and a rebound increase of bone turnover markers. The decrease in lumbar bone mineral density was par-
ticularly evident when the body mass index was low, there were previous vertebral fractures, or lumbar bone mineral density 
before denosumab administration was low.
Introduction Selective estrogen receptor modulators may be an alternative to bisphosphonates for treating rebound resorption 
after discontinuing denosumab. This study aimed to investigate the effects of follow-up raloxifene therapy after denosumab 
discontinuation in postmenopausal women.
Methods This retrospective observational study included 61 patients who received 12-month follow-up raloxifene therapy 
after denosumab discontinuation. The primary endpoint was the bone mineral density change. The secondary endpoints were 
the changes in bone turnover markers and the incidence of new vertebral fractures.
Results Raloxifene administration for 12 months after denosumab discontinuation resulted in a significantly lower bone 
mineral density at all sites compared to the level at 6 months after the last denosumab treatment (lumbar spine, − 5.48%; 
femoral neck, − 2.95%; total hip, − 3.52%; all, p < 0.001). The decrease in lumbar bone mineral density was particularly 
evident when the body mass index was low, there were previous vertebral fractures, or lumbar bone mineral density before 
denosumab administration was low. Marked increases in the bone turnover markers from baseline were noted after switching 
to raloxifene. However, no new vertebral fractures occurred during raloxifene treatment.
Conclusions Follow-up raloxifene therapy after denosumab discontinuation resulted in a decrease in bone mass to the pre-
denosumab levels and a rebound increase of bone turnover markers. Therefore, raloxifene administered sequentially after 
denosumab discontinuation was not effective in preventing rebound phenomenon.
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Introduction

Denosumab is an osteoporosis treatment with a potent antire-
sorptive effect [1]. It has been widely prescribed in Korea 
for the treatment of various osteoporotic diseases, including 
postmenopausal osteoporosis, male osteoporosis, glucocor-
ticoid-induced osteoporosis, and bone loss in patients with 
prostate cancer or those with breast cancer undergoing hor-
mone ablation since 2017. In a large randomized controlled 
trial of denosumab, vertebral bone mineral density (BMD) 
increased by more than 5% when the drug was administered 
for 1 year [2, 3]. A similar increase in BMD and reduction 
in fracture risk was observed in several real-world practice 
studies [4–6]. Based on its efficacy in increasing bone den-
sity and reducing fractures, recent osteoporosis treatment 
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guidelines have recommended denosumab as the alterna-
tive initial treatment for patients at high risk of osteoporotic 
fracture [7, 8].

Denosumab is an important therapeutic option for osteo-
porosis. However, there are concerns regarding the “rebound 
phenomenon” in which the beneficial skeletal effect of deno-
sumab is rapidly reversed by a significant increase in osteo-
clast number and activity when discontinued, resulting in 
a profound increase in bone turnover compared to that at 
the pre-treatment level. When denosumab is discontinued, a 
rapid increase in bone resorption and a significant decrease 
in BMD have been reported, along with multiple vertebral 
fractures in some patients [9–15]. Therefore, another antire-
sorptive agent should be administered after discontinuing 
denosumab [16–18]. Among the currently available antire-
sorptive agents, most clinical data are available on the effect 
of zoledronic acid or alendronate after denosumab discon-
tinuation [19–22]. Although raloxifene, a selective estrogen 
receptor modulator (SERM), has antiresorptive activity [7, 
18], only a case report and a small study have evaluated its 
effect after denosumab discontinuation [23, 24].

According to the reimbursement criteria for osteoporosis 
medications of the Korea National Health Insurance Sys-
tem, denosumab is no longer reimbursed if the bone density 
increases to osteopenia level at all skeletal sites. Therefore, 
when bone density increases with denosumab, this costly 
treatment is discontinued and replaced by cheaper alterna-
tives, such as generic oral bisphosphonates. In clinical situ-
ations where bisphosphonates cannot be used, raloxifene 
could be an alternative. There is a widespread belief that 
weak antiresorptive drugs, such as raloxifene, are insufficient 
as a follow-on therapy for denosumab; however, there is no 
evidence supporting this claim. Therefore, we aimed to ana-
lyze the changes in BMD, bone turnover markers (BTMs), 
and vertebral fracture incidence with raloxifene administra-
tion after discontinuation of denosumab.

