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IMPORTANCE Osteonecrosis of the jaw (ONJ) affects patients with cancer and metastatic
bone disease (MBD) treated with bone-modifying agents (BMAs), yet the true incidence is
unknown.

OBJECTIVE To define the cumulative incidence of ONJ at 3 years in patients receiving
zoledronic acid for MBD from any malignant neoplasm.

DESIGN, SETTING, AND PARTICIPANTS This multicenter, prospective observational cohort study
(SWOG Cancer Research Network S0702) included patients with MBD with either limited or
no prior exposure to BMAs and a clinical care plan that included use of zoledronic acid within
30 days of registration. Medical, dental, and patient-reported outcome forms were submitted
at baseline and every 6 months. Follow-up was 3 years. Osteonecrosis of the jaw was defined
using established criteria. Data were collected from January 30, 2009, to December 13, 2013,
and analyzed from August 24, 2018, to August 6, 2020.

INTERVENTIONS/EXPOSURES Cancer treatments, BMAs, and dental care were administered as
clinically indicated.

MAIN OUTCOMES AND MEASURES Cumulative incidence of confirmed ONJ, defined as an area
of exposed bone in the maxillofacial region present for more than 8 weeks with no
concurrent radiotherapy to the craniofacial region. Risk factors for ONJ were also examined.

RESULTS The SWOG S0702 trial enrolled 3491 evaluable patients (1806 women [51.7%];
median age, 63.1 [range, 2.24-93.9] years), of whom 1120 had breast cancer; 580, myeloma;
702, prostate cancer; 666, lung cancer; and 423, other neoplasm. A baseline dental
examination was performed in 2263 patients (64.8%). Overall, 90 patients developed
confirmed ONJ, with cumulative incidence of 0.8% (95% CI, 0.5%-1.1%) at year 1, 2.0% (95%
CI, 1.5%-2.5%) at year 2, and 2.8% (95% CI, 2.3%-3.5%) at year 3; 3-year cumulative
incidence was highest in patients with myeloma (4.3%; 95% CI, 2.8%-6.4%). Patients with
planned zoledronic acid dosing intervals of less than 5 weeks were more likely to experience
ONJ than patients with planned dosing intervals of 5 weeks or more (hazard ratio [HR], 4.65;
95% CI, 1.46-14.81; P = .009). A higher rate of ONJ was associated with fewer total number of
teeth (HR, 0.51; 95% CI, 0.31-0.83; P = .006), the presence of dentures (HR, 1.83; 95% CI,
1.10-3.03; P = .02), and current smoking (HR, 2.12; 95% CI, 1.12-4.02; P = .02).

CONCLUSIONS AND RELEVANCE As the findings show, the cumulative incidence of ONJ after 3
years was 2.8% in patients receiving zoledronic acid for MBD. Cancer type, oral health, and
frequency of dosing were associated with the risk of ONJ. These data provide information to
guide stratification of risk for developing ONJ in patients with MBD receiving zoledronic acid.
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T he bisphosphonates and denosumab are bone-
modifying agents (BMAs) that reduce the risk of skeletal-
related events (SREs), including fracture, need for sur-

gery or radiotherapy to bone, spinal cord compression, and
hypercalcemia of malignant neoplasm. Clinical care guide-
lines recommend use of BMAs in the management of meta-
static bone disease (MBD).1,2 These BMAs reduce SREs by 25%
to 50%3; however, SREs continue to occur in approximately
15% to 29% of treated patients.1 Use of BMAs are also associ-
ated with risk of osteonecrosis of the jaw (ONJ). Based on case
reports and small cohort studies, the risk of ONJ in MBD ranges
from 1% to 15%.4 The etiology of ONJ remains undefined.

The SWOG Cancer Research Network S0702 trial5 was a
large, observational cohort study designed to prospectively as-
sess the incidence of and predictive factors associated with ONJ
in patients with cancer receiving zoledronic acid. The pri-
mary objective was to prospectively assess the cumulative
incidence of ONJ at 3 years.

Methods
Study Design
SWOG S0702 enrolled patients from January 30, 2009, to De-
cember 13, 2013. All patients in this cohort study provided writ-
ten informed consent in accordance with institutional review
board approval at participating centers and federal guide-
lines. Findings are reported according to the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
guidelines.6 Cancer care, use of BMAs, and dental care were
performed as clinically indicated. The original design required
a baseline dental examination within 6 months before
registration, but early during accrual (November 1, 2011),
baseline dental examinations were modified to be
recommended only, consistent with guidelines, to improve
accrual and better reflect community standards. Follow-up
dental examinations were recommended every 6 months
after registration. Study follow-up consisted of medical, dental,
and patient-reported outcome form submissions every 6
months. If participants were diagnosed with ONJ during
the study, recommended assessments changed to every 3
months. Maximum follow-up was 3 years. Dental reports were
completed by the patient’s oral health care clinicians. The
absence of a dental examination was recorded.

The primary end point was the diagnosis of confirmed ONJ,
defined as an area of exposed bone in the maxillofacial
region that had been present for at least 8 weeks in a partici-
pant receiving or previously exposed to a bisphosphonate and
who had not had radiotherapy to the craniofacial region; di-
agnoses were required to have been identified by a health care
clinician. A suspected case of ONJ was defined by the same ONJ
criteria but present for less than 8 weeks. All suspected and
confirmed cases of ONJ were adjudicated by the study team
(C.H.V.P., J.M.U., and A.K.D.).

Participants
Participants must have had bone metastases from a solid tu-
mor, multiple myeloma, or other malignant neoplasm for which

intravenous bisphosphonate has clinical indications in the
treatment of MBD. Participants must have been planning to re-
ceive zoledronic acid for MBD within 30 days of registration.
Prior exposure to BMAs was allowed, limited to oral bisphos-
phonates for osteoporosis and a limited number of doses of
intravenous bisphosphonate or denosumab. Participants must
not have had a history of ONJ or radiotherapy to the maxillo-
facial area administered for therapeutic intent in the treat-
ment of cancer. A Zubrod performance score of 0 to 3 (where
0 indicates no disease restrictions and 5, death) was re-
quired. Participants with a history of more than 1 histological
tumor finding (other than treated basal cell or squamous cell
skin cancer or in situ cervical cancer) were excluded.

