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Replacing zoledronic acid with denosumab is a risk factor for
developing osteonecrosis of the jaw
Tomoko Higuchi, DDS,a,b Yoshihiko Soga, DDS, PhD,a Misato Muro, DDS,a Makoto Kajizono, Ph, PhD,c
Yoshihisa Kitamura, Ph, PhD,c Toshiaki Sendo, Ph, PhD,c and Akira Sasaki, DDS, PhDb
Objective. Intravenous zoledronic acid (ZA) is often replaced with subcutaneous denosumab in patients with bone metastatic
cancer. Despite their different pharmacologic mechanisms of action, both denosumab and ZA are effective in bone metastasis
but cause osteonecrosis of the jaw (ONJ) as a side effect. ZA persists in the body almost indefinitely, whereas denosumab does
not persist for long periods. This study evaluated the risks of developing ONJ when replacing ZA with denosumab.
Study Design. In total, 161 Japanese patients administered ZA for bone metastatic cancer were enrolled in this single-center,
retrospective, observational study. The risk of developing ONJ was evaluated by logistic regression analysis using the following
factors: age, gender, cancer type, angiogenesis inhibitors, steroids, and replacement of ZA with denosumab.
Results. Seventeen patients (10.6%) developed ONJ. Multiple regression analysis indicated a significant difference in rate of ONJ
associated with replacement of ZA with denosumab (odds ratio = 3.81; 95% confidence interval 1.04-13.97; P = .043).
Conclusions. Replacing ZA with denosumab is a risk factor for the development of ONJ. Both binding of bisphosphonate to
bone and receptor activator of nuclear factor-κ B ligand inhibition could additively increase the risk of ONJ. We bring the
replacement of ZA with denosumab to the attention of clinical oncologists. (Oral Surg Oral Med Oral Pathol Oral Radiol 2018;
125:547–551)

Denosumab has recently been applied clinically to
replace administration of bisphosphonates (BPs) in patients with bone metastasis. BPs require intravascular
injection, and administration of the major BP, zoledronic
acid (ZA), takes over 15 minutes, whereas denosumab
requires only a single subcutaneous injection. Denosumab
has advantages with regard to clinical load for both patients and medical staff. However, we found an increase
rate of osteonecrosis of the jaw (ONJ) after switching
to denosumab.
BPs, which have high chemical affinity for bone and
specifically inhibit osteoclastic bone resorption, have been
widely and safely used for the treatment of bone metastasis in which excessive osteoclastic bone resorption
occurs.1 BP-related ONJ is caused by high levels of BP
accumulation, leading to suppression of intracortical remodeling (which is high in the jaw) and accumulation
of large regions of dead/apoptotic osteocytes, which constitute necrotic bone.2-4 However, its pathophysiology
remains unclear.
Denosumab, a human immunoglobulin G2 (IgG2)
monoclonal antibody against receptor activator of nuclear
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factor-κ B ligand (RANKL),5 is a new therapeutic agent
that has been shown to decrease skeletal-related events
associated with metastatic bone disease from solid
tumors,6,7 with a half-life of approximately 1 month.
Unlike BPs, which promote apoptosis in osteoclasts,
denosumab inhibits osteoclastic bone resorption without
causing apoptosis.5 Furthermore, denosumab is not deposited in bone and therefore does not persist for long
periods, as is the case with BPs, and therefore the effects
of denosumab are reversible.5 These pharmacologic properties initially suggested that denosumab treatment would
be unlikely to result in ONJ. Surprisingly, however, patients treated with denosumab also developed ONJ, which
was clinically indistinguishable from BP-related ONJ and
occurred at almost the same rate.8
Both BPs and denosumab are related to ONJ, but their
pharmacologic mechanisms are completely different. It
should be noted that the effect of BPs on bone is almost
permanent, whereas that of denosumab does not persist
for long periods. Therefore, we hypothesized that replacing BPs with denosumab may have an influence on
the development of ONJ; the effect of denosumab is additive to the permanent effect of BPs in the development
of ONJ. Previously, increasing duration and/or total dose
of ZA administration, concomitant use of angiogenesis

Statement of Clinical Relevance
Replacing the bisphosphonate zoledronic acid with the
receptor activator of nuclear factor-κ B ligand inhibitor denosumab in patients with bone metastatic cancer
appears to elevate the risk for the development of osteonecrosis of the jaw.
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inhibitors,9-11 and concomitant use of steroids8,12 were indicated as factors for development of ONJ. This study
was performed to evaluate the risk of developing ONJ
following replacement of ZA with denosumab, taking the
known medication-related risk factors into consideration.

