1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

&

WEALTH 4
of P
e

/ HHS Public Access

Author manuscript

j Oral Oncol Rep. Author manuscript; available in PMC 2024 July 02.

Published in final edited form as:
Oral Oncol Rep. 2024 June ; 10: . doi:10.1016/j.00r.2024.100488.

Determinants of outcome in cancer patients with medication-
related osteonecrosis of the jaw: A 19-year retrospective study

Jenna Ward®1, Annu Singh21, Charlie WhiteP, Elyn Riedel?, Roxanne Lewis?2, SaeHee K.
Yom?&, Jerry Halpern?, Joseph D. Randazzo?, Kenneth L. Kronstadt?, Joseph M. Huryn?&,
Cherry L. Estilo®"

aDental Service, Department of Surgery, Memorial Sloan Kettering Cancer Center, 1275 York
Ave, New York, NY 10065, USA

bDepartment of Epidemiology and Biostatistics, Memorial Sloan Kettering Cancer Center, 1275
York Ave, New York, NY 10065, USA

1. Introduction

Medication-related osteonecrosis of the jaw (MRONJ) continues to be a rare but challenging
complication for cancer patients treated with antiresorptive medications. Bisphosphonates
and the fully human monoclonal antibody, denosumab are two common antiresorptive
medications used both in the management of metastatic disease to the bone and in multiple
myeloma [1,2]. While both target osteoclasts and results in decreased bone resorption, the
mechanism of action differs between the two. Bisphosphonates such as zoledronic acid and
pamidronate are structural analogs of pyrophosphates which bind to an incorporate into

the bone matrix. They are then ingested by mature osteoclasts, which leads to osteoclast
apoptosis [3]. Denosumab is a fully human monoclonal antibody that binds to the cytokine
RANKL and prevents it from binding to RANK, a receptor on osteoclasts. This inhibits
proper maturation, function, and survival of osteoclasts [4]. As a result, bone resorption

is reduced. Intravenous bisphosphonate therapy and subcutaneous denosumab injections
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have been effective in their use to prevent skeletal related events such as pathologic bone
fractures, spinal cord compression, orthopedic surgery interventions, and palliative radiation
to the bone [5-7]. Despite the significant benefits of antiresorptive agents in the oncologic
setting, MRONJ is an untoward complication in a subset of patients [1,8,9] (see Fig. 1).

The current literature shows that the risk of developing MRONJ in cancer patients treated
with zoledronic acid is believed to be less than 5 %, with some studies showing a range
from 0 to 18 % [1]. Similarly, in cancer patients treated with denosumab, the risk of MRONJ
ranges from 0 % to 6.9 %, with most studies reporting rates less than 5 % [1]. It is accepted
that the risk for developing MRONJ is comparable between those treated with zoledronic
acid and those treated with denosumab [1,10,11].

While there are established data examining factors associated with the onset of MRONJ,
there is limited information evaluating the relationship between risk factors associated with
MRONJ and its resolution. Several risk factors established in the most recent literature as
well as within the currently accepted model of MRONJ are associated with its onset [1,12—
14]. These factors include duration of antiresorptive therapy [15], dentoalveolar procedures
such as extractions [16,17] and implant insertion [18], preexisting dental inflammation such
as periodontitis [19] or periapical abscess [20], denture use [21] and corticosteroid use
[1,22]. There are variable data regarding the significance of other factors such as smoking,
comorbid conditions, chemotherapy and cancer type and their relationship with the onset or
precipitation of MRONJ [1].

The most recent treatment algorithm guidelines have been developed by the Academy

of Oral and Maxillofacial Surgeons (AAOMS) to include both conservative and surgical
therapies for management of MRONJ [1]. Conservative management generally consists

of antimicrobial rinses, oral hygiene maintenance and antibiotics as needed [1,23].

Surgical treatment may include sequestrectomy, alveolectomy or resection [1,24]. However,
regardless of current management approaches, resolution is not predictable. Often, the
course of MRONJ can be prolonged, which can significantly impact quality of life. The
purpose of this study was to identify factors that are associated with healing in cancer
patients with MRONJ.

