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Predictors for development 
of denosumab‑induced 
hypocalcaemia in cancer patients 
with bone metastases determined 
by ordered logistic regression 
analysis
Yuko Kanbayashi1,2,3*, Koichi Sakaguchi3, Fumiya Hongo4, Takeshi Ishikawa1,5, 
Yusuke Tabuchi6, Osamu Ukimura4, Koichi Takayama7 & Tetsuya Taguchi1,3

This retrospective study was undertaken to identify predictors for the development of hypocalcaemia 
even with prophylactic administration of calcium and vitamin D, and to help guide future strategies 
to improve the safety, efficacy, and QOL of patients receiving denosumab. Between January 2016 and 
February 2020, a total of 327 advanced cancer patients at our hospital who were receiving denosumab 
were enrolled. Variables associated with the development of hypocalcaemia were extracted from 
the clinical records. The level of hypocalcaemia was evaluated using CTCAE version 5. Multivariate 
ordered logistic regression analysis was performed to identify predictors for the development 
of hypocalcaemia. Optimal cut off thresholds were determined using ROC analysis. Values of 
P < 0.05 (2‑tailed) were considered significant. 54 patients have developed hypocalcemia (≥ Grade 
1). Significant factors identified included concomitant use of vonoprazan [odds ratio (OR) = 3.74, 
95% confidence interval (CI) 1.14–12.26; P = 0.030], dexamethasone (OR = 2.45, 95%CI 1.14–5.42; 
P = 0.022), pre‑treatment levels of serum calcium (OR = 0.27, 95%CI 0.13–0.54; P < 0.001), ALP/100 
(OR = 1.04, 95%CI 1.01–1.07; P = 0.003), and haemoglobin (OR = 0.79, 95%CI 0.68–0.93; P = 0.004). ROC 
curve analysis revealed that the threshold for pre‑treatment levels of serum calcium was ≤ 9.3 mg/dL, 
ALP was ≥ 457 U/L, and haemoglobin was ≤ 10.4 g/dL. In conclusion, concomitant use of vonoprazan or 
dexamethasone, and pre‑treatment levels of serum calcium (low), ALP (high) and haemoglobin (low) 
were identified as significant predictors for the development of denosumab‑induced hypocalcaemia.

Denosumab is frequently used to prevent skeletal-related events in advanced cancer patients with bone 
 metastasis1,2. On the other hand, serious hypocalcaemia has been reported as an adverse effect after the admin-
istration of denosumab. Therefore, to prevent hypocalcaemia, prophylactic administration of calcium and vitamin 
D is recommended concomitant with the administration of  denosumab3,4. However, even with prophylactic 
administration, patients sometimes develop hypocalcaemia. Concomitant medications such as proton pump 
inhibitors (PPIs)5–7 and  steroids8, and pre-treatment levels of serum calcium and alkaline phosphatase (ALP)9,10 
have been reported as risk factors for hypocalcaemia, but their probability has not been determined. This retro-
spective study was thus undertaken to identify predictors associated with the development of denosumab-induced 
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hypocalcaemia even with prophylactic administration of calcium and vitamin D, and to help guide future strate-
gies to improve the safety, efficacy, and QoL of cancer patients with bone metastasis treated using denosumab.

Results
Of the 348 patients who received denosumab, 21 were excluded from this study (no preventive medication for 
hypocalcaemia, n = 1; insufficient data, n = 20). Table 1 presents the clinical characteristics of the 327 enrolled 
patients, the potential variables related to the development of hypocalcaemia, and the results of univariate 
analyses. The forward stepwise selection procedure identified five variables (concomitant use of vonoprazan, 
dexamethasone, calcium level at the start of denosumab, ALP and haemoglobin). Multivariate ordered logistic 
regression analysis was performed using these variables. Significant factors identified for the development of 
hypocalcaemia included concomitant use of vonoprazan, dexamethasone, pre-treatment levels of serum cal-
cium, ALP/100, and haemoglobin (Table 2). The ROC curve analysis of the group likely to develop hypocalcae-
mia (≥ Grade 1) revealed concomitant use of vonoprazan with a sensitivity of 11.1% and specificity of 97.1% 
(AUC = 0.54) (Fig. 1A), dexamethasone with a sensitivity of 27.8% and specificity of 87.9% (AUC = 0.58) (Fig. 1B). 
The ROC curve analysis revealed that the threshold for the calcium level at the start of denosumab was ≤ 9.3 mg/
dL, with 63.0% sensitivity and 76.6% specificity [area under the curve (AUC) = 0.72] (Fig. 1C), ALP threshold 