Variables
Data collected in the medical case report forms (CRFs) in-
cluded demographic details, tumor type, use of zoledronic acid
or other osteoclast inhibitor, cancer therapies, comorbid con-
ditions, type and dates of any imaging that captured the head
region, and 5 patient-reported outcome questions adapted from
the Brief Pain Inventory.7 Dental CRFs included whether den-
tal encounters occurred in the reporting period and, if per-
formed, dental history and dental, periodontal, or endodon-
tic examinations. If ONJ was suspected or confirmed, a separate
dental ONJ CRF was used to characterize the findings, inter-
ventions, and outcomes.

Study CRFs captured the categories of anticancer thera-
pies used before and during study participation. Although eli-
gibility required participants to be planning to use zoledronic
acid, the protocol did not dictate clinical care. After the US Food
and Drug Administration approved denosumab for prevent-
ing SREs in solid tumors, the S0702 protocol and CRFs were
revised to capture use of denosumab.

Statistical Analysis
Data were analyzed from August 24, 2018, to August 6, 2020.
The accrual goal was 3500 patients to allow estimation of the
upper bound of the 95% CI to within 26% of the assumed
incidence if the incidence was at least 2.0% and no informa-
tion was obtained from the 30% of patients anticipated to

Key Points
Question What is the incidence of osteonecrosis of the jaw (ONJ)
in patients treated with zoledronic acid for bone metastases from
any cancer?

Findings In this cohort study of 3491 participants initiating
zoledronic acid treatment for bone metastases, the cumulative
incidence of ONJ was 0.8% at year 1, 2.0% at year 2, and 2.8% at
year 3, with the highest incidence observed in multiple myeloma
and the lowest in breast cancer. More frequent dosing of
zoledronic acid and poor oral health were associated with higher
rates of ONJ.

Meaning These findings suggest that cancer type, oral health, and
frequency of dosing are associated with the risk of ONJ, which
should help to guide stratification of risk for developing ONJ in
patients receiving zoledronic acid.
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drop out.8 Cumulative incidence was estimated to account
for the competing risk of death. A 30-day window was
allowed for the 3-year ONJ rate to account for reporting
delays. Prior studies8-10 indicated the median time to onset of
ONJ among patients receiving zoledronic acid is 18 (range,
4-35) months, suggesting that 3-year maximum follow-up
was sufficient to detect ONJ.

Secondary objectives included estimation of the 3-year
cumulative incidence of ONJ for individual tumor types (eg,
myeloma and breast, prostate, and lung cancers). Associa-
tions between individual baseline factors and the cumulative
incidence of ONJ were explored, with baseline factors coded
as binary indicator variables for consistency. Per protocol, we
used multivariate Cox proportional hazards regression to
generate cause-specific hazard ratios (HRs), emphasizing
potential causal relationships, with adjustment for cancer
type to limit potential bias.11-15 Secondary examinations were
hypothesis generating, and no adjustments for multiple com-
parisons were made; 2-sided α = .05 indicated statistical sig-
nificance. Factors with levels defining rare conditions (<5%
of total eligible observations) were excluded. A sensitivity
analysis of overall and disease-specific cumulative incidence,
as well as of exploratory analyses of baseline factors, was also
conducted using the combined end point of confirmed plus
suspected ONJ if the number of suspected cases of ONJ at
study conclusion was greater than 10% of all cases.

We described the clinical presentation, natural history,
and management of ONJ cases and compared the change in
oral health–related quality of life measures between base-
line and follow-up for patients who did vs did not develop
ONJ using 2-sample paired t tests. We estimated the inci-
dence of ONJ in subgroups of patients according to the
number of doses of zoledronic acid received. A landmark

approach was used, testing the association of high vs low
number of doses in the first 6 months (split at the median)
with cumulative incidence of ONJ among patients still alive
without ONJ after 6 months, using Cox proportional hazards
regression. Landmark values of 1.0, 1.5, and 2.0 years were
also evaluated.

Results
In total, 3571 patients were registered from 172 institutions in
3 countries (170 in the US; Instituto Nacional de Cancer-
ología, Mexico City, Mexico; and King Faisal Specialist Hospi-
tal and Research Center, Riyadh, Saudi Arabia). A total of 2302
patients (64.5%) were enrolled after the study amendment,
making the baseline dental examination recommended rather
than required. Fifty-nine patients were not eligible, primarily
because osteoclast inhibitor therapy was initiated more than
180 days before registration for patients with MBD (n = 24) or
because patients did not initiate treatment with zoledronic acid
within 30 days after registration (n = 20) (Figure 1). Among 3512
eligible patients, 21 were not analyzable because they with-
drew consent before the 6-month examination, leaving 3491
patients evaluable for ONJ outcomes (1806 women [51.7%] and
1685 men [48.3%]; median age, 63.1 [range, 22.4-93.9] years).
The total amount of follow-up time examined for all eligible
patients was 6153 years. In total, 1996 patients (56.8%) died
before completing follow-up, and 327 (9.3%) were lost to follow-
up; median follow-up time was 3.0 (range, 2.0-3.1) years among
patients still alive at last contact. A total of 1228 eligible pa-
tients (35.0%) were enrolled without a baseline dental exami-
nation (108 [3.1%] before and 1120 [31.9%] after the study
amendment).

