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Abstract

Over a period of 28 months, we observed five cases of osteonecrosis of the jaw (ON]) in cancer patients treated with
bisphosphonates (BP) at our institution. This prompted us to undertake a retrospective, multicenter study to analyse the
characteristics of patients who exhibited ONJ and to define the frequency of ON]J in multiple myeloma (MM). We identified 35
cases in Gruppo Italiano Studio Linfomi centers during the period 2002-05. The median time from cancer diagnosis to the
clinical onset of ONJ was 70 months. In these 35 cases of ONJ, 24 appeared 20— 60 months after starting BP treatment. The time
for the onset of ONJ was significantly shorter for patients treated with zoledronic acid alone than for those treated with
pamidronate followed by zoledronic acid. The frequency of ONJ in the MM group during the study period was 1.9%, although
the nature of the present study may have resulted in an underestimation of ONJ cases. Our analysis strongly suggested an
association between the use of BP and the occurrence of ONJ, although we were unable to identify any definite risk factors with a
retrospective study. The most frequently ONJ-associated clinical characteristics were chemotherapy treatment, steroid
treatment, advanced age, female sex, anemia, parodonthopaties/dental procedures and thalidomide (in the case of MM patients).
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of the medullary bones [1], including the jaw. A very

Introduction . : .. .

early analysis [2] of maxillofacial ischemic osteone-
Osteonecrosis and osteomyelitis are well-recognized crosis in 1914 referred to a condition of ‘chronic
conditions, and these disorders can affect any and all osteitis’ and, subsequently, different authors have
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suggested that persistent regional necrosis in osteo-
myelitis of the jaw was secondary to vascular
insufficiency [3-6]. In 1983, a study of the
pathophysiology of osteonecrosis induced by radio-
therapy in head and neck cancer patients [7] led to a
hypothesis suggesting that radiation, tissue hypoxia,
hypocellularity and hypovascularity, tissue break-
down, and chronic non-healing wounds could
contribute to osteoradionecrosis. A review of 500
cases of medullary and odontogenic disease in
painful jaws was published in 2002 [1], and the
results showed that 65% of these cases exhibited
chronic nonsuppurative osteomyelitis and ischemic
osteonecrosis. In approximately 95% of cases, the
lesions were directly attributed to impaired blood
flow to the jawbone, to the teeth, or to both [1]. An
analysis of the risk factors associated with ischemic
bone disease revealed several factors, including
radiation therapy, chemotherapy, use of steroids,
and hormonal therapy. Although previous studies
[1,7] had also considered chemotherapy and cancer
as possible risk factors for osteonecrosis of the jaw
(ON]), the disorder was in general not frequently
described in the years prior to 2003. In those cases in
which ON]J was found in cancer patients, it was
commonly associated with radiation of the head and
neck [1,7]. However, in 2003, a strong emphasis on
maxillofacial osteonecrosis emerged when a number
of new cases of ONJ were diagnosed in cancer
patients treated with bisphosphonates (BP) [8—10].
BP derivatives are potent osteoclast inhibitors that
are used extensively in supportive care for cancer
patients. No cases of ONJ have been reported in 49
trials for pamidronate and zoledronic acid that
enrolled 4829 patients. This could be a factor of
time because most trials followed patients for a short
period (1-2 years) or missed diagnosis because of a
lack of awareness by both patients and physicians.
Interestingly, in 2003, Marx [8] described 36 cases
and suggested that there was a correlation between
treatment with BP and the occurrence of ON]J, and
further postulated that the extent of BP-associated
ONTJ was substantial enough to be termed a ‘growing
epidemic.” In 2004, Ruggiero et al. [11] published
data on 63 cases of ON]J that were diagnosed in the
period 2001 —03. The author emphasized the grow-
ing number of cases in that time period as compared
to the years prior to 2001, and noted an association
with the use of BP over the same time period. In this
context, it is notable that BP-associated ON]J has not
been described in the literature prior to 2003.
Interestingly, an analogous condition appeared in
the middle of the 19th century in workers who used
white phosphorus: Patients displayed an unusual
necrosis of the jaw known as ‘phossy jaw’ or
‘phosphorus necrosis’ [12]; the phenomenon was
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related to chronic phosphorus exposure, which
produced hyperostosis of the entire skeletal structure
[13]. This older observation supports a possible
connection between ON] and the use of the
phosphate derivate bisphosphonate: In recent
months, hundreds of new cases of ONJ have been
described in the literature or presented at hematolo-
gical and oncological meetings. All of these data
strongly support an association between osteonecro-
sis and BP use [14-31], even though a causal
relationship has not been definitively demonstrated.
In our institution, over the course of 28 months, we
noted that we identified five cases of ONJ in cancer
patients treated with BP. It prompted us to carry out
a survey on ONJ cases in our institution as well as
at other Gruppo Italiano Studio Linfomi (GISL)
centers. The study had two aims: (i) to analyse
characteristics of patients and of their associated ON]J
independently of their primary diseases [which
included multiple myeloma (MM), solid tumors,
and other conditions] and (ii) to use a retrospective
analysis to try to define the frequency of ONJ in the
subgroup of patients who exhibited MM. This study
covered a period from 2002 — 05, which was the same
period during which the 35 cases of ONJ were
observed in GISL centers. Based on our study results
and an analysis of the literature, we suggest a
pathophysiological model for BP-associated ONJ.