Table 1.  Patient characteristics, extracted variables, and results of univariate analyses (n = 327). CI, confidence 
interval; BMI, body mass index; BSA, body surface area. *P < 0.05. **Evaluated by National Cancer Institute 
Common Terminology Criteria for Adverse Events (NCI-CTCAE) version 5. ***Odds ratio per ALP 100 U/L.

Grade 0
(n = 273)

Grade 1
(n = 50)

Grade 2
(n = 4) P value Odds ratio (95%CI)

Demographic data

Male, n (%) 142 (52.0) 30 (60.0) 3 (75.0) 0.213 1.46 (0.81–2.65)

Age (year), median (range) 69 (23–89) 72 (38–92) 67.5 (60–71) 0.107 1.02 (1.00–1.05)

Height (cm), median (range) 161 (139–190) 160 (139–179) 166 (156–174) 0.812 1.00 (0.96–1.03)

Weight (kg), median (range) 55.0 (31.0–90.0) 54.0 (28.0–85.9) 54.5 (44.1–75.0) 0.393 0.99 (0.96–1.02)

BMI (kg/m2), median (range) 21.3 (13.5–35.8) 21.0 (14.1–27.2) 19.1 (18.1–26.6) 0.338 0.96 (0.89–1.04)

BSA  (m2), median (range) 1.58 (1.13–2.08) 1.56 (1.07–2.05) 1.62 (1.40–1.85) 0.454 0.54 (0.11–2.74)

Cancer type

Lung, n (%) 64 (23.4) 15 (30.0) 1 (25.0) 0.342 1.37 (0.72–2.61)

Breast, n (%) 101 (37.0) 9 (18.0) 1 (25.0) 0.011* 0.39 (0.19–0.81)

Urinary, n (%) 82 (30.0) 20 (40.0) 2 (50.0) 0.120 1.61 (0.88–2.93)

 Prostate, n (%) 54 (19.8) 16 (32.0) 2 (50.0) 0.027* 2.05 (1.09–3.89)

Digestive, n (%) 25 (9.2) 5 (10.0) 0 0.994 1.00 (0.36–2.74)

Unknown, n (%) 1 (0.4) 1 (2.0) 0 – –

Comorbidity

Diabetes mellitus, n (%) 30 (11.0) 4 (8.0) 1 (25.0) 0.741 0.85 (0.32–2.27)

Laboratory test value before administration

Serum creatinine, mg/dL, median (range) 0.71 (0.33–1.92) 0.71 (0.29–1.63) 0.62 (0.56–0.8) 0.161 0.41 (0.12–1.42)

Creatinine clearance, mL/min, median 
(range) 72.1 (17.7–217.3) 73.0 (18.8–153.4) 84.2 (68.8–108.8) 0.855 1.01 (1.00–1.01)

Creatinine clearance grade** (0/1/2/3) 148/39/80/6 28/7/12/3 3/1/0/0 0.762 0.95 (0.70–1.30)

Albumin, g/dL, median (range) 3.8 (1.7–5) 3.8 (1.9–4.5) 4.2 (3.8–5.1) 0.938 1.02 (0.64–1.61)

Alkaline phosphatase/100, U/L, median 
(range) 2.76 (0.71–34.29) 3.21 (0.77–7028) 6.49 (1.75–119.3)  < 0.001* 1.05*** (1.02–1.09)

Hemoglobin, g/dL, median (range) 12.4 (6.3–17) 11.5 (5.7–14.6) 12.6 (9.9–14.8)  < 0.001* 0.78 (0.67–0.90)