Patient Characteristics
US study participation occurred in 41 states, with a plurality
from Midwestern states (eFigure 1 in the Supplement). Among
patients with data available, 368 (10.9%) were Black and 190
(5.6%) were Hispanic. Only 204 patients (6.1%) had no medi-
cal insurance. Dominant cancer types were breast (1120
[32.1%]), prostate (702 [20.1%]), and lung (666 [19.1%]); 580
(16.6%) had myeloma and 423 (12.1%) had other neoplasms.
Few patients had any osteoclast inhibitor therapy within 6
months before registration (194 [5.6%]) or prior antiangio-
genic therapy (417 [12.1%]). Most patients reported no alco-
hol use (2231 [67.5%]), and 430 (12.3%) were current smok-
ers. Complete or partial dentures were observed in 515 patients
(22.1%). Among patients with baseline dental examinations,
severe cases of dental plaque (138 [6.2%]), calculus (126 [5.7%]),
gingivitis (134 [6.1%]), and periodontal disease (133 [6.5%]) were
reported (Table 1).

A total of 2263 patients (64.8%) had a baseline dental ex-
amination. Patients without a baseline dental examination were
more likely to be Black (187 [15.2%] vs 181 [8.0%]), nonusers
of alcohol (866 [70.5%] vs 1365 [60.3%]), and current smok-
ers (221 [18.0%] vs 209 [9.2%]) and to have worse perfor-
mance status (Zubrod score of 3, 32 [2.6%] vs 46 [2.0%])
(eTable 1 in the Supplement).

Figure 1. Consort Diagram

3571 Patients registered

3512 Patients eligible

3491 Patients analyzable

59 Excluded
24 Began treatment with an osteoclast inhibitor

for metastatic bone disease >180 d before
registration

20 Did not intend to start treatment with
zoledronic acid within 30 d of registration

4 Received prior treatment with bisphosphonates
for low bone mass exceeding allowable doses

4 Were not diagnosed with bone metastases
3 Had a second primary cancer
2 Had a previous diagnosis of ONJ
1 Had maxillofacial radiotherapy
1 Had insufficient information for eligibility

determination

21 Not analyzable
21 Withdrew consent before the 6-mo medical/

dental examination

ONJ indicates osteonecrosis of the jaw.
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Table 1. Baseline Patient Characteristics

Characteristic Data (n = 3491)a

Sociodemographic factors

Age, median (range), y 63.1 (22.4-93.9)

Sex

Female 1806 (51.7)

Male 1685 (48.3)

Race

White 2942 (86.8)

Black 368 (10.9)

Asian 55 (1.6)

Pacific Islander 5 (0.1)

Native American 18 (0.5)

No. other or unknown 103

Ethnicity

Hispanic 190 (5.6)

Non-Hispanic 3184 (94.4)

No. unknown 117

Medical insurance

Private 1461 (43.7)

Medicareb 1271 (38.0)

Medicaidc 304 (9.1)

Military or Veterans 105 (3.1)

No insurance 204 (6.1)

No. other or unknown 146

Cancer and treatment factors

Type of cancer

Breast 1120 (32.1)

Multiple myeloma 580 (16.6)

Prostate 702 (20.1)

Lung 666 (19.1)

Other 423 (12.1)

Other osteoclast inhibitors within 6 mo before
registration

Yes 194 (5.6)

No 3296 (94.4)

No. unknown 1

Prior antiangiogenic therapy

Yes 417 (12.1)

No 3020 (87.9)

No. unknown 54

Lifestyle factors

Alcohol use within past 3 mo

None 2231 (67.5)

≤1 Drink per week 542 (16.4)

2-6 Drinks per week 301 (9.1)

1-3 Drinks per day 204 (6.2)

≥4 Drinks per day 28 (0.8)

No. missing or unknown 185

(continued)

Table 1. Baseline Patient Characteristics (continued)

Characteristic Data (n = 3491)a

Cigarette smoker

None 1545 (44.3)

Former 1513 (43.4)

Current 430 (12.3)

No. missing or unknown 3

Periodontal factors

No. of dental cleanings within 2 y before registration

0 600 (26.5)

1 337 (14.9)

2 282 (12.5)

3 274 (12.1)

≥4 772 (34.1)

No. missing or unknown 1226

Baseline dental examination done

Yes 2263 (64.8)

No 1228 (35.2)

Baseline dental imaging

Yes 1935 (55.5)

No 1552 (44.5)

No. missing or unknown 4

Complete or partial dentures

Yes 515 (22.1)

No 1816 (77.9)

No. missing or unknown 1160

Dental plaque

None 230 (10.3)

Mild 1291 (57.9)

Moderate 571 (25.6)

Severe 138 (6.2)

No. missing or unknown 1261

Calculus

None 342 (15.3)

Mild 1232 (55.3)

Moderate 529 (23.7)

Severe 126 (5.7)

No. missing or unknown 1262

Gingivitis

None 571 (25.9)

Mild 1069 (48.5)

Moderate 430 (19.5)

Severe 134 (6.1)

No. missing or unknown 1287

Periodontal disease

None 680 (33.4)

Mild 840 (41.2)

Moderate 385 (18.9)

(continued)
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Cumulative Incidence of ONJ
Among the 3491 patients, 90 cases of ONJ were confirmed. The
estimated cumulative incidence of confirmed ONJ at 3 years
was 2.8% (95% CI, 2.3%-3.5%) (Figure 2 and eTable 2 in the
Supplement). Rates were 0.8% (95% CI, 0.5%-1.1%) at year 1
and 2.0% (95% CI, 1.5%-2.5%) at year 2. Rates of 3-year con-
firmed ONJ were highest in patients with myeloma (4.3%; 95%
CI, 2.8%-6.4%) and lowest in those with breast cancer (2.4%;
95% CI, 1.5%-3.4%).

One hundred eighteen patients had confirmed or sus-
pected ONJ (3-year rate, 3.7%; 95% CI, 3.1%-4.4%). Three-
year confirmed plus suspected rates of ONJ were highest in
patients with myeloma (5.3%; 95% CI, 3.6%-7.5%) and lowest
in patients with breast cancer (2.9%; 95% CI, 2.0%-4.1%)
(Figure 2 and eTable 2 in the Supplement).

