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ABSTRACT

Introduction. In the last decade, mono-
clonal antibodies have revolutionized the
field of modern medicine. These are pro-
teins designed to bind specifically to cer-
tain molecules for the treatment of certain
types of cancer and autoimmune disease.

The aim of this study was to analyze the
relationship between treatment with mo-
noclonal antibodies and osteonecrosis of
the jaws by analyzing the incidence and
associated risk factors.

Methods. A total of 3057 results were ini-
tially obtained. After an initial screening of
articles that did not meet the inclusion cri-
teria, 42 articles were selected for full-text
reading. Finally, 13 randomized clinical
trials were included.

Results. The total number of patients in-
cluded was 16259. The mean incidence
of osteonecrosis cases was 3.87%. There
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were 51 mild cases of osteonecrosis (sta-
ge 1-2) and 16 severe cases (stage 3). The
risk factors analyzed were the use of mis-
matched prostheses, invasive dental pro-
cedures, periodontal disease and the use
of corticosteroids.

Conclusions. The mean incidence of mo-
noclonal antibody-induced osteonecrosis
was 3.87%. The use of misaligned pros-
theses, tooth extraction, periodontal di-
sease and the use of corticosteroids may
favor the development of monoclonal an-
tibody-induced osteonecrosis.

Studies of higher quality and with longer
follow-up time are necessary to reach
more conclusive statements.

KEY WORDS

Monoclonal antibodies; Antiresorptive
drugs; Osteonecrosis of the jaws.




INTRODUCTION

Monoclonal antibodies (MAs) are molecules that
act as substitutes for endogenous antibodies to res-
tore, enhance, or mimic the activity of the immune
system®. MAs have revolutionised the treatment of
autoimmune, allergic, and infectious diseases, being
useful in cases of multiple sclerosis, bone metastases,
and osteoporosis®*.

Four types of monoclonal antibodies are distingui-
shed according to their origin: murine, chimeric, hu-
manised, and human. The most commonly used and
prescribed at present are the humanised antibodies,
identified by the suffix -zumab (romosozumab), and
the human antibodies, identified by the suffix -umab
(denosumab); the latter are less antigenic, better
tolerated, and possess a longer half-life. Both act by
inhibiting osteoclast activity, thereby reducing bone
resorption and increasing bone density?, with a hi-
ghly specific mechanism of action through inhibition
of the receptor activator of nuclear factor-kappa B
ligand (RANKL)®.

RANKL is a critical factor in bone resorption, as it
plays a fundamental role in the formation, function,
and survival of osteoclasts. The RANKL inhibitor is os-
teoprotegerin, which, similarly to monoclonal antibo-
dies, competes with RANKL for binding to RANK, the-
reby neutralising its effects. Thus, inhibition of RANKL
permits an increase in bone density®’.

Owing to their mechanism of action, these agents
may have several adverse effects, including increased
susceptibility to infections, hepatic injury, and osteo-
necrosis of the jaws (ONJ), which is an uncommon
but serious condition characterised by one or more
necrotic bone lesions that are exposed or can be pal-
pated through an intraoral or extraoral fistula in the
maxillofacial region, and persist for at least 8 weeks
without response to appropriate treatment?®®.

The American Association of Oral and Maxillofacial
Surgeons (AAOMS) introduced the staging system to
classify the symptomatology of ONJ and facilitate de-
cision-making for its treatment®. (Table 1)

In the past decade, the use of monoclonal antibodies
has increased; therefore, the aim of this literature re-
view was to analyse the association between mono-
clonal antibody therapy and the incidence of ONJ, as
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well as the risk factors in patients with ONJ treated
with monoclonal antibodies.

MATERIALS AND METHODS

Sources and search strategy: A literature search was
conducted using the PubMed/Medline database,
employing the following keywords: [(monoclonal an-
tibodies) OR (antiresorptive drugs)] AND [(osteone-
crosis of the jaw) OR (ONJ)].

Inclusion criteria: Randomised controlled trials (RCTs)
from the past 10 years describing the incidence of
ONJ in patients treated with monoclonal antibodies
(MAs) were included.

Exclusion criteria: In vitro studies, animal studies, and
observational studies were excluded. RCTs reporting
ONJ caused by drugs other than MAs were also ex-
cluded.

Selected articles: Following the initial search, a total
of 3,057 results were obtained. An initial screening
was conducted, excluding articles that did not meet
the inclusion criteria based on title and abstract. Sub-
sequently, 42 articles were read in full, and ultima-
tely, 12 articles were included in the review (Figure).