Materials and methods

Study design and population

This was a retrospective observational study conducted at 
Seoul St. Mary’s Hospital. We screened 81 postmenopau-
sal osteoporotic women who were switched to raloxifene 
therapy after denosumab was discontinued between January 
2018 and June 2020. All patients were treated with deno-
sumab (60 mg subcutaneously once every 6 months) 2 to 5 
times. In some patients, bisphosphonate was administered 
for various durations prior to denosumab administration. 
After discontinuation, raloxifene (60 mg daily) was started, 
without delay, 6 months after the last denosumab administra-
tion and was administered for at least 12 months. Patients 

with underlying diseases or medications that could influ-
ence BMD or BTMs were excluded from the analysis. After 
exclusions, 61 patients were included in the final analysis 
(Supplementary Fig. 1).

All patients were prescribed elemental calcium (500 mg) 
as calcium carbonate with cholecalciferol (1000 IU) daily 
(DicaMax 1000 Tab, Dalim Biotech, Wonju, Korea). Dual-
energy X-ray absorptiometry (DXA) was performed at the 
start of denosumab administration (DXA1) and 6 months 
after the last administration of denosumab (DXA2). DXA 
was also performed 12 months after raloxifene administra-
tion (DXA3). BTMs and other biochemical markers were 
measured every 6 months. Lumbar spine anteroposterior and 
lateral radiography was conducted at DXA3. This study was 
approved by the Institutional Review Board of The Catholic 
University of Korea (KC20RISI0933).

Measurement of bone mineral density

The BMD (g/cm2) values of the lumbar spine, femoral neck, 
and total hip were measured using DXA (Horizon W, Hol-
ogic, Inc., Bedford, MA, USA) and analyzed by the same 
trained technician. The instruments were calibrated using 
a device-specific lumbar phantom in accordance with the 
manufacturer’s instructions. Changes in BMD are expressed 
as mean ± standard deviation (SD) with percentage changes. 
The least significant change was 0.030 g/cm2 for lumbar 
spine, 0.028 g/cm2 for femoral neck, and 0.027 g/cm2 for 
total hip. Normal BMD, osteopenia, and osteoporosis 
were defined by the lowest T-score at the lumbar spine, 
femoral neck, and total hip (normal BMD, T-score ≥  − 1.0; 
osteopenia, − 1.0 < T-score <  − 2.5; and osteoporosis, 
T-score ≤  − 2.5) [25]. Our institution performed quality con-
trol of the bone density equipment according to the manu-
facturer’s protocol to control the quality of the bone density 
measurements.

Other measurements

Serum calcium, phosphorus, albumin, and creatinine 
levels were determined using an autoanalyzer (747 auto-
matic analyzer, Hitachi, Tokyo, Japan). The serum cross-
linked C-telopeptide of type I collagen (CTx) (Elecsys 
B-CrossLaps, Roche Diagnostics, Rotkreuz, Switzerland) 
and procollagen type 1 N-terminal propeptide (P1NP) 
(Elecsys Total P1NP, Roche Diagnostics) were deter-
mined in duplicate using an electrochemiluminescence 
immunoassay analyzer (Cobas e801, Roche Diagnos-
tics). The 25-hydroxyvitamin D (25(OH)D) level (Access 
25(OH) Vitamin D Total DXI reagent, Beckman Coulter, 
Inc., Brea, CA, USA) was measured using a UniCel DxI 
800 Immunoassay Analyzer (Beckman Coulter, Inc.). All 
serum measurements were performed at each visit. When 
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measuring the BMD, the patient’s height and weight were 
measured, and body mass index (BMI) was calculated 
as weight (kg)/height (m)2. The occurrence of fragility 
fractures, including vertebral fractures, was identified 
radiologically. The occurrence of vertebral fractures was 
identified radiologically. The presence of fractures was 
confirmed by two musculoskeletal radiologists.

