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ABSTRACT

Introduction: Medication-related osteonecrosis of the jaws (MRONJ) is a known adverse event related to the use of
antiresorptive (AR) drugs. More recently, an association between antiangiogenic (AA) drugs and MRONJ has been
suggested. This review aimed to investigate the overall prevalence and relative risk of MRONJ in patients treated
concurrently with AA and AR agents in comparison with a single AA or AR drug. Methods: A review protocol was
registered with PROSPERO (ID: CRD42020214244). A systematic literature search, study selection, quality assessment,
and data extraction were carried out following PRISMA guidelines. Random-effects meta-analysis models were used to
summarize relative estimates for the outcomes, namely prevalence and relative risk of MRONJ. Exposure variable
included type of drug, specifically AA and AR agents administered either concurrently or individually. Results: Eleven
studies were included in the final qualitative and quantitative syntheses. The overall pooled weighted prevalence of
MRONJ with concurrent AA-AR drugs was 6% (95% CI: 3–8%), compared with 0% (95% CI: 0–0%) for AA only and 5%
(95% CI: 0–10%) for AR only. However, high heterogeneity was noted among included studies. Retrospective cohort
studies showed a higher pooled prevalence of 13% (95% CI: 10–17%) for concurrent AA-AR therapy. The pooled risk
ratio for MRONJ revealed a risk with concurrent AA-AR drugs 2.57 times as high as with AR only (95% CI: 0.84–7.87);
however, this difference was not statistically significant. Concurrent AA-AR drugs had a risk for MRONJ 23.74 times as
high as with AA only (95% CI: 3.71–151.92). Conclusions: High-quality, representative studies are needed for
accurate estimation of relative risk of MRONJ with concurrent AA and AR therapy.
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INTRODUCTION

Targeted antiangiogenic (AA) drugs, which are com-
monly used in conjunction with other chemotherapy
agents, have become an integral component of many

cancer therapies, including breast, prostrate, colorectal,
non-small cell lung (NSCL), and renal cell carcino-
mas.[1,2] These cancers are also marked by a high
prevalence of metastasis to the bone. For instance,
more than 50% of renal cell carcinoma patients present
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with metastasis, predominantly lung and bone metas-
tasis, at initial diagnosis and nearly 40% of initially
nonmetastatic patients treated with nephrectomy with
a curative intent ultimately develop metastases.[2,3]

Similarly, cumulative incidence of bone metastases in
advanced stage disease at diagnosis is more than 70% in
prostate, 61% in breast, 26% in NSCL, and 7% in
colorectal cancer.[4]

Antiresorptive (AR) drugs, including denosumab and
bisphosphonates, are used to prevent and treat skeletal-
related events, such as pathologic fractures, bone pain,
hypercalcemia, and spinal cord compression, resulting
from osteolytic destruction in patients with bone
metastasis.[5–7] Denosumab (Dmab) is a fully humanized
monoclonal antibody that prevents RANK ligand from
binding to its receptor, thereby inhibiting osteoclast
development, function, and survival.[8] Nitrogen-con-
taining bisphosphonates (BP), such as zoledronate
(zoledronic acid), pamidronate, ibandronate, alendro-
nate, and risedronate are pyrophosphate analogs that
bind to mature osteoclasts and disable their resorptive
function at sites of bone resorption.[8] Nonnitrogen-
containing bisphosphonates, such as clodronate, tilu-
dronate and etidronate, induce osteoclast apoptosis,
thereby reducing osteolytic activity.[8] Nitrogen-contain-
ing bisphosphonates have also been reported to suppress
angiogenesis by interfering with cell migration and
proliferation in endothelial cells as well as reducing
circulating levels of vascular endothelial growth fac-
tor.[9–11] Similar effects have not been noted for non-
nitrogen-containing BP and Dmab.[11]