Hazard Risk of ONJ by Baseline Predictors
Factors associated with preexisting dental disease were most
likely to be associated with confirmed ONJ (eFigure 2 in the
Supplement). Patients with a total number of teeth at base-
line greater than the median (25 [range, 0-32]) had an ob-
served 3-year risk of ONJ of 2.4% (n = 1127) compared with 4.4%
(n = 1142) for those with a total number of teeth less than the
median (HR, 0.51; 95% CI, 0.31-0.83; P = .006). Findings for
number of mandibular teeth and the number of maxillary teeth
were consistent with these results although less extreme. Pa-
tients with any dentures (cumulative incidence, 5.0% [n = 508]
vs 2.9% [n = 1791]; HR, 1.83; 95% CI, 1.10-3.03; P = .02) and re-
movable dentures (cumulative incidence, 6.5% [n = 225] vs
3.0% [n = 2074]; HR, 2.02; 95% CI, 1.08-3.78; P = .03) were
about twice as likely to experience ONJ compared with pa-
tients without any dentures or without removable dentures,
respectively. Patients with baseline planned zoledronic acid
dosing intervals of less than 5 weeks were more likely to ex-
perience ONJ (cumulative incidence, 3.2% [n = 3039]) than pa-

tients with planned dosing intervals of 5 weeks or longer (cu-
mulative incidence, 0.7% [n = 447]; HR, 4.65; 95% CI, 1.46-
14.81; P = .009). Patients with a baseline history of any oral
surgery (cumulative incidence, 3.8% [n = 1682]) had about
twice the risk of ONJ as patients without a baseline history of
having had oral surgery (cumulative incidence, 2.2% [n = 592]),
although this difference was not statistically significant
(HR, 1.81; 95% CI, 0.97-3.38; P = .06). Last, current smokers
(cumulative incidence, 3.7% [n = 430]) were more likely to
experience ONJ than patients who were not current smokers
(cumulative incidence, 2.4% [n = 1548]; HR = 2.12; 95% CI,
1.12-4.02; P = .02). Results were generally similar when both
confirmed plus suspected ONJ cases were examined (eFig-
ure 3 in the Supplement).

The 3-year cumulative incidence was higher for patients
enrolled before (3.7% [n = 1256]) vs after (2.3% [n = 2235]) the
amendment making the baseline dental examination recom-
mended (HR, 1.65; 95% CI, 1.09-2.50; P = .02). Similarly, 3-year
cumulative incidence was higher for patients with (3.4%
[n = 2263]) vs without (1.9% [n = 1228]) a baseline dental ex-
amination (HR, 1.67; 95% CI, 1.02-2.75; P = .04).

Cumulative Incidence by Actual Dose Received
Patients receiving more than the median number of doses of
zoledronic acid within the first 6 months had similar cumu-
lative incidence of ONJ after 6 months (Figure 3) as those who
received less. However, receipt of greater than the median
number of doses within the first year (HR, 1.73; 95% CI,
1.03-2.90; P = .04), first 1.5 years (HR, 2.72; 95% CI, 1.38-
5.39; P = .004), and first 2.0 years (HR, 3.60; 95% CI, 1.35-
9.58; P = .01) was associated with higher rates of ONJ after
each time.

Use of Denosumab
In the 460 participants for whom denosumab use was re-
ported, 11 patients had confirmed ONJ (cumulative incidence
at 3 years, 3.2%; 95% CI, 1.8%-5.1%). In those with deno-
sumab exposure who had ONJ, the median number of on-
study zoledronic acid doses was 2 (range, 0-5), and the me-
dian number of prestudy and on-study denosumab doses was
10 (range, 1-21).

Use of Antiangiogenic Therapies
Prior use of antiangiogenic therapy (eg, bevacizumab, sorafenib
tosylate) was not statistically significantly associated with con-
firmed ONJ (HR, 1.42; 95% CI, 0.78-2.59; P = .25) (eFigure 2 in
the Supplement). However, patients receiving antiangiogenic
therapy within the first year after registration had a higher cu-
mulative incidence of ONJ after 1 year (4.9%; 95% CI, 3.2%-
7.2%) than patients receiving no antiangiogenic therapy by 1 year
(2.5%; 95% CI, 1.8%-3.4%; P = .004) using landmark analysis.

Clinical Presentation, Management of ONJ Cases,
and Description of Lesions
Seventy-eight cases with ONJ (86.7%) were staged and graded
at presentation (Table 2).16,17 Sixty-eight of these (87.2%) were
stage 1 or 2 (exposed necrotic bone with none to mild symp-
toms or infection). Among 77 ONJ lesions with a known grade

Table 1. Baseline Patient Characteristics (continued)

Characteristic Data (n = 3491)a

Severe 133 (6.5)

No. missing or unknown 1453

Patient-reported dental pain/discomfort score,
mean (SD)d

Mean pain 0.81 (1.84)

Interference

With eating 0.50 (1.55)

With smile 0.32 (1.36)

With speech 0.23 (1.07)

With quality of life 0.35 (1.28)

a Unless otherwise indicated, data are expressed as number (percentage) of
patients with data available. Percentages have been rounded and may not
total 100.

b Includes Medicare alone (n = 406) and Medicare plus private (n = 865).
c Includes Medicaid alone (n = 205) and Medicaid plus Medicare (n = 9).
d Indicates within last 3 months, reported using the Brief Pain Inventory score.

Scores for each question range from 0 to 10, with higher scores indicating
greater pain or interference.
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(reflecting the size of the ONJ lesion), 29 measured at least 1
cm (grades 3A-4B). Among 79 cases of ONJ with available data,
management included oral rinses in 48 (60.8%), dental imaging

in 17 (21.5%), debridement in 14 (17.7%), and invasive proce-
dures in 4 (5.1%). Among 58 participants with ONJ outcomes
data, 7 cases resolved, 8 improved, 33 remained stable, and 10

Figure 2. Cumulative Incidence of Osteonecrosis of the Jaw (ONJ)
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Figure 3. Cumulative Incidence of Osteonecrosis of the Jaw (ONJ) by Dose Using Landmark Analysis
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progressed. A minority of lesions were associated with peri-
odontal infection, dental extraction, denture trauma, or other
surgery or trauma (eTable 3 in the Supplement).