Korea’s national health insurance reimbursement 
system

In Korea, almost all citizens subscribe to the government-run 
National Health Insurance System. Osteoporosis medication 
is no longer reimbursable once a patient’s BMD improves 
to the osteopenia range, that is, a T-score >  − 2.5 at all skel-
etal sites. At this stage, the expense of denosumab increases 
significantly, and to contain costs, it must be replaced with 
a cheaper alternative.

Statistical analysis

All data were analyzed using SPSS version 20.0 for Win-
dows (IBM Corp., Armonk, NY, USA). The data are pre-
sented as mean ± SD unless otherwise stated. Graphics were 
produced using GraphPad Prism (version 5.0; GraphPad 
Software, Inc., San Diego, CA, USA). For the clinical fea-
tures, we used the chi-square test to analyze categorical vari-
ables and Student’s t-test to analyze continuous variables. 
The mean percentage changes from baseline in BMD and 
other biochemical markers were analyzed using the repeated 
measures analysis of variance and Dunnett’s method, where 
appropriate. Statistical significance was set at p < 0.05.

Results

Clinical characteristics at initiation of denosumab 
therapy

The patient clinical baseline characteristics at deno-
sumab initiation are shown in Table 1. The mean age was 
65.7 ± 6.0  years. Thirty-nine (63.9%) patients received 
bisphosphonate for a mean duration of 41.6 ± 4.2 months 
before denosumab treatment. A history of vertebral frac-
ture was noted in 7 (11.5%) patients. The baseline BMD 
values were 0.778 ± 0.088 g/cm2, 0.605 ± 0.062 g/cm2, and 
0.725 ± 0.076 g/cm2, for the lumbar spine, femoral neck, and 
total hip, respectively. The baseline T-scores were − 2.8 ± 0.6 
for the lumbar spine, − 2.8 ± 0.6 for the femoral neck, 
and − 2.5 ± 0.7 for the total hip.

Clinical characteristics at initiation of raloxifene 
follow‑up therapy

The clinical parameter changes at the initiation of raloxifene 
follow-up therapy are analyzed in Table 1. For the lumbar 
spine, BMD increased to 0.826 ± 0.082 g/cm2 (+ 6.17% 
from baseline) after a mean of 2.6 denosumab injections at 
6-month intervals. Thirty-nine (63.9%) patients remained at 
osteoporosis levels after denosumab administration, and 22 
(36.1%) patients improved to osteopenia level. The reasons 
for discontinuing denosumab are analyzed in Table 1. An 
improved T-score (to osteopenia) after denosumab treat-
ment was the main reason in 21 (34.4%) patients. Dental 
procedures were the second most common reason for dis-
continuing denosumab (20 patients, 32.8%). Changes based 
on patient choice, such as refusal of injections or avoiding 
the clinic due to the COVID-19 pandemic, were the cause in 
16 (26.2%) patients. For patients unable to visit the hospital 
due to the COVID-19 pandemic, an oral formulation was 
prescribed through telemedicine.

Percentage changes in bone mineral density

The longitudinal percentage change in BMD from the base-
line value is shown in Fig. 1. Significant BMD increases 
at all measurement sites were observed during denosumab 
administration. The lumbar spine had the greatest increase 
from baseline after two consecutive denosumab administra-
tions (+ 6.17 ± 1.98%, p < 0.001) (Fig. 1A). The BMD of 
the femoral neck and total hip increased significantly from 
the baseline value, + 2.98 ± 1.67%, and + 3.86 ± 1.82%, 
respectively, both p < 0.001) (Fig. 1B, C). After switch-
ing to raloxifene, there was a significant decrease in 
BMD at all measurement sites. The lumbar spine BMD 
decreased after the last administration of denosumab. 
The change was − 5.48 ± 1.87%, p < 0.001, compared to 
DXA2 (Fig. 1A). The femoral neck and total hip BMD also 
decreased compared to DXA2: − 2.95 ± 2.04%, p < 0.001, 
and − 3.52 ± 1.95%, p < 0.001), respectively (Fig. 1B, C). 
The gain in BMD after at least two consecutive doses of 
denosumab decreased after switching to raloxifene for 
12 months. However, it did not fall below the baseline value 
at any measurement site (Fig. 1A, B, C).

