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A B S T R A C T

Background. Increases in bone mineral density (BMD) follow-
ing a single dose of denosumab and increased incidence of
denosumab-associated acute hypocalcemia (DAAH) have been
reported in chronic kidney disease patients. Little is known
about clinical risk factors related to DAAH and the long-term
effect of denosumab on BMD in hemodialysis patients.
Methods. An observational noncontrolled study involving
47 hemodialysis patients was conducted to determine the
independent risk factors related to percentage changes in
serum calcium (Ca) levels associated with denosumab using
multivariate regression analysis. Optimal predictive markers
for DAAH were explored by receiver operating characteris-
tic analysis. Percentage changes of BMD at the lumbar
spine (LS) and femoral neck (FN) at 24 months were
investigated.
Results. The incidence of DAAH [serum corrected Ca (cCa)
�8 mg/dL] following denosumab was 25.5%. Multivariate re-
gression analysis showed that baseline bone alkaline phospha-
tase was independently related to percentage changes in cCa
levels (b¼�0.407, P¼ 0.008). Tartrate-resistant acid phos
phatase-5b was found to be the most accurate marker to predict
DAAH, with an area under the curve of 0.750 (95% confidence
interval 0.546–0.954; P¼ 0.02), and the optimal cut-off level
was 670 mU/mL with sensitivity: 0.727 and specificity: 0.733.
BMD significantly increased by 5.9 6 1.7% (P¼ 0.01) at LS and
4.2 6 1.5% (P¼ 0.04) at FN at 24 months.
Conclusions. In hemodialysis patients, high bone turnover was
an independent risk factor for the Ca declines induced by deno-
sumab. Denosumab significantly increased BMD at LS and FN
at 24 months.

Keywords: bone mineral density, denosumab, hemodialysis,
hypocalcemia, osteoporosis

I N T R O D U C T I O N

Chronic kidney disease (CKD) is a key independent risk factor
for bone fragility and the incidence of fracture increases pro-
gressively with CKD stage [1, 2]. Regarding management of
bone loss in hemodialysis patients, secondary hyperparathy-
roidism (HPT) has traditionally been considered as the major
cause of bone loss, and controlling intact parathyroid hormone
(iPTH) by active vitamin D analogs and calcimimetics has been
used as first-line therapy, aiming to adjust bone metabolism ab-
normalities and thus increase bone mineral density (BMD) [3,
4]. However, despite intense control of iPTH levels, the inci-
dence of hip fractures in hemodialysis patients is still as much
as 4–17 times higher than in the general population [5–7]. To
deal with this staggering and extreme bone fragility, in addition
to management of secondary , the use of anti-osteoporotic
drugs has recently been explored in CKD patients [8, 9].

Denosumab, a fully human monoclonal antibody, has an
antiresorptive effect in that it binds specifically to receptor acti-
vator of nuclear factor-jB ligand, which plays a major role in
bone formation, activation and survival of osteoclasts and has
an antiresorptive effect, resulting in a significant increase in
BMD [10]. Unlike bisphosphonates, denosumab is not excreted
via the kidneys and does not remain in the body [11] so that
pharmacokinetic studies of denosumab have shown no need for
dose adjustment in CKD individuals including those on hemo-
dialysis treatment [12]. Moreover, a previous study that in-
cluded advanced CKD patients with estimated creatinine
clearance of 15–30 mL/min reported that the effect of denosu-
mab on BMD and fracture risk reduction did not differ accord-
ing to the level of kidney function [13]. Thus, in clinical
practice, the popularity of denosumab has continued to increase
for the treatment of osteoporotic CKD patients at high risk of
fractures. However, hypocalcemia following denosumab treat-
ment is a concerning issue, which can be more severe or more
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symptomatic in more advanced CKD patients including hemo-
dialysis patients [12, 14, 15].