Patient-Reported Outcomes
At baseline, there were no significant differences in mean pa-
tient-reported outcome scores between patients who did vs did
not develop ONJ (eTable 3 in the Supplement). However, the
83 participants with ONJ and available oral health–related qual-
ity of life measures showed a much worse oral health–related
quality of life at the time of ONJ presentation for all 5 patient-
reported outcome symptom items compared with noncases as-
sessed at similar intervals. For instance, patients who went on
to develop ONJ reported mean pain of 0.60 at baseline (on a
scale of 0 to 10, where 0 represents no pain), whereas those
who did not develop ONJ reported mean baseline pain of 0.71
(P = .57). In follow-up, at the time of ONJ diagnosis, mean pain
was reported as 2.72. In contrast, for those who did not de-
velop ONJ who were assessed for patient-reported outcomes
at similar follow-up intervals, average pain was 0.64 (P < .001).
Patterns for other patient-reported outcome items were simi-
lar (eTable 4 in the Supplement).

Discussion
This large, multicenter, prospective, observational cohort study
of patients with MBD treated with zoledronic acid showed that

the 3-year cumulative incidence of ONJ was 2.8%. Patients with
myeloma (4.3%), higher zoledronic acid exposure (3.2%), poor
dentition (ie, fewer teeth [4.4%], dentures [5.0%], and prior
oral surgery [3.8%]), and current smoking (3.7%) had higher
observed rates of ONJ. Tooth loss, dentures, and need for oral
surgery, as well as smoking, are associated with poor oral
health. It is not yet known if an intervention made before ini-
tiating zoledronic acid treatment can modify these particular
baseline risk factors for ONJ. The 3-year cumulative inci-
dence differed between patients enrolled before (3.7%) vs af-
ter (2.3%) the study amendment that made the baseline den-
tal examination recommended rather than required. Patients
who developed ONJ reported more pain, interference with
eating and speech, and worse oral health–related quality of

Table 2. Clinical Presentation and Management of ONJ Cases (continued)

Factor Patient data (n = 90)a

Rinses

No 31 (39.2)

Yes 48 (60.8)

Antibiotics

No 46 (58.2)

Yes 33 (41.8)

Cultures taken

No 79 (100)

Yes 0

Dental imaging

No 62 (78.5)

Yes 17 (21.5)

Debridement

No 65 (82.3)

Yes 14 (17.7)

Biopsy

No 74 (93.7)

Yes 5 (6.3)

Invasive procedure

No 75 (94.9)

Yes 4 (5.1)

Other

No 69 (87.3)

Yes 10 (12.7)

Abbreviations: IQR, intraquartile range; ONJ, osteonecrosis of the jaw.
a Unless otherwise indicated, data are expressed as number (percentage)

among those with known data. Percentages have been rounded and may not
total 100.

b Zero indicates no evidence of necrotic bone but nonspecific signs and
symptoms; 1, asymptomatic, exposed necrotic bone without evidence of
infection; 2, exposed, necrotic bone with infection (pain and erythema with or
without purulence); and 3, exposed, necrotic bone associated with pain and
infection and 1 or more of the following: necrotic bone extending beyond the
alveolar ridge, pathologic fracture, extraoral fistula, oral antral/oral nasal
communication, or osteolysis extending to the inferior border of the mandible
or the sinus floor.

c Graded by lesion size, where 1A (1B if multiple lesions with largest of this
size) indicates single lesion less than 0.50 cm; 2A (2B if multiple lesions with
largest of this size), single lesion of 0.50 to 0.99 cm; 3A (3B if multiple lesions
with largest of this size), single lesion of 1.00 to 2.00 cm; and 4A (4B if
multiple lesions with largest of this size), single lesion greater than 2.00 cm.

Table 2. Clinical Presentation and Management of ONJ Cases

Factor Patient data (n = 90)a

Initial presentation

Stageb

0 5 (6.4)

1 46 (59.0)

2 22 (28.2)

3 5 (6.4)

Gradec

1A 18 (23.4)

1B 3 (3.9)

2A 22 (28.6)

2B 5 (6.5)

3A 22 (28.6)

3B 2 (2.6)

4A 2 (2.6)

4B 3 (3.9)

Infection signs or symptoms

No 48 (63.2)

Yes 28 (36.8)

No. of lesions, median (IQR) 1 (1-1)

ONJ management

Procedures

No 16 (20.3)

Yes 63 (79.7)

(continued)

Research Original Investigation Osteonecrosis of the Jaw in Patients Receiving Zoledronic Acid for Bone Metastases

252 JAMA Oncology February 2021 Volume 7, Number 2 (Reprinted) jamaoncology.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Harvard University User  on 04/05/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.6353?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.6353
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.6353?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.6353
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.6353?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.6353
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.6353


life. Because osteoclast inhibition therapy, anticancer therapy,
and dental care were performed as clinically indicated, these
findings reflect ONJ as it occurs in clinical practice. Results from
this study provide critical insights into the medical and den-
tal care of patients with MBD and their risk of ONJ.