Calcium, mg/dL, median (range) 9.6 (8.3–14.7) 9.2 (8.3–12.7) 9.3 (8.9–9.6)  < 0.001* 0.27 (0.14–0.53)

Number of cycles 7 (1–91) 3 (1–68) 2 (1–42) 0.046* 0.97 (0.95–0.99)

Concomitant medication

Steroids, n (%) 99 (36.3) 21 (16.9) 4 (100.0) 0.134 1.57 (0.87–2.82)

Prednisolone, n (%) 38 (13.9) 8 (16.0) 0 0.897 1.06 (0.46–2.42)

Dexamethasone, n (%) 33 (68.8) 12 (25.0) 3 (6.25) 0.002* 2.97 (1.49–5.42)

Betamethasone, n (%) 29 (10.6) 1 (2.0) 1 (25.0) 0.138 0.33 (0.08–1.42)

Proton pump inhibitor, n (%) 130 (47.6) 27 (54.0) 3 (75.0) 0.271 1.39 (0.77–2.50)

Esomeprazole, n (%) 61 (22.3) 8 (16.0) 0 0.210 0.60 (0.27–1.34)

Rabeprazole, n (%) 15 (5.5) 0 1 (25.0) 0.298 0.35 (0.05–2.54)

Lansoprazole, n (%) 42 (15.4) 12 (24.0) 2 (50.0) 0.052 1.97 (0.99–3.92)

Omeprazole, n (%) 4 (1.5) 1 (2.0) 0 0.847 1.24 (0.14–11.5)

Vonoprazan, n (%) 8 (2.9) 6 (12.0) 0 0.016* 3.85 (1.28–11.5)
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was ≥ 457 U/L, with 38.9% sensitivity and 79.5% specificity (AUC = 0.59) (Fig. 1D), and haemoglobin threshold 
was ≤ 10.4 g/dL with 38.9% sensitivity and 83.4% specificity (AUC = 0.65) (Fig. 1E).

Discussion
The multivariate ordered logistic regression analysis performed in this study showed that significant predictors 
for the development of denosumab-induced hypocalcaemia even when receiving prophylactic administration of 
calcium and vitamin D included concomitant use of vonoprazan and dexamethasone, and pre-treatment levels 
of serum calcium, ALP and haemoglobin. On ROC curve analysis of the potential factors responsible for the 
development of hypocalcaemia, the cut-off value for the calcium level at the start of denosumab was ≤ 9.3 mg/
dL, that of ALP was ≥ 457 U/L, and that of haemoglobin was ≤ 10.4 g/dL.

For concomitant drugs, vonoprazan and dexamethasone were extracted as significant factors in this study. 
Previous research has reported that co-administration of PPIs was significantly related to  hypocalcaemia5–7. 
Regarding the relationship between combined use of PPIs and the occurrence of hypocalcaemia, an increase 
in gastric pH due to the inhibitory effect of PPIs on gastric acid secretion has been reported to decrease the 
absorption of calcium, which becomes soluble under acidic  conditions5–7. In this study, among the PPIs, only 
vonoprazan was extracted as a significant factor. Conventional PPIs are unstable in the acidic environment of 
the stomach and do not remain for a long time. On the other hand, vonoprazan is said to be stable even in acidic 
environments, and so can remain for a long time and exert sustained  activity11,12. This may be one reason why 
vonoprazan alone was extracted as significantly associated with hypocalcaemia among the PPIs investigated in 
this study.

Steroids reduce calcium absorption in the intestine and kidney, and have been associated with osteoporosis 
as an adverse effect. In this study, among steroids, only dexamethasone was extracted as a significant factor. 
Dexamethasone is often used for an extended period as an  antiemetic13 and for prevention of edema during 
 chemotherapy14, and shows a longer duration of action than prednisolone. These may be the reasons why dexa-
methasone was extracted as a risk factor. Further verification is needed regarding this issue.