Few studies have assessed the use of denosumab for hemodi-
alysis patients. A recent meta-analysis of observational studies
reported a 42% incidence of hypocalcemia following denosu-
mab and significant increases in BMD at the lumbar spine
(LS) and femoral neck (FN) by 6 months in hemodialysis
patients [16]. However, clinical factors related to calcium (Ca)
reductions induced by denosumab and long-term BMD
changes in these populations are still unknown. Thus, this ob-
servational study was conducted to investigate the incidence of
denosumab-associated acute hypocalcemia (DAAH), indepen-
dent factors for Ca reductions and changes in BMD and bone
metabolic markers at 24 months in hemodialysis patients
treated with denosumab.

M A T E R I A L S A N D M E T H O D S

This was a noncontrolled and retrospective observational study
on regular hemodialysis patients who were clinically diagnosed
with osteoporosis and treated with denosumab (Prolia; Amgen,
Inc., Thousand Oaks, CA, USA) between June 2013 and
November 2018. Patients received regular hemodialysis treat-
ment three times per week for 4 h per session. Serum biochem-
istry parameters including serum Ca, phosphate (P), albumin

and 25-hydroxyvitamin D [25-(OH)D: calcifediol], alkaline
phosphatase (ALP), iPTH, bone ALP (BAP) and tartrate-
resistant acid phosphatase-5b (TRACP-5b) at baseline and dur-
ing treatment were investigated. Serum BAP was measured by
chemiluminescence immunoassay (Beckman Coulter Inc.,
Indianapolis, IN, USA) and serum TRACP-5b by DS Pharma
Biomedical (Osaka, Japan). Serum iPTH levels were
measured by electrochemiluminescence immunoassay (Roche
Diagnostics K.K., Tokyo, Japan). Corrected Ca (cCa) was calcu-
lated if pre-dialysis serum albumin concentration was <4.0 g/
dL from the following equation: [cCa mg/dL¼ serum Ca con-
centration mg/dLþ 0.8� (4� serum pre-dialysis albumin con-
centration g/dL)] [17]. Data on serum cCa levels on Day 7 after
denosumab injection (cCa7) were collected when they were
available. BMD data measured using dual X-ray absorptiometry
(Hologic, Waltham, MA, USA) at baseline, and at 6, 12 and
24 months at antero-posterior LS and FN following denosu-
mab injection were collected. Each percentage change in
BMD at LS and FN from baseline to 6, 12 and 24 months was
calculated. Incidence of DAAH defined as serum cCa7

�8.0 mg/dL after the first dose of denosumab injection was
calculated and clinical parameters associated with percentage
changes in cCa on Day 7 from baseline (DcCa) were investi-
gated. Percent changes of BMD at LS and FN and bone meta-
bolic markers (BAP and TRACP-5b) at 6, 12 and 24 months
were evaluated. This study was reviewed and approved by the
ethics committee of Toranomon Hospital.

Statistical analysis

Values are expressed as medians with interquartile ranges
(first to third percentile) or means 6 standard deviation (SD)/
standard error, as appropriate. Serum BAP, TRACP-5b and
iPTH levels were log-transformed before analyzing correlation
coefficients with DcCa before univariate and multivariate linear
regression analysis. Then, multiple linear regression analysis
with stepwise methods was conducted to determine which in-
dependent variables contributed significantly to DcCa. Next,
the predictive ability of bone metabolic markers (BAP,
TRACP-5b and iPTH) was evaluated by receiver operating
characteristic (ROC) curves for incidence of DAAH with a
plot of sensitivity and false-positive rates (1-specificity). The
areas under the curve (AUC) were measured to determine
the quality of discrimination. The optimal cut-off level to de-
termine the occurrence of DAAH was obtained through the
simultaneous maximization of sensitivity and specificity.
Finally, Tukey–Kramer test was used to evaluate the mean
percentage change of BMD at 6, 12 and 24 months from
baseline. Mean percentage changes of bone metabolic
markers within the same individuals were analyzed by one-
way ANOVA following Bonferroni multiple comparison test.
Statistical analysis was performed using SPSS version 19.0
software (SPSS Inc., Chicago, IL, USA). The P < 0.05 was
considered statistically significant for all analyses.

KEY LEARNING POINTS

What is already known about this subject?

