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Abstract

Background We examined whether denosumab-induced hypocalcaemia is evident in osteoporosis when given loop
diuretics that promote urinary calcium excretion.

Methods Japanese Spontaneous Adverse Drug Event Reports was analyzed to examine signals for denosumab-
induced hypocalcaemia co-administered loop diuretics. We retrospectively included osteoporotic patients to detect
predictors for denosumab-induced hypocalcaemia (corrected calcium level < 8.5 mg/dL) using multivariate logistic
regression analysis. We compared differences in corrected calcium levels (ACa=nadir-baseline).

Results A significant signal for hypocalcaemia was detected (Reporting odds ratio=865.8, 95% confidence interval
[95% Cl]: 596.8 t0 1255.9, p<0.0001). Among 164 patients (hypocalcaemia, 12%), loop diuretics have a significant
association with hypocalcaemia (odds ratio [OR] =6.410, 95% Cl: 1.005 to 40.90, p =0.0494). However, hypocalcaemia
was found to be lower in high corrected calcium levels at baseline (OR=0.032, 95% Cl: 0.005 to 0.209, p <0.0001)
and calcium and vitamin D supplementation (OR=0.285, 95% Cl: 0.094 to 0.868, p=0.0270). In the non-hypocal-
caemia, ACa decreased significantly in the denosumab plus loop diuretics than in the denosumab alone (-0.9 [-1.3
to -0.7] mg/dL vs.-0.5 [-0.8 to -0.3] mg/dL, p=0.0156). However, ACa remained comparable in the hypocalcaemia
despite loop diuretics co-administration (-1.0 [-1.2 to -0.8] mg/dL vs.-0.8 [-1.5 to -0.7] mg/dL, p=0.7904).

Conclusions Loop diuretics may predispose to developing denosumab-induced hypocalcaemia.
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Background

Denosumab is a fully human monoclonal antibody that
binds to the nuclear factor-kB ligand-receptor activa-
tor, inhibiting osteoclast action and bone resorption
[1]. The randomized placebo-controlled trial showed a
high efficacy profile for denosumab 60 mg administered
subcutaneously every six months by increasing bone
mineral density and decreasing the risk of vertebral, non-
vertebral, and hip fractures in osteoporosis [2]. Because
denosumab lowers osteoclast-mediated bone resorption
significantly [3], hypocalcaemia remains a major con-
cern in 7-26% of patients treated with denosumab [4-6].
In contrast, the prescribing information of denosumab
highlights that the risk of hypocalcaemia is limited in
female patients [7], which indicates a critically different
risk of hypocalcaemia.

Previous studies have suggested that the risk of deno-
sumab-induced hypocalcaemia is higher among patients
with higher bone turnover and lower pre-treatment
estimated glomerular filtration rate (eGFR) and serum
calcium levels corrected for albumin [5, 8]. Although
loop diuretics are treatment options to treat hyperten-
sion and/or edema, loop diuretics also frequently cause
hypocalcaemia in patients, including those with osteopo-
rosis [9, 10]. Nevertheless, little is known about the risk
of denosumab-induced hypocalcaemia in patients receiv-
ing loop diuretics that promote calcium urinary excre-
tion in a clinical setting.

Based on the pharmacological action of loop diuret-
ics, we hypothesized that loop diuretics increase the
risk of denosumab-induced hypocalcaemia. This study
aimed to investigate the increased risk of denosumab-
induced hypocalcaemia with the concomitant use of
loop diuretics in patients with osteoporosis. To achieve
this objective, we screened for the presence of drug-drug
interactions using the Japanese spontaneous reporting
database for adverse drug reactions. In addition, we vali-
dated the results obtained from the screening by utilizing
an in-house medical dataset.

Materials and methods

Spontaneous adverse drug event reports analysis

The publicly available source, Japanese Adverse Drug
Event Report database (JADER) database collects adverse
event reports submitted to the Pharmaceutical and Medi-
cal Devices Agency. The JADER database accumulates
cases of adverse drug reactions spontaneously reported
by healthcare professionals and pharmaceutical compa-
nies. A screening of the signal of drug-drug interaction
between denosumab and loop diuretics was carried out.
We accessed the Pharmaceuticals and Medical Devices
Agency website on 22 August 2023 and downloaded the
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dataset. The dataset includes “DEMO” (demographic
information), “DRUG” (drug administration information),
“REAC” (adverse event information), and “HIST” (comor-
bidity information). Hypocalcaemia was defined using the
Japanese version of the Medical Dictionary for Regulatory
Activities (MedDRA/]) ver. 25.1 J. We identified hypocal-
caemia using three Preferred Terms (10,079,306/Neonatal
hypocalcaemia, 10,020,947/Hypocalcaemia, 10,072,456/
Hypocalcaemic seizure). To identify cases involving the
use of denosumab for osteoporosis, cases where Pralia®
was not mentioned in the brand name and the dose was
not 60 mg (the approved dose of denosumab for osteo-
porosis in Japan) were excluded from the dataset. After
eliminating duplicate records, we performed a dispropor-
tionality analysis using a 2X 2 contingency table to calcu-
late the reporting odds ratio (ROR) and 95% confidence
interval (95% CI) as follows [11]:
aj/c ad