Low pre-treatment levels of serum calcium have been reported as a risk factor for  hypocalcaemia15. Our 
result was also in agreement with those of previous studies. ROC analysis identified a cut-off value of 9.3 mg/
dL (≥ grade 1). Clinicians should pay close attention to the onset of hypocalcaemia after administration of 
denosumab among patients with pre-treatment levels of serum calcium ≤ 9.3 mg/dL and should consider the 
administration of medications to prevent hypocalcaemia before denosumab administration.

In the current study, pre-treatment level of ALP was identified as a risk factor, and ROC analysis showed a 
cut-off value of ALP ≥ 457 U/L. Previous study discussed elevated bone-specific alkaline phosphatase levels may 
indicate potential calcium deposition in osteoid and undermineralised bone matrix, a phenomenon that can 
persist for weeks or months after osteoclast  inhibition10. Our result is consistent with previous  findings9,10,16. 
Clinicians thus need to know about the incidence and severity of hypocalcaemia, especially in patients with 
pre-treatment levels of ALP ≥ 457 U/L.

Pre-treatment level of haemoglobin was also identified as a risk factor. As a result of ROC analysis, the cut-off 
value for haemoglobin was ≤ 10.4 g/dL. Anaemia is also a risk factor for electrolyte  abnormalities17. In addition, 
the low haemoglobin level was also influenced by the nutritional status as a patient background factor, suggesting 
that hypocalcaemia was also influenced by decreases in dietary calcium intake and  absorption18. Care regard-
ing the onset of hypocalcaemia is thus warranted in patients with anaemia before denosumab administration.

On the other hand, renal dysfunction before administration of denosumab has been reported as a risk fac-
tor for  hypocalcaemia19, but was not extracted as a risk factor in this study. This may be because the number 
of patients with creatinine clearance of National Cancer Institute Common Terminology Criteria for Adverse 
Events (NCI-CTCAE) version  520 grade 3 or higher were a clear minority, representing only 9 of the 327 patients. 
NCI-CTCAE is a standard assessment tool of treatment-related adverse events.

Several limitations to the current study need to be considered. First, the retrospective nature of the study may 
have decreased the validity of the data obtained. Second, since this study was performed at a single institute, 
prospective multicentre studies are needed to confirm these results.

In conclusion, concomitant use of vonoprazan or dexamethasone, low calcium level before denosumab 
administration, and high ALP and low haemoglobin were identified as significant predictors for the develop-
ment of hypocalcaemia in cancer patients with bone metastasis. However, our findings need to be confirmed in 

Table 2.  Results of multivariate ordered logistic regression analysis for variables extracted by forward 
selection (n = 327). CI, confidence interval. *P < 0.05. **Odds ratio per ALP 100 U/L.

Variable P value Odds ratio

95%CI

Lower 95% Upper 95%

Dexamethasone 0.022* 2.45 1.14 5.42

Vonoprazan 0.030* 3.74 1.14 12.26

Calcium  < 0.001* 0.27 0.13 0.54

Haemoglobin 0.004* 0.79 0.68 0.93

Alkaline phosphatase/100 0.003* 1.04** 1.01 1.07

Lansoprazole 0.078 2.05 0.92 4.53
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Figure 1.  ROC curves about hypocalcaemia (≥ Grade 1) according the logistic regression significant variables. (A) 
ROC curve of concomitant use of vonoprazan with a sensitivity of 11.1% and specificity of 97.1% (AUC = 0.54). (B) 
ROC curve of dexamethasone with a sensitivity of 27.8% and specificity of 87.9% (AUC = 0.58). (C) ROC curve of 
the pre-treatment levels of serum calcium with a sensitivity of 63.0% and specificity of 76.6% (AUC = 0.72). (D) ROC 
curve of alkaline phosphatase with a sensitivity of 38.9% and specificity of 79.5% (AUC = 0.59). (E) ROC curve of 
haemoglobin with a sensitivity of 38.9% and specificity of 83.4% (AUC = 0.65).
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further studies. Nevertheless, these results may assist in developing strategies to improve the safety, efficacy, and 
QoL among patients receiving denosumab.

