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Background: A rapid increase in bone turnover and bone loss has been observed in re-
sponse to the discontinuation of denosumab. It led to an acute increase in the fracture 
risk, similar to that observed in the untreated patients. We aimed to investigate the effect 
of denosumab on osteoclast (OC) precursor cells compared to that of zoledronate. Meth-
ods: The study compared the effects of denosumab (60 mg/24-week) and zoledronate (5 
mg/48-week) over 48 weeks in postmenopausal women with osteoporosis. From pa-
tients’ peripheral mononuclear cells, CD14+/CD11b+/vitronectin receptor (VNR)- and 
CD14+/CD11b+/VNR+ cells were isolated using fluorescent-activated cell sorting, repre-
senting early and late OC precursors, respectively. The primary endpoint was the chang-
es in OC precursors after 48 weeks of treatment. Results: Among the 23 patients, 11 were 
assigned to the denosumab group and 12 to the zoledronate group (mean age, 69 years). 
After 48 weeks, the changes in OC precursors were similar between and within the groups. 
Serum C-terminal telopeptide of type I collagen levels were inversely correlated with OC 
precursor levels after denosumab treatment (r=-0.72, P<0.001). Lumbar spine, femur 
neck, and total hip bone mineral density (BMD) increased in both groups. Lumbar spine 
BMD increased more significantly in the denosumab group than in the zoledronate group. 
Conclusions: Denosumab and zoledronate treatments induced similar changes in OC 
precursors. During denosumab treatment, old age and suppressed bone turnover were 
associated with increased OC precursor cell populations. Further validation studies with 
prospective designs are required.
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INTRODUCTION

Denosumab, a widely used antiresorptive drug, is a monoclonal antibody against 
the receptor activator of nuclear factor-κB ligand (RANKL). It is a potent agent that 
has been proven to increase bone mineral density (BMD) and decrease fracture 
risk at both vertebral and nonvertebral sites.[1,2] However, a phenomenon com-
monly described as the “rebound phenomenon”, an acute increase in bone turn-
over and bone loss, has been observed upon discontinuation of denosumab.[3,4] 
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The profound bone loss caused by this phenomenon leads 
to increased fracture risks, especially multiple vertebral 
fractures, similar to that observed in untreated patients.[4] 
Therefore, subsequent antiresorptive treatment after de-
nosumab discontinuation is recommended to prevent a 
rapid increase in bone turnover.[5,6] 

However, studies focusing on the mechanisms underly-
ing this phenomenon are limited. Upregulation of bone 
resorption and formation markers are observed within 3 
months after discontinuation, which correlates with the 
period of acute BMD decrease.[6,7] Moreover, these bone 
turnover markers are persistently elevated for up to 2 years.
[8] The denosumab-induced increase of the osteoclast (OC) 
precursor pool leading to rapid upregulation of bone re-
sorption has been suggested as a mechanism in a few re-
ports, but the evidence is limited.[9,10] However, the re-
port by Fontalis et al. [10] was submitted as an abstract for 
a conference and has not been published yet. Therefore, 
detailed information is absent, making interpretation diffi-
cult. However, another study has suggested that osteomor-
phs may contribute to rapid bone loss after denosumab 
discontinuation, in a mechanism where mature OCs change 
their shapes to become actively resorbing OCs without 
changing the OC pool.[11] On the other hand, there were 
few studies reported that OC precursors were decreased 
after bisphosphonate treatment that they may inhibit OC 
differentiation.[12,13] Therefore, we designed the study to 
compare the effect between denosumab and bisphospho-
nate treatment. 

Understanding the rebound mechanism requires clinical 
evidence as to whether OC precursor cell population incre-
ased or remained unchanged during denosumab treatment. 
Therefore, in this prospective open-label trial, we aimed to 
investigate the effect of denosumab on OC precursor cell 
pool and compared it to zoledronate using flow cytometry 
analysis.