• several short-term observational studies showed that a
single dose of denosumab increased bone mineral den-
sity (BMD) in hemodialysis patients; and

• some previous studies showed that changes in serum
calcium (Ca) levels following denosumab injection did
not differ according to the level of kidney function,
while other studies reported severe hypocalcemia in
patients with advanced chronic kidney disease.

What this study adds?

• clinical baseline factors are found to be associated with
the degree of Ca reduction by denosumab and predic-
tive markers to distinguish the occurrence of denosu-
mab-associated acute hypocalcemia (DAAH) in
hemodialysis patients on denosumab; and

• a long-term effect of denosumab on BMD in osteopo-
rotic hemodialysis patients.

What impact this may have on practice or policy?

• to improve the knowledge of clinicians regarding
factors contributing to the development of severe hy-
pocalcemia induced by denosumab in hemodialysis
patients when they start treatment; and

• to provide long-term evidence of the effect of denosu-
mab on BMD in hemodialysis patients.
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R E S U L T S

Baseline characteristics

Data from a total of 47 patients were reviewed and their
clinical parameter values at baseline are shown in Table 1. The
primary causes of kidney failure varied widely: in 19 patients

the cause was chronic glomerular nephritis; in 6, autosomal
dominant polycystic kidney disease; in 4, diabetic nephropathy;
IgA nephritis in another 4; autoimmune disease in 5; and other
causes in the remaining 9. Median iPTH levels were 133 pg/mL,
which were within targeted ranges recommended by the
Japanese Society of Dialysis Treatment guidelines (60–240
pg/mL). Serum concentrations of 25-(OH)D were low, varying
from 3.9 to 28.3 ng/mL, and most patients were categorized as
vitamin D deficient (<20 ng/mL). A third of patients had a his-
tory of previous fractures with a total of 16 episodes (11: verte-
bral fractures; 3: FN fractures; 2: ulna fractures). All patients
had been prescribed either calcium carbonate (CaCO3) or active
vitamin D sterols at baseline.

Changes in serum Ca and iPTH following denosumab
injection

Figure 1 shows the changes in mean cCa and median
iPTH levels after the first dose of denosumab injection up to
6 months. cCa on Day 7 dropped to 8.7 6 1.0 mg/dL (P< 0.001
versus baseline) and the incidence of DAAH was calculated as
25.5% (12 out of 47). Serum cCa levels returned to
9.5 6 1.1 mg/dL (n¼ 43) at 1 month and at 9.9 6 1.0 mg/dL
(n¼ 43) by 6 months (P> 0.05 versus baseline). Conversely,
median iPTH on Day 7 increased by 50% to 226 pg/mL
(n¼ 24) and decreased in line with normalization of cCa levels,
returning to 103 pg/mL by 6 months. No patients with DAAH
had symptoms.

Correlations between percentage changes in cCa and
baseline bone metabolic markers

Figure 2a–c show the correlations between DcCa and base-
line bone metabolic parameters (BAP, TRACP-5b and iPTH)
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FIGURE 1: Changes in mean serum cCa and median iPTH levels after a single dose of denosumab administration. Values are expressed as
mean 6 SD.

Table 1. Baseline characteristics of this study (n¼ 47)

Age 66.1 6 11.1
Gender, female, % 26 (55.3)
BMI, kg/m2 19.9 6 3.7
Duration of hemodialysis, years 16.9 6 13.0
Diabetic nephropathy, % 4 (8.5)
Prior history of fractures (any site), % 15 (31.9)
Albumin, mg/dL 3.0 6 0.5
cCa, mg/dL 9.8 6 0.8
P, mg/dL 4.8 6 1.0
ALP, IU/L 301.6 6 111.5
BAP, mg/L 18.0 (13.7–23.8)
TRACP-5b, mU/dL 614 (315–985)
iPTH, pg/mL 133.0 (70.0–240.0)
25-(OH)D, ng/mL (n¼ 33) 16.0 (13.3–18.7)
Baseline BMD t-scores