Patients and methods
Study period and participants. Between January 2016 and February 2020, this study retrospectively ana-
lyzed 348 advanced cancer patients who were receiving denosumab at our hospital. The Medical Ethics Review 
Committee of the Kyoto Prefectural University of Medicine approved this study (approval no. ERB-C-867-2). 
All procedures were performed in accordance with the ethical standards of the Kyoto Prefectural University 
of Medicine Institutional Medical Ethics Review Committee and the 1964 Declaration of Helsinki and its later 
amendments. No prospective studies with human participants or animals were performed by any of the authors 
for this article. Given the retrospective nature of this work, the need to obtain informed consent was waived 
for the individual participants included in the study, in accordance with the standards of the Kyoto Prefectural 
University of Medicine Institutional Medical Ethics Review Committee.

Extraction of variables. For the regression analysis of factors associated with denosumab-induced hypoc-
alcaemia, variables were extracted manually from medical charts. Evaluated variables included factors that could 
potentially impact the development of hypocalcaemia: demographic data (sex, age, height, weight, body mass 
index, and body surface area), number of cycles, concomitant medications (PPIs, steroids), cancer type, pres-
ence of comorbidity (diabetes mellitus), and laboratory test values (serum calcium, albumin, ALP, haemoglobin, 
creatinine, and estimated creatinine clearance). Creatinine clearance was estimated using the Cockcroft and 
Gault equation based on serum creatinine, sex, age, and weight. Clinical information was extracted before the 
first dose of denosumab. Concomitant medication was defined as administration of another drug for ≥ 2 weeks 
at the time of evaluation. The level of denosumab-induced hypocalcaemia based on an albumin-adjusted serum 
calcium concentration was evaluated by NCI-CTCAE version 5. The evaluation time was the time of onset of 
hypocalcaemia (Grade 1 or higher) for patients who developed hypocalcaemia, and as the lowest calcium level 
within 1 month after final denosumab administration for patients who did not develop hypocalcaemia.

Statistical analysis. Independent variables were analysed for multicollinearity (correlation coefficient |r| 
≥ 0.7), since when correlations exist among the variables, this can lead to unreliable and unstable results of 
regression analyses. Independent variables were extracted based on correlation strength with the level of the 
denosumab-induced hypocalcaemia (dependent variable) or clinical significance. First, univariate ordered logis-
tic regression analysis between the outcomes and each potential independent variable was performed. Subse-
quently, a multivariate ordered logistic regression model was constructed by employing the forward stepwise 
selection procedure with the potential candidate variables. The model used a variable entry criterion of 0.15 
and a variable retention criterion of 0.1. Ordered logistic regression analysis was employed, because the level of 
hypocalcaemia was evaluated by a graded scale and multiple factors really associated as predictors for the devel-
opment of denosumab-induced hypocalcaemia had to be analysed concurrently. Optimal cut off thresholds were 
determined using receiver operating characteristic curve (ROC)  analysis21.

For all statistical analyses, values of P < 0.05 (2-tailed) were considered significant. All analyses were per-
formed using JMP version 14.3.0. (SAS Institute, Cary, NC).

Received: 10 May 2020; Accepted: 18 December 2020

References
 1. Lipton, A. et al. Effect of denosumab versus zoledronic acid in preventing skeletal-related events in patients with bone metastases 

by baseline characteristics. Eur. J. Cancer. 53, 75–83 (2016).
 2. von Moos, R. et al. Management of bone health in solid tumours: From bisphosphonates to a monoclonal antibody. Cancer Treat. 

Rev. 76, 57–67 (2019).
 3. Lau, L.H. et al. Hypocalcaemia following denosumab in prostate cancer: a clinical review. Clin. Endocrinol. 92, 495–502 (2020).
 4. Buonerba, C. et al. Calcitriol: A better option than vitamin D in denosumab-treated patients with kidney failure?. Expert Opin. 

