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A B S T R A C T   

Denosumab is a monoclonal antibody that has been approved to treat osteoporosis, skeletal metastasis, and giant 
cell tumor of bone in skeletally mature patients. Due to its potential adverse effects on normal bone growth, its 
use has not yet been approved in skeletally immature patients; however, the use of this agent in such patients 
with overt or dysregulated bone resorptive conditions has been explored in recent years. While most studies have 
proven the effectiveness of denosumab in controlling the progression of various disorders in skeletally immature 
patients, they have also revealed that refractory hypercalcemia often follows the discontinuation of denosumab 
treatment, raising a concern over the use of this agent in these patients. Thus, this study was designed to better 
understand the pathology of this condition through a systematic review of the published literature. Our analysis 
suggests that this condition has a potential male predisposition, that there is a correlation between the duration 
of denosumab treatment and patient age, and that this condition often occurs within 3 months after the last 
administration of denosumab in skeletally immature patients but is significantly less likely in adults. These re
sults may further underscore that high bone formation and bone turnover rates are critically associated with 
hypercalcemia after the discontinuation of denosumab. In contrast, given that not all skeletally immature pa
tients develop hypercalcemia, it is probable that other unidentified factors are involved in the pathology of this 
condition.   

1. Introduction 

Osteoclasts are multinucleated bone-resorbing giant cells that play a 
major role in the pathology of several disorders, including osteoporosis, 
malignant bone metastasis, and giant cell tumor of bone (GCTB) [1–3]. It 
has been thus considered that osteoclasts are a valid target for control
ling the progression of these disorders. Past studies have identified 
various factors that are involved in the regulation of osteoclast differ
entiation and survival. Among these, the receptor activator of NFκB 
(RANK), and its ligand (RANKL), are probably the most critically 
involved in these processes [4,5]. 

Denosumab is a fully-humanized antibody against RANKL, a 
membrane-bound molecule expressed on osteoblasts and stromal cells 
[6,7]. Denosumab specifically binds to RANKL and interferes with its 
binding to RANK, a receptor molecule expressed on osteoclasts and their 
precursors, thereby suppressing the formation of osteoclasts and bone 
resorption. The use of denosumab has been approved for the treatment 

of osteoporosis, bone metastasis, and GCTB in skeletally mature adult 
patients. While denosumab has been proven to be highly effective in 
suppressing bone resorption and alleviating the symptoms of these dis
orders, it also shares several side effects with bisphosphonates, another 
class of anti-bone-resorbing agents, including osteonecrosis of the jaw, 
atypical femoral fracture, and hypocalcemia. Furthermore, recent 
studies have shown that a sharp increase in the bone turnover occurs 
following the discontinuation of denosumab therapy, leading to a drastic 
bone loss and an increased risk of vertebrae fractures [8–11]. This 
sudden change in bone metabolism can ultimately result in multiple 
vertebrae fractures, a condition also known as “rebound-associated 
vertebral fractures”, in osteoporotic patients. 

Because of the potential adverse effects on normal skeletal growth, 
the use of denosumab in skeletally immature patients has remained to be 
investigated. However, in recent years, the use of this agent has been 
explored in juveniles and adolescents with various disorders with overt 
or dysregulated osteoclastic bone resorption activity [12–17]. These 
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studies have shown that denosumab is highly effective in controlling the 
progression of various disorders, including fibrous dysplasia, osteo
genesis imperfecta, GCTB, central giant cell granuloma (CGCG), and 
aneurysmal bone cyst (ABC). These observations suggest the clinical 
benefit of denosumab for treating skeletally immature patients. How
ever, unexpectedly, these clinical studies have also identified hyper
calcemia as a previously unrecognized adverse event that occurs 
following the discontinuation of denosumab treatment. This adverse 
event, also referred to as “rebound hypercalcemia,” is often intractable 
and requires intensive treatments, raising a concern over the use of 
denosumab in skeletally immature patients. 

Since our report on one of the first cases of rebound hypercalcemia 
[17], the number of reported cases has been increasing in recent years. 
However, these are mainly sporadic case reports and currently, no 
comprehensive overview on this condition exists. Thus, this study was 
designed to better understand the pathology of rebound hypercalcemia 
following denosumab discontinuation through a systematic review of 
the published literature. Specifically, we aimed to identify the factors or 
conditions that are potentially associated with the onset of this adverse 
event. 