ROR = L= =22
OR=4/d = e

95% CI = exp [log(ROR) +1.96 1 + ! + ! + 1]
a b ¢ d
where a represents target drugs with hypocalcaemia, b
represents non-target drugs with hypocalcaemia, ¢ rep-
resents target drugs without hypocalcaemia, and d rep-
resents non-target drugs without hypocalcaemia. We
adopted the following criteria to define positive signals of
drug-drug interactions: (1) at least three cases of hypoc-
alcaemia in the group co-administered loop diuretics,
(2) a lower limit of the 95% CI of the ROR in the group
co-administered loop diuretics that exceeded 1.0, and (3)
higher RORs in the group co-administered loop diuretics
than in the other groups and mutually exclusive 95% Cls.

Study design

The Clinical Research Ethics Review Committee of Mie
University Hospital approved the study design, and the
study complies with the Declaration of Helsinki and its
later amendments (H2023-087). A retrospective obser-
vational cohort data included osteoporotic patients
aged > 18 years who received a 60 mg dose of denosumab
(Pralia®, Daiichi Sankyo, Tokyo, Japan) subcutaneously
every six months and underwent serum calcium tests
at Mie University Hospital between June 2013 and Sep-
tember 2022. We excluded patients with hypocalcaemia
(serum calcium level < 8.5 mg/dL) [12] at the initiation of
denosumab (baseline) and those in whom serum calcium
levels were not measured after denosumab administra-
tion. If the serum albumin level was<4.0 g/dL (hypoal-
buminemia), the serum calcium level was corrected using
the following Equation [13].
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Corrected calcium = serum calcium + (4.0 — serum albumin)

Electronic medical charts were reviewed to construct a
database of patients receiving denosumab. The collected
data included demographic information, comorbidities,
laboratory data, and co-administered medications (e.g.,
calcium and vitamin D supplements and loop diuretics)
[14] during the period of denosumab administration. The
kidney function was calculated using the following Equa-
tion [15]:

eGFR = 194 x serum creatinine %% x age ™07 x 0.739 if female)

Furosemide equivalent dosage was calculated from the
following conversion ratios [16, 17].

Oral furosemide : azosemide = 20 mg : 30 mg

Oral furosemide : torasemide = 40 mg : 10 mg

Endpoint

The primary endpoint was hypocalcaemia (a corrected
calcium level of < 8.5 mg/dL) [12]. All blood sampling was
collected immediately near each denosumab administra-
tion. In cases where multiple measurements of hypocal-
caemia were available, we selected the data point closest
to the first administration of denosumab. The second-
ary endpoint was a difference in corrected calcium level
(ACa, mg/dL) between baseline and nadir.

ACa = serum calcium at nadir — serum calcium at baseline

Statistical analysis

JMP® Pro 16.2.0 (SAS Institute Inc., Cary, NC, USA)
was used for statistical analysis. All statistical tests were
two-tailed, and a p-value<0.05 was considered statisti-
cally significant. Continuous variables are presented as
median [interquartile range] and compared using the
Mann—Whitney U-test (unpaired) or Wilcoxon signed-
rank test (paired). Categorical variables are presented as
numbers (%). The chi-square test was used to evaluate
the heterogeneity between groups.
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Multivariate logistic regression analysis was employed
to identify risk factors influencing hypocalcaemia using
a forced entering of eGFR and a stepwise forward selec-
tion method with Akaike’s Information Criterion (AIC),
considering independent variables that exhibited a sig-
nificance level of p <0.20 in the univariate logistic regres-
sion analysis. The definition of multicollinearity was
correlation efficient>0.90. An independent variable
was selected based on its clinical relevance in the case
of multicollinearity between the independent variables.
We confirmed the final model using a stepwise backward
selection method. The final model outputted odds ratio
(OR) and 95% CI. The interaction was further analyzed
by introducing the terms of loop diuretics and independ-
ent variables.