Information recorded from the articles: The names of
the authors, year of publication, number, sex and age
of the patients, follow-up period, type, dose and fre-
guency of administration of the monoclonal antibody
(MA) used, number of reported cases, severity, and
risk factors were recorded.

RESULTS

In total, 13 RCTs were analysed, as the article by Sto-
peck et al.’* presented two studies. The total num-
ber of patients was 16,259, 15,027 women and 1,232
men, with a mean age of 65.22 years.

The most frequently used MA was denosumab,
which was analysed in 10 studies and administered
at doses ranging from 60 mg every 6 months to 120
mg monthly. The other MA, analysed in three studies,
was romosozumab, administered at a dose of 210 mg
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monthly. The follow-up period for patients ranged
from 6 to 120 months.

In five studies!*!**>1821 no cases of ONJ were reported,
whereas in the remaining seven studies!®131416:17.19.20
an incidence ranging from 0.028% to 8% (mean
3.87%) was observed. The severity of ONJ cases was
analysed in only three studies®>*, with 51 mild cases
(stage 1-2) and 16 severe cases (stage 3) reported.
Finally, the factors associated with the development
of ONJ were analysed in three studies'*'”?° in which
the use of ill-fitting prostheses, extractions, invasive
dental procedures, periodontal disease, and the use
of corticosteroids were described (Table 2).

Identiication of studies via databases

Articles identified in:
Databases (n = 3057)

!

Articles screened (n = 3057) I — I Articles excluded (n = 3015)

Articles excluded:
Did not meet criteria (n = 28)
Did not measure variables(n = 2)

Articles assessed for —_—
eligibility (n = 42)

!

Articles Included in the
review (n = 12)

Figure. PRISMA flow diagram.

DISCUSSION

ONJ is a rare pathology that considerably impairs
patients’ quality of life. In this literature review, 12
studies were included in which cases of patients re-
ceiving monoclonal antibody therapy were documen-
ted, with denosumab (60 mg every 6 months)!11216:18
being the most frequently utilised.

The majority of cases studied were women (92.4%),
which may be explained by the high prevalence of os-
teoporosis following menopause. The most common-
ly utilised treatments for osteoporosis are zoledronic
acid, denosumab, and teriparatide, as they demons-
trate high efficacy in reducing the risk of bone frac-
tures®,

ONJ is most frequently localised in the mandible??%;
however, it may also be detected in the maxilla®..
Furthermore, it may be accompanied by pain, in-
flammation, erythema, suppuration, and tooth loss.
Although ONJ may occur spontaneously, in the ma-
jority of cases it results from a surgical procedure in
the oral cavity®.

With regard to the incidence of ONJ, a variation be-
tween 0% and 8% was observed, which may be at-
tributable to differences in sample sizes among the
studies and the follow-up period. Furthermore, when
comparing the mean incidence obtained in this re-
view (3.87%) with other drugs that may also induce
ONJ, such as intravenous bisphosphonates (1.3-3.2%
after 3 years of follow-up) and oral bisphosphonates

TABLE 1. Staging classification of onj according to the american
association of oral and maxillofacial surgeons (AAOMS)?

Stage 0

Non-specific symptomatology and clinical findings without evidence of necrotic bone

Stage 1 ce of infection or inflammation.

Exposed and necrotic bone, or a fistula reaching the bone, in patients who do not present with symptoms or eviden-

Stage 2

Exposed and necrotic bone, or a fistula reaching the bone, in symptomatic patients

Stage 2 plus one or more of the following:

« Pathological fracture
« Extraoral fistula
« Oroantral or oronasal communication

Stage 3

« Exposed necrotic bone extending beyond the alveolar region

« Osteolysis extending beyond the inferior border of the mandible or the floor of the sinus
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TABLE 2. Descriptive characteristics and clinical outcomes of the

selected articles
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Henry y cols.

Support Care RCT | 800/792 59 [269/531| Denosumab [120mg| 1 month | 30 6 - -

Cancer 2014%

Ii?]?:r:tégg_)l;“ RCT |1636/1636| - | 1636/0 | Denosumab | 60mg |6months| 72 | 0 - -

Sugimoto y cols.
Osteoporos Int. RCT | 404/404 | 71,5 | 383/21 | Denosumab | 60 mg | 6 months | 36 0 - -
2015%

Stopeck y cols. 18 stage
Support Care RCT | 325/318 56 325/0 Denosumab |120 mg| 1 month | 54 20 1-2 -
Cancer 2016* 2 stage 3

Stopeck y cols. 9 stage
Support Care RCT | 153/147 70 0/153 Denosumab [120 mg| 1 month | 51 12 1-2 -
Cancer 2016* 3 stage 3