2. Materials and methods 

2.1. Eligibility criteria 

We followed the recommendations of the Preferred Reporting Items 
for Systematic Review and Meta-Analysis statement [18]. Published 
reports in the English language, including clinical studies, case series, 
case reports, and meeting abstracts, describing cases with hypercalce
mia after the termination of denosumab treatment were included. 

2.2. Literature search and study selection 

We searched PubMed, Scopus, Web of Science, Reaction Weekly 
(through ProQuest Health & Medical Collection), and the Cochrane Li
brary on July 12, 2021 using “denosumab” and “hypercalcemia” as 
search terms and with the language restricted to English. Bibliographical 
data were imported into EndNote X9 (Clarivate, London, UK), and du
plicates were removed. The title and abstract of all publications were 
reviewed by one author (KH), and publications that do not describe 
cases with hypercalcemia after the use of denosumab were excluded. 
Next, the full text of potentially relevant publications was reviewed. 
Publications that describe identical cases with other publications and 
those that do not provide clinical information of each case were 
excluded from this study. 

2.3. Data extraction 

We used a data collection sheet and extracted the data items, 
including patient age (at the initiation of denosumab therapy), sex, 
indication for the use of denosumab, dosage and frequency of denosu
mab treatment, treatment duration, cumulative denosumab dose, 
duration from the last denosumab treatment to the onset of hypercal
cemia, serum calcium level at the time of the diagnosis of hypercalce
mia, and treatments for hypercalcemia. In cases where hypercalcemia 
occurred in more than one occasion, the data from the first episode were 
extracted. When the durations were described in years or weeks, they 
were converted into months. If cumulative doses were not shown, they 
were deduced based on the information provided in the reports when 
possible. The calcium levels were converted to mg/dL when they were 
provided in mmol/L by dividing by 0.2495. 

2.4. Statistical analysis 

Cases were excluded from a given analysis when the corresponding 
value was unavailable. Based on the patient population distribution, we 

arbitrarily divided the cases into two groups: the skeletally immature 
group (18-year-old or less; henceforth referred to as Group I) and the 
skeletally mature group (more than 18-year-old; henceforth referred to 
as Group M). The Mann–Whitney test (two-tailed) (Fig. 2A (right panel), 
B, C, D, and F) was performed using Prism 6 (GraphPad Software, San 
Diego, CA). Linear regression analysis (Fig. 2E and G) and the chi-square 
test (Table 3) were performed using Excel 2019 (Microsoft, Redmond, 
WA). P values smaller than 0.05 were considered statistically significant. 

3. Results 

3.1. Search results 

Our search yielded 500 unique hits. Among these, 48 records were 
identified as potentially relevant, and the full text of these publications 
was further reviewed. We excluded 11 publications describing identical 
cases with other publications (these were mostly meeting abstracts) and 
2 publications that lack clinical information of individual cases. Finally, 
35 publications, including 12 case series, 16 case reports, and 7 meeting 
abstracts, were subjected to analysis. The list of all publications and 
cases is shown in Supplementary Table S1 and Supplementary Refer
ences. The flowchart of the search procedure is presented in Fig. 1. 

3.2. Patient characteristics 

A total of 49 cases were included in the study. The mean age of the 
cases was 18.3 years with a standard deviation of 19.7 years. The patient 
population was highly skewed toward juveniles and adolescents (me
dian age, 11.0 years) (Fig. 2A, left panel). Given that this population (18- 
year-old or less) mostly represents skeletally immature patients, we 
divided the cases into two groups: the skeletally immature group (Group 
I, 40 cases) and the skeletally mature group (Group M, 9 cases). The 
patient age and sex of each group are shown in Table 1. The number of 
male cases in Group I was noticeably higher than that of female cases (25 
vs. 13 cases; P = 0.052, the chi-square test), indicating a potential male 
predisposition of this condition in this population. There was no dif
ference in the mean age between male cases (9.7 years) and female cases 
(9.9 years) in this group (Table 1 and Fig. 2A, right panel, P = 0.91). On 
the other hand, the number and the mean age of female cases in Group M 
were markedly higher than those of male cases (7 vs. 2 cases; P = 0.096, 
the chi-square test; 60.7 vs. 32.5 years, P = 0.056), but neither reached a 
statistical significance (Table 1 and Fig. 2A, right panel). 