METHODS

1. Study participants
The study was an open-label, 12-month, double-arm, 

prospective study in which 23 postmenopausal women re-
ceived either denosumab (60 mg subcutaneously at weeks 
0 and 24; N=11) or zoledronate (intravenous; 5 mg yearly 
at week 0; N=12). Patients were recruited from February 

2018 to February 2020 at the Seoul National University Hos-
pital. The enrolled participants were ambulatory postmeno-
pausal women aged >50 years who were at a high risk of 
fracture. Patients at increased risk of fracture were defined 
as those who met one or more of the following criteria: (1) 
BMD T-score ≤-2.5, at the lumbar spine, total hip, or femur 
neck; and (2) ≥1 history of fragility fracture. Patients were 
excluded if they had prior use of intravenous bisphospho-
nates, oral bisphosphonates, denosumab, teriparatide, or 
glucocorticoids within 6 months, or use of estrogens or se-
lective estrogen receptor modulators within 3 months at 
the time of enrollment. Patients with conditions that can 
influence bone metabolism were excluded, such as hyper-
parathyroidism; vitamin D deficiency; history of malignan-
cy; history of significant cardiopulmonary, liver, or renal 
disease; history of severe psychiatric disease; or excessive 
alcohol intake. This study was approved by the Institution-
al Review Board (IRB) of Seoul National University Hospital 
(IRB no. 1709-033-886).

As there was no clinical study to report the effect of de-
nosumab on OC precursors, sample number calculation 
was based on a previous study of the effect of bisphospho-
nate on OC precursors.[3] Assuming the type 1 error as 0.05 
and the power as 0.8, as the mean change of OC precursor 
cells during the treatment was -1.5±1.5%, the required 
number of subjects is 10 per group. Therefore 12 patients 
per group were required for enrollment, considering the 
dropout rate of 20%.

2. Assessment of anthropometric and 
biochemical parameters

Standing height and weight of patients without shoes 
and in light clothing were measured by a trained nurse. 
Body mass index (BMI) was calculated as weight (kg)/hei-
ght2 (m2). Menopausal age, smoking status, and the frac-
ture history were determined based on electronic health 
records and the questionnaire. Data was recorded by a trained 
nurse. Serum creatinine levels were measured using an Au-
toAnalyzer (TBA-200 FR NEO; Toshiba, Tokyo, Japan). The 
plasma 25-hydroxy-vitamin D (25[OH]D) level was mea-
sured using a radioimmunoassay (DiaSorin Inc., Stillwater, 
MN, USA) with an inter-assay coefficient of variation (CV) 
of 11.1% and an intra-assay CV of 8.8%. Bone-specific alka-
line phosphatase (ALP) levels were measured using an elec-
trochemiluminescence immunoassay with a DXI-800 ana-
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lyzer (Beckman Coulter Inc., Fullerton, CA, USA). The con-
centration of C-terminal telopeptide of type I collagen 
(CTX) was determined using a chemiluminescent immu-
noassay (Roche Diagnostics, Mannheim, Germany). Serum 
parathyroid hormone levels were measured using an elec-
trochemiluminescence immunoassay with a Cobas e411 
analyzer (Roche Diagnostics).

3. BMD assessment
BMD (g/cm2) at the lumbar spine, femoral neck, and to-

tal hip was measured at baseline and 48 weeks after treat-
ments using dual energy X-ray absorptiometry (Lunar Prod-
igy; GE Medical Systems, Madison, WI, USA) and analyzed 
using Encore Software version 11.0, according to the man-
ufacturer's guidelines. The average CVs for the lumbar spine, 
femoral neck, and total hip BMD were 1.22%, 1.97%, and 
1.30%, respectively. The L1–4 value was chosen for the anal-
ysis of lumbar spine BMD. The vertebrae with a compres-
sion fracture, obvious deformity, or severe sclerotic change 
were excluded from the analyses (e.g., L2-4 were included 
in the analyses if a compression fracture at L1). 