Materials and methods
Patient study population

We invited each of the 69 GISL centers in Italy to
participate in a retrospective multicenter study on ON]J
in patients who had received BP treatment. To
participate, each center provided data that included
details on the characteristics of patients and their
cancer, the type and duration of treatment with BP,
and the type of cancer treatment, as well as informa-
tion about odonthoiatric anammnesis, and on the
clinical, radiological, microbiological findings of ON]J
and biopsy results (if such biopsies were performed).
We also evaluated smoking habits, anemia and
thrombotic anamnesis. To estimate the frequency of
ONJ occurrence in the MM subgroup, we asked each
GISL center how many patients affected by MM had
been receiving BP treatment in the period 2002-05
(i.e. the same period during which ONJ was reported
in this study). Sixteen centers participated in this study
reporting 35 ONJ cases.

Diagnostic criteria

There is currently no consensus for the clinical
definition of ONJ, and diagnosis is complicated by
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the lack of understanding of the pathobiologic
mechanisms underlying the disorder. At present, a
clinical diagnosis of ONJ is usually made on the basis
of visual inspection (e.g. the presence of exposed
bone) and/or by the radiographic appearance [32].
The diagnostic criteria utilized in this study included
clinical and radiological findings, as well as the
exclusion of cancer localization by biopsy (when
performed). Exposed bone, fistulas or suspected
early manifestations of ONJ (such as tissue swelling
or purulent drainage of the mouth) were evaluated by
X-ray or a computed tomography (CT) scan. ON]J
diagnosis was confirmed by typical radiological
findings of osteonecrosis, sequestrum, or lytic lesions
with bone sclerosis. In all cases, diagnosis was
confirmed by a dentist or maxillofacial surgeon.

Statistical analysis

The statistical analysis of frequencies was performed
using SPSS statistical software (SPSS 10.1; SPSS
Inc., Chicago, IL, USA). The rtest was used to
compare the groups treated with the BP derivatives
zoledronic acid vs. pamidronate followed by zole-
dronic acid to compare the time for the onset of ON]J
with each treatment.

Results

Sixteen GISL centers participated in this study and
14 centers reported cases of osteonecrosis. ONJ was
reported in a total of 35 patients in the period 2002 —
05, and the number of cases increased every year.
Among the reporting institutions, there was one case
in 2002, four in 2003, 13 in 2004 and 17 in 2005.
The majority of patients presented with pain and oral
discomfort; in some cases, there was also numbness
of the lips or persistent purulent drainage in the
mouth and non-healing wounds. The most relevant
clinical findings were red-tissue and soft-tissue
swelling and the presence of ulcerated mucosa with
yellow —white exposed bone that was surrounded by
inflamed soft tissue or by fistulas and abscesses.
Table I shows the most relevant patient character-
istics, which included type of cancer, type and
duration of BP treatment, and number of chemother-
apeutic regimens.