A known adverse event correlated with AR drugs is
medication-related osteonecrosis of the jaw (MRONJ),
which has an overall reported prevalence ranging from
0.3% to 6.7%.[12–15] A similar incidence of MRONJ,
ranging from 0.9% to 3.1%, has been reported for BP and
Dmab in systematic reviews.[16–19] Furthermore, an
association between non-antiresorptive medications,
including AA drugs, and MRONJ has been suggested by
a recent systematic review.[20]

It has been hypothesized based on clinical impressions
that the increase in concurrent administration of AA and
AR therapies may present an increased risk for develop-
ment of MRONJ. We aimed to systematically review the
literature, and conduct a meta-analysis when possible, to
answer the focused review question: What is the
prevalence and risk ratio of MRONJ in oncology patients
concurrently treated with two or more AR and AA drugs
compared to patients treated with a single AR or AA drug?

METHODS

Protocol and Eligibility Criteria
A review protocol was devised, approved by our

multidisciplinary team and registered with PROSPERO
database (CRD42020214244). The systematic review was
conducted according to the Preferred Reporting Items for
Systematic Review (PRISMA) reporting guideline. The

search strategies were planned according to the follow-
ing PICO[21] question:

P: Adults diagnosed with cancer
I: Administration of two or more AR and AA drugs

concurrently
C: Administration of a single AR or AA drug
O: Prevalence and relative risk of MRONJ

Definition of outcome
MRONJ, by consensus of the American Association of

Oral and Maxillofacial Surgeons (AAOMS), is character-
ized as exposed bone or bone that is palpable by probing
an intra- or extraoral fistula, which is persistent for more
than 8 weeks in the maxillofacial region.[12]

Types of studies included
Cohort studies (prospective/retrospective) or clinical

trials (phase 1, 2, 3, randomized, nonrandomized).

Study eligibility criteria
Studies were included if they (1) evaluated incidence/

prevalence of MRONJ following administration of AR
and AA drugs concurrently for cancer, (2) were published
in English language, and (3) full texts were available.
Studies were excluded if they only included case series
data, or if relevant clinical data was not clearly reported
(see data extraction section).

Information Sources and Literature Search
Systematic electronic literature searches were conduct-

ed on June 5, 2019, and updated on January 12, 2021, to
include Medline (Ovid), EMBASE (Ovid), and Cochrane
Central Register of Controlled Trials (CENTRAL) using
database-specific search strategies (Supplemental Tables
S1–S3). The search was limited to studies of human
participants (not animals). Electronic search was also
supplemented by manual bibliography screening of
previously published reviews and retrieved full-text
articles.

Study Selection and Data Extraction
Two authors (AS, MC) independently screened titles

and abstracts of identified publications based on the
predefined eligibility criteria. Differences in abstract
selections were resolved through discussion. Full texts
of accepted titles were retrieved, and two authors (AS,
MC) screened the studies for final inclusion in qualita-
tive and quantitative synthesis.

One review author (AS) extracted data into a
predesigned excel sheet, which was reviewed by a
second author (GMNG) for any discrepancies. The
following data were recorded, if available: (1) general
study characteristics, such as authors, year of publica-
tion, journal, study aim; (2) study design; (3) details of
participants, including age, sex, disease characteristics;
(4) exposure to AR and AA therapies, including
additional chemotherapy agents; (5) details of MRONJ
outcome, including definition, method of assessment,
and grading criteria; (6) evaluation period; (7) total
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sample size and number of MRONJ cases in the
concurrent AR-AA and comparator AR/AA groups; (8)
standardized dosage of AR and AA therapy; (8) time of
exposure to event, dosage/treatment cycles to event;
(9) location of MRONJ lesion; and (10) any orodental
diagnosis or procedure associated with development of
MRONJ. Median time to event was computed from
patient-level data when summary measures were not
reported in the included studies, where applicable.
Additional study, participant, and exposure details
were retrieved from earlier reports on the same trial if
they were missing in the included full texts. Studies
that reported data from two or more trials or cohorts
were separated by study design, when applicable.