4. Flow cytometry analysis
Human peripheral blood mononuclear cells (PBMCs) were 

isolated from patients receiving denosumab or zoledronic 
acid. PBMCs (5×105) were diluted in 100 μL fluorescence-
activated cell sorting (FACS) buffer and stained with 1:100 
dilutions of the following antibodies: CD14-phycoerythrin 
(product number 557154; BD PharmingenTM, San Diego, CA, 
USA), CD11b-allophycocyanin (product number 553312; BD 
PharmingenTM), vitronectin receptor (VNR)–fluorescein (pro-
duct number 11-0519-42; Invitrogen; Thermo Fisher Scien-
tific, lnc., Waltham, MA, USA), and 10 μg/mL 4´,6-diamidi-
no-2-phenylindole (DAPI) solution (product number 62248; 
Thermo Fisher Scientific, lnc.) for 20 min at room tempera-
ture. Finally, the cells were washed, resuspended in FACS 
Buffer (product number 07905; Thermo Fisher Scientific, 
lnc.), and analyzed using a BD LSRFortessa™ device (BD Bio-
sciences, San Jose, CA, USA) with BD FACSDiva™ (BD Biosci-
ences) software. 

Live monocytes were first selected based on the DAPI-
negative population and forward (FSC-A) and side scatter 
(SSC-A) analysis. Monocytes were further gated based on 
CD14 expression. Changes in OC population after deno-
sumab or zoledronic acid treatment were compared based 

on CD14+/CD11b+ expression. CD14+/CD11b+/VNR- and 
CD14+/CD11b+/VNR+ cells represent early and late OC pre-
cursors, respectively.

5. Statistical analysis
Normally distributed data are presented as mean±stan-

dard deviation, non-normally distributed data are reported 
as median (interquartile range), and categorical data are 
reported as number (%). The variables between the groups 
were compared using the Mann-Whitney U test for contin-
uous variables and the χ2 test for categorical variables. With-
in groups, variables at baseline and at 4, 24, and 48 weeks 
were compared using Wilcoxon signed-rank test. Correla-
tion analysis was performed using Pearson’s correlation 
analysis. Differences were considered statistically signifi-
cant at P value less than 0.05. All analyses were performed 
using Stata version 13.0 (StataCorp., College Station, TX, 
USA) and R version 3.4.3 (The R Foundation for Statistical 
Computing, Vienna, Austria), and graphs were presented 
using GraphPad Prism version 5.0 (GraphPad, La Jolla, CA, 
USA).

RESULTS 

1. Clinical characteristics
A total of 28 postmenopausal women who satisfied the 

inclusion and exclusion criteria agreed to participate in the 
study. Among them, 5 patients from the denosumab group 
withdrew their consent. Two patients withdrew before the 
initiation of the study and 2 dropped out because they could 
not visit the hospital at week 4. One patient refused to visit 
and blood samples could not be obtained at the last visit. 
The final study cohort consisted of 11 and 12 patients in 
the denosumab and zoledronate groups, respectively. 

The demographic and clinical characteristics of patients 
are shown in Table 1. Age, BMI, and history of fracture sta-
tus were similar between the groups. Additionally, BMD at 
the lumbar spine, femur neck, and total hip and biochemi-
cal characteristics, such as 25(OH)D and bone turnover mark-
ers, were comparable between the groups. 

2. Changes in OC precursors
As described in Table 2, within each treatment group, OC 

precursor cell populations did not significantly change dur-
ing treatment. In all patients, the OC precursor cell popula-
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Table 1. Baseline clinical characteristics of participants

Denosumab  
(N=11)

Zoledronate  
(N=12) P-valuea)