In the patient study group, 69% were females and
the median age was 70 years. Twenty-eight patients
were affected with MM, two with breast cancer, one
with prostate cancer, three with steroid-related
osteoporosis in myelodisplastic syndrome (MDS),
and one with non-Hodgkin’s lymphoma; 21 of the
total patients had cancerous bone involvement. The
median time from diagnosis of cancer to the onset of
ONJ was 70 months (Figure 1). All patients were

Table I. Patient characteristics.

Median % of
Number (range) total
Total patients 35 100
Sex
Male 11 31
Female 24 69
Age (years) 70 (39-80)
Cancer
Multiple myeloma 28 83
Solid tumors 3 7
Myelodisplasia 3 7
Lymphoma 1 3
Skeletal involvement
Yes 22 63
No 13 37
Time from cancer 70 (18-89)
diagnosis (months)
ONJ] cases per year
2002 1
2003 4
2004 13
2005 17
Cancer treatment
Chemotherapy 26 74
Steroids 26 74
Thalidomide 13 37
Hormone therapy 2 6
Bone marrow 7 20
transplant
Radiotherapy (TBI) 3 8
Prior treatment (n) 2 (1-5)
Type of BP used and
time to ONJ
development
(months)
All 35 36 (5-80)
Pamidronate 3 48 (11-68)
Zoledronic acid 14 20 (5-80)
Pamidronate followed 18 47 (29-176)
by Zoledronic acid
Time of exposure to BP
and number of ONJ
cases
0-20 months 8 23
20-60 months 24 68
> 60 months 3 9

treated with BP derivatives: 14 received zoledronic
acid, three received pamidronate, and 18 received
pamidronate followed by zoledronic acid. Zoledronic
acid was administered at the standard dose of 4 mg
every 3—4 weeks; pamidronate was administered at
60—-90 mg every 4 weeks. The median duration of
treatment with BP was 36 months (range 5-80
months). Twenty-four of the 35 instances of ONJ
(68%) occurred 20—60 months after initiation of
treatment with BP. The time for the onset of ON]J
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development after BP treatment was significantly
shorter (P < 0.001) for patients treated with zole-
dronic acid alone (18 months) than for those treated
with pamidronate followed by zoledronic acid (48
months) (Figure 2). None of the patients had
radiotherapy on the head and neck, although three
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received total body irradiation before bone marrow
transplantation. At the time of diagnosis of ON]J, 27
patients had been treated with chemotherapy; the
median for this group was two prior chemotherapy
regimens (minimum one, maximum five). The three
patients with solid tumors had received both
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Figure 1. Time from diagnosis of cancer to the onset of ONJ.
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Figure 2. Time from the initial exposure to BP to the onset of ONJ.
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chemotherapy and hormonal therapy. All MM
patients had received one or more lines of chemo-
therapy treatment, including vincristine, doxorubicin,
and dexamethasone; melphalan and prednisone;
cyclophosphamide, steroids, and thalidomide (13
patients) alone or in combination. Some patients also
received high doses of melphalan as part of the process
of autologous bone marrow transplantation, which
was performed in seven cases; one case received an
allotransplant. The three MDS patients were treated
with steroids.

The most important clinical characteristics of ONJ
are reported in Table II. Among the ONJ cases in
this study, the mandible was involved in 27 patients,
the maxilla in six, and both the maxilla and mandible
in two. The right side of the jaw was affected in 14
patients, the left side in 18 patients, and there was
bilateral involvement in one case. Almost all cases
underwent adiological evaluation with a CT scan,
which showed either sequestra of necrotic bone or
decreased bone density and lytic lesions with
sclerosis. A biopsy was performed in 21 patients: In
five cases of MM, the biopsy showed ‘lymphoplas-
mocytic infiltrate’, but a light chain evaluation
excluded MM localization, although MM localiza-
tion was unknown for two patients in which the x and
A chains were not studied. Thus, in 19 out of 21
cases, the localization of neoplasia was excluded. In
the majority of cases, the biopsy showed bone
necrosis and/or an inflammatory reaction with a
leukocyte infiltrate, which is sometimes associated
with Actinomyces. A microbiological evaluation of the
mucosal lesion was performed in 15 cases; 12
patients had a positive evaluation and of those 12,
Actinomyces was found in eight patients.