PATIENTS AND METHODS
Study design
This was a single-center, retrospective, observational study
to evaluate the risk of developing ONJ by logistic regression analysis using the following factors: age, gender,
death within the study period, cancer type, angiogenesis inhibitors, steroids, and replacement of ZA with
denosumab. The Ethics Committee of Okayama University Graduate School of Medicine, Dentistry, and
Pharmaceutical Sciences approved this study (Approval No. ken 1509-021).
Patients
A total of 161 consecutive patients (males 68; females
93) administered ZA for bone metastatic cancer between
2012 and 2015 in our hospital were included in this study.
The observation was started from the date of ZA administration. Patients who had already been administrated
ZA before 2012 were observed by going back to the beginning of ZA administration. All cases of BP
administration for bone metastasis involved use of ZA
only; other BPs were not administered in our hospital.
All patients were Japanese. All consecutive patients administered ZA according to the dispensary records of the
Department of Pharmacy were included in the study.
Denosumab was approved for use in Japan in 2012; therefore, ZA was replaced with denosumab in many patients
between 2012 and 2015. Our hospital has well-established
medical–dental collaboration. All patients underwent a
dental examination before ZA administration and were
followed up. Dental examination was also performed in
cases in which ZA was replaced with denosumab to
confirm that the patients did not have ONJ.
Zoledronic acid or denosumab administration
ZA (Zometa; Novartis Pharmaceuticals Corp., East
Hanover, NJ) was administered at a dose of 4 mg every
3 to 6 weeks for the duration of 15 minutes by intravenous injection, and denosumab (RANMARK; Daiichi
Sankyo Company, Limited, Tokyo, Japan) was administered at a dose of 120 mg every 4 to 5 weeks, by
subcutaneous injection. ZA dose adjustment was carried
out on the basis of the patient’s calcium level and/or renal
function.
Diagnosis of medication-related ONJ
The diagnosis of medication-related ONJ was made according to the American Association of Oral and
Maxillofacial Surgeons (AAOMS) position paper,
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2014 update. 13 Patients were considered to have
medication-related ONJ if all of the following characteristics were present:
• Current or previous treatment with antiresorptive or
antiangiogenic agents
• Exposed bone or bone that can be probed through an
intraoral or extraoral fistula in the maxillofacial region
that has persisted for longer than 8 weeks
• No history of radiation therapy to the jaws or obvious
metastatic disease in the jaws
Medication-related ONJ diagnosis was made clinically by the doctor/dentist in charge. When charts were
reviewed, an investigator of this study also checked and
verified the diagnosis of medication-related ONJ.

Analysis of relationship between subject
characteristics and risk of ONJ
Before analysis of the relationship between medication
and risk of ONJ, the relationship between each of the
following subject characteristics and risk of ONJ were
analyzed: increasing age at start of ZA administration,
gender, death within the study period, and cancer type
(lung, breast, prostate, kidney, colorectal, and others). Univariate logistic regression analysis was performed.

Analysis of relationship between medication and
risk of ONJ
After analysis of the relationship between subject characteristics and risk of ONJ, we analyzed the relationship
between medication and risk of ONJ.
First, univariate logistic regression analysis was performed. The relationship between each of the following
medication-related potential risk factors, which were suggested in AAOMS position paper,13 and the development
of ONJ were analyzed: administration of ZA (increasing duration and total dose), administration of denosumab
(increasing duration and total dose), concomitant use of
angiogenesis inhibitors, and concomitant use of steroids. In addition, the relationship between replacement
of ZA with denosumab and the development of ONJ was
also analyzed.
Second, medication-related risk factors for the development of ONJ, with P < .05 on univariate logistic
regression analysis, were subjected to multivariate logistic regression analysis. Multivariate logistic regression
models were prepared to estimate the risks of medicationrelated ONJ associated with potential medication
predictors. Inclusion of variables in the models was based
on existing knowledge of risk factors for medicationrelated ONJ and our hypothesis that replacement of ZA
with denosumab was a potential risk factor.
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Statistical analysis
Univariate logistic regression analysis and multivariate
logistic regression analysis were performed using STATA
statistical software (release 12; Stata Corp, College Station,
TX).

RESULTS
Development of ONJ
Seventeen of 161 patients (10.6%) administered ZA developed ONJ. We performed comparisons between the
ONJ development group [ONJ(+), n = 17] and the non–
ONJ development group [ONJ(–), n = 144]. There were
no patients in stage 0, defined as no clinical evidence of
necrotic bone, but presenting with nonspecific symptoms or clinical and radiographic findings.