Age 73.0±6.3 67.1±8.2 0.069

BMI (kg/m2) 22.1±3.8 22.7±3.5 0.727

Menopausal age 50.6±2.5 48.8±5.8 0.329

Ever smoker 2 (18.2%) 0 (0.0%) 0.217

History of fracture 4 (36.4%)   2 (16.7%) 0.371

Lumbar spine BMD (g/cm2) 0.725±0.057 0.740±0.083 0.646

Femur neck BMD (g/cm2) 0.661±0.066 0.678±0.056 0.507

Total hip BMD (g/cm2) 0.703±0.067 0.727±0.056 0.372

Creatinine (mg/dL) 0.71±0.09 0.70±0.11 0.991

25(OH)D (ng/mL) 33.7±12.6 36.1±20.6 0.739

Bone ALP (µg/L) 11.8±2.4 12.4±3.9 0.690

CTX (ng/mL) 0.40±0.25 0.41±0.22 0.907

PTH (pg/mL) 38.0±24.3 32.7±14.5 0.595
a)Continuous variables were analyzed using Student’s t-test, and cate-
gorical variables were analyzed using χ2 test with continuity correction.
BMI, body mass index; BMD, bone mineral density; 25(OH)D, 25-hydroxy- 
vitamin D; ALP, alkaline phosphatase; CTX, C-terminal telopeptide of type 
I collagen; PTH, parathyroid hormone. 

Table 2. Comparison of changes of osteoclast precursors 

Denosumab (N=11) Zoledronate (N=12) Total (N=23) P-valuea)

Baseline 1.50 (1.35-1.85) 1.15 (0.85-2.55) 1.40 (1.0-2.0) 0.422

Week 4 1.50 (0.95-2.75) 1.50 (0.75-2.05) 1.50 (0.85-2.15) 0.372

   Change from baseline 0.30 (-0.30-0.85) -0.10 (-0.85-0.10) -0.10 (-0.55-0.55) 0.228

   %Change from baseline 19.05 (-22.40-33.75) -12.50 (-28.89-5.26) -9.09 (-28.89-25.26) 0.372

   P-value (baseline - week 4)b) 0.367 0.250 0.621

Week 24 1.40 (1.0-1.50) 1.30 (1.15-2.10) 1.30 (1.0-2.0) 0.915

   Change from baseline -0.10 (-0.40-0.40) 0.20 (-0.80-0.35) 0.10 (-0.40-0.40) 0.803

   %Change from baseline -6.25 (-28.57-20.51) 20.0 (-18.09-40.97) 15.79 (-28.57-36.36) 0.545

   P-value (baseline - week 24)b) 0.784 0.419 0.462

Week 48 0.70 (0.40-1.50) 0.75 (0.45-1.75) 0.70 (0.40-1.70) 0.669

   Change from baseline -0.30 (-1.0-0) -0.55 (-1.30-0.15) -0.30 (-1.10-0) 0.972

   %Change from baseline -25.0 (-72.73-0) -38.44 (-61.03-6.25) -30.0 (-71.43-0) 0.831

   P-value (week 0 - week 48)b) 0.052 0.127 0.024
a)P-values were derived from Student’s t-test in analyzing between groups.
b)P-values were derived from Wilcoxon signed-rank test in analyzing within groups.

Fig. 1. Change of bone mineral density (BMD) during 48 weeks of denosumab and zoledronate treatment. Analysis were done using Student’s t-
test in analyzing between groups, and paired t-test in analyzing within groups. *Represents P<0.05 between groups. 
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tion decreased by 30% after 48 weeks of treatment, while 
weeks 4 and 24 did not show a significant change from the 
baseline.

Between denosumab and zoledronate groups, the chang-
es in the OC precursor cell population were similar. At base-
line and after 4, 24, and 48 weeks, the OC precursor cell 
population did not differ significantly between the groups. 
Changes from baseline after 4, 24, and 48 weeks were also 
similar in both groups. 

Changes in early and late OC precursor populations were 
measured (Supplementary Table 1, 2). Early OC precursors 
were decreased after 48 weeks of treatment in all patients. 
Early and late OC precursor changes were similar between 
treatment groups at baseline and 4, 24, and 48 weeks after 
treatment.