Cosmany cols. llI-fitting
N Engl J Med. RCT |3589/3581| 70,9 | 3589/0 |Romosozumab|210 mg| 1 month | 12 1 - prosthesis/
2016 extraction

Saag y cols.
N Engl J Med. RCT |2046/2040| 74,4 | 2046/0 |Romosozumab|210 mg| 1 month | 12 0 - -
2017%

Bone, y cols.
Lancet Diabetes | RCT |2343/1451| 74,9 | 2343/0 | Denosumab | 60 mg | 6 months | 120 7 - -
Endocrinol. 2017%¢

24 stage | Invasive dental

Raje y cols. 1-2 rocedures and
Lancet Oncol. RCT | 859/850 63 |397/462| Denosumab |120mg| 1 month | 42 35 P
201847 11 sta- stan_dard use of
ge 3 corticosteroids
Gnanty cols.
Lancet Oncol. RCT |1711/1709 - 1711/0 | Denosumab | 60 mg | 6 meses | 120 0 - -
2019
Huang y cols. ) )
Adv Ther. 2020 RCT | 103/102 61 38/65 Denosumab |120 mg| 1 month | 39 7
Previous
Coleman y cols. extraction, dental
Lancet Oncol. RCT |2256/2241| 50 | 2256/0 | Denosumab |120mg| 1 month | 78 | 122 - prosthesis,
20202 periodontal
diseasel
Baek y cols.
Endocrinol Metab. | RCT 34/34 66,7 | 34/0 |Romosozumab|210 mg| 1 month 6 0 - -
(Seoul) 20212*
No: Number; ? : Female; & : Male; RCT: Randomised controlled trial.
(between 1-2.3% after 3 years of follow-up), the inci- taking antiresorptive agents (ARs)?*?’. This increased
dence of MRONJ is observed to be higher in patients incidence was already noted by Loyson et al.?%, who
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confirmed a higher risk of MRONJ in patients who
switched from bisphosphonates to ARs. It is worth
noting, however, that the effects of bisphosphona-
tes on bone can last up to three years after the last
dose, unlike ARs, which do not have a cumulative
effect??. The risk factors for ONJ associated with mo-
noclonal antibody therapy were described in three
studies'*”%, The risk factors for ONJ related to the
use of monoclonal antibodies that were identified
are similar to those for ONJ induced by bisphospho-
nates: use of ill-fitting prostheses, extractions, invasi-
ve dental procedures, periodontal disease, and use of
corticosteroids. Additionally, ONJ caused by bisphos-
phonates presents further risk factors such as the cu-
mulative dose of bisphosphonates in the blood and
tobacco use®.

In this context, it is important to implement a review
programme for patients treated with monoclonal an-
tibodies, as the majority of diagnosed cases of ONJ
associated with monoclonal antibody therapy are
mild (stages 1-2). Seventy-six per cent of cases in
which the stage is recorded are mild, thereby under-
scoring the particular importance of early diagnosis
of ONJ%®,

With regard to the management of ONJ, the literature
describes adjuvant treatments (antibiotics, oral rin-
ses) for mild cases (stages 1-2). In stage 3, for those
cases that do not respond to adjuvant treatment, sur-
gical procedures (debridement, curettage, removal of
sequestra, and bone resection) should be employed,
ensuring complete removal of necrotic bone, smoo-

thing of the bone margins, and meticulous wound
closure®l. Other therapeutic alternatives are current-
ly under investigation, such as the use of platelet con-
centrates, teriparatide, laser therapy, hyperbaric oxy-
gen, and ozone applications. These therapies may be
effective, although at present they exhibit a low level
of evidence and a limited sample size®2.

One of the limitations of the present review is the
short follow-up period (< 5 years) in nine of the thir-
teen included studies. Furthermore, in eight of the
thirteen included studies, the sample comprises ex-
clusively women; thus, it would be of interest to de-
termine the incidence according to gender. Finally, it
would be beneficial to compare the incidence of ONJ
between monoclonal antibodies and other antire-
sorptive agents.

CONCLUSIONS

The incidence of ONJ induced by monoclonal antibo-
dies in this review is higher than that of other agents,
such as oral and intravenous bisphosphonates. Fur-
thermore, it appears that the use of ill-fitting pros-
theses, extractions, periodontal disease, and corti-
costeroid use may promote the development of ONJ
associated with the administration of monoclonal
antibodies. Nevertheless, further randomised clinical
trials comparing monoclonal antibodies with other
antiresorptive agents are required to more precisely
determine the incidence, severity, and risk factors.
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