The reduction in BMD after raloxifene treatment was 
significantly less at all skeletal sites in patients who, 
after denosumab administration, achieved osteopenia 
(T-score >  − 2.5) than in those who remained at osteopo-
rosis (T-score ≤  − 2.5) (Table 2). The reduction in BMD 
after raloxifene treatment was not significantly different in 
the subgroup analysis according to the duration of deno-
sumab administration or bisphosphonate exposure before 
denosumab (data are not shown). The clinical feature dif-
ferences according to the degree of BMD decrease after 
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the administration of raloxifene are shown in Table 3. 
Compared to patients with a less than the median decrease 
in the lumbar spine BMD after raloxifene administration 
(− 5.48%), patients with a greater than median decrease 

had a lower baseline BMI (p = 0.033), more prevalent ver-
tebral fractures (p = 0.037), lower baseline lumbar spine 
BMD (p = 0.041), and lower T-score after denosumab 
(p = 0.031) (Table 3).

Table 1  Baseline characteristics 
of the study population at 
initiation of denosumab and 
raloxifene

Continuous variables are presented as mean ± standard deviation; categorical variables are presented as 
number (percentage); BMI, body mass index; BMD, bone mineral density; CTx, c-terminal telopeptide of 
type 1 collagen; P1NP, procollagen type 1 N-terminal propeptide; T-score was based on the lowest value 
among the measurements of the different sites; Normal BMD, osteopenia, and osteoporosis were defined 
by the lowest T-score at the lumbar spine, femoral neck, and total hip (normal BMD, T-score ≥  − 1.0; 
osteopenia, − 1.0 < T-score <  − 2.5; and osteoporosis: T-score ≤  − 2.5)

Clinical parameters Study population (n = 61)

Age (years) 65.7 ± 6.0
Prior bisphosphonate exposure, n (%) 39 (63.9)
Prior bisphosphonate treatment duration (months) 41.6 ± 4.2
Period between bisphosphonate cessation and denosumab initiation (months) 2.5 ± 1.9
Number of denosumab injection (times) 2.6 (range: 2–5)
Height (cm) 155.9 ± 5.2
BMI (kg/m2) 21.8 ± 2.9
Prior vertebral fracture, n (%) 7 (11.5)
Serum corrected calcium (mg/dl) 9.0 ± 0.4
Serum phosphorous (mg/dl) 3.7 ± 0.4
Serum 25-hydroxyvitamin D (ng/ml) 34.8 ± 6.5
BMD (g/cm2) at inition of denosumab

  Lumbar spine 0.778 ± 0.088
  Femoral neck 0.605 ± 0.062
  Total hip 0.725 ± 0.076

T-score at initiation of denosumab
  Lumbar spine  − 2.8 ± 0.6
  Femoral neck  − 2.8 ± 0.6
  Total hip  − 2.5 ± 0.7

Bone turnover marker at initiation of denosumab
  CTx (ng/ml) 0.32 ± 0.19
  P1NP (ng/ml) 21.5 ± 8.6

BMD (g/cm2) at inition of raloxifene
  Lumbar spine 0.826 ± 0.082
  Femoral neck 0.623 ± 0.076
  Total hip 0.753 ± 0.089

T-score at initiation of raloxifene
  Lumbar spine  − 2.5 ± 0.6
  Femoral neck  − 2.4 ± 0.6
  Total hip  − 2.1 ± 0.6

Bone turnover marker at initiation of raloxifene
  CTx (ng/ml) 0.13 ± 0.11
  P1NP (ng/ml) 15.4 ± 5.3

Diagnosis after denosumab treatment, n (%)
  Osteoporosis 39 (63.9)
  Osteopenia 22 (36.1)

Reason for discontinuation of denosumab, n (%)
  Reimbursement issue due to improved T-score to osteopenia 21 (34.4)
  Planed dental procedure 20 (32.8)
  Patient’ preference 16 (26.2)
  Side effect 4 (6.6)
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Percentage changes in bone turnover markers