3. Changes in BMD and bone turnover markers
BMD was measured at baseline and after 48 weeks. Lum-

bar spine BMD significantly increased after 48 weeks in the 
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Fig. 2. Change of bone turnover markers during 48 weeks of denosumab and zoledronate treatment. Analysis were done using Student’s t-test in 
analyzing between groups, and from Wilcoxon signed-rank test in analyzing within groups. *Represents P<0.05 between groups. 
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Fig. 3. Correlation between change of osteoclast (OC) precursors and clinical parameters, such as (A) C-telopeptide at 48 weeks and (B) age. Pear-
son’s correlation analyses were done. Presented values are correlation coefficient of r.
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Table 3. Correlation coefficient between change of osteoclast pre-
cursors and clinical parameters

Baseline 
OC

Denosumab Zoledronate

Change 
of OC (24 
weeks)

Change 
of OC (48 
weeks)

Change 
of OC (24 
weeks)

Change 
of OC (48 
weeks)

Age -0.17 0.92a) 0.79a) 0.73 0.5

Creatinine -0.60 0.28 0.1 0.05 0.08

25(OH)D -0.29 0.09 -0.08 0.35 -0.10

Change of LS BMD 0.09 -0.17 -0.44 -0.05 -0.31

Change of FN BMD -0.25 -0.46 -0.6 -0.11 -0.57

Change of TH BMD 0.45 -0.63 -0.71 0.04 0.44

CTX at 24 weeks 0.19 -0.70a) -0.79a) -0.08 0.21

BALP at 24 weeks -0.39 -0.62 -0.36 0.29 -0.26

CTX at 48 weeks 0.29 -0.79a) -0.72a) 0.02 0.27

BALP at 48 weeks -0.23 0.59 0.66 0.71 0.45

Pearson’s correlation analyses were done. Presented values are correla-
tion coefficient of r. 
a)Represents P<0.05 between groups.
25(OH)D, 25-hydroxy-vitamin D; LS, lumbar spine; BMD, bone mineral den-
sity; FN, femur neck; TH, total hip; CTX, C-terminal telopeptide of type I 
collagen; BALP, bone alkaline phosphatase; OC, osteoclast. 

denosumab group compared to that in the zoledronate 
group (lumbar spine BMD, 0.796±0.087 and 0.750±0.056 
mg/cm2, P=0.033; % change of the lumbar spine BMD, 9.62 
±6.97% and 1.35±6.44%, P=0.013, respectively) (Fig. 1A). 
Femur neck and total hip BMD increased in both groups 
during the treatment, but the percentage change from base-
line did not differ between the groups at week 48 (femur 
neck BMD, 0.684±0.069, 0.676±0.053 mg/cm2, P=0.763; % 
change of the femur neck BMD, 3.61±2.51%, 0.64±4.05%, 
P=0.055; total hip BMD, 0.796±0.087, 0.750±0.056 mg/
cm2, P=0.183; % change of the total hip BMD, 2.42±2.59%, 
-0.26±4.36%, P=0.099, respectively) (Fig. 1B, C).

Bone turnover markers were measured at baseline and 
after 24 and 48 weeks. CTX levels were significantly reduced 
after 24 and 48 weeks compared with baseline in both groups 
(Fig. 2A). CTX levels after 24 and 48 weeks were lower in 
the denosumab group than in the zoledronate group (24 
weeks, 0.105 [0.080; 0.128] and 0.183 [0.102; 0.205] ng/mL, 
P=0.034; 48 weeks, 0.117 [0.091; 0.166] and 0.235 [0.175; 
0.314] ng/mL, P=0.008, respectively). In addition, bone al-
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kaline phosphatase levels were significantly decreased af-
ter 24 weeks in both groups and at 48 weeks, bone ALP lev-
els were significantly lower in the denosu mab group than 
in the zoledronate group (week 24, 6.760 [6.370; 8.430], 
8.520 [7.705; 10.775], P=0.114; week 48, 6.759±1.025, 11.962 
±2.368; P<0.001, respectively) (Fig. 2B).

4. Correlation between changes in OC 
precursors and clinical parameters

In the denosumab group, patients with lower CTX levels 
at 48 weeks had increased OC precursors at 24 and 48 weeks 
after treatment (Table 3, Fig. 3A). However, bone forma-
tion markers did not correlate with changes in OC precur-
sors in either the zoledronate or denosumab groups. Pa-
tient age was positively associated with an increased % 
change of OC precursors at 24 and 48 weeks after deno-
sumab treatment (Fig. 3B). In addition, in the zoledronate 
group, changes in OC at both 24 and 48 weeks did not cor-
relate with clinical parameters such as age or bone turn-
over markers.