Furthermore, we compared ACa between patients
receiving denosumab plus loop diuretics (Dmab+LD)
and receiving denosumab alone (Dmab alone) among
patients with hypocalcaemia or non-hypocalcaemia.

Results

Spontaneous adverse drug event reports analysis
Screening of JADER database identified a drug-drug
interaction signal for hypocalcaemia when co-admin-
istered with denosumab and loop diuretics (Table 1,
ROR=865.8,95% CI: 596.8 to 1255.9, p <0.0001).

Study participants

The patient selection flow is illustrated in Fig. 1. A total
of 230 patients met the inclusion criteria. The dataset
comprised 164 patients after excluding hypocalcaemia at
baseline (#=3) and no measurement of serum calcium
levels after denosumab administration (7=63). A total of
20 (12%) patients developed hypocalcaemia.

A summary of the patient characteristics at the ini-
tiation of denosumab is listed in Table 2. The median
patient age was approximately 70 years in both groups.
Corrected calcium level was significantly lower in the
hypocalcaemia than in the non-hypocalcaemia group
(non-hypocalcaemia: 9.5 [9.3 to 9.8] mg/dL vs. hypoc-
alcaemia: 9.1 [9.0 to 9.4] mg/dL, p<0.001). For calcium
and vitamin D supplementation, the patients consumed

Table 1 Disproportionality analysis for hypocalcaemia-induced denosumab when given loop diuretics

Non-hypocalcaemia Hypocalcaemia ROR 95% Cl Pvalue
Denosumab 1346 141 148.6 122.6t0 180.0 <0.0001
Loop diuretics 41,936 85 2.875 2288103612 <0.0001
Denosumab +loop diuretics 77 47 865.8 596.8t0 1255.9 <0.0001
Non-target drugs 804,214 567 1.000 -

Abbreviations: ROR Reporting odds ratio, 95% Cl, 95% confidence interval
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Screening patients, n=230
Osteoporotic patients aged >18 years underwent denosumab 60 mg s.c. injection every 6 months

A 4

—pp-| Hypocalcemia at baseline, n=3

Excluded patients, n=66

Lack of data on serum calcium level, n=63

Eligible patients, n=164

Non-hypocalcemia, n=144 (88%)

Fig. 1 Flow chart of patient selection

Hypocalcemia, n=20 (12%)

Abbreviations: s.c.; subcutaneous. Hypocalcaemia was defined as a serum calcium level < 8.5 mg/dL [12]. Serum calcium level was corrected
when serum albumin level <4.0 g/dL [13]. Corrected calcium = serum calcium + (4.0 — serum albumin)

the standard dose of calcium carbonate of 1522 mg (as
calcium: 610 mg) and cholecalciferol (400 IU) (Denotas®,
Daiichi Sankyo, Tokyo, Japan). The number of co-admin-
istered loop diuretics was 8 (6%) for the non-hypocal-
caemia group and 3 (15%) for the hypocalcaemia group
(p=0.114). The furosemide equivalent dose was <20 mg/
day (n=10) and >20 mg/day (n=1) under oral adminis-
tration. The date of measuring serum calcium level was
not significantly different between groups (non-hypocal-
caemia: 183 [70 to 470] days vs. hypocalcaemia: 106 [36
to 296] days, p=0.127).

A retrospective data analysis

After multivariate logistic regression analysis, the final
model identified that denosumab-induced hypocal-
caemia was significantly associated with corrected cal-
cium at baseline (OR=0.032, 95% CI: 0.005 to 0.209,
p<0.0001), intake of calcium and vitamin D supple-
ments (OR=0.285, 95% CI: 0.094 to 0.868, p=0.0270),
and administration of loop diuretics (OR=6.410, 95% CI:
1.005 to 40.90, p=0.0494) (Table 3, AIC=106.8, r=0.47,
p<0.0001). Interactions were not significant in terms of
corrected calcium and loop diuretics (p=0.2884) and

calcium and vitamin D supplements and loop diuretics
(p=0.8063).

The trends in corrected calcium are illustrated in Sup-
plementary Materials 1. There was a significant decrease
in ACa in hypocalcaemia than in non-hypocalcaemia
(hypocalcaemia: -0.9 [-1.4 to -0.7] mg/dL vs. non-hypoc-
alcaemia: -0.5 [-0.8 to -0.3] mg/dL, p<0.0001, Fig. 2).
The hypocalcaemia group showed no difference in ACa
(Dmab+LD, n=3: -1.0 [-1.2 to -0.8] mg/dL vs. Dmab
alone, n=17: -0.8 [-1.5 to -0.7] mg/dL, p=0.7904, Sup-
plementary Materials 2). However, in the non-hypocal-
caemia group, ACa was significantly lower in Dmab +LD
than in Dmab alone (Dmab+LD, n=8: -0.9 [-1.3 to -0.7]
mg/dL vs. Dmab alone, n=136: -0.5 [-0.8 to -0.3] mg/dL,
p=0.0156).