Biol. Ther. 13, 149–151 (2013).
 5. Ito, T. J. & Jensen, R. T. Association of long-term proton pump inhibitor therapy with bone fractures and effects on absorption of 

calcium, vitamin B12, iron, and magnesium. Curr. Gastroenterol. Rep. 12, 448–457 (2010).
 6. Insogna, K. L. The effect of proton pump-inhibiting drugs on mineral metabolism. Am. J. Gastroenterol. 104(Suppl 2), S2–S4 

(2009).
 7. Wright, M. J., Proctor, D. D., Insogna, K. L. & Kerstetter, J. E. Proton pump-inhibiting drugs, calcium homeostasis, and bone health. 

Nutr. Rev. 66, 103–108 (2008).
 8. Liamis, G., Milionis, H. J. & Elisaf, M. A review of drug-induced hypocalcemia. J. Bone Miner. Metab. 27, 635–642 (2009).
 9. Imatoh, T. et al. Identification of risk factors and development of detection algorithm for denosumab-induced hypocalcaemia. J. 

Clin. Pharm. Ther. 44, 62–68 (2019).
 10. Body, J. J. et al. Hypocalcaemia in patients with metastatic bone disease treated with denosumab. Eur. J. Cancer. 51, 1812–1821 

(2015).
 11. Martinucci, I. et al. Vonoprazan fumarate for the management of acid-related diseases. Expert Opin. Pharmacother. 18, 1145–1152 

(2017).
 12. Otake, K. et al. Characteristics of the novel potassium-competitive acid blocker vonoprazan fumarate (TAK-438). Adv. Ther. 33, 

1140–1157 (2016).
 13. Navari, R. M. & Aapro, M. Antiemetic prophylaxis for chemotherapy-induced nausea and vomiting. N. Engl. J. Med. 374, 1356–1367 

(2016).
 14. Chan, S., Winterbottom, L. & Gardner, S. Response to dexamethasone in patients with fluid retention after docetaxel. Lancet 347, 

1486–1487 (1996).



6

Vol:.(1234567890)

Scientific Reports |          (2021) 11:978  | https://doi.org/10.1038/s41598-020-80243-y

www.nature.com/scientificreports/

 15. Tsvetov, G. et al. Denosumab-induced hypocalcemia in patients with osteoporosis: Can you know who will get low?. Osteoporos 
Int. 31, 655–665 (2020).

 16. Kinoshita, Y. et al. High serum ALP level is associated with increased risk of denosumab-related hypocalcemia in patients with 
bone metastases from solid tumors. Endocr. J. 63, 479–484 (2016).

 17. Li, Y. et al. Electrolyte and acid-base disorders in cancer patients and its impact on clinical outcomes: Evidence from a real-world 
study in China. Renal Fail. 42, 234–243 (2020).

 18. Wongdee, K. et al. Factors inhibiting intestinal calcium absorption: Hormones and luminal factors that prevent excessive calcium 
uptake. J. Physiol. Sci. 69, 683–696 (2019).

 19. Miyaoka, D. et al. 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. 30, 241–249 (2019).

 20. https ://ctep.cance r.gov/proto colde velop ment/elect ronic _appli catio ns/docs/CTCAE _v5_Quick _Refer ence_8.5x11.pdf Accessed 
01 Apr 2020.

 21. Akobeng, A. K. Understanding diagnostic tests 3: Receiver operating characteristic curves. Acta Paediatr. 96, 644–647 (2007).

Acknowledgements
We wish to thank all the patients and medical staff at University Hospital, Kyoto Prefectural University of Medi-
cine who were involved in this study.

Author contributions
Y.K. concept and design, data acquisition, data analysis, data interpretation, manuscript writing; K.S., F.H. and 
T.I. concept and design, data acquisition, data interpretation; Y.T. data acquisition, data interpretation; O.U. and 
K.T. concept and design, data acquisition; T.T. concept and design, data acquisition, data interpretation, supervi-
sion of the manuscript. All authors read and approved the final manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to Y.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

© The Author(s) 2021

https://ctep.cancer.gov/protocoldevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Predictors for development of denosumab-induced hypocalcaemia in cancer patients with bone metastases determined by ordered logistic regression analysis
	Results
	Discussion
	Patients and methods
	Study period and participants. 
	Extraction of variables. 
	Statistical analysis. 

	References
	Acknowledgements