We previously published another systematic review
using the same methodology to estimate the prevalence
of MRONJ with sequential AR therapy.[22] The study
revealed a higher prevalence of MRONJ when two or more
AR drugs were administered sequentially compared with a
single AR drug. Within this study,[22] the effect of addition
of AA drugs was not evaluated. In this present systematic
review, the effect of combination of AR and AA drugs on
prevalence and relative risk of MRONJ is evaluated. AR
drugs include different types of bisphosphonates, deno-
sumab, as well as sequential AR therapy, which could not
be separated for subgroup analyses due to limited data.

Quality Assessment
Methodological and reporting quality were assessed for

individual studies using an adapted quality grading
criteria (Supplemental Table S4) developed by the
Multinational Association of Supportive Care in Cancer
(MASCC)/International Society of Oral Oncology (ISOO)
group for incidence and outcome evaluation of oral
complications from cancer therapies.[23] Quality scores
were not used for exclusion of studies or data syntheses
in order to avoid bias from applying quality weights for
effect size estimation.[24,25] Quality scores were used for
qualitative evaluation of included publications and to
establish the level of certainty in the evidence used for
effect estimation.

Each full text included in the final synthesis was
appraised by two authors (AS, MC) using quality points
pertaining to representativeness and sources of bias in
measurement of MRONJ, including misclassification
bias, examiner bias, and outcome measure assessment
validity. Maximum permissible quality score was 6 for
each included study, ranging from 0 to 2 for represen-
tativeness and oral complication validity, and from 0 to 1
for misclassification and examiner bias. Consensus was
achieved through discussion in any ambiguous domain
grading or disagreements. Outcome measure assessment
validity was appraised as high quality if standard
validated criteria for MRONJ, such as the AAOMS
position paper,[12,26] or Common Terminology Criteria
for Adverse Events (CTCAE) grading was used in the
study. If studies included another independent diagnos-

tic criterion for MRONJ evaluation, quality points were
assigned for study-specific scale/criteria.

Summary Measures and Synthesis of Results
We plotted the prevalence/proportion of MRONJ

along with 95% confidence intervals (CIs) using forest
plots. We assessed the statistical heterogeneity using the
I2 statistic as described by Higgins et al, [27] which
measures the percentage of total variation that is due to
heterogeneity rather than chance. The I2 statistic
measures whether the studies are estimating the same
effect and the observed value of the I2 depends on the
magnitude and direction of the effect as well as the
strength of evidence for heterogeneity. I2 values can
range from 0% to 100%; values less than 25% represent
low heterogeneity, whereas those between 25% and 50%
represent moderate heterogeneity.[27] If I2 was statistical-
ly significant, then random effects models were used in
which each study was weighted equally in the meta-
analysis of the combined prevalence/proportion of
MRONJ.[28] A fixed continuity correction of a count of
0.5 was added to both success and failures in the case
where a study has 0% or 100% success rate.[29] We used
the inverse variance-weighted average method for carry-
ing out the meta-analysis.[25]

We visually examined funnel plots to assess possible
publication bias, that is, the tendency to publish either
positive or negative results (Appendices 4–6).[30] The
vertical line in the funnel plot indicates a fixed-effects
summary estimate and the other dotted lines represent
the 95% CI; symmetry across the vertical line implies
absence of publication bias. Potential sources for the
asymmetry include selection bias, including publication
bias or selective outcome reporting, and poor method-
ological quality leading to spuriously inflated effects in
smaller studies, true heterogeneity, artifact, and
chance.[31] Smaller studies result in increased scatter in
the funnel plot, whereas larger studies are represented
more in the center of the funnel. In addition to the meta-
analyses, we also computed unweighted prevalence of
MRONJ by type of malignancy by combining total
number of MRONJ cases and total number of cases
reported for each type of malignancy. All statistical
analyses were done in Review Manager (RevMan) version
5.4 (The Cochrane Collaboration, 2020).

