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Abstract

ONJ is an important toxicity in cancer patients receiving bisphosphonate therapy. Here we report a
higher than usual incidence of ONJ, 11 of 60 (18.3%, 95% Confidence Interval, Cl: 9% — 28%)
patients enrolled in a phase Il clinical trial combining bevacizumab, docetaxel, thalidomide, and
prednisone (ATTP) in chemotherapy-naive men with metastatic castration resistant prostate cancer
(mCRPC). The use of bisphosphonates was allowed at study entry. Our study suggests that anti-
angiogenic and chemotherapy agents can predispose to the development of ONJ in men with mCRPC
on zoledronic acid. Imaging modalities, such as bone scans, may be useful in following the clinical
course of patients who develop ONJ.
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INTRODUCTION

Osteonecrosis of the Jaw (ONJ) is a rare, but potentially debilitating condition, which has been
described in cancer patients treated with various regimens (1). However, since 2003, there have
been numerous reports that associate ONJ with intravenous (V) bisphosphonate therapy (2,

3). While there is currently no consensus definition for ONJ (1), confirmed cases of ONJ have
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been defined as areas of exposed bone in the maxillofacial region that has failed to heal within
six (4) to eight weeks after identification by a health care provider (5). Multiple risk factors
have also been described in the development of ONJ, including a prior invasive dental
procedure, infections, corticosteroids, renal osteodystrophy, and chemotherapy (6,7).
Intravenous bisphosphonate use has emerged in the past few years as one of the most common
associated factors in cancer patients. Bisphosphonates are currently indicated for a variety of
patients with metastatic bone lesions, including multiple myeloma, breast cancer and prostate
cancer. The exact mechanism for the development of ONJ remains unclear. However, others
have hypothesized that this may be secondary to disruption of bony remodeling and
angiogenesis inhibition in a region where excessive microtrauma occurs (2,7,8), in the presence
of a microbiologically diverse oral environment, causing impairment of local healing (7,9).
Chemotherapy has long been implicated in isolated case reports but a clear association is
difficult to demonstrate (6,10-13), especially since the majority of patients with bone disease
are receiving chemotherapy and bisphosphonates concurrently. The incidence of ONJ in
patients who have been treated with bisphosphonates for non-malignant conditions, such as
Paget’s disease, had been around 0.8% (8). Although the incidence is variable among prostate
cancer patients, it had been reported to occur around 6.5% (8,14). This manuscript describes
a cohort of patients with metastatic prostate cancer treated with a multiagent regimen including
docetaxel and two anti-angiogenesis agents who developed ONJ with an incidence that far
exceeded previous reports in the current literature.

PATIENTS AND METHODS

RESULTS

We reviewed the medical and dental records of 11 patients who developed ONJ out of 60
participants enrolled in a National Cancer Institute (NCI) Institutional Review Board (IRB)
approved phase Il clinical trial of bevacizumab, thalidomide, docetaxel, and prednisone
(ATTP) for the treatment of mMCRPC (15). All patients signed informed consent. The
investigational drug regimen included docetaxel given as 75 mg/m? dose every 21 days,
prednisone 10 mg daily, thalidomide 200 mg daily, and bevacizumab 15 mg/kg dose every 21
days. Thromboprophylaxis using enoxaparin at 1 mg/kg weight subcutaneous daily dose was
also given. Patients who had been on bisphosphonates prior to study entry continued with its
use during the clinical trial. Patients were seen in clinic every 21 days, with CT and bone scans
obtained at baseline, after the first 2 cycles, and every 3 cycles thereafter, until disease
progression. Basic laboratory tests and prostate specific antigen (PSA) were also obtained at
each visit. Patients presenting with any dental problems, such as pain, swelling, infection of
soft tissue, drainage, loosening of teeth, or exposed bone (sequestrum), were referred to the
National Institute of Dental and Craniofacial Research (NIDCR) at the National Institutes of
Health. Clinical diagnosis of ONJ was made by the NIDCR’s dentists based on physical
examination showing signs of bone death. Non-healing oral lesions were biopsied initially and
reviewed by the pathology department at the National Institutes of Health. We used the NCI
Common Terminology Criteria version 3 for clinical grading of ONJ as this was the standard
adverse event reporting used for the clinical trial, which was compatible with the ONJ severity
grading by Weitzman et. al. of asymptomatic, mild, moderate, and severe grading (1).