Discussion

We found that co-administration of loop diuretics was
a risk factor for denosumab-induced hypocalcaemia in
patients with osteoporosis. However, the risk of hypocal-
caemia was significantly lower when serum calcium levels
were higher at the initiation of denosumab or when cal-
cium and vitamin D supplements were co-administered.
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Table 2 Summary of patient characteristics in a retrospective cohort data
Non-hypocalcaemia Hypocalcaemia Pvalue
n=144 n=20
Demographical data
Male, n (%) 12 (8) 4 (20) 0.100
Age, years 716310 77] 74 (66 to 77] 0488
Body weight, kg 47 [41 10 55] 45 [41 10 53] 0.385
Body mass index, kg/m? 21 [19t0 24] 21[181022] 0.185
Co-existing diseases
Rheumatoid arthritis, n (%) 24(17) 2(10) 0.444
Systemic lupus erythematosus, n (%) 11(8) 1(5) 0.671
Vasculitis, n (%) 5(3) 0(0) 0.397
Interstitial pneumonia, n (%) 8(6) 2(10) 0436
Inflammatory bowel disease, n (%) 12(8) 1(5) 0.605
Laboratory data
Serum Albumin, g/dL 4.1[38t04.3] 40[36t04.1] 0.032
Serum creatinine, mg/dL 0.66 [0.56 t0 0.78] 0.74 [0.56 to 1.06] 0.175
eGFR?, mL/min/1.73m? 69.3 [58.01t0 85.5] 60.2 [43.8 10 93.3] 0.298
eGFR category, n (%) 0.088
>90 ml/min/1.73m? 25(17) 5(25)
60 to 89 mL/min/1.73m? 79 (55) 5(25)
30 to 59 mL/min/1.73m? 35(24) 9 (45)
1510 29 mL/min/1.73m? 3(2) 0(0)
<15 mL/min/1.73m? 2(1) 105
Serum calcium®, mg/dL 9.5[9.3109.8] 9.1[9.0t0 94] <0.001
Co-administered medication
Calcium and vitamin D supplements®, n (%) 81 (56) 7(35) 0.074
Vitamin D preparation, n (%) 46 (32) 7 (35) 0.784
Calcium preparation, n (%) 0(0) 2(10) 0.596
Proton pump inhibitors, n (%) 61(42) 13 (65) 0.057
Loop diuretics, n (%) 8 (6) 3(15) 0114
Thiazide diuretics, n (%) 0(0) 3(15) 0515

Data are median [interquartile range] or numbers (%). Continuous data are analyzed with Mann-Whitney U-test. Categorical data are evaluated by Chi-square test.

Hypocalcaemia was defined as a serum calcium level <8.5 mg/dL [12]
Abbreviations:eGFR estimated glomerular filtration rate

2 eGFR was estimated using the following Equation [15]

eGRF = 194 x serum creatinine™"9%* x age=02%7 x 0.739 (if female)
b Serum calcium level was corrected when serum albumin level <4.0 g/dL [13]
Corrected calcium = serum calcium + (4.0 — serum albumin)

¢ Denotas® (Daiichi Sankyo, Tokyo, Japan)

The influence of loop diuretics on denosumab-induced
hypocalcaemia was evident even in patients without
hypocalcaemia. We believe that these findings are valua-
ble for the early detection of denosumab-induced hypoc-
alcaemia and for avoiding lethal events such as cardiac
arrhythmia.

The incidence of denosumab-induced hypocalcaemia
was consistent with previously reported findings [6, 18,
19]. Real-world data have demonstrated that hypocalcae-
mia occurs several weeks to more than two years after the
first administration of denosumab [4]. In contrast, a long-
term extension of a randomized controlled trial revealed

that hypocalcaemia occurred at a rate of less than 0.1 per
100 patient-years for up to 10 years [20]. The difference
observed in the incidence may attributed to the amount
of calcium supplementation. All participants registered
in the randomized trial orally received 1,000 mg of cal-
cium (vs. 610 mg of calcium as a usual dose of Denotas®)
[2, 20]. It remains critical to closely monitor serum cal-
cium levels during the long-term administration of deno-
sumab based on the factors affecting denosumab-induced
hypocalcaemia in clinical practice.