RESULTS

Study Selection and Characteristics
The data search, identification, and screening process

for inclusion as per the PRISMA guidelines are depicted
in Figure 1. Initial database search yielded 854 records
before deduplication. No additional studies were identi-
fied from manual bibliography searching. After dedupli-
cation, 662 publications were screened based on titles
and abstracts; 25 publications were included for full-text
analysis. The primary reasons for exclusion of the
remaining 637 records were study design (case reports
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and reviews), overall irrelevance to topic, and lack of
concurrent AR-AA administration.

From the 25 studies that were included for full-text
analysis, 14 were excluded; six studies only reported a
single arm MRONJ case series or a case control study
from which prevalence could not be assessed,[32–37]

seven studies did not include/specify any AA thera-
py,[38–44] and one record was a conference abstract for
which a full text was included from the original
search.[45] Finally, a total of 11 full texts with extractable
data were included in the qualitative and quantitative
syntheses.

The vast majority of the included studies were
retrospective in methodology including six retrospective
cohorts,[2,46–50] and three retrospective trials.[51–53] Addi-
tionally, one prospective randomized clinical trial
(RCT)[3] and one prospective cohort[54] were included.
Of three retrospective trials, one study included data
from a Phase II trial,[51] one study included combined
data from five Phase II trials and three Phase III trials that
could not be separated,[53] and one study included data
from two RCTs and one non-RCT with individual data
published for the two study designs.[52] The latter study
by Guarneri et al[52] was separated as ‘‘a’’ for RCT data
and ‘‘b’’ for non-RCT data, respectively, leading to 12
items presented in tables and forest plots; henceforth
referred to as 12 studies.

Tables 1 and 2 present detailed study characteristics,
patient characteristics, and outcome measures including
the following: (1) study design; (2) total study sample
size; (3) study duration; (4) study arms, including type of

AR drug, sequence of therapy, dose, route, and frequency
of drug administration; (5) number of MRONJ cases,
location of MRONJ lesion, number of MRONJ cases
associated with dental extractions; and (6) sample
characteristics in terms of sex, age, and type of
malignancy.

Of 12 studies, 10 included concurrent AA therapy with
BP,[2,3,46,48,49,51–54] one study included only Dmab[47]

and another study included both BP and Dmab.[50]

Among these, four studies[51,52,54] only included admin-
istration of bevacizumab and BP, and we conducted
subgroup meta-analysis for this specific combination.
Concurrent administration of everolimus[3] and trasta-
zumab[48] with BP were reported in one study each. All
other studies (n ¼ 6) included combined data for AA
drugs including bevacizumab (n ¼ 2), sunitinib (n ¼ 6),
sorafenib (n ¼ 5), everolimus (n ¼ 2), 0azopanib (n ¼ 3),
axitinib (n¼ 3), temsirolimus (n¼ 3), vandetanib (n¼ 1),
regorafenib (n ¼ 1), and tivozanib (n ¼ 1). Of six
combinations studies, two reported ONJ occurrence only
in individuals treated with sunitinib and BP;[49,53]

however, subgroup analysis was not conducted due to
the small number of studies.

A total of 7457 participants were studied in the
included 12 samples, while sample size of individual
studies ranged from 30 to 2749. Sample size of
participants administered concurrent AA and AR therapy
ranged from 15 to 425. Only four sample sizes for AA
only and AR only were reported and ranged from 15 to
2464 and 66 to 99 participants, respectively. Study
duration or follow-up periods ranged from 1 to 12 years

Figure 1. PRISMA flow diagram of literature search and screening process (*Guarneri et al[52] was split into ‘‘a’’ and ‘‘b’’ resulting in a total of 12 studies for quantitative
synthesis and 5 studies for bevacizumab subgroup synthesis). PRISMA: Preferred Reporting Items for Systematic Review.
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for retrospective cohorts, 1.5 to 10 years for retrospective
trials, approximately 1.5 years for the prospective trial,
and 2.5 years for the prospective cohort study.