DISCUSSION

This prospective open-label trial compared the effects of 
denosumab and zoledronate on OC precursors. There were 
no significant changes in OC precursors, both early and 
late, between the denosumab and zoledronate groups. In 
addition, although were no significant changes with deno-
sumab and zoledronate treatments, OC precursors in the 
23 patients were reduced after 48 weeks of antiresorptive 
treatment. Patients who had older age or had more sup-
pressed bone resorption status were likely to have increased 
OC precursor cells after treatment with denosumab. 

Several studies have hypothesized that increased OC 
precursors during denosumab treatment may play a role 
in the rapid surge in bone resorption after discontinuation.
[9,10] However, clinical studies have shown little evidence 
to support the hypothesis.[9,10] An abstract reported that 
OC precursors (CD14+/CD11b+) were more abundant after 
denosumab treatment than bisphosphonate treatment.
[10] However, the interpretation requires caution because 
it was preliminary data presented as an abstract for a con-
ference without detailed information. In addition, only fol-
low-up results were presented without a baseline, so chan-
ges in OC precursors could not be assessed. Another study 

was based on data from 2 children who experienced re-
bound-associated hypercalcemia after denosumab treat-
ment discontinuation.[9] Among them, an increase in cir-
culating OC precursors was observed in one patient, based 
on CD16- monocytes. This study has limitations in that it 
only reported one case. Furthermore, CD16- monocytes 
cannot directly reflect OC precursors, including the CD14+/
CD11b+ population as a subset. Therefore, clinical evidence 
is insufficient to support this hypothesis. 

However, it has been recently hypothesized that chang-
es in the form of mature OC, not the OC precursor pool, may 
contribute to the rebound phenomenon after reversible 
RANKL inhibition.[11] Since OCs express the RANK recep-
tor, and the interaction between RANKL and RANK leads to 
OC differentiation,[14] it was estimated that blocking RANKL 
would increase OC precursors by blocking OC differentia-
tion. However, there is no clear evidence that direct RANK 
inhibition increases the OC precursor population. In a re-
cent in vivo study, intravital imaging showed that upon 
RANKL antibody treatment, mature OCs undergo cell fis-
sion to form osteomorphs, rather than accumulating OC 
precursors.[11] The rapid fusion of accumulated osteomor-
phs to actively resorb OCs after drug withdrawal may part-
ly explain the rebound phenomenon.[11] As osteomorphs 
are not detected as CD14+/CD11b+ cells, the OC precursor 
population may not significantly contribute to the rebound 
phenomenon. In another in vitro study, denosumab or os-
teoprotegerin treatment did not increase OC precursor cells 
but decreased differentiated OCs compared to placebo.[15] 
Therefore, the inhibition of RANK signaling may not signifi-
cantly affect the proportion of OC precursor populations 
among monocytes. 

In addition, the OC precursor population did not change 
during the zoledronate treatment in this study. Bisphos-
phonates have been hypothesized to act on OC precursors 
and inhibit OC differentiation.[12,13] Some studies have 
investigated the effect of bisphosphonate treatment on 
the reduction of OC precursors.[16-19] Consistent with our 
results, there was no reduction in OC precursor levels dur-
ing zoledronate treatment.[16] Although in vitro assays 
showed that zoledronate inhibited circulating OC precur-
sors, OC precursors measured in human sera did not ex-
hibit a significant reduction after 18 months of zoledronate 
treatment.[16] However, our findings differ from recent 
alendronate, risedronate, and ibandronate studies, which 
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revealed a decrease in OC precursors (CD14+/CD11b+ cells).
[17-19] In addition, direct sampling of the bone marrow 
revealed decreased osteoclastogenesis during alendronate 
treatment.[13] As in the previous zoledronate study, our 
negative results may be due to the relatively small sample 
size; the variations in circulating OC precursor levels be-
tween individuals could limit the sensitivity of the study.
[16] It is also possible that the interval of bisphosphonate 
exposure may have influenced the results. Previous studies 
using bisphosphonates other than zoledronate adminis-
tered them more frequently and were likely to induce high-
er circulating levels of the drug, which may have influenced 
OC precursors.[17-19] Therefore, although further studies 
with a larger sample size are needed, our data do not sup-
port the hypothesis that zoledronate reduces the OC pre-
cursor population.