Our study used a uniform definition of ONJ, with more than
2000 participants having formal dental assessments. After an
early amendment, standard baseline dental care was recom-
mended, not mandated, to avoid biasing the cohort toward those
with better dental care habits. This strategy enabled the study
to better reflect clinically relevant care and generate widely gen-
eralizable findings. The overall rate of 35.2% of participants with-
out a reported baseline dental examination is consistent with
2018 Centers for Disease Control and Prevention data that 36%
of adults did not have a dental visit in the past year.18

Owing to the paucity of prospective data, current guide-
lines are based on expert opinion,19,20 even as data suggest that
optimizing oral health before initiating BMA can reduce the risk
of ONJ.21-23 The results of this study are likely to affect clini-
cal care because we established both the overall risk of ONJ—
vital for evaluating the risks and benefits of bisphosphonates—
and identified potentially modifiable risk factors for developing
ONJ, including optimizing oral health and use of longer zole-
dronic acid dosing intervals. Noninferiority studies24-26 have
demonstrated that, in some cancers, dosing zoledronic acid ev-
ery 3 months has similar efficacy in preventing SREs as does
monthly dosing.

Limitations
S0702 is unique for its large scale, pragmatic design, and com-
prehensive prospective data collection. However, there were
limitations. The study lacked detailed information about anti-
angiogenic agents, sequence of therapies, additional support-
ive therapies, and socioeconomic data, including dental insur-
ance, income, or educational level. The American Association
of Oral and Maxillofacial Surgeons’ position paper on ONJ19 and
a recent multiorganization ONJ guideline20 use a definition of
medication-related ONJ that includes exposure to antiangio-
genic therapies. S0702 was designed before these publica-
tions and so was unable to use this definition. Although our
study found no significant association between prestudy ex-
posure to antiangiogenic therapy and occurrence of ONJ dur-
ing BMA therapy, the use of antiangiogenic therapy within the
first year after registration was associated with increased ONJ

risk. Future studies are needed to assess the risk of ONJ with
use of antiangiogenic therapies as well as additional novel thera-
pies. In addition, S0702 may not have identified all ONJ cases
owing to use of the older ONJ definition, the reliance on con-
firmed ONJ cases in the primary analysis, and the clinically di-
rected oral examinations. If so, the true underlying rate may be
closer to the upper bound represented by the estimate of both
confirmed and suspected ONJ cases. The ONJ risk was higher
among patients enrolled after implementation of an amend-
ment recommending rather than requiring baseline dental ex-
aminations, suggesting the actual cumulative incidence rate of
ONJ among patients with cancer receiving dental care under
guideline recommendations may be somewhat higher. Fi-
nally, coding baseline factors as binary indicator variables en-
abled consistent interpretation of associations across different
domains but could also result in loss of power. Additional analy-
ses of risk factors are planned.

Denosumab was approved by the US Food and Drug
Administration for reducing the risk of skeletal complications
in patients with bone metastases from solid tumors almost 2
years after initiation of patient enrollment in S0702. The fol-
lowing year, S0702 was amended to capture its use in
enrolled patients. Of note, fewer than 500 participants had
exposure to denosumab during study follow-up, and of those
who received treatment with denosumab, more than half
were not exposed until they had already reached 2 years of
study follow-up, complicating interpretation of the timing
and magnitude of ONJ risk. Analysis of these participants will
be reported separately.

Conclusions
This pragmatic, prospective cohort study of participants treated
with zoledronic acid provides clinicians with critical informa-
tion about the overall risk—and risk factors for—developing ONJ.
Our findings suggest that, when clinically appropriate, con-
sideration should be given to use of zoledronic acid dosing
intervals of greater than 5 weeks to reduce the risk of ONJ.
Going forward, this well-annotated trial and its correspond-
ing biorepository may yield clues to mechanisms underlying
development of this challenging toxic effect, as well as addi-
tional biochemical, genomic, composite risk score, or other pre-
dictive factors associated with ONJ risk.

ARTICLE INFORMATION

Accepted for Publication: September 21, 2020.

Published Online: December 17, 2020.
doi:10.1001/jamaoncol.2020.6353

Author Affiliations: Department of Internal
Medicine, University of Michigan, Ann Arbor (Van
Poznak, Henry); SWOG Cancer Research Network
Statistics and Data Management Center, Fred
Hutchinson Cancer Center, Seattle, Washington
(Unger, Darke, Lew); Public Health Sciences
Division, Fred Hutchinson Cancer Research Center,
Seattle, Washington (Moinpour); School of
Dentistry, University of Michigan, Ann Arbor
(Bagramian); University of Washington School of

Dentistry, Seattle (Schubert); Clinical Program
Specialists, Legacy Good Samaritan Hospital,
Portland, Oregon (Hansen); Heartland NCORP
(National Cancer Institute Community Oncology
Research Program)/Cancer Care Specialists of
Illinois, Swansea (Floyd); Wichita NCORP/Cancer
Center of Kansas, Wichita (Dakhil); Cancer Care
Specialists of Illinois, Decatur (Wade); Department
of General Oncology, Division of Cancer Medicine,
MD Anderson Cancer Center, Houston, Texas
(Fisch); Columbia University Medical Center,
New York, New York (Hershman); University of
Washington, Seattle, Cancer Care Alliance, Seattle
(Gralow).

Author Contributions: Dr Unger and Ms Darke had
full access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.
Concept and design: Van Poznak, Unger, Moinpour,
Bagramian, Schubert, Hansen, Lew, Hershman,
Gralow.
Acquisition, analysis, or interpretation of data:
Van Poznak, Unger, Darke, Moinpour, Bagramian,
Schubert, Floyd, Dakhil, Wade, Fisch, Henry,
Hershman, Gralow.
Drafting of the manuscript: Van Poznak, Unger,
Moinpour, Floyd.
Critical revision of the manuscript for important
intellectual content: Van Poznak, Unger, Darke,

Osteonecrosis of the Jaw in Patients Receiving Zoledronic Acid for Bone Metastases Original Investigation Research

jamaoncology.com (Reprinted) JAMA Oncology February 2021 Volume 7, Number 2 253

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Harvard University User  on 04/05/2021

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.6353?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.6353
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.6353


Bagramian, Schubert, Hansen, Floyd, Dakhil, Lew,
Wade, Fisch, Henry, Hershman, Gralow.
Statistical analysis: Unger, Darke.
Administrative, technical, or material support:
Van Poznak, Moinpour, Bagramian, Hansen, Floyd,
Wade, Hershman, Gralow.
Supervision: Van Poznak, Unger, Floyd, Gralow.