LS (n¼ 42) �1.90 6 1.50
FN (n¼ 45) �2.36 6 1.09

Baseline BMD
LS, g/cm2 (n¼ 42) 0.81 6 0.20
FN, g/cm2 (n¼ 45) 0.58 6 0.14

Use of cinacalcet, % 13 (27.7)
Use of vitamin D sterols, % 35 (74.5)
Use of CaCO3, % 22 (47)
Use of CaCO3 and/or vitamin D sterols, % 47 (100)
Number of denosumab injections 3.5 6 1.0

Data are expressed as n (%), mean 6 SD or medians (with interquartile ranges, first to
third percentile). The body mass index (BMI) is the weight in kilograms divided by the
square of the height in meters.
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by univariate linear regression analysis. DcCa had a significant
negative correlation with baseline log-transformed serum BAP
(log BAP) (r¼�0.407, P¼ 0.008), TRACP-5b (log TRACP-
5b) (r¼�0.366, P¼ 0.016) and iPTH (log iPTH) (r¼�0.380,
P¼ 0.008). Then, multivariate linear regression analysis with
stepwise methods of baseline clinical parameters was conducted
to evaluate the independent risk factors significantly associated
with DcCa (%). Age, sex, baseline log BAP, baseline log
TRACP-5b and baseline log iPTH were included in the analysis
and baseline log BAP remained in the final model (R2¼ 0.166,
b¼�0.407, P¼ 0.008) indicating that baseline BAP levels were
independently and significantly associated with DcCa (%).
Figure 2d shows the ROC curve for the prediction of the inci-
dence of DAAH for different bone turnover markers. Serum
TRACP-5b level was the most accurate predictive marker for
DAAH [AUC: 0.750, 95% confidence interval (CI) 0.546–0.954;
P¼ 0.02], while iPTH approached statistical significance (AUC:
0.703, 95% CI 0.511–0.895; P¼ 0.05). Serum BAP levels, how-
ever, did not reach statistical significance (AUC: 0.632, 95% CI
0.423–0.841; P¼ 0.20). The optimal cut-off value of TRACP-5b
for prediction of DAAH was 670 mU/dL (sensitivity: 0.727; spe-
cificity: 0.733).

Changes in BMD and bone metabolic markers

Figure 3a and b show the percentage change in BMD at LS
and FN during the study period. The BMD at LS and FN

significantly increased by 5.7 6 1.5% (P¼ 0.005) and
4.5 6 1.3% (P¼ 0.01), respectively, at 12 months from baseline
and at the end of the 24 months; the increases remained signifi-
cant at 5.9 6 1.7% (P¼ 0.01) at LS and 4.2 6 1.5% (P¼ 0.04) at
FN. Figure 3c and d show the percentage changes in bone meta-
bolic markers at 24 months. Rapid and significant decreases in
serum BAP and TRACP-5b levels were observed at 6 months,
with changes of �29.0 6 6.7 (P¼ 0.003) and �42.0 6 6.56%
(P< 0.001), respectively, while suppression of bone metabolic
markers was maintained with statistically significant changes of
�39.2 6 8.2% (P< 0.001) in BAP and �35.0 6 11.7%
(P¼ 0.09) in TRACP-5b at 24 months. Baseline serum ALP lev-
els showed a positive correlation with BMD increases in LS at
6 months (r¼ 0.587, P¼ 0.001) (Figure 4). DcCa was negatively
correlated with BMD increases although the change was not
statistically significant (r¼�0.223). During the observation pe-
riod, no incident fractures and no cases of osteonecrosis of the
jaw were seen in reviewed patients.

D I S C U S S I O N

This observational study showed a 25.5% incidence of DAAH
among 47 hemodialysis patients, all of whom were prescribed
CaCO3 and/or active vitamin D analogs at baseline. We found
that baseline BAP is significantly and independently related to
the degree of serum cCa reduction, and serum TRACP-5b
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FIGURE 2: (a–c) Significant correlations between baseline bone metabolic markers and DcCa. (a) Log serum baseline BAP (r¼ –0.407,
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were significantly negatively correlated with DcCa. (d) AUC of ROCs predicted DAAH.
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(>670 mU/mL) can predict the occurrence of DAAH. The
BMD at both LS and FN significantly increased and bone turn-
over markers were suppressed at 24 months. This is the first
report to describe the long-term effect of denosumab on BMD
in hemodialysis patients with low bone mass.