In 18 patients, ONJ was apparently spontaneous,
in that it also appeared in edentulous areas (eight
of these patients used mobile prostheses); in 16
patients, ONJ occurred after dental procedures, but
no data on the time between dental procedures and
the occurrence of ONJ was available. Parodonthopa-
ties were reported in 17 out of 35 patients. Exposed
bone was present in 24 patients, fistulas were present
in 14 patients, and abscesses were present in three
patients. Several different treatments were used to
manage ON]J among the patients in the study group:
BP treatment was discontinued in 32 of the 35
patients, local and systemic antibiotics were adminis-
tered in 33 cases, eight patients underwent hyper-
baric oxygen therapy, and 20 patients were treated
with surgical debridement. Several patients improved
and reported good pain control, but only one patient
was reported to be cured.

No risk co-factors could be definitively identi-
fied with our retrospective analysis. The most fre-
quent ONJ-associated clinical characteristics were

Table II. Characteristics of ONJ.

Number % of total

Location
Maxilla 6 17
Mandible 27 77
Maxilla + mandible 2 6
Right 14 40
Left 18 51
Bilateral involvement 1
Unknown 2 6
Onset
Spontaneous 18%* 51
After dental procedures 16 49
Clinical findings
Pain 30 86
Soft tissue swellling 8 22
Purulent drainage 4 11
Exposed bone 24 69
Fistulas 13 36
Abscesses 3 8
Radiologic findings
CT scan 25 71
Evidence of osteonecrosis 7 28
Osteolysis and bone sclerosis 13 52
Other radiological definitions 5 20
Biopsy
Total cases performed 21 60
Negative for neoplasia 19 90
Microbiology
Total cases with microbiological analysis 15 43
Negative 3 20
Positive 12 80
Actinomyces sp. 8 68

Klebsiella sp. 1 8
Enterococcus sp. 1 8
Pseudomonas sp. 1 8
Candida sp. 1 8
Treatment of ON]J
BP discontinuation 32 90
Local antibiotics 8 22
Systemic antibiotics 33 92
Hyperbaric oxygen therapy 8 22
Surgical debridement 20 56
Outcome
No improvement or stable disease 16 46
Improvement 14 40
Cured 1 3
Unknown 4 11

*Eight patients had prostheses.

chemotherapy, steroids, advanced age, female sex,
anemia, parodonthopaties/dental procedures, and
the use of thalidomide (for MM patients). Throm-
botic events and smoking habits were rarely found to
be associated with ONJ to any notable extent. In the
subset of 28 patients with MM (out of the overall
group of 35 patients), a total of 13 patients out of 28
(46%) were treated with thalidomide (Table III).
The 16 GISL centers that participated in this study
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reported a total of 1402 patients with MM who
received BP treatment in the period 2002-05. Of
these 1402, only 28 were also diagnosed with ONJ,
and the frequency of ONJ occurrence in BP-treated
MM patients was 1.9% (Table IV).

Discussion

Osteonecrosis of the jaw is not a new phenomenon in
oral medicine, but the frequency of its diagnosis by
oncologists and hematologists has notably increased
over the last several years. Subsequent to the initial
identification of osteoradionecrosis of the jaw in
cancer patients treated with radiotherapy on the head
and neck some years ago, many new cases of ON]J
have emerged in patients treated with BP. Even
though it is true that correlation does not necessarily
imply causation [33], BP treatment was the common
link among 561 cases of ON]J reported by the
RADAR group [34], and the evidence linking BP
to ONJ has been considered to be level V (using the
ASCO scale of evidence rating) [32].

The BP family of compounds is made up of
synthetic, nitrogen-containing analogs of inorganic
pyrophosphates with a high affinity for calcium, and
these analogs are widely used in oncology for their
activity as potent inhibitors of osteoclast-mediated
bone resorption. Recent results also show that
some compounds in the BP family display an

Table III. Clinical characteristics associated with ONJ develop-
ment.

Number % of total
BP treatment 35 100
Cancer diagnosis 35 100
Chemotherapy treatment 26 74
Steroid treatment 26 74
Age > 65 years 24 69
Female sex 24 69
Anemia 17* 48
Parodonthopaties 17 48
Dental procedures 16 46
Thalidomide treatment 13 46"
Dentures 8 23
Smoking 4 11
Thrombotic events 1 3

*15 patients received erythropoiethin; 'percentage calculated only
in multiple myeloma patients.