A total of 60 men with mCRPC were accrued as planned for the Phase 2 study from April 2005
to September 2007. Of the 60 patients, 11 developed ONJ while on-study, with an incidence
of 18.3% (95% Confidence Interval, Cl: 9% — 28%). One patient had been previously diagnosed
with ONJ upon study entry. The severity of ONJ was moderate at diagnosis in all patients
(Grade 2 according the NCI Common Terminology Criteria for Adverse Events version 3.0)
except one with only Grade 1. One patient progressed to Grade 3, requiring surgical
intervention.

Cancer Invest. Author manuscript; available in PMC 2009 February 26.
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The baseline characteristics of all patients are shown in Table 1. None of the patients had prior
chemotherapy for mCRPC (see Table 2). Of the 60 study participants, 5 did not receive
zoledronic acid (ZA) therapy (2 due to absence of bony disease, 1 patient was allowed to
continue oral ibandronate rather than be changed to ZA and 2 due to refusal).

The incidence of ONJ for patients on ZA was 20% (95% CI: 9 — 30%). Of the 55 patients who
received ZA, all but 4 were treated with ZA at a dose of 4 mg intravenously every 3 — 4 weeks.
Two patients received only 3.5 mg ZA due to increased creatinine and 2 patients were treated
with ZA every 3 and 6 months, respectively. One patient (patient 3) had been treated with an
oral bisphosphonate (alendronate) for 3 years before being switched to ZA upon study entry.
This patient developed ONJ after 5 months of ZA. Patients had a mean duration of ZA infusion
of 18 months prior to suspicion or diagnosis of ONJ, with a median of 19 months. The mean
duration of ATTP at the time of diagnosis of ONJ was 12.5 cycles, with a median of 13 cycles.
Although only 3 out of 11 patients received full doses of all study drugs throughout the duration
of the study, all patients received full doses of bevacizumab. Only one patient had a dose
reduction of prednisone, 5 patients had reduction in thalidomide dose and 7 patients had
docetaxel either held for a few cycles or dose reduced (see Table 2). Only four of the 11 patients
had a biopsy done at the NIH revealing osteonecrosis with no evidence of metastatic disease.
Four patients had gingival cultures showing overgrowth of Haemophilus influenzae,
actinomyces, and clusters of mixed gram positive and gram negative bacteria. All patients on
protocol were staged at baseline, after the first 2 cycles and then every 3 cycles. Analyses of
the patients’ bone scans are shown on Table 3. Of the 11 patients who developed ONJ, one
patient (patient 7) had a positive uptake in the mandibular region at baseline, which persisted
throughout the study period. This patient was found to have an infection requiring dental
extraction at the time of the baseline bone scan. He had received ZA for only 3 consecutive
months before developing persistent pain and a non-healing open tooth socket. Only two of
the 11 patients had a positive bone scan prior to the clinical suspicion or diagnosis of ONJ
(patient 6 is shown in Figure 1) but all patients except one eventually had increased uptake in
the area of ONJ (Table 3). The intensity of technetium uptake correlated with the duration of
symptoms and either resolved (n=5) or remained positive (n=5) at each patient’s last recorded
follow-up visit. Median follow-up time was 10.4 months (range 0.5 — 35 months). ZA was
promptly discontinued in all patients with clinical symptoms or signs suggestive of ONJ and
the majority did well with conservative treatment, which included maintenance of good oral
hygiene, peridex cleaning, antibiotic administration, and removal of loose sequestrum. All of
the patients remained functional and most were free of pain over time, as shown in Table 2.