Our finding detected no impact of kidney function on
the risk of hypocalcaemia. However, eGER is a risk factor
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Table 3 Multivariate logistic regression analysis of denosumab-
induced hypocalcaemia
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OR 95%CI P value

0.848 0.701to 1.024 0.0870
0992 0972t01.012 04166
0.032 0.005t00.209 <0.0001
0.285 0.094t0 0.868 0.0270

Body mass index, per kg/m?
eGFR?, per mL/min/1.73m?
Corrected calcium®, per mg/dL

Calcium and vitamin D supplements®,
yes

Loop diuretics, yes 6410 1.005t040.90 0.0494

Hypocalcaemia was defined as a serum calcium level <8.5 mg/dL [12]

Abbreviations:OR Odds ratio, 95% Cl 95% confidence interval, eGFR estimated
glomerular filtration rate

2 eGFR was estimated using the following Equation [15]

eGRF = 194 x serum creatinine™19%% x age=028" x 0.739 (i female)
P Serum calcium level was corrected when serum albumin level <4.0 g/dL [13]
Corrected calcium = serum calcium + (40 — serum albumin)

¢ Denotas® (Daiichi Sankyo, Tokyo, Japan)
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for denosumab-induced hypocalcaemia [4, 21]. In par-
ticular, a previous study demonstrated an increased risk
in the development of hypocalcaemia in patients who
had eGFR<30 mL/min/1.73m? [22]. The present study
included a limited number of patients who had a severe
stage of chronic kidney disease. Therefore, it is impos-
sible to detect eGFR as a risk factor for denosumab-
induced hypocalcaemia. Moreover, co-administration of
proton pump inhibitors impairs mineral metabolism by
suppressing calcium absorption in the gut [23]. Although
the clinical study demonstrated that co-administration
of proton pump inhibitors is a risk factor for the deno-
sumab-induced hypocalcaemia [24], our finding detected
no significant relationship between denosumab-induced
hypocalcaemia and proton pump inhibitors. We cannot
offer a strong conclusion, but additional studies should
be conducted to clarify new findings.

The present study revealed that a high baseline serum
calcium level is a protective factor against denosumab-
induced hypocalcaemia. Although approximately 90%

Mann-Whitney U-test, p<0.0001

ACa, mg/dL
A

-0.5[-0.8 to -0.3] mg/dL

-0.9 [-1.4 to -0.7] mg/dL

Hypocalcemia, n=20 Non-hypocalcemia, n=144
Fig. 2 Violin plot of differences in corrected calcium level in patients with and without hypocalcaemia

Abbreviations: Ca; serum calcium X-axis and Y-axis represent categories and ACa levels, respectively. Solid and dotted lines are median

and interquartile range. A difference in serum calcium level (ACa, mg/dL) between baseline and nadir was estimated by the equation.

ACa = serum calcium at nadir — serum calcium at baseline . Hypocalcaemia was defined as a serum calcium level <8.5 mg/dL [12]. Serum calcium
level was corrected when serum albumin level <4.0 g/dL [13]. Corrected calcium = serum calcium + (4.0 — serum albumin)
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of patients administered calcium and vitamin D supple-
mentation [22], our finding was confirmed in the dataset
where only 35% of hypocalcaemic patients received cal-
cium and vitamin D supplementation, which prevents the
generalization of findings. We could not obtain a clear
conclusion about this reason in this study. However, an
omission of introducing medications without valid rea-
sons (under-prescription) can be problematic in the
elderly [25]. We speculate that under-prescription of cal-
cium and vitamin D supplementation was observed when
given denosumab within the normal range of calcium
levels. The development of hypocalcaemia is report-
edly more common when patients have lower baseline
serum calcium levels [4, 6], which is consistent with our
findings. Adding calcium and vitamin D supplements to
denosumab prescription ameliorates the calcium-lower-
ing effects of denosumab and consistently increases bone
mineral density [19]. Since calcium and vitamin D sup-
plementation are key factors in enhancing the net bene-
fit-risk balance of denosumab, physicians should consider
co-prescribing calcium and vitamin D supplements while
administering denosumab unless contraindicated.

We observed an increased risk (or positive signal) of
hypocalcaemia when simultaneously given denosumab
and loop diuretics (Tables 1 and 3). Our multivari-
ate model did not have any interaction of loop diuretics
with significant variables. The potential for drug-drug
interactions in denosumab-induced hypocalcaemia has
rarely been investigated [26]. A previous study reported
a trend toward an increased risk of denosumab-induced
hypocalcaemia while receiving loop diuretics [8]. A case
series study reported that denosumab-induced hypoc-
alcaemia occurred in some patients taking hypocalcae-
mic diuretics, such as furosemide [27]. Importantly,
calcium homeostasis was affected differently depending
on the furosemide dose, with the data indicating that
a daily dose of furosemide>60 mg may decrease the
serum calcium concentration through accelerated uri-
nary excretion [28]. Nonetheless, co-administration of
loop diuretics was a significant variable for denosumab-
induced hypocalcaemia, although nearly all of the study
patients received furosemide<20 mg. Based on these
findings, we recommend that consecutive administra-
tion of denosumab should be performed with particular
attention to hypocalcaemia even in patients given a lower
dose of loop diuretics.