Conflict of Interest Disclosures: Dr Van Poznak
reported receiving financial support to her
institution and nonfinancial support from SWOG
during the conduct of the study and institutional
research funding from Bayer AG outside the
submitted work. Dr Unger reported receiving
grants from the National Cancer Institute Division
of Cancer Prevention and Novartis International AG
during the conduct of the study. Ms Darke reported
receiving grants from the National Cancer Institute
Division of Cancer Prevention, Novartis
International AG, and SWOG Clinical Trials Initiative
during the conduct of the study. Dr Fisch reported
receiving salary and stock compensation from AIM
Specialty Health (a subsidiary of Anthem, Inc),
outside the submitted work. Dr Henry reported
receiving nonfinancial support from Pfizer Inc and
financial support to her institution for the conduct
of pharmaceutical-sponsored clinical trials from
Pfizer Inc, AbbVie, and Innocrin Pharmaceutical
outside the submitted work. Dr Gralow reported
receiving personal fees from Genentech/Roche,
Immunomedics, Inc, AstraZeneca, Sandoz/Hexal
AG, Genomic Health, Puma Biotechnology, Inc,
Radius Health, Inc, Novartis International AG, and
Pfizer Inc, outside the submitted work. No other
disclosures were reported.

Funding/Support: This study was supported by
grant UG1CA189974 from the National Institutes of
Health/National Cancer Institute and in part by
Novartis International AG (Dr Hershman).

Role of the Funder/Sponsor: The National Cancer
Institute through SWOG contributed to the design
and conduct of the study and the collection,
management, analysis, and interpretation of the
data. The sponsor had no role in the preparation,
review, or approval of the manuscript and decision
to submit the manuscript for publication.

Disclaimer: The content is solely the responsibility
of the authors and does not necessarily represent
the official views of the National Institutes of
Health.

Additional Contributions: Diane Liggett, BS, CCRP,
SWOG clinical research data coordinator, managed
the data for this study, for which she was
compensated.

REFERENCES

1. Van Poznak C, Somerfield MR, Barlow WE, et al.
Role of bone-modifying agents in metastatic breast
cancer: an American Society of Clinical
Oncology–Cancer Care Ontario focused guideline
update. J Clin Oncol. 2017;35(35):3978-3986. doi:
10.1200/JCO.2017.75.4614

2. Anderson K, Ismaila N, Flynn PJ, et al. Role of
bone-modifying agents in multiple myeloma:
American Society of Clinical Oncology clinical

practice guideline update. J Clin Oncol. 2018;36(8):
812-818. doi:10.1200/JCO.2017.76.6402

3. Poon M, Zeng L, Zhang L, et al. Incidence of
skeletal-related events over time from solid tumour
bone metastases reported in randomised trials
using bone-modifying agents. Clin Oncol (R Coll
Radiol). 2013;25(7):435-444. doi:10.1016/
j.clon.2013.03.003

4. Khan AA, Morrison A, Hanley DA, et al;
International Task Force on Osteonecrosis of the
Jaw. Diagnosis and management of osteonecrosis
of the jaw: a systematic review and international
consensus. J Bone Miner Res. 2015;30(1):3-23.
doi:10.1002/jbmr.2405

5. Osteonecrosis of the jaw in patients with cancer
receiving zoledronic acid for bone metastases.
Clinicaltrials.gov identifier: NCT00874211. Updated
July 5, 2019. Accessed November 10, 2020.
https://www.clinicaltrials.gov/ct2/show/
NCT00874211

6. von Elm E, Altman DG, Egger M, Pocock SJ,
Gøtzsche PC, Vandenbroucke JP; STROBE Initiative.
The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. Lancet.
2007;370(9596):1453-1457. doi:10.1016/S0140-6736
(07)61602-X

7. Cleeland CS, Gonin R, Hatfield AK, et al. Pain and
its treatment in outpatients with metastatic cancer.
N Engl J Med. 1994;330(9):592-596. doi:10.1056/
NEJM199403033300902

8. Stopeck AT, Lipton A, Body JJ, et al. Denosumab
compared with zoledronic acid for the treatment of
bone metastases in patients with advanced breast
cancer: a randomized, double-blind study. J Clin
Oncol. 2010;28(35):5132-5139. doi:10.1200/JCO.2010.
29.7101

9. Durie BG, Katz M, Crowley J. Osteonecrosis of
the jaw and bisphosphonates. N Engl J Med. 2005;
353(1):99-102. doi:10.1056/NEJM200507073530120

10. Maerevoet M, Martin C, Duck L. Osteonecrosis
of the jaw and bisphosphonates. [letter]. N Engl J
Med. 2005;353(1):99-102. doi:10.1056/
NEJM200507073530120

11. Allison PD. Event History and Survival Analysis.
2nd ed. Sage Publications; 2014.

12. Pintilie M. Competing Risks: A Practical
Perspective. John Wiley & Sons Ltd; 2006. doi:10.
1002/9780470870709

13. Allison PD. For causal analysis of competing
risks, don’t use Fine & Gray’s subdistribution
method. Published March 24, 2018. Accessed
November 10, 2020. https://statisticalhorizons.
com/for-causal-analysis-of-competing-risks

14. Cox DR. Regression models and life tables.
J Royal Stat Soc Ser B. 1972;34:187–220.

15. Prentice RL, Kalbfleisch JD, Peterson AV Jr,
Flournoy N, Farewell VT, Breslow NE. The analysis
of failure times in the presence of competing risks.
Biometrics. 1978;34(4):541-554. doi:10.2307/
2530374

16. Ruggiero SL, Fantasia J, Carlson E.
Bisphosphonate-related osteonecrosis of the jaw:

background and guidelines for diagnosis, staging
and management. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2006;102(4):433-441. doi:10.
1016/j.tripleo.2006.06.004