Table I. Characteristics of patients and risks of ONJ:
univariate logistic regression analysis
ONJ(+)
(n = 17)

ONJ(–)
(n = 144)

Median: 63
Range: 42-73
4/13
(23.5%/76.5%)

Median: 60
Range: 24-86
64/80
(44.4%/55.6%)

Characteristics
Increasing age at start
of ZA administration
Gender (M/F)
Cancer type (n)
Lung
Breast
Prostate
Kidney
Colorectal
Others

3
10
1
1
1
1

39
29
16
10
8
42

P
.676
.100

NA
.001*
NA
NA
NA
-

F, female; M, male; NA, not applicable to statistical analysis because
of the small number of patients in the ONJ(+) group; ONJ, osteonecrosis of the jaw; ZA, zoledronic acid.
*P <.05.

Characteristics of patients and risk of ONJ
The results of univariate logistic regression analysis of
the characteristics of the patients and risk of ONJ are
shown in Table I. There was no significant difference in
the age at commencement of ZA administration between
the ONJ(+) and ONJ(–) groups. The development of ONJ
tended to be more common in females than in males, although the difference was not significant (P = .100),
reflecting the observation that breast cancer patients had
significantly elevated risk of ONJ development (P = .001).
Medication and risk of ONJ: univariate logistic
regression analysis
The results of univariate logistic regression analysis of
medication and risk of ONJ are shown in Table II. Increases in the period of ZA administration and total dose
of ZA were significantly related to the risk of ONJ
(P = .009 and P = .011, respectively), but their odds ratio
(OR) and 95% confidence interval (CI) were low (OR
1.00, 95% CI 1.00–1.00; OR 1.00, 95% CI 1.00-1.01,
respectively). Increases in the period of denosumab administration and total dose of denosumab were not
significantly related to the risk of ONJ (P = .418 and
P = .166, respectively). Concomitant use of angiogenesis inhibitors was significantly related to the risk of ONJ
(P = .004) with high OR (4.77) and 95% CI (1.6513.75). Concomitant use of steroids was not significantly
related to the risk of ONJ (P = .855). Notably, replacement of ZA with denosumab was significantly related to
the risk of ONJ (P = .014) with high OR (3.68) and 95%
CI (1.30-10.40).
Medication and risk of ONJ: multiple logistic
regression analysis
On the basis of the results of univariate logistic regression analysis, we performed multiple logistic regression

Table II. Medication and risk of ONJ: univariate logistic regression analysis
Medication
Administration of ZA
Duration (d)
Total dose (mg)
Administration of denosumab
Duration (d)
Total dose (mg)
Concomitant use of angiogenesis inhibitors (+/–)
Concomitant use of steroids (+/–)
Replacement of ZA with denosumab (+/–)

ONJ(+) (n = 17)

ONJ(–) (n = 144)

OR (95% CI)

P

Median: 1031
Range: 79-2225
Median: 92
Range: 12-252

Median: 416
Range: 56-3466
Median: 20
Range: 4-408

1.00
(1.00–1.00)
1.00
(1.00-1.01)

.009*

Median: 617
Range: 166-1179
Median: 2400
Range: 720-3840
11/6
(64.7%/35.3%)
1/16
(5.9%/94.1%)
8/9
(47.1%/52.9%)

Median: 235
Range: 37-1301
Median: 780
Range: 120-5520
37/107
(25.7%/74.3%)
6/138
(4.2%/95.8%)
28/116
(19.4%/80.4%)

1.00
(1.00–1.00)
1.00
(1.00–1.00)
4.77
(1.65-13.75)
1.22
(0.14-10.59)
3.68
(1.30-10.40)

.418

ONJ, osteonecrosis of the jaw; OR, odds ratio; ZA, zoledronic acid.
*P <.05.

.011*

.166
.004*
.855
.014*
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Table III. Medication and risk of ONJ: multiple
logistic regression analysis
Administration of ZA
Increasing duration
Total dose
Concomitant use of
angiogenesis
inhibitors (+/–)
Replacement of ZA
with denosumab
(+/–)

OR (95% CI)

P

1.00 (1.00–1.00)
1.01 (1.00-1.02)
5.02 (1.56-16.17)

.376
.069
.007*

3.81 (1.04-13.97)

.043*

ONJ, osteonecrosis of the jaw; OR, odds ratio; ZA, zoledronic acid.
*P <.05.

analysis to evaluate the relationship between medication and risk of ONJ. We followed standard methods to
estimate sample size for multiple logistic regression, with
at least 10 outcomes needed for each independent
variable included in the analysis.14 Four outcomes were
examined simultaneously: increasing duration of ZA administration, total dose of ZA administered, concomitant
use of angiogenesis inhibitors, and replacement of ZA
with denosumab, all of which were significant (P < .05)
on univariate logistic regression analysis.
The results of multiple logistic regression analysis of
medication and risk of ONJ are shown in Table III. Replacement of ZA with denosumab was significantly related
to the risk ONJ development (P = .043) with high OR
(3.81) and 95% CI (1.04-13.97).