In hemodialysis patients, the recent meta-analysis of six ob-
servational studies analyzing a total of 84 dialysis patients
treated with a single dose of denosumab injection revealed that
the pooled estimated incidence of denosumab-associated hypo-
calcemia was 42% (95% CI 29–55%) [18], which was much
higher than the reported figure in general osteoporotic women
with <0.05% [10]. Drops in serum Ca occurred approximately
7–20 days after denosumab administration and were amelio-
rated with adequate up-titration of active vitamin D analogs or
Ca supplementation resulting in no difference in serum Ca and
P levels from baseline to the post-treatment course [18].
Although there are some studies investigating risk factors for
DAAH in nondialysis CKD patients, few studies are available in
hemodialysis patients. There has been one study by Dave et al.
that investigated a total of 14 advanced CKD patients including
seven hemodialysis patients treated with denosumab, showing
that baseline total ALP levels had a weak positive correlation

(r¼ 0.32) with absolute Ca declines from baseline to the post-
denosumab nadir, albeit the correlation was not statistically sig-
nificant [15]. This study analyzed 47 hemodialysis patients and
baseline BAP retained statistical significance, indicating that
high bone status at baseline is associated with the magnitude of
DAAH in hemodialysis patients.

The induction of hypocalcemia by denosumab in hemodial-
ysis patients is currently considered to involve a similar mecha-
nism to hungry bone syndrome after parathyroidectomy [12].
In those patients, mainly due to lack of 1,25 hydroxylase activity
in the kidney and resulting hypocalcemia, elevated iPTH accel-
erates bone resorption to maintain Ca homeostasis by efflux of
Ca from bone into the blood. In bone, active bone formation is
promoted and mineralization of bone matrix is processed by Ca
released from bone undergoing resorption due to elevated
iPTH. Denosumab blocks this iPTH-dependent bone resorp-
tion and the endogenous supply of Ca from bone is rapidly re-
duced; however, the mineralization of bone matrix continues.
Thus, like hungry bone syndrome after parathyroidectomy, in-
flux of Ca from blood into bone increases after denosumab
treatment, resulting in acute hypocalcemia unless adequate Ca
and active vitamin D analogs are supplemented. Chen et al.
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prescribed denosumab for patients with severe HPT
(iPTH>1000 pg/mL) with low bone mass, and found that half
of patients (4/8) developed severe hypocalcemia (cCa<7 mg/
dL), and aggressive active vitamin D analogs and Ca supple-
mentation and adjustment of Ca concentration of dialysate
were required to tilt up Ca levels, while BMD increased signifi-
cantly with >20% increases at LS, and positive correlations be-
tween BMD increases and baseline ALP and PTH levels were
observed [19]. In line with their report, our result showed a sig-
nificant and strong correlation between serum ALP and BMD
increase in the LS. We found a negative correlation of DCa with
BMD increases; however, it did not reach statistical significance,
which might be due to the small sample size. Clinically, identifi-
cation of a serological screening marker to predict the develop-
ment of acute hypocalcemia before administration of
denosumab would be useful in order to detect hypocalcemia
and implement a preventative correction of baseline hypocalce-
mia if present by increasing the dose of Ca supplementation
and/or active vitamin D analog prior to initiating denosumab.
ROC analysis in this study showed that baseline TRACP-5b
might be a predictive marker for DAAH; however, further large
studies will be needed to clarify this finding.

Apart from DAAH, there is a possibility of resultant worsen-
ing of secondary HPT caused by Ca declines as a result of deno-
sumab. In this study, iPTH levels on Day 7 were increased by
>50% as a reactive response to hypocalcemia following denosu-
mab injection, similar to previous reports [19, 20]. Although
iPTH levels promptly returned to the baseline level in parallel
with normalization of Ca by adequate Ca supplementation,
whether this rapid increase in iPTH stimulates parathyroid tis-
sue and leads to worsening HPT needs to be addressed in a fu-
ture study.