Five studies[3,46,48,51,54] reported standardized dose and
route of drug administration of BP, specifically zoledro-
nate, which was consistently administered at a dose of 4
mg via intravenous infusion; frequency of administra-
tion ranged from every 3 to 4 weeks in one study, 4
weeks on three studies and 6 weeks in one study. Dose,
route, and frequency of administration was not reported
for any other AR drug. Bevacizumab dosage was reported
in four studies; the dosage ranged from 7.5 to 15 mg/kg
via intravenous infusion for a period of 2 or 3
weeks.[51,52,54] Standardized dosage and frequency of
10-mg daily everolimus was reported in two studies. No
other AA drug dosages were consistently reported in
more than one study. Furthermore, only five stud-
ies[48,51,52,54] reported additional chemotherapy that
was administered concurrently with AA and AR therapy,
including thalidomide, taxanes, epirubicin and cyclo-
phosphamine, gemcitabine and cisplatin, capecitabine,
doxorubicin and cyclophosphamide, 5-fluorouracil, aro-
matase inhibitor, and unspecified chemotherapy.

Five of 12 studies only included individuals with
metastatic renal cell cancer,[2,3,47,49,53] three included
only metastatic breast cancer,[48,52] and one included
metastatic castration-resistant prostate cancer.[32] The
remaining three studies included a combination of study
participants with metastasis from breast, prostate, colo-
rectal, renal cell, non-Hodgkin, gastric, hepatoma,
bladder, sarcoma (including gastrointestinal stromal
tumors), thyroid, neuroendocrine carcinoma, paragan-
glioma, malignant melanoma, head and neck, and other
cancers.[46,50,54]

Quality Assessment
Methodological and reporting quality assessment

based on the modified MASCC/ISOO quality grading
strategy for incidence and outcome evaluation[23] is
presented in Figure 2 and Supplemental Table S5. None
of the included studies reported having a blinded
examiner to evaluate AA and AR drug exposure. Near-
ly 67% studies scored less than 3 total quality
points2,3,46–49,51,54]; of these, two studies[46,8] scored 0
points across all domains. The remaining four studies
(33%) had a total of 4 points.[5052,53]

Five of 12 studies used standardized validated criteria
for ONJ diagnosis; Aragon-Ching et al[51] and Guarneri et
al (a and b)[52] reported using the National Cancer
Institute Common Terminology Criteria for Adverse
Events, version 3.0, whereas Smidt-Hansen et al[49] and
van Cann et al[50] used the 2009 and 2014 AAOMS
diagnostic criteria, respectively. Francini et al[54] used a
study-specific diagnostic criterion including exposed/
nonhealing necrotic bone or extraction socket, while the
remaining six studies did not report any specific criteria
used for diagnosis of ONJ.[2,3,46–48,53] Of these six studies,
two reported referral to oral and maxillofacial surgeonsT
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or dentists specializing in cancer care for diagnosis of
ONJ.[46,48]

Summary of Results

Prevalence of MRONJ
Forest plots for prevalence of MRONJ with effect

estimates and weights for each included study and pooled
prevalence by study designs is shown in Figures 3 and 4.
Weighted prevalence of MRONJ ranged from 1% to 25%
for concurrent AA and AR drugs, 0% to 3% for AA drugs
only, and 1% to 11% for AR drugs only (Fig. 3). For
concurrent AA and AR drugs, a wide variance in weighted
prevalence was noted based on study designs; the
prevalence ranged from 1% to 3%, 1% to 20%, and 10%
to 25%, for the two prospective studies, retrospective
trials, and retrospective cohorts, respectively (Fig. 3a).