DISCUSSION

We present a unique series of patients with metastatic prostate cancer being treated with a
combination of chemotherapy, prednisone, and novel therapies that target angiogenesis, with
an apparently higher than usual incidence of ONJ. The increasing frequency of ONJ associated
with the use of bisphosphonates has resulted in heightened awareness of the toxicity although
the exact underlying mechanism remains unknown. The development of ONJ in association
with bisphosphonates has been attributed to faulty bone remodeling (16). Since the jaws have
arich vascular supply and are the site of frequent significant microtrauma causing a rapid bone
turnover, bisphosphonates highly concentrate in the jaws(8). The inhibition of resorption by
osteoclasts leads to acellularity and necrosis, with involution of small capillaries within the
bone. The combination of this faulty remodeling, with other factors such as chronic dental
disease, thin overlying mucosa, diverse oral microbial flora, with any form of injury or invasive
surgery, would result in exposure of a poorly healing avascular bone (7,17). The jaw is
particularly susceptible to hypoxia since this is a site that sustains significant microtrauma on
a routine basis. The mandible, in particular, is a more frequent site because of single blood
supply source as compared to the dual blood supply to the maxilla. Another theory for the
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development of ONJ is the inhibition of capillary angiogenesis (7). ZA, an intravenous
bisphosphonate, has been shown to exhibit anti-angiogenic properties in in vitro studies (18-
22). We hypothesize that coupled with known anti-angiogenic therapies such as bevacizumab
and thalidomide, the effects of ZA on avascularization may be enhanced, accounting for the
high rate of ONJ in our patients. In a large systematic review of ONJ by Woo et. al. (8), 85%
of affected patients had multiple myeloma or breast cancer, and only 6.2% of patients with
ONJ had metastatic prostate cancer. The incidence of ONJ in prostate cancer patients on
bisphosphonates has been variable, ranging from 2.9% to 6.5% (9,14,23-25). A higher than
usual incidence (12%) had been reported with docetaxel use (26). We report an incidence of
18.3% (11 of 60 patients) and 20% (11 of 55 patients who received ZA). This high incidence
rate may be related to the unique combination of the treatment regimen, as hypothesized above.
In addition, it may also be associated with increased vigilance for recognition and reporting of
ONJ by trained specialists at the NIDCR. In this study, the majority of patients presented with
pain at the ONJ site (Table 2) and all patients had ZA held at the first symptom or suspicion
of ONJ. Only the patient who developed the mandibular fracture had any of the ATTP drugs
held because of the ONJ. Thus, most patients had mild symptoms and were managed
conservatively. This contrasts with another series where the majority of patients had to be
treated surgically (3). This suggests that our diagnostic criteria for ONJ may differ from other
series, perhaps explaining the increased incidence of ONJ in our study. Furthermore, the
prolonged exposure to the combination treatment due to good tumor responses may also have
contributed to the increased incidence of ONJ. Notably, four of the patients who were biopsied
had evidence of ONJ. These patients also had some overgrowth of bacteria suggesting the
possible mechanistic role of areas of poor vascular supply compromising the healing of open
wounds leading to necrosis (3). The majority of patients who developed ONJ had predisposing
infection or poor dentition.

Since the promising results of ZA in retarding the skeletal complications of malignancy were
reported (27,28), bisphosphonates have been in widespread use. Reports of ONJ have also
increased significantly since 2003, with numerous studies linking use of bisphosphonates and
ONJ. However, there are also data suggesting other possible etiologies, including
chemotherapy and steroids. For example, the concomitant use of chemotherapeutic agents and
steroids in multiple myeloma confounds the association between bisphosphonates and ONJ in
this clinical setting. Several etiological associations have been made with the use of
chemotherapy, thalidomide, or steroid use (8,23,26,29) to ONJ, although there are conflicting
data (30). Despite the occurrence of ONJ, none of the patients had to discontinue protocol
treatment because of ONJ. Perhaps close follow-up done every 3 weeks, as mandated by
protocol in this cohort of patients, allowed for better and earlier detection of ONJ, suggesting
that earlier intervention may significantly impact and bring about better outcomes. In addition,
technetium-99m bone scanning was routinely performed every 3 cycles after the first 2 cycles.
We retrospectively determined whether the use of bone scans could predict early development
of ONJ, as some studies have suggested (31,32). Our results showed that patients either
experienced symptoms or had clinical signs of ONJ before any abnormality was detected in
bone technetium scan. However, once it developed, the intensity of the uptake on bone scan
correlated with the severity of patients” symptoms and resolution. Therefore, this modality can
perhaps be used as an adjunct in following clinical symptoms of patients.