The indications for denosumab treatment are summarized in Table 1. 
The most frequent disorders were ABC, CGCG (including cases with 

Fig. 1. Publication selection flowchart based on the Preferred Reporting Items 
for Systematic Review and Meta-Analyses guidelines. 
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Noonan syndrome), GCTB, and fibrous dysplasia (including cases with 
McCune-Albright syndrome), comprising approximately two-thirds of 
all cases. No significant differences in any item values (including patient 
age, treatment duration, and duration from the last denosumab treat
ment to the onset of hypercalcemia) were observed between these dis
order groups (data not shown). 

3.3. Denosumab dosage and frequency 

The dosage and frequency of denosumab administration differed 
significantly among cases in Group I (Supplementary Table S1). Some 
cases followed the standard regimen recommended for skeletally mature 
adults with GCTB (120 mg per 4 weeks with loading doses on days 8 and 
15), whereas in other cases, the dose was adjusted for body weight (most 
frequently, 1 mg/kg) or body surface area with varying dose frequencies 

(e.g., once weekly for the first month and once monthly thereafter, once 
per month, and thrice per month). In Group M, the dosage and frequency 
varied from the standard regimens in 5 cases. Three cases with osteo
porosis and one case with GCTB were treated with standard regimens 
(60 mg per 6 months or 120 mg per 4 weeks with loading doses, 
respectively). 

3.4. Hypercalcemia and clinical features 

The serum calcium level at the onset of hypercalcemia tended to be 
higher in Group I (median, 15.3 mg/dL; interquartile (IQR), 13.6–16.2 
mg/dL) than in Group M (median, 12.4 mg/dL; IQR, 11.4–14.6 mg/dL) 
(Fig. 2B). There was no difference in the cumulative dose of denosumab 
between Groups I and M (Fig. 2C). The duration of denosumab treatment 
(the duration from the first to the last injection of denosumab) was 

Fig. 2. Analysis of the extracted data from cases with rebound hypercalcemia. A. Patient age (left panel, total cases; right panel, male and female cases) at the 
initiation of denosumab treatment. The dotted line in the left panel indicates 18-year-old. Group I (I), n = 40; Group M (M), n = 9. B. Serum calcium level at the 
diagnosis of hypercalcemia. Group I, n = 27; Group M, n = 9. C. Cumulative dose of denosumab. Group I, n = 20; Group M, n = 8. D and E. The duration of 
denosumab treatment. Group I, n = 37; Group M, n = 8. E and F. The duration from the last denosumab injection to the onset of hypercalcemia. Group I, n = 38; 
Group M, n = 8. Statistical analysis was performed using the Mann-Whitney test (B, C, D, and F) and linear regression analysis (E and G). Black and white dots 
represent Group I cases and Group M cases, respectively. Data are presented as the median and interquartile range (B, C, D, and F). *, statistically significant. 
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significantly shorter in Group I (median, 12 months; IQR, 10–16.5 
months) than in Group M (median, 60 months; IQR, 39.0–84 months) 
(Fig. 2D). Of interest, we found a significant correlation between patient 
age and the duration of denosumab treatment (Fig. 2E), indicating that 
the duration of denosumab treatment required to trigger hypercalcemia 
is shorter in juveniles and adolescents than in adults. There was a sig
nificant difference in the duration from the last denosumab injection to 
the onset of hypercalcemia between Groups I (median, 4 months; IQR 
3–5 months) and M (median, 5.75 months; IQR 4.25–7.5 months) 
(Fig. 2F). Accordingly, a relatively weak but statistically significant 
correlation was observed between age and the duration from the last 
denosumab injection to the onset of hypercalcemia (Fig. 2G). Further
more, the percentage of cases who had hypercalcemia within 3 months 
after the last denosumab injection was significantly higher in Group I 
(13 of 35 cases, 37%) than in Group M (0 of 9 cases) (P = 0.027, the chi- 
square test) (Table 2). 

3.5. Treatments for hypercalcemia 

In most symptomatic cases, hydration and administration of di
uretics (e.g., furosemide) were performed as a basic treatment. In several 
cases, calcitonin and/or corticosteroids were administered; however, 
their efficacy was marginal in most cases. Bisphosphonates, including 
zoledronate, pamidronate, and neridronate, were the most frequently 
used agents in controlling hypercalcemia (Table 3). Denosumab was 
readministered in 9 cases and combination of bisphosphonates and 
denosumab were used in 2 cases. 