Co-administered loop diuretics significantly lowered
corrected calcium levels in patients with non-hypocal-
caemia but not in those with hypocalcaemia (Supple-
mentary Material 2). A basic experiment found that the
calcium-lowering effect of loop diuretics was attenu-
ated after long-term administration through a com-
pensatory mechanism of intestinal calcium absorption
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in proportion to activated vitamin D levels [29]. There-
fore, adequate calcium supplementation is important to
compensate for this calcium-lowering effect. It should
also be noted that loop diuretics inhibit calcium reab-
sorption, increasing urinary calcium excretion in sec-
ondary hyperparathyroidism [9]. We speculate that a
synergistic effect of combination therapy with deno-
sumab and loop diuretics disturbs bone resorption and
urinary calcium excretion, resulting in a decrease in
serum calcium levels.

This study had some limitations that must be consid-
ered to interpret the findings correctly. First, this was
a retrospective observational study; therefore, there is
a possibility of unknown bias and confounding factors.
Second, collecting data on calcium intake and labora-
tory parameters such as ionized calcium levels, bone
turnover markers, and 1,25-dihydroxy vitamin D and
parathyroid hormone levels was impossible. Third,
it was challenging to generalize the results to cancer
patients treated with denosumab. Fourth, it was diffi-
cult to assess medication adherence and the causality of
hypocalcaemia. Fifth, our findings require further veri-
fication among those receiving a high dose of furosem-
ide. Sixth, we did not utilize propensity score matching
because of a limited number of patients who received
loop diuretics. Finally, we could not analyze hypoc-
alcaemia caused due to hypomagnesemia after the
administration of loop diuretics [30].

In conclusion, loop diuretics should be considered as
a risk factor under denosumab administration. A close
monitoring of serum calcium level and patient educa-
tion about hypocalcaemia will be a valuable approach
during the administration of denosumab with loop diu-
retics. Optimal calcium concentrations and calcium and
vitamin D supplementation can substantially reduce the
burden of denosumab-induced hypocalcaemia. Further
study is required to identify the effect of thiazide diuret-
ics on the risk of denosumab-induced hypocalcaemia.

Abbreviations

eGFR Estimated glomerular filtration rate

JADER Japanese Adverse Drug Event Report database
MedDRA/J Medical Dictionary for Regulatory Activities
ROR Reporting odds ratio

95% Cl 95% Confidence interval

ACa Difference in corrected calcium level

AIC Akaike’s Information Criterion

OR Odds ratio

Dmab+LD Denosumab plus loop diuretics

Dmab alone  Denosumab alone

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540780-024-00380-8.

[ Supplementary Material 1. }



https://doi.org/10.1186/s40780-024-00380-8
https://doi.org/10.1186/s40780-024-00380-8

Hirai et al. Journal of Pharmaceutical Health Care and Sciences

Acknowledgements
We thank Editage for editing and reviewing our manuscript in the English
language.

Authors’ contributions

TH and Tl contributed to the study conception and design. Data collection
was performed by TH and YM. Data analysis was performed by TH, YM, TO,

YK, and YS. The first draft of the manuscript was written by TH, YM, YK, YI, AS,
and Tl and all authors commented on previous versions of the manuscript. All
authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The data that support the findings of this study are available on request from
the corresponding author.

Declarations

Ethics approval and consent to participate
We did not obtain consent to participate because of a retrospective observa-
tional study.

Consent for publication
We did not obtain consent to participate because of a retrospective observa-
tional study.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Pharmacy, Faculty of Medicine, Mie University Hospital,

Mie University, 2-174 Edobashi, Tsu, Mie 514-8507, Japan. Clinical Research
Support Center, Mie University Hospital, 2-174 Edobashi, Tsu, Mie 514-8507,
Japan. *Department of Clinical Chemistry and Informatics, Graduate School

of Pharmaceutical Sciences, Kumamoto University, 5-1 Oehonmachi, Chuo-ku,
Kumamoto, Kumamoto 862-0973, Japan. “Department of Orthopaedic
Surgery, Mie University Graduate School of Medicine, 2-174 Edobashi, Tsu, Mie
514-8507, Japan. >Department of Pharmacy, Tokyo Medical and Dental Uni-
versity Hospital, Tokyo Medical and Dental University (TMDU), 1-5-45 Yushima,
Bunkyo-ku, Tokyo 113-8519, Japan.