The percentage changes in serum CTx and P1NP levels 
from baseline (before denosumab administration) to each 
time point are presented in Fig. 2. A significant reduction 
in serum CTx levels compared to the baseline value was 
observed during denosumab administration. At 6 months, 
the CTx level decreased by 71.7 ± 19.2% compared to the 
baseline value (p < 0.001). After switching from denosumab 
to raloxifene, the CTx level increased by 9.6 ± 8.6% within 
6 months and had significantly increased by 27.9 ± 16.2% 
at 12 months (p < 0.001) (Fig. 2A). Significant reductions 
in the P1NP level were observed during denosumab treat-
ment, − 38.7 ± 21.1% at 6 months after the first injection, 
p < 0.001, compared to the baseline value. Marked increases 
in the P1NP level compared to the baseline value were noted 
after switching to raloxifene (+ 86.7 ± 14.3% after 6 months 
and + 96.0 ± 23.7% after 12 months; both, p < 0.001 com-
pared to the baseline) (Fig. 2B).

Other clinical parameters and safety

Serum-corrected calcium, serum phosphorus, serum 25(OH)
D, height, and BMI were measured. No measured param-
eters changed significantly during the study period. Height 
did not change before or after denosumab administration or 
with raloxifene treatment after denosumab discontinuation 
(data are not shown). Four patients (6.6%) complained of 
injection-site pain during denosumab administration. During 
raloxifene administration, hot flashes (3 patients, 4.9%) and 
genital itchiness (2 patients, 3.2%) were reported. No serious 
adverse events that required discontinuation, such as severe 
hypocalcemia, osteonecrosis of the jaw, or atypical femo-
ral fracture, were reported during denosumab or raloxifene 
administration. Finally, no new radiologic vertebral fractures 
were observed during the raloxifene treatment.
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Fig. 1  Longitudinal percentage changes of bone mineral density at 
the lumbar spine (A), femoral neck (B), and total hip (C). DXA1, at 
baseline (before denosumab initiation); DXA2, 6 months after the last 
administration of denosumab; DXA3, 12 months after raloxifene ther-
apy; * p < 0.001 compared with DXA1; ** p < 0.001 compared with 
DXA2

Table 2  Difference in the percentage changes of bone mineral density 
after 12 months’ administration of raloxifene according to the T-score 
achieved by denosumab treatment

Variables are presented as mean ± standard deviation. BMD, bone 
mineral density; * BMD achieved by denosumab treatment. Nor-
mal BMD, osteopenia, and osteoporosis were defined by the low-
est T-score at the lumbar spine, femoral neck, and total hip (normal 
BMD, T-score ≥  − 1.0; osteopenia, − 1.0 < T-score <  − 2.5; and osteo-
porosis, T-score ≤  − 2.5)

Osteopenia 
(T-score >  − 2.5) 
(n = 22) *

Osteoporosis 
(T-score ≤  − 2.5) 
(n = 39) *

P value

Lumbar spine  − 1.98 ± 1.76%  − 4.90 ± 2.11% 0.002
Femoral neck  − 0.95 ± 1.89%  − 4.01 ± 2.77% 0.000
Total hip  − 1.03 ± 2.09%  − 4.68 ± 2.84% 0.000
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Discussion

In the present study, after 12 months’ administration of 
raloxifene, the BMD, which had increased after at least 
two doses of denosumab at 6-month intervals, decreased 
to the baseline level at all measurement sites. A significant 
increase in the CTx and P1NP levels was also observed. 
Patients with a low BMI, previous vertebral fractures, 
or low lumbar spine BMD before denosumab treatment 
showed a greater reduction in lumbar spine BMD after 
12 months of follow-up raloxifene therapy.

Denosumab is a potent antiresorptive agent, but there 
are concerns about the “rebound phenomenon” that occurs 
when it is discontinued [26]. Bone density is lost rapidly 
[27], the suppressed BTMs rebound [28], and multiple 
vertebral fractures may eventually occur [12]. Therefore, 
several guidelines and position statements have recom-
mended continuous administration of an antiresorptive 
agent to prevent the rebound phenomenon if denosumab 
is discontinued [7, 16–18, 29]. Among antiresorptive 
agents, intravenous infusion of zoledronic acid is primar-
ily recommemded because of its high potency [16, 19–21, 
30, 31]. The effects of alendronate [22] or risedronate [32] 
have also been reported. Although raloxifene has a weaker 
effect on increasing bone density than bisphosphonates, 
it is an antiresorptive agent-proved vertebral antifracture 
efficacy [7, 33]. Therapy with other antiresorptive agents 
is mandatory after discontinuation of denosumab. In such 
cases, bisphosphonates are generally recommended.