Weighted prevalence for concurrent administration of
bevacizumab and BP ranged from 1% to 20% in three
retrospective trials and one prospective cohort (Fig. 4).
Furthermore, two studies administering various AA-AR
drugs reported that all observed ONJ cases occurred in
individuals receiving sunitinib, with unweighted preva-
lence of 2% and 15%; these were not included in a
separate subgroup meta-analysis due to the low number
of studies.[49,53]

Unweighted prevalence of MRONJ by type of malig-
nancy revealed 16.9% prevalence among patients with
prostate cancer, 0.92% in renal cancer group, 0.77% in
breast cancer group, and 3.7% for all other malignancies
combined (Supplemental Table S6).

Relative risk
Four studies reported both AA-AR and AR only

groups.[46,48,50,52] Two of these studies revealed a signif-
icantly higher relative risk of MRONJ with AA-AR, from
3.41 to 14.56 (Figure 5a). The relative risks in the other
two studies were also higher for AA-AR, from 1.02 to
2.14, but were not statistically significant. Similarly, four
studies included both AA-AR and AA only groups,[3,52,53]

with significantly higher risk of MRONJ with AA-AR
drugs, ranging from 4.61 to 90.06 (Figure 5b).

Time to MRONJ event
Median and range for time duration of AA and AR drug

administration to diagnosis of MRONJ reported in
included studies is presented in Table 1. In the
concurrent AA-AR therapy group, the median time to
MRONJ for ranged from 3.5[52] to 11.5 months[52] for AA
drugs and from 3.2[52] to 42 months[48] for AR drugs, as
reported in 9 of 10 studies with MRONJ cases. Meta-
analysis of the exposure time to MRONJ could not be
carried out due to the heterogeneity of data and
summary measures reported in the included studies full
texts. Furthermore, time-to-MRONJ data was reported in
one and three studies for AA and AR drugs only,
respectively; therefore, a comparison between the groups
was not conducted.

Sample characteristics and risk factors for MRONJ
Table 2 reports summaries from individual studies on

sample characteristics. A total 137 ONJ cases were
reported in the 12 included studies, including AA and
AR drugs only and concurrent AA-AR groups. Three
breast cancer studies[48,52] with 27 MRONJ cases included
only females and one prostate cancer study included
only 10 males with diagnosed MRONJ.[51] Of the
remaining six mixed-sex studies with MRONJ cases, only
two reported the sex distribution. Of the total 73 cases,
43 (58.9%) were noted in females.[46,50] The median age
of individuals who were diagnosed with MRONJ was
reported in four studies and ranged from 48 to 64 years;
within these individual studies no significant difference
was noted in the median age between MRONJ and non-
MRONJ cases.[55–62]

Only two studies reported the location of the MRONJ
lesions; 62.5% cases occurred in the mandible, 25% in the
maxilla, and 12.5% in both the mandible and maxil-
la.[55–61,63] Eight of 10 studies reported dental extractions
preceding MRONJ lesions in a total of 41.2% cases.

Prevention of MRONJ
Pretherapy oral examination and preventive care was

consistently provided only in three studies.[3,50,54]

Broom et al[3] mandated oral examination and preven-
tive dental work by a trained dental professional for all

Figure 2. Summary of methodological and reporting quality assessment.
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Figure 3. Forrest plots for meta-analysis of prevalence of medication-related osteonecrosis of the jaw in patients administered (a) concurrent antiresorptive and anti-
angiogenic drugs, (b) antiangiogenic drugs only, and (c) antiresorptive drugs only. Red square: weighted prevalence estimate of individual study; horizontal black line:
95% CI of individual study result; diamond: pooled prevalence estimate.
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study participants before inclusion in the study. Francini
et al[54] conducted oral and radiographic baseline
examinations, treatment of dental caries and periodontal
disease, and extraction of teeth at least 4 weeks before
AA-AR therapy. They additionally implemented patient
counselling, periodic dental, and radiographic examina-
tion during treatment every 6 months, chlorhexidine
mouthwash and local antibiotic agents before baseline
oral hygiene, avoidance of any invasive dental proce-
dures and a drug holiday of at least 4 weeks if any
invasive dental procedure was needed during AA-AR
treatment. In both these prospective studies no MRONJ
cases were recorded.[3,54] Conversely, in a retrospective
cohort study van Cann et al[50] reported that despite
pretherapy examination by a family dentist, 25 of 68
patients with MRONJ went through extractions during
AR therapy.