Received: 25 June 2024 Accepted: 12 September 2024
Published online: 27 September 2024

References

1. Baron R, Ferrari S, Russell RG. Denosumab and bisphosphonates: different
mechanisms of action and effects. Bone. 2011;48:677-92.

2. Cummings SR, San Martin J, McClung MR, Siris ES, Eastell R, Reid IR,
Delmas P, Zoog HB, Austin M, Wang A, Kutilek S, Adami S, Zanchetta J,
Libanati C, Siddhanti S, Christiansen C. Denosumab for prevention of
fractures in postmenopausal women with osteoporosis. N Engl J Med.
2009;361:756-65.

3. Bone HG, Bolognese MA, Yuen CK, Kendler DL, Wang H, Liu Y, San Martin
J. Effects of denosumab on bone mineral density and bone turnover in
postmenopausal women. J Clin Endocrinol Metab. 2008;93:2149-57.

4. Tsvetov G, Amitai O, Shochat T, Shimon |, Akirov A, Diker-Cohen T.
Denosumab-induced hypocalcemia in patients with osteoporosis: can
you know who will get low? Osteoporos Int. 2020;31:655-65.

5. Ishikawa K, Nagai T, Sakamoto K, Ohara K, Eguro T, Ito H, Toyoshima Y,
Kokaze A, Toyone T, Inagaki K. High bone turnover elevates the risk of
denosumab-induced hypocalcemia in women with postmenopausal
osteoporosis. Ther Clin Risk Manag. 2016;12:1831-40.

6. Chen J, Smerdely P. Hypocalcaemia after denosumab in older people
following fracture. Osteoporos Int. 2017,28:517-22.

(2024) 10:60

20.

22.

23.

24.

25.

26.

Page 8 of 9

HIGHLIGHTS OF PRESCRIBING INFORMATION (Prolia® (deno-

sumab)). https://www.accessdata.fda.gov/drugsatfda_docs/label/2024/
125320s213Ibl.pdf. Accessed 14 Aug 2024.

Kim KJ, Hong N, Lee S, Kim M, Rhee Y. A Simple-to-Use Score for Identify-
ing Individuals at High Risk of Denosumab-Associated Hypocalcemia in
Postmenopausal Osteoporosis: A Real-World Cohort Study. Calcif Tissue
Int. 2020;107:567-75.

Isakova T, Anderson CA, Leonard MB, Xie D, Gutiérrez OM, Rosen LK,
Theurer J, Bellovich K, Steigerwalt SP, Tang |, Anderson AH, Townsend RR,
He J, Feldman HI, Wolf M. Diuretics, calciuria and secondary hyperpar-
athyroidism in the Chronic Renal Insufficiency Cohort. Nephrol Dial
Transplant. 2011;26:1258-65.

Rejnmark L, Vestergaard P, Pedersen AR, Heickendorff L, Andreasen F,
Mosekilde L. Dose-effect relations of loop- and thiazide-diuretics on cal-
cium homeostasis: a randomized, double-blinded Latin-square multiple
cross-over study in postmenopausal osteopenic women. Eur J Clin Invest.
2003;33:41-50.

. Noguchi Y, Tachi T, Teramachi H: Review of Statistical Methodologies

for Detecting Drug-Drug Interactions Using Spontaneous Reporting
Systems. Front Pharmacol. 2019;10:1319.

Goyal A, Anastasopoulou C, Ngu M, Singh S. Hypocalcemia. StatPearls:
StatPearls Publishing; 2023.

Payne RB, Little AJ, Williams RB, Milner JR. Interpretation of serum calcium
in patients with abnormal serum proteins. Br Med J. 1973;4:643-6.

Liamis G, Milionis HJ, Elisaf M. A review of drug-induced hypocalcemia. J
Bone Miner Metab. 2009;27:635-42.

Matsuo S, Imai E, Horio M, Yasuda Y, Tomita K, Nitta K, Yamagata K, Tomino
Y, Yokoyama H, Hishida A. Revised equations for estimated GFR from
serum creatinine in Japan. Am J Kidney Dis. 2009;53:982-92.

Kriick F, Bablok W, Besenfelder E, Betzien G, Kaufmann B. Clinical and
pharmacological investigations of the new saluretic azosemid. Eur J Clin
Pharmacol. 1978;14:153-61.