DISCUSSION
Replacement of ZA with denosumab was significantly
related to the risk of developing ONJ (P = .043) with OR
(3.81) and 95% CI (1.04-13.97). Our results showed that
this risk is greater than or equal to other previously identified medication risk factors. Replacement could increase
the risk of ONJ, and clinical oncologists should be careful
in their consideration of the need for replacement.
Inhibition of osteoclast function seems to be part of
the pathophysiology of medication-related ONJ because
the agents most commonly linked to medication-related
ONJ— BPs and RANKL inhibitors (denosumab)—both
reduce bone resorption, although through different
mechanisms.15 One reasonable mechanism for our results
is that denosumab is a fully human monoclonal antibody with a half-life of several weeks16 and is not
eliminated via the kidneys, in contrast to BPs, which primarily show renal elimination, bind to hydroxyapatite,
and may remain sequestered in bones for many years.17
The effects of ZA on bone are persistent, whereas those
of denosumab do not persist for long periods. Denosumab
prevents RANKL from binding to its receptor, RANK,
thereby inhibiting the development, activation, and

survival of osteoclasts.5 This is different from the mechanism of action of BPs, which bind to bone mineral and
probably inhibit osteoclast function mainly by being taken
up by osteoclasts at the sites of bone resorption.5 A major
difference in the effects of denosumab and BPs on osteoclasts is that BPs must be internalized to act on the
cells, whereas denosumab acts in the extracellular milieu.5
Functional osteoclasts could be decreased additively, and
turnover of bone metabolism would be reduced. This may
contribute to control bone metastasis cancer but increase the risk of ONJ.
Our results indicated high medication-related ONJ risk
in patients with cancer. It was reported that the cumulative incidence of medication-related ONJ is in the low
single digits (range 0.7%–6.7%) in cancer patients exposed
to zoledronate.18,19 When limited to studies with Level
1 evidence (i.e., systematic reviews or randomized controlled trials), the risk of medication-related ONJ in
patients exposed to zoledronate is approximately 1% (100
cases per 10,000 patients).18,20-22 In our study, however,
ONJ developed in 17 of 161 patients (10.56%) administered ZA. Although this was a single-center,
retrospective, observational study, the cases were consecutive, the primary endpoint was the development of
ONJ, and all patients had been referred to dentists. The
higher incidence of ONJ could be explained as follows:
(1) Generally, the results obtained from the primary endpoint show a high incidence compared with those from
a secondary endpoint if the item evaluated is the same,
and some large-scale studies set ONJ as a secondary endpoint; (2) all patients were under the primary care of a
dentist, and therefore, development of ONJ was detected diligently. Even so, the rate of ONJ incidence was
high, and there may be ethnic differences in risk, with
Japanese patients likely having a higher risk of ONJ. The
reported incidence rate was not different from the impression in daily clinical practice. Our results regarding
the frequency of ONJ development reached double digits,
and the impact of this finding could not be ignored. Both
ZA and denosumab control bone metastasis well, and the
greatest advantage of replacing ZA with denosumab would
be reduction in clinical load. However, the difference was
small (intravenous or subcutaneous route of administration), and therefore continuation of ZA administration
would be better in patients that have received this agent.
We speculated that the mechanism underlying the additive effect of denosumab in patients administered BPs
is that the effects of ZA on bone are highly persistent,
whereas those of denosumab do not persist for long
periods. To confirm this speculation on mechanism, further
in vitro and/or in vivo studies on osteoclast behavior are
required. It would also be interesting to evaluate not only
ONJ but also other effects of denosumab and BPs. These
agents may have better ability to control bone metastasis, whereas other well-known side effects, for example,
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atypical femoral fractures and hypocalcemia, could occur
frequently.
We attempted to avoid bias by selecting patients consecutively, and the relationship between each of the
medication-related potential risk factors, which were suggested in the AAOMS position paper, 13 and the
development of ONJ was analyzed. However, the retrospective nature of this study, which was a limitation, may
have resulted in important clinical information being
missed. Furthermore, as the total number of incidents of
ONJ was limited, it was not possible to compare the
denosumab group and the group of continued ZA administration without switching. Therefore, we are currently
planning further prospective, multicenter studies in this
area.

CONCLUSIONS
Replacing ZA with denosumab is a risk factor for the development of ONJ. Both binding of BPs to bone and
RANKL inhibition could additively increase the risk of
ONJ. We thus bring the replacement of ZA with
denosumab to the attention of clinical oncologists because
of the increase in clinical load.
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