In two other studies,[47,49] pretherapy oral examina-
tion was received by a fraction of the sample. Guillot et
al[47] reported that nearly 83% patients had oral
examinations but only 54% received simultaneous
radiographic examination; no details of preventive
dental treatment or patient counseling were reported.
In this study population, dental extractions preceded
60% MRONJ lesions but its association with pretherapy
examination was not reported. Smidt-Hansen et al[49]

noted a decrease in MRONJ lesions in a group that
received pretherapy oral and maxillofacial examination.
In this study, 6 of 21 patients with no pretherapy
examination and one of nine patients with pretherapy
examination developed MRONJ lesions; however, the
decrease in MRONJ lesions was not statistically signifi-
cant, given the small sample size.

In three other studies, pretherapy oral examination
and preventive measures were either not mandated or
left at the discretion of the treating physician.[2,51,53]

Three other studies did not report specific MRONJ
prevention measures.[46,48,52]

Synthesis of Results
Pooled weighted prevalence of MRONJ for concurrent

AA-AR drugs was 6% (95% CI: 3–8%; Fig. 3a) estimated
using a random-effects model. However, significant
heterogeneity was present among included studies of
all study designs (I2 ¼ 81%, p , 0.01). Retrospective
cohort studies showed low heterogeneity (I2¼ 0.0%, p ,

0.52) and a higher pooled MRONJ prevalence of 13%
(95% CI: 10–17%; Fig. 3a), compared with retrospective
trials and prospective studies.

In contrast, pooled weighted prevalence of AA drugs
only was 0% (95% CI: 0–0%; I2¼12.0%, p¼0.33; Fig. 3b)
and AR drugs only was 5% (95% CI: 0–10%; I2¼95%, p ,

0.01; Fig. 3c). Included studies for bevacizumab and BP
therapy also had high heterogeneity (I2¼ 80%, p , 0.01)
and revealed a pooled weighted MRONJ prevalence of
2% (95% CI: 0–4%; Fig. 4).

Pooled risk ratio for MRONJ revealed a risk with
concurrent AA-AR drugs 2.57 times as high as with AR
only (95% CI: 0.84–7.87). However, this was not
statistically significant. Concurrent AA-AR drugs had a
risk for MRONJ 23.74 times as high as with AA drugs
only (95% CI: 3.71–151.92).

DISCUSSION

The objective of this systematic review and meta-
analysis was to focus on the impact of concurrent
antiresorptive and AA therapy on the risk and prevalence
of MRONJ. The available literature revealed significant
methodological and statistical heterogeneity; therefore,
findings of the study should be interpreted with caution.
Subgroups based on study designs were added to meta-
analyses to elucidate methodological variations in the
estimates for MRONJ.

A higher prevalence of MRONJ was observed in
retrospective cohort studies than in other study designs.
The two prospective studies revealed zero MRONJ cases.
Both of these studies included strict protocols for

Figure 4. Forrest plot for meta-analysis of prevalence of medication-related osteonecrosis of the jaw in patients administered concurrent bevacizumab and antiresorptive
drugs. Red square: weighted prevalence estimate of individual study; horizontal black line: 95% CI of individual study result; diamond: pooled prevalence estimate.
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pretherapy oral examination and preventive treatment,
periodic maintenance, and emergency dental procedures
during AA-AR treatment.[3,54] In contrast, a higher MRONJ
prevalence was noted within retrospective studies in
patients who underwent invasive dental procedures
during or after AA-AR or AR only treatment, irrespective
of pretherapy preventive oral treatment.[47,48,50] These
findings highlight the importance of preventive and
routine oral care as well as patient and dental professional
awareness. Invasive dental procedures carried out during
AR therapy may represent lack of access to oncologic and
medication history, lack of awareness of half-life of drugs
and concept of drug holiday, oncologist–dental profes-
sional communication issues, and patients’ and dental
professionals’ salience bias.