Vargo DL, Kramer WG, Black PK, Smith WB, Serpas T, Brater DC. Bioavail-
ability, pharmacokinetics, and pharmacodynamics of torsemide and
furosemide in patients with congestive heart failure. Clin Pharmacol Ther.
1995;57:601-9.

Miyaoka D, Imanishi 'Y, Ohara M, Hayashi N, Nagata Y, Yamada S,

Mori K, Emoto M, Inaba M. Impaired residual renal function predicts
denosumab-induced serum calcium decrement as well as increment of
bone mineral density in non-severe renal insufficiency. Osteoporos Int.
2019;30:241-9.

Nakamura'Y, Suzuki T, Kamimura M, Murakami K, lkegami S, Uchiyama S,
Kato H. Vitamin D and calcium are required at the time of denosumab
administration during osteoporosis treatment. Bone Res. 2017;5:17021.
Bone HG, Wagman RB, Brandi ML, Brown JP, Chapurlat R, Cummings SR,
Czerwinski E, Fahrleitner-Pammer A, Kendler DL, Lippuner K, Reginster JY,
Roux C, Malouf J, Bradley MN, Daizadeh NS, Wang A, Dakin P, Pannac-
ciulli N, Dempster DW, Papapoulos S. 10 years of denosumab treatment
in postmenopausal women with osteoporosis: results from the phase 3
randomised FREEDOM trial and open-label extension. Lancet Diabetes
Endocrinol. 2017;5:513-23.

. Cowan A, Jeyakumar N, McArthur E, Fleet JL, Kanagalingam T, Karp |, Khan

T, Muanda FT, Nash DM, Silver SA, Thain J, Weir MA, Garg AX, Clemens KK.
Hypocalcemia Risk of Denosumab Across the Spectrum of Kidney Dis-
ease: A Population-Based Cohort Study. J Bone Miner Res. 2023;38:650-8.
Huynh AL, Baker ST, Stewardson AJ, Johnson DF. Denosumab-associated
hypocalcaemia: incidence, severity and patient characteristics in a tertiary
hospital setting. Pharmacoepidemiol Drug Saf. 2016;25:1274-8.

Insogna KL. The effect of proton pump-inhibiting drugs on mineral
metabolism. Am J Gastroenterol. 2009;104:44.

lkegami K, Hashiguchi M, Kizaki H, Yasumuro O, Funakoshi R, Hori S.
Development of Risk Prediction Model for Grade 2 or Higher Hypocal-
cemia in Patients With Bone Metastasis Treated With Denosumab Plus
Cholecalciferol (Vitamin D(3) )/Calcium Supplement. J Clin Pharmacol.
2022,62:1151-9.

Lombardi F, Paoletti L, Carrieri B, Dell’Aquila G, Fedecostante M, Di Muzio
M, Corsonello A, Lattanzio F, Cherubini A. Underprescription of medica-
tions in older adults: causes, consequences and solutions-a narrative
review. Eur Geriatr Med. 2021;12:453-62.

Bridgeman MB, Pathak R. Denosumab for the reduction of bone loss in
postmenopausal osteoporosis: a review. Clin Ther. 2011,33:1547-59.


https://www.accessdata.fda.gov/drugsatfda_docs/label/2024/125320s213lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2024/125320s213lbl.pdf

Hirai et al. Journal of Pharmaceutical Health Care and Sciences (2024) 10:60

27.

28.

29.

30.

Jalleh R, Basu G, Le Leu R, Jesudason S. Denosumab-Induced Severe
Hypocalcaemia in Chronic Kidney Disease. Case Rep Nephrol.
2018;2018:7384763.

Chandler PT, Chandler SA. Increased serum calcium levels induced by
furosemide. South Med J. 1977;70:571-2.

Bushinsky DA, Favus MJ, Langman CB, Coe FL. Mechanism of chronic
hypercalciuria with furosemide: increased calcium absorption. Am J
Physiol. 1986;251:F17-24.

Milionis HJ, Alexandrides GE, Liberopoulos EN, Bairaktari ET, Goudevenos
J, Elisaf MS. Hypomagnesemia and concurrent acid-base and electrolyte
abnormalities in patients with congestive heart failure. Eur J Heart Fail.
2002;4:167-73.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9



	Influence of loop diuretics on denosumab-induced hypocalcaemia in osteoporosis: a retrospective observational analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Materials and methods
	Spontaneous adverse drug event reports analysis
	Study design
	Endpoint
	Statistical analysis

	Results
	Spontaneous adverse drug event reports analysis
	Study participants
	A retrospective data analysis

	Discussion
	Acknowledgements
	References