4. Discussion 

The awareness of rebound hypercalcemia after the discontinuation of 
denosumab therapy has recently risen, as evidenced by the increasing 
number of reported cases in the literature. However, the etiology of this 
condition and preventive methods remain to be elucidated. To gain 

insight into this condition, we systematically reviewed the published 
literature and analyzed the extracted data. Our results suggest that this 
condition has a potential male predisposition in juveniles and adoles
cents, that treatment duration of denosumab that is required to trigger 
hypercalcemia correlates with patient age, and that this condition often 
occurs within 3 months after the last administration of denosumab in 
juveniles and adolescents but later than 3 months in skeletally mature 
adults. 

The mechanisms underlying hypercalcemia after denosumab with
drawal are not fully understood; however, it is most likely caused by the 
rapid recovery of osteoclastic activity, triggering the surge of bone 
resorption and the release of calcium from the calcified tissue into the 
circulation [17,19]. This concept indicates that bone turnover rate and 
the amount of overstored calcium determine the severity of the increase 
in serum calcium following denosumab discontinuation. Theoretically, 
this may also explain the reason for the potential male predisposition in 
Group I (males tend to have a higher bone mass than females [20], and 
thus store more calcium while on denosumab treatment during the 
growth period) and for the early onset of hypercalcemia after the 
discontinuation of denosumab in Group I compared with Group M. 
Whereas, the reason for the higher number and the higher mean age of 
female cases in Group M could be due to the higher prevalence of 
osteoporosis (post-menopausal osteoporosis), which often necessitates 
the use of denosumab, in women than in man. Nevertheless, further 
studies with more subjects will be necessary to address these issues. In 
addition, considering that the release of calcium from the calcified tissue 
should precede the actual bone mass loss, it is reasonable that the 
duration from the discontinuation of denosumab to the onset of hyper
calcemia (median, 5.75 months in Group M) is shorter than that of 
rebound-associated vertebral fractures, which usually occurs 7–20 
months (median, 11 months) after denosumab cessation in adult pa
tients [9]. 

The correlation between the treatment duration and patient age 
(Fig. 2E) indicates that rebound hypercalcemia occurs following a 
relatively short treatment duration in juveniles and adolescents 
compared with adults. It is possible that the patients in Group I were 
treated for a shorter period with denosumab than those in Group I for 
medical reasons. However, considering that a substantial number of 
adult patients had GCTB to whom denosumab was preoperatively used 
for a relatively short duration and that there is no reported case of 
rebound hypercalcemia in these patients [21], this assumption seems 
implausible. Instead, it would be more rational to assume that calcium 
accumulation required to incite hypercalcemia is reached much faster in 
juveniles and adolescents than in adults. Additionally, this result also 
suggests that hypercalcemia occurs even in skeletally mature patients, 
although rarely, if they are treated with denosumab long enough to 
reach the potential threshold. 

Although rebound hypercalcemia after discontinuing denosumab 
occurs at a significantly higher rate in skeletally immature patients than 
in adults, the exact occurrence rate of this adverse event remains un
clear. Our database search revealed only 9 adult cases (Group M), con
trary to 40 juvenile and adolescent cases (Group I), even though 
denosumab has been widely used in adult patients in the past decade. 
According to reports of consecutive case series of skeletally immature 
patients treated with denosumab, hypercalcemia occurred in 14 of 31 
cases (4 of 4 cases with Noonan syndrome and CGCG [22], 3 of 6 cases 

Table 1 
Patients' clinical data. ABC, aneurysmal bone cyst; CGCG, central giant cell 
granuloma; GCTB, giant cell tumor of bone; FD, fibrous dysplasia; McCune- 
Albright syndrome; OI, osteogenesis imperfecta; SJX, solitary juvenile xan
thogranuloma; JPD, juvenile Paget's disease; NA, not available. Data are n (mean 
age).   