In this study, old age and suppressed CTX levels were as-
sociated with increased OC precursor levels during deno-
sumab treatment. Age and menopausal status have been 
reported to be positively correlated with the pool of OC 
precursors and differentiation in vivo and in vitro.[20-22] A 
previous study demonstrated an increase in CD14+ OC pre-
cursors during aging, leading to more aggressive bone re-
sorption through alterations in DNA methylation and Ca-
thepsinK activation.[20] In agreement with previous stud-
ies, our results revealed an increase in OC precursors in old-
er patients. It has also been reported that a more extended 
treatment duration of denosumab, reflected as more sup-
pressed CTX, was associated with a more prominent bone 
loss after withdrawal.[23,24] Therefore, as shown in our as-
sociation analysis, it is possible that those who had more 
suppressed CTX could be associated with the increased OC 
precursor during the denosumab treatment.

Detecting OC precursors in human blood has been a chal-
lenge, but a method has been established using flow cy-
tometry.[25] CD14+ monocytes are a heterogeneous cell 
population from which macrophages originate.[26] In a 
previous report, human OC cells expressed the monocyte/
macrophage markers CD14 and CD11b in the early osteo-
clastogenesis phase and lost their expression when they 
became functionally mature.[25,27] In addition, the selec-
tion of CD14+ monocytes from peripheral blood mononu-
clear cells enhanced osteoclastic bone resorption by over 
2-fold compared to that in the unfractionated control.[25] 
CD14 and CD11b have also been used in other reports to 

represent OC precursors,[17-19] as our study. In addition, 
VNR is a typical OC phenotype that represents mature OCs.
[28] OCs expressing VNR form F-actin rings and resorb the 
bone. “Actin rings” are OC-specific structures involved in 
anchoring OCs to the mineralized bone matrix prior to ini-
tiation of bone resorption.[29,30] Therefore, OC precursors 
with VNR expression are naturally low in number but may 
represent a relatively late phase OC precursors.[28] 

This study has some notable strengths. This is the first 
prospective study to compare changes in OC precursors 
between denosumab and zoledronate treatments. Flow 
cytometric analysis was performed using fresh samples 
within 6 hr of collection. This study is clinically meaningful 
as it is the first to report the correlation between an increase 
in OC precursors and clinical parameters during denosum-
ab treatment, such as age and suppressed bone turnover 
status. In addition, we measured OC precursors at multiple 
time points, such as 4, 24, and 48 weeks, to take a closer 
look at changes in OC precursors during the treatments. In 
addition to CD14 and CD11b, we measured VNR markers 
to assess early and late forms of OC precursors. Detailed 
measurements of the OC precursor population enhanced 
our understanding of the mechanism. 

However, this study has some limitations. The required 
number of study participants was calculated based on pre-
vious studies investigating the effect of bisphosphonates 
on OC precursors. However, the number of patients enrolled 
in this study may be relatively insufficient to accurately ob-
serve the difference between groups. In addition, although 
flow cytometry analysis used fresh samples within 6 hr 
whenever possible, the timing of the analysis may have af-
fected the results. In addition, it would be helpful to mea-
sure OC precursors more frequently to observe the trend, 
for instance, 2 to 3 months after injection, which may re-
flect the maximally suppressed bone turnover state. 