Regarding the effect on bone metabolic markers and BMD
changes, denosumab rapidly and significantly suppressed
markers of both bone formation (BAP) and resorption
(TRACP-5b) following injection of a single dose, indicating
strong suppression of osteoclastic activities [10] as previously
reported in the general population [21]. As for BMD, our study
showed 4–5% increases in BMD at both LS and FN at
12 months, which is comparable to the effect in the general pop-
ulation [10]. Although denosumab is reported to continuously
increase BMD up to 10 years in the general population [22], our
data did not show this tendency to continuously increase BMD.

Some previous studies showed a preferential effect of deno-
sumab on BMD in the FN. In an exploratory analysis among
the general population, denosumab was shown to achieve a
greater BMD increase at the FN, which is mainly composed of
cortical bone, compared with bisphosphonates [23]. One possi-
ble explanation for the superior effect of denosumab on cortical
bone is that bisphosphonates adsorb onto a surface and bind to
subendosteal mineralized bone matrix, and are thus more likely
to be present in trabecular bone. Since cortical bone has a low
surface area and low mineralized bone matrix volume, there is
less surface mineralized bone matrix volume for bisphospho-
nates to be adsorbed upon. In contrast, denosumab circulates
freely to bone surfaces and into remodeling compartments
within the bone cortex, where it can inhibit remodeling more
rapidly and markedly than bisphosphonates in the cortical
bone area [24–26]. In fact, denosumab reduced cortical porosity
of the proximal femoral shaft, increased mineralized matrix and
improved strength [27]. In CKD patients, a recent 3-year longi-
tudinal study on bone microstructure (cortical area, thickness
and cortical density) showed deterioration of cortical bone
structures caused by HPT and high bone turnover [28]. In addi-
tion, a 5-year longitudinal study investigating the relationship
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between bone loss by sites and kidney dysfunction showed an-
nualized rates of bone loss at the FN (1.6–1.7%) was greater
than at the LS (1.4–1.6%) [29]. Given the high mortality of hip
fracture in hemodialysis patients compared with nondialysis
patients (hazard ratio ¼ 2.84, 95% CI 2.55–3.15 at 1–6 years af-
ter fracture) [30], those studies shed light on the importance of
improving cortical bone structures to the management of bone
fragility in osteoporotic CKD patients, and denosumab might
be one option to be considered for its unique effects on cortical
bones.

There are some limitations to our study. First, this is a retro-
spective study and lacks an untreated control group, so that the
improvement in BMD after denosumab could have potentially
been affected by other concomitant drugs such as active vitamin
D analogs. Second, regional differences in hemodialysis man-
agement should be taken into account when interpreting the
results of this study. The dialysis vintage of our study was rela-
tively long, >16 years, and the iPTH levels at baseline were
lower than targeted ranges recommended by other interna-
tional guidelines such as the KDIGO guidelines [31], rendering
the results less applicable to other hemodialysis populations
with much higher iPTH levels and shorter dialysis vintage.
Prescription of either CaCO3 and/or active vitamin D analogs
at baseline in all patients might contribute to the lower inci-
dence of DAAH compared with the previous report [18]. We
did not obtain data on previous osteoporotic drugs or other
drugs that can affect bone metabolism including steroids before
initiation of denosumab, nor investigate changes in the dose of
CaCO3, active vitamin D or cinacalcet during the period.
Finally, we did not perform bone biopsies to confirm or rule out
renal osteodystrophy at baseline.

In conclusion, this is a relatively large-sized study on deno-
sumab treatment in hemodialysis patients. High bone turnover
is associated with the degree of Ca reduction induced by deno-
sumab injection. Our findings strongly suggest careful and
closer monitoring of Ca levels in hemodialysis patients treated
with denosumab, particularly in those with high bone turnover
prior to denosumab treatment. Although significant improve-
ments in BMD at both LS and FN were observed at 2 years, fur-
ther controlled studies will be needed to robustly assess the
efficacy and safety of denosumab in the hemodialysis popula-
tion to evaluate the role of denosumab in the treatment of oste-
oporosis in this population.
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