17. Weitzman R, Sauter N, Eriksen EF, et al. Critical
review: updated recommendations for the
prevention, diagnosis, and treatment of
osteonecrosis of the jaw in cancer patients—May
2006. Crit Rev Oncol Hematol. 2007;62(2):148-152.
doi:10.1016/j.critrevonc.2006.12.005

18. Center for Disease Control and Prevention. Oral
and dental health. Updated October 30, 2020.
Accessed April 20, 2020. https://www.cdc.gov/
nchs/fastats/dental.htm

19. Ruggiero SL, Dodson TB, Fantasia J, et al;
American Association of Oral and Maxillofacial
Surgeons. American Association of Oral and
Maxillofacial Surgeons position paper on
medication-related osteonecrosis of the jaw—2014
update. J Oral Maxillofac Surg. 2014;72(10):1938-
1956. doi:10.1016/j.joms.2014.04.031

20. Yarom N, Shapiro CL, Peterson DE, et al.
Medication-related osteonecrosis of the jaw:
MASCC/ISOO/ASCO clinical practice guideline. J Clin
Oncol. 2019;37(25):2270-2290. doi:10.1200/
JCO.19.01186

21. DE Iuliis F, Taglieri L, Amoroso L, et al.
Prevention of osteonecrosis of the jaw in patients
with bone metastases treated with
bisphosphonates. Anticancer Res. 2014;34(5):
2477-2480.

22. Ripamonti CI, Maniezzo M, Campa T, et al.
Decreased occurrence of osteonecrosis of the jaw
after implementation of dental preventive
measures in solid tumour patients with bone
metastases treated with bisphosphonates. The
experience of the National Cancer Institute of
Milan. Ann Oncol. 2009;20(1):137-145. doi:10.1093/
annonc/mdn526

23. Dimopoulos MA, Kastritis E, Bamia C, et al.
Reduction of osteonecrosis of the jaw (ONJ) after
implementation of preventive measures in patients
with multiple myeloma treated with zoledronic
acid. Ann Oncol. 2009;20(1):117-120. doi:10.1093/
annonc/mdn554

24. Himelstein AL, Foster JC, Khatcheressian JL,
et al. Effect of longer-interval vs standard dosing of
zoledronic acid on skeletal events in patients with
bone metastases: a randomized clinical trial. JAMA.
2017;317(1):48-58. doi:10.1001/jama.2016.19425

25. Hortobagyi GN, Van Poznak C, Harker WG, et al.
Continued treatment effect of zoledronic acid
dosing every 12 vs 4 weeks in women with breast
cancer metastatic to bone: the OPTIMIZE-2
randomized clinical trial. JAMA Oncol. 2017;3(7):
906-912. doi:10.1001/jamaoncol.2016.6316

26. Amadori D, Aglietta M, Alessi B, et al. Efficacy
and safety of 12-weekly versus 4-weekly zoledronic
acid for prolonged treatment of patients with bone
metastases from breast cancer (ZOOM): a phase 3,
open-label, randomised, non-inferiority trial. Lancet
Oncol. 2013;14(7):663-670. doi:10.1016/
S1470-2045(13)70174-8

Research Original Investigation Osteonecrosis of the Jaw in Patients Receiving Zoledronic Acid for Bone Metastases

254 JAMA Oncology February 2021 Volume 7, Number 2 (Reprinted) jamaoncology.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Harvard University User  on 04/05/2021

https://dx.doi.org/10.1200/JCO.2017.75.4614
https://dx.doi.org/10.1200/JCO.2017.76.6402
https://dx.doi.org/10.1016/j.clon.2013.03.003
https://dx.doi.org/10.1016/j.clon.2013.03.003
https://dx.doi.org/10.1002/jbmr.2405
https://www.clinicaltrials.gov/ct2/show/NCT00874211
https://www.clinicaltrials.gov/ct2/show/NCT00874211
https://dx.doi.org/10.1016/S0140-6736(07)61602-X
https://dx.doi.org/10.1016/S0140-6736(07)61602-X
https://dx.doi.org/10.1056/NEJM199403033300902
https://dx.doi.org/10.1056/NEJM199403033300902
https://dx.doi.org/10.1200/JCO.2010.29.7101
https://dx.doi.org/10.1200/JCO.2010.29.7101
https://dx.doi.org/10.1056/NEJM200507073530120
https://dx.doi.org/10.1056/NEJM200507073530120
https://dx.doi.org/10.1056/NEJM200507073530120
https://dx.doi.org/10.1002/9780470870709
https://dx.doi.org/10.1002/9780470870709
https://statisticalhorizons.com/for-causal-analysis-of-competing
https://statisticalhorizons.com/for-causal-analysis-of-competing
http://-risks
https://dx.doi.org/10.2307/2530374
https://dx.doi.org/10.2307/2530374
https://dx.doi.org/10.1016/j.tripleo.2006.06.004
https://dx.doi.org/10.1016/j.tripleo.2006.06.004
https://dx.doi.org/10.1016/j.critrevonc.2006.12.005
https://www.cdc.gov/nchs/fastats/dental.htm
https://www.cdc.gov/nchs/fastats/dental.htm
https://dx.doi.org/10.1016/j.joms.2014.04.031
https://dx.doi.org/10.1200/JCO.19.01186
https://dx.doi.org/10.1200/JCO.19.01186
https://www.ncbi.nlm.nih.gov/pubmed/24778063
https://www.ncbi.nlm.nih.gov/pubmed/24778063
https://dx.doi.org/10.1093/annonc/mdn526
https://dx.doi.org/10.1093/annonc/mdn526
https://dx.doi.org/10.1093/annonc/mdn554
https://dx.doi.org/10.1093/annonc/mdn554
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2016.19425?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.6353
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2016.6316?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.6353
https://dx.doi.org/10.1016/S1470-2045(13)70174-8
https://dx.doi.org/10.1016/S1470-2045(13)70174-8
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.6353