While data from included retrospective cohort studies
represent longer study durations than in prospective
studies, the lack of clear documentation of patient

follow-up data and differences in vigilance of recogni-
tion and reporting of MRONJ may represent an inaccu-
rate estimate of its prevalence in either direction. Of
note, all retrospective trial studies except for Aragon-
Ching et al[51] revealed low prevalence estimates similar
to prospective studies. MRONJ cases observed in Aragon-
Ching et al[51] received a combination of bevacizumab,
thalidomide, and zoledronic acid in addition to other
first-line chemotherapy agents. While both bevacizumab
and thalidomide represent AA activity, the etiologic
correlation between thalidomide and MRONJ in the
literature is not conclusive. No other studies in this
review reported concurrent thalidomide administration
for estimation of its effects.

Within this review, weighted prevalence of MRONJ
with concurrent AA-AR drugs, ranging from 1% to 25%,
appeared to be higher than AR drugs only (1–11%).
However, similar variance in prevalence estimates for

Figure 5. Forrest plot for meta-analysis of risk ratio of medication-related osteonecrosis of the jaw in patients administered concurrent antiresorptive and anti-
angiogenic drugs versus (a) antiresorptive drugs only and (b) antiangiogenic drugs only. Blue square: risk ratio estimate of individual study; horizontal black line: 95% CI
of individual study result; diamond: pooled risk ratio estimate; vertical black line: line of null effect.
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bisphosphonates-related osteonecrosis, ranging from
0.7% to 24.5%, based on differences in study designs,
follow-up data and type of bisphosphonates was previ-
ously reported.[13]

Across all included studies, we noted a trend for
increased relative risk of MRONJ with concurrent AA-AR
drugs when compared with only AR or only AA drugs.
However, the availability of high-quality comparable
data between concurrent AA-AR drugs and AR drugs for
risk ratio calculations was largely unsatisfactory. The
included studies were undermined by bias in MRONJ
measurement due to misclassification, lack of represen-
tativeness, examiner bias, and lack standardized criteria
used for diagnosis of MRONJ.

For meta-analysis of risk ratios, studies with zero
MRONJ events in both arms were excluded as dictated
by standard practice.[64] These studies do not provide any
direction of the risk of MRONJ between AA-AR in
comparison to AA or AR drugs; therefore, any statistical
correction of events would be ineffectual in a relative risk
calculation. In contrast, studies with zero MRONJ events
are relevant in calculation of proportions; therefore, a
fixed continuity correction of 0.5 was added to such
studies for meta-analysis of MRONJ prevalence. Exclu-
sion of such studies from pooled prevalence calculations
would result in an inflated estimate. Furthermore, due to
a lack of patient-level exposure-to-event data, we could
not calculate cumulative incidence estimates.

CONCLUSION

The overall weighted prevalence of MRONJ with
concurrent AR and AA drugs was 6%. Estimates only
from retrospective cohort studies revealed a pooled
weighted prevalence of 13%. Variations in MRONJ
prevalence were also noted based on pretherapy oral
examination and preventive treatment delivery, with
strict protocols resulting in no MRONJ cases.

Within limitations of methodological and statistical
heterogeneity of included studies, a trend toward
increased risk of MRONJ with concurrent AA and AR
therapy compared with a single AR or AA drug was
noted. High-quality, representative studies with larger
sample sizes are needed for accurate estimation of
relative risk of MRONJ with concurrent AA compared
with AR therapy.

Supplemental Material

Supplemental data are available online with the article.
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