Group I Group M Total 

Sex 
Male 25 (9.7) 2 (32.5) 27 (11.4) 
Female 13 (9.9) 7 (60.7) 20 (27.7) 
NA 2 (NA) 0 (NA) 2 (NA) 
Total 40 (9.8) 9 (54.4) 49 (18.3)  

Indications for denosumab treatment 
ABC 11 (9.1) 0 (NA) 11 (9.1) 
CGCG 10 (10.2) 0 (NA) 10 (10.2) 
GCTB 8 (11.8) 1 (40) 9 (15.0) 
FD / MAS 3 (13.3) 2 (34.0) 5 (21.6) 
OI 2 (2.3) 0 (NA) 2 (2.3) 
Cherubism 3 (7.7) 0 (NA) 3 (7.7) 
Breast cancer 0 (NA) 2 (45.5) 2 (45.5) 
Osteoporosis 1 (13.5) 3 (68.3) 4 (54.6) 
SJX 1 (5) 0 (NA) 1 (5) 
JPD 1 (7) 0 (NA) 1 (7) 
Hyperparathyroidism 0 1 1 (86)  

Table 2 
The number of cases that had hypercalcemia after 3 months (>3 M) and 
within 3 months (≤3 M) from the last denosumab injection in each group. 
Data are n.   

>3 M ≤3 M 

Group I  22  13 
Group M  9  0  

Table 3 
Treatments for hypercalcemia, besides hydration and administration of di
uretics. B + D, bisphosphonate and denosumab; NA, not available. Data are n.   

Group I Group M Total 

Bisphosphonate  23  4  27 
Denosumab  5  4  9 
B + D  2  0  2 
Other/NA  10  2  12  
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with CGCG [23], 2 of 4 cases with osteogenesis imperfecta [24], 2 of 9 
cases with ABC [25], 2 of 5 cases with ABC [26], one of 3 cases (ABC, 
CGCG, and cherubism) [27]), indicating that this event occurs as 
frequently as 45% in juvenile and adolescent patients. In contrast, phase 
2 clinical study of denosumab in patients with GCTB (>12-year-old) 
showed that the frequency of hypercalcemia was <1% (4 of 526 cases) 
[28]. Although the details of the clinical data of these patients were not 
provided, it will be reasonable to assume that this condition is markedly 
rare in adult patients or that most such cases are asymptomatic and 
overlooked in adults. 

In most cases, treatments for hypercalcemia followed the standard 
protocol, consisting of hydration and administration of diuretics, corti
costeroids, and/or calcitonin. However, in severe cases, repeated use of 
bisphosphonates or reinjection of denosumab was often required to 
repress the surge of calcium released into the circulation 
[14,16,17,19,22,24,29–34]. Although no established treatment modal
ity exists to prevent this condition, tapering of the dosage of denosumab 
and prophylactic use of bisphosphonates were attempted in several cases 
[22,23,31]. However, due to the small number of cases, the clinical 
benefit of these methods is currently inconclusive. 

Several limitations should be acknowledged in this study. First, given 
that the present study is based on the data extracted from case reports 
and case series, and that there are various inherent biases in such 
studies, the risk of bias in each report was not systematically assessed. 
Most critically, due to publication bias, it is likely that symptomatic 
cases were more frequently published than asymptomatic cases, result
ing in the underestimation of cases with mild or no clinical manifesta
tions. Second, because the data items presented in the publications were 
not fully consistent, not all cases were included in each analysis. 
Furthermore, when considered appropriate, we have calculated or 
deduced the missing item values based on the information provided in 
the publication (the values with asterisk in Supplementary Table S1). It 
is possible that these values did not fully reflect the actual values and 
could have skewed the results. Finally, although we have thoroughly 
searched the databases available to us, the number of cases was insuf
ficient to perform more stringent statistical analyses. 

Despite these limitations, we believe that the results of the present 
study further support the idea that high bone formation and bone 
turnover rates are associated with hypercalcemia after the discontinu
ation of denosumab. Moreover, the results may explain why this con
dition occurs predominantly in skeletally immature patients and why 
the duration of denosumab treatment and the onset after the discon
tinuation of denosumab are shorter in skeletally immature patients than 
in adult patients. On the other hand, considering that not all skeletally 
immature patients are inflicted with this condition even if they were 
treated with denosumab for a certain duration, there will remain un
identified factors that are necessary to trigger this event. Clinically, we 
believe that a close follow-up would be mandatory not only in skeletally 
immature patients but also in skeletally mature patients when long-term 
use of denosumab is discontinued. Furthermore, establishing a protocol 
based either on the tapering of denosumab dosage or prophylactic 
administration of bisphosphonates will be critical to circumvent this 
undesired condition and fully optimize the potential benefit of denosu
mab in treating patients with overt or dysregulated bone resorption 
disorders. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.bonr.2021.101148. 
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