Table IV. Frequency of ONJ in MM patients during 2002 —05.

Patients affected by:

MM and treated with BP () 1402
ONJ (n) 28
Frequency of ONJ (%) 1.9
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antiangiogenic effect in in virro systems and in animal
models [35,36]. The potencies of the intravenous BP
derivatives pamidronate and zoledronic acid are
(respectively) 100- and 10 000-fold greater than that
of oral BP etidronate [37], and they are the BP
compounds most frequently used as supportive care
in cancer patients. It is important to note that our
analysis of the possible relationship between BP and
ONJ] has certain limitations related to its retrospec-
tive nature, and is also subject to various biases: the
most important of which could be related to a poten-
tial increase in physicians’ awareness of BP-related
adverse events after 2003. In spite of these limita-
tions, the analysis of our data did confirm that all of
the 35 cancer patients in this study who developed
ONJ had also received nitrogen-containing BP
derivatives (pamidronate, zoledronic acid, or both
drugs) as part of their treatment regime. The fact that
BP treatment was the only common factor among
these 35 cancer patients with ONJ strongly suggests
that BP usage may play a primary role in creating the
pathophysiological conditions that are amenable for
ONJ development. This susceptibility is most likely
distinct from that of cancer patients who were treated
with radiotherapy on the head and neck regions,
which has previously been shown to be a risk factor
for ONJ development. In our study group, the onset
of ONJ occurred 5-80 months after the start of
BP treatment and, in 68% of the patients, ONJ onset
was apparent 20—60 months after the start of BP
treatment.

Although the sample size in this study group is
relatively small, we did find statistically significant
relationships: the time between the initial BP treat-
ment and the onset of ONJ development in the
zoledronic acid group was significantly shorter than
the development time in the group that received
pamidronate followed by =zoledronic acid (P=
0.001). This result is in agreement with recent
published data [38], and is particularly interesting
in light of the fact that zoledronic acid is approxi-
mately ten-fold more potent that pamidronate [37].
Based on this data, we hypothesize that BP potency
and the duration of BP treatment could be impor-
tant factors in the development of ON]J. However,
because the actual incidence and course of ON]J are
poorly documented at this point, it is difficult to
draw any firm conclusions in this regard. There are
currently only a few reports in the literature on the
risk of ON]J development, and estimates from
different studies ranged widely: one in 10 000 [39],
one in 100 [33], 4-10% [20] or 6.7% [38].
However, these data differ substantially and, to the
best of our knowledge, the incidence and prevalence
of ONJ has not yet been definitively estimated. It is
known that MM is one of the cancers that is most
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frequently involved in ON]J development, presumably
because BP treatment is used as standard supportive
care for the treatment of MM. However, no clear data
on the frequency of this phenomenon are available in
the literature. The retrospective analysis that we
carried out in the resent study included 1402 patients
with MM who were treated with BP in the period
2002 -05. In this patient group, 28 cases of ON]J were
reported, yielding an overall frequency of 1.9%.
However, it is possible that because there is no clear
consensus on the clinical definition of ONJ, this
uncertainty may have affected the accuracy of our
retrospective survey of 2002 —05 such that ON]J cases
may be underestimated.

In our study group, there was an increasing rate of
cases from 2002 (one patient) to 2005 (17 cases); this
is consistent with other data reported in the literature.
It is evident from the literature that ONJ was rarely
found in cancer patients in the years prior to 2003
(except for ONJ induced by radiation treatment of the
head and neck, as noted above). However, there is no
clear explanation for this observation. Our analysis
suggests a relationship between BP exposure and ON]J
frequency, although it is important to note that the
increasing rate of ON]J diagnosis per year could also be
related to the increased awareness of these adverse
effects. The type of BP derivative used in treatment
appears to affect both the likelihood and the timing of
the development of ONJ, as demonstrated by our
observation that the time between the initiation of BP
treatment and the occurrence of ONJ was shorter
when patients were treated with zoledronic acid alone
vs. pamidronate followed by zoledronic acid.