Our study has several limitations. First, since ONJ was not an anticipated event at the outset
for this clinical trial, information regarding exact duration of ZA administration and eliciting
known risk factors such as poor dental hygiene in patients who never developed ONJ was
difficult to ascertain since dental examination was not mandated as part of the clinical protocol.
In addition, incidence of higher ONJ in this metastatic prostate cancer patient population is
difficult to estimate due to lack of a true control group. The drug regimen used in this clinical
trial was also distinct from the current standard of care and the use of enoxaparin as
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thromboprophylaxis may also have a contributory role in the healing process as it blocks several
reactions in the coagulation cascade. Furthermore, this analysis is retrospective and it is
difficult to delineate risk attributable to ZA versus those due to the study agents (thalidomide
or bevacizumab or prednisone or docetaxel) or to their combinational effects. Nevertheless,
our analyses set the groundwork for possible future prospective studies utilizing these agents
to identify possible biomarkers, including bone turnover markers, in the development of ONJ.

Despite the lack of true evidence implicating anti-angiogenesis and/or chemotherapy as the
underlying mechanism of ONJ, the observation of increased ONJ incidence in this trial and
other epidemiologic associations would help in better understanding the risks and work towards
refining treatment strategies for patients who develop this complication. Given the view of
perceived and true benefits of bisphosphonates and new emerging anti-angiogenic therapies,
strategic ways of combining them and avoiding the complication of ONJ is of paramount
importance. In our phase I trial, we have increased efforts to give ZA only after dental
clearance and have continued vigilance regarding patients’ dental care and symptoms. Also,
since the skeletal half-life of bisphosphonates have been shown to be in excess of 10 years
(33), it is possible to consider administering ZA less frequently, though future studies are
needed to determine utility of this approach. Although standard practice has not been uniformly
developed for the management of ONJ (5), most practitioners would also discontinue
bisphosphonate use at the first suspicion of ONJ development. Future prospective cohort
studies should also attempt rigorous documentation of risk factors to better define patients at
greater risk for developing this complication.
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Figure 1.

Patient number 6 showing a negative bone scan upon study enrollment (A); Positive uptake
over the left mandibular area appeared approximately 6 weeks prior to ONJ diagnosis (B);
Increasing (worsening) uptake over the left mandibular area noted 4 months later (C);
Improvement in the intensity noted after 4 months (D); Resolution and return to baseline 6
months later.

Cancer Invest. Author manuscript; available in PMC 2009 February 26.



1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

Aragon-Ching et al.

Page 9

Table 1
Patient characteristics
Characteristic Osteonecrosis
Yes No
Number of patients Number of patients

Total number of patients 117 48
Age, years

Median (Range) 64 (49-79) 65.5 (44 - 79)
Race

Caucasian 9 38

Black 1 8

Hispanic 1 2
Site of metastasis

Bone only 7 17

Bone and soft tissue 4 27

Soft tissue only 0 4
Alkaline phosphatase levels

Mean 145 172
ZA duration

Number of patients who received ZA 11 42

Mean, months 18 13

Median, months 19 11

Range 3-36 1-39
Cycles of ATTP

Mean (Median) 12.5(13) 16 (14.5)

Range 4-23 3-51
Location

Mandibular only 9

Maxilla only 1

Mandibular and maxilla 1

Legend: *-one additional patient already had ONJ prior to going on-study and is not included in the total number
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Table 3

Summary of bone scan results of 11 patients who developed ONJ
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Patient number

Baseline(+ or —)

Before ONJ symptoms

After ONJ symptoms

Resolution seen?

Patient number 1 - + + No
Patient number 2 - - + Yes
Patient number 3 - - + Yes
Patient number 4 - - + No
Patient number 5 - - + Yes
Patient number 6 - + + Yes
Patient number 7 + + + No
Patient number 8 - - + Yes
Patient number 9 - - + No
Patient number 10 - - + No
Patient number 11 - - _ N/A

*
Legend: -patient went off-study after diagnosis of ONJ, no follow-up available; N/A — not applicable
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