In conclusion, our study is the first prospective study com-
paring the effect of denosumab and zoledronate on chang-
es in the OC precursor pool. No significant difference in the 
OC precursor pool was observed between denosumab and 
zoledronate groups, suggesting that the OC precursor pool 
may not be significantly affected by RANKL inhibition. How-
ever, old age and suppressed bone turnover state were as-
sociated with an increased OC precursor pool in denosum-
ab treatment, implying that more caution is needed in some 
populations after discontinuation. Further studies with a 
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larger number of patients and extended observations are 
required. 
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Supplementary Table 1. Comparison of changes of early osteoclast precursors 

Denosumab (N=11) Zoledronate (N=12) Total (N=23) P-valuea)

Baseline 1.30 (1.20-1.45) 1.00 (0.75-2.45) 1.30 (0.95-1.65) 0.339

Week 4 1.40 (0.95-2.65) 1.20 (0.60-1.90) 1.20 (0.75-2.00) 0.478

   Change from baseline 0.30 (-0.30-0.85) -0.05 (-0.80-0.10) 0.00 (-0.50-0.50) 0.240

   %Change from baseline 23.68 (-22.40-59.89) -5.00 (-29.96-10.00) 0.00 (-29.96-28.74) 0.406

   P-value (baseline - week 4)b) 0.312 0.226 0.791

Week 24 1.20 (0.70-1.40) 1.25 (0.55-1.60) 1.20 (0.60-1.60) 0.943

   Change from baseline -0.10 (-0.50-0.30) -0.05 (-0.60-0.20) -0.10 (-0.50-0.20) 0.887

   %Change from baseline -6.67 (-35.71-23.68) -5.56 (-27.22-20.00) -6.67 (-35.71-20.00) 0.887

   P-value (baseline - week 24)b) 0.855 0.176 0.359

Week 48 0.60 (0.40-1.40) 0.65 (0.30-1.55) 0.60 (0.30-1.40) 0.775

   Change from baseline -0.20 (-1.00-0.30) -0.55 (-1.65-0.25) -0.30 (-1.10-0.30) 0.749

   %Change from baseline -28.57 (-72.73-20.00) -51.08 (-70.23-20.00) -40.00 (-72.73-20.00) 1.000

   P-value (week 0 - week 48)b) 0.142 0.108 0.048
a)P-values were derived from Student’s t-test in analyzing between groups.
b)P-values were derived from Wilcoxon signed-rank test in analyzing within groups.
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Supplementary Table 2. Comparison of changes of late osteoclast precursors 

Denosumab (N=11) Zoledronate (N=12) Total (N=23) P-valuea)

Baseline 0.10 (0.10-0.30) 0.20 (0.10-0.20) 0.20 (0.10-0.20) 0.750

Week 4 0.2 (0.10-0.40) 0.20 (0.10-0.20) 0.2 (0.10-0.25) 0.483

   Change from baseline 0 (0-0.15) 0 (-0.10-0.07) 0 (-0.05-0.10) 0.641

   %Change from baseline 0 (0-112.50) 0 (-50.0-75.0) 0 (-25.0-62.5) 0.589

   P-value (baseline - week 4)b) 0.130 0.782 0.524

Week 24 0.20 (0.05-0.30) 0.30 (0.13-0.60) 0.20 (0.10-0.50) 0.826

   Change from baseline 0.10 (-0.20-0.15) 0.15 (0-0.47) 0.10 (0-0.30) 0.535

   %Change from baseline 100 (-50-100) 100 (0-275) 100.0 (0-150.0) 0.154

   P-value (baseline - week 24)b) 0.956 0.175 0.289

Week 48 0.10 (0.10-0.15) 0.20 (0.20-0.30) 0.20 (0.10-0.25) 0.062

   Change from baseline 0 (-0.20-0.05) 0 (0-0.10) 0 (-0.05-0.10) 0.069

   %Change from baseline 0 (-62.5-50.0) 0 (0-87.5) 0 (-25.0-75.0) 0.138

   P-value (week 0 - week 48)b) 0.802 0.243 0.622
a)P-values were derived from Student’s t-test in analyzing between groups.
b)P-values were derived from Wilcoxon signed-rank test in analyzing within groups.