Table 3  Differences in clinical 
parameters according to the 
decrease in the degree of lumbar 
spine bone mineral density after 
raloxifene administration

BMI, body mass index; BMD, bone mineral density; CTx; c-terminal telopeptide of type 1 collagen; P1NP, 
procollagen type 1 N-terminal propeptide
* Median, − 5.48%; continuous variables are presented as mean ± standard deviation; categorical variables 
are presented as number (percentage); p value by paired t-test; T-score was based on the lowest value 
among the measurements of the different sites

Greater decrease than 
median (n = 30) *

Lesser decrease than 
median (n = 31) *

P value

Age (years) 65.3 ± 6.8 66.0 ± 5.9 0.672
Prior bisphosphonate exposure, n (%) 18 (60.0) 21 (67.7) 0.529
Prior bisphosphonate duration (months) 42.2 ± 4.9 45.4 ± 3.4 0.510
Height (cm) 157.0 ± 5.4 155.5 ± 5.1 0.325
BMI (kg/m2) 20.9 ± 2.4 22.6 ± 3.1 0.033
Prior vertebral fracture, n (%) 6 (20.0) 1 (3.2) 0.037
Baseline lumbar spine BMD (g/cm2) 0.751 ± 0.081 0.803 ± 0.097 0.041
Baseline femoral neck BMD (g/cm2) 0.619 ± 0.070 0.597 ± 0.049 0.209
Baseline total hip BMD (g/cm2) 0.729 ± 0.092 0.724 ± 0.066 0.834
T-score after denosumab  − 2.9 ± 0.5  − 2.4 ± 0.4 0.031
Baseline CTx (ng/ml) 0.32 ± 0.23 0.29 ± 0.15 0.714
Baseline P1NP (ng/ml) 27.3 ± 8.9 20.5 ± 9.9 0.565
CTx after 12 months of raloxifene (ng/ml) 0.42 ± 0.15 0.40 ± 0.19 0.910
P1NP after 12 months of raloxifene (ng/ml) 41.9 ± 15.9 42.3 ± 14.4 0.941
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Fig. 2  Percentage changes of bone turnover markers, CTx (A) and 
P1NP (B), during the study period
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Discontinuation of denosumab may be necessary when 
compliance, because of potential side effects, is a concern, or 
if there are insurance reimbursement issues. In Korea, reim-
bursement is no longer provided if bone density increases 
to osteopenia levels, confirmed at all measurement sites, 
regardless of the treatment period. Therefore, when BMD 
increases with denosumab treatment, it must be discontin-
ued and replaced with cheaper alternatives. However, it is 
specifically pertinent to Korea’s national health insurance 
reimbursement system and is not widely accepted by the 
international guidelines. In our study, 21 (34.4%) patients 
discontinued denosumab due to loss of reimbursement 
because their T-scores increased to osteopenia levels.

There is very little evidence on the effects on bone metab-
olism of follow-up therapy with raloxifene after discontinu-
ation of denosumab. One case report suggested rapid bone 
loss after switching from denosumab to raloxifene, although 
the patients had also been exposed to multidisciplinary treat-
ments for breast cancer [34]. Recently, Ebina et al. investi-
gated the effects of raloxifene in patients previously treated 
with denosumab. The authors observed substantial bone loss 
after raloxifene treatment and reported that 23.1% of patients 
developed new vertebral fractures. However, this was a small 
study in 13 patients. Other study limitations were that verte-
bral fractures were confirmed only by the patients’subjective 
complaints, with no radiographic confirmation. In addition, 
the average age of the patients treated with raloxifene was 
77.1 years [23]. The average age of the patients in our study 
was 65.7 years, and there may have been different responses 
to raloxifene.