In this retrospective analysis, all patients who
developed ONJ had already been diagnosed with
cancer and were receiving BP treatment as part of a
supportive care regimen. BP treatment was the only
consistent common factor among the ON]J patient
group, suggesting that exposure to a BP derivative
may be necessary, although perhaps not sufficient,
for the development of ON]J (with the exception, as
stated above, of those patients who were treated with
radiotherapy on the head and neck and thus had
another known risk factor for ONJ). However, given
the low frequency of ONJ in patients treated with BP
derivatives (1.9% in the MM group), it is likely that
other associated risk factors also play a role in the
development of ONJ. In the present study, the
clinical characteristics that were most frequently
associated with ONJ included chemotherapy treat-
ment, use of steroids, advanced age, female sex,
anemia, parodonthopaties/dental procedures and use
of thalidomide (in MM patients). These charac-
teristics could be investigated as possible additional
risk factors in future controlled studies. An in-
creased understanding of the factors leading to

ONJ development is critical because, although ON]J
is a relatively rare complication, it can cause
permanent damage and can substantially impair
quality of life. Because the currently available
therapies are only moderately effective, it is essential
to better understand the risk factors for ONJ
development so that the condition may be prevented.

Different theories have been advanced to explain
how and why ONJ develops [18,19,34] but, because
experimental data on the pathogenesis of ONJ are not
available, we can only speculate on the real mechan-
ism. On the basis of the results of the present study,
and after a thorough analysis of the relevant literature,
we propose the following speculative model. We
suggest that BP derivatives may act on the bone matrix
and on bone vascularization, and that BP action in
combination with other risk factors may lead to a
complex multistep pathogenesis (Figure 3). Even
though BP derivatives act systemically, the disease
would tend to be localized specifically to the jaw
because of the peculiar anatomy and physiology of that
region. The jaw is characterized by age-related
degenerative vascular alterations of the alveolar arteries
[6,40—43]; these changes are especially pronounced
in edentulous areas and are positively correlated with
the length of time following extraction of the tooth or
teeth. The increased speed of blood flowing through
narrowed arteries tends to promote propagation of
thrombi [44]. Even if the patients in this study
showed negative anamnesis for major thrombosis,
they had prothrombotic conditions that included one
or more of the following: old age, cancer, chemother-
apy, hormonal therapy, steroid use, thalidomide use,
or a local inflammatory reaction identified in ON]J
biopsy. All of these conditions could act locally as co-
factors to promote ON]J development.

Because the jaw receives a large blood supply and
also has a fast bone turnover rate that is promoted
by the presence of teeth [19], impact loading and
odonthoiatric procedures can result in high local
concentrations of BP in the jaw. BP accumulation
would subsequently produce bone damage by inter-
fering with bone homeostasis in a number of different
ways: decreasing bone remodelling by inhibition of
osteoclasts, osteoblasts, and osteocytes; increasing
bone mineral density, and possibly interfering with
the wvascular system by inhibiting angiogenesis.
Tissue hypoxia at the site of the lesion would be also
amplified by anemia or radiotherapy, which would
contribute to the development of ON]J along with the
other co-factors. Once the bone and vascular system
have been damaged, the mucosal trauma induced by
mastication, prosthesis, or dental procedures leads to
exposure of the necrotic bone. Mucosal breakdown
can also facilitate local bone infection by the
normal flora of the mouth, which can lead to the
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Figure 3. Hypothetical pathobiologic model for the development of BP-associated osteonecrosis. Further details are provided in the text.

development of chronic osteomielytis. Because it is
difficult to recover from this condition against the
already challenging background of ischemia, the
osteomielytis may also promote the formation of
abscesses and fistulas.

Taken together, these data suggest that BP-
associated ONJ may be viewed as an event that is
characterized by multifactor pathogenesis, with BP
therapy a necessary pre-condition that subsequently
acts in conjunction with other risk factors to facilitate
the development of ONJ in a weak region of the
skeleton such as the jaw. However, many questions
about BP-associated ONJ still remain. One of the
most puzzling is why ON]J cases seem to have been
identified only recently despite the long history of BP
usage as a therapeutic agent. Other areas that need
clarification include the general definition of con-
sensus diagnostic criteria, the demonstration of clear
risk factors, and the delineation of the pathophysio-
logic mechanisms underlying ON]J development.
Both prospective and biological studies are needed
to address these issues.
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