Bone loss was consistently observed after discontinuation 
of denosumab in our study, in line with the above reports 
[23, 34]. The lumbar spine had the greatest bone loss after 
12 months of raloxifene treatment. In previous literature, the 
bone mass gained during denosumab treatment was lost, and 
the baseline value was reached within 12 months of the last 
denosumab injection if no treatment was given [27, 28]. The 
CTx level also increased to above the baseline values after 
denosumab discontinuation [28]. In our study, the admin-
istration of raloxifene did not prevent an abrupt increase 
in BTMs after discontinuation of denosumab. Reports of 
multiple vertebral fractures at 9–16 months after the last 
denosumab injection were associated with sudden bone loss 
and elevation of BTMs [9, 24, 35]. In our study, administra-
tion of raloxifene after discontinuation of denosumab did 
not effectively suppress the decrease in BMD or increase in 
BTMs. Interestingly, Bone et al. reported that femoral BMD 
decreased lower than the baseline value with discontinuation 
of denosumab [3]. In our study, with subsequent administra-
tion of raloxifene, the femoral neck BMD remained higher 
than the baseline value.

In the present study, the decrease in lumbar spine BMD 
was substantial after discontinuation of denosumab despite 

administering raloxifene. Bone loss in the lumbar spine was 
greater in patients with a low baseline BMI, prior vertebral 
fracture, or low lumbar BMD measured before denosumab 
treatment. A history of previous vertebral fractures is likely 
to be associated with a greater decrease in lumbar spine 
BMD after administration of raloxifene. Previous fractures 
were accompanied by overall microarchitectural deteriora-
tion as well as reduced bone quality [36]; hence, the discon-
tinuation of denosumab may have more effects in patients 
with previous fractures. Therefore, caution may be required 
when switching denosumab to raloxifene in patients with 
prevalent vertebral fractures.

Moreover, BMD decreased significantly after raloxifene 
in patients who remained osteoporotic (T-score ≤  − 2.5) after 
denosumab administration. Therefore, raloxifene should be 
administered with caution when there is a high risk of frac-
ture. If osteopenia is achieved with denosumab, the BMD 
decrease will be marginal after subsequent administration of 
raloxifene. Thus, the use of raloxifene is more appropriate in 
such cases. However, Kendler et al. reported that the greater 
the BMD percentage change after denosumab administra-
tion, the greater the BMD loss after subsequent alendronate 
administration [22]. A direct comparison is difficult because 
the participants in the study, the administered drug, and the 
administration period of denosumab are different; neverthe-
less, this result should be confirmed in future studies.

Our study has some limitations. First, this was a retro-
spective study with a lower level of evidence than that of 
a prospective study. Second, our study did not include a 
control group that had no treatment after denosumab was 
discontinued. However, not taking any follow-up treatment 
after discontinuing denosumab may raise ethical issues given 
the known problems. Therefore, we indirectly compared the 
data after discontinuation of denosumab to data in the exist-
ing literature, although the analysis groups were different. A 
comparison of SERMs with various active comparators after 
discontinuation of denosumab will also be an interesting 
research topic. Third, patient compliance was not assessed 
in this study. All patients included in the analysis had timely 
follow-up without loss; however, the lack of confirmation 
of drug compliance is a limitation. Fourth, lumbar spine 
anteroposterior and lateral radiography were conducted to 
confirm vertebral fractures, but there were limitations in 
confirming vertebral fractures in all areas, including the 
thoracic spine. Lastly, the relatively short study period and 
the small number of patients with fractures are also limita-
tions. Additionally, it is necessary to consider the rebound 
phenomenon according to the duration of denosumab admin-
istration. These shortcomings can be resolved through future 
long-term prospective studies.

Administration of raloxifene for 12 months after deno-
sumab discontinuation did not maintain the increased bone 
mass, and BTMs rebounded. Moreover, the reduction in 
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lumbar spine BMD was greater in the patients who had ver-
tebral fractures before denosumab administration or those 
who had a lower lumbar spine BMD or lower BMI. In con-
clusion, raloxifene sequentially administered after deno-
sumab discontinuation is not effective in preventing rebound 
phenomenon. We believe that this is a novel finding. These 
findings need to be validated by a prospective study to draw 
clear conclusions regarding the sequential treatment with 
denosumab-SERMs.
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