Materials and methods

This retrospective study was approved by the Memorial Sloan Kettering Cancer Center
(MSKCC) Institutional Review Board. To meet the objective of our study, we reviewed the
medical and dental records of patients diagnosed with MRONJ in the Dental Service of
MSKCC between 2003 and 2022.

The medical records of 433 patients diagnosed with MRONJ were reviewed. Inclusion
criteria included (1) cancer patients with history of antiresorptive agents, namely
denosumab, pamidronate, or zoledronic acid, (2) with a minimum follow up of 1 month
after initial MRONJ diagnosis, and (3) without any history of head and neck radiation

or metastatic disease to the jaws. Demographic data included age, gender and primary
cancer diagnosis (multiple myeloma, prostate cancer, breast cancer and all other types of
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cancer). Staging of MRONJ at initial diagnosis was defined by the clinical team of MSKCC
Dental Service based on AAOMS guidelines to include both nonexposed bone variant with
radiographic findings only and clinical exposed bone variant (Stage 1,2,3) [1]. Patients with
no clinical evidence of exposed necrotic bone and with intact mucosa who presented with
nonspecific symptoms such as tooth mobility not explained by chronic periodontal disease
or intraoral/extraoral swelling and other clinical and radiographic features as described in
the AAOMS guidelines received Stage 0 designation. All patients diagnosed with MRONJ
underwent radiographic evaluation using panoramic radiograph and intraoral radiograph,
when indicated. Relevant clinical information associated with MRONJ diagnosis included
medication type (denosumab, pamidronate, zoledronic acid), total number of antiresorptive
doses before MRONJ onset, size of exposed bone area at initial MRONJ diagnosis and
MRONJ location (mandible, maxilla or both arches). MRONJ etiology was described as
non-spontaneous or spontaneous. Non-spontaneous MRONJ was preceeded by dentoalveolar
procedures (eg. dental extraction or implant placement) whereas spontaneous MRONJ
occurred without prior dentoalveolar trauma. Concurrent use of corticosteroid, comorbidity
such as diabetes and social history such as alcohol use and tobacco use were also reviewed.
For the purpose of our study, oral hygiene condition was graded as “optimal” (minimal or
no interproximal plaque accumulation and overall healthy gingiva in the absence of gingival
inflammation) or “suboptimal” (moderate or heavy interproximal plaque accumulation with
either localized or generalized gingival inflammation).

Patients diagnosed with MRONJ were generally treated using a conservative approach

with close monitoring, prescription of chlorhexidine gluconate 0.12 % oral rinse, antibiotic
(amoxicillin, amoxicillin with clavulanic acid, clindamycin and/or metronidazole) therapy
in the presence of symptoms or soft tissue swelling. In selected patients, pentoxifylline and
tocopherol regimen and gentle debridement of mobile sequestrum were prescribed. Surgical
management including resection was employed when conservative management has failed,
or there was progression of MRONJ such as recurrent infection or pathological fracture.
Surgical intervention was also considered based on patients’ general systemic condition with
bone metastasis, prognosis, and the stage of the underlying disease. The clinical outcome
evaluated in this study was “time to resolution” of MRONLJ. For the sake of this study,
“resolution” was defined as complete mucosal coverage without persistence of any stage of
MRONJ according to the AAOMS classification system [1]. A competing risk framework
was used to analyze time to MRONJ resolution, which was defined as time from initial
MRONJ diagnosis to resolution, with death within 6 months of the last follow-up treated as
the competing event. Gray’s test was used to examine the association between each factor
and the cumulative incidence of MRONJ resolution. Variables that were significant at the
0.1 level in univariable analysis were entered into a multivariable model. Variables were
removed if they were not significant at the 0.05 level in the multivariable model.

3. Results

A total of 300 cancer patients with MRONJ were included in the analysis. The majority were
female (n = 190; 63 %) with a median age of 64 years (IQR, 56-70). The most common
primary cancer diagnosis was breast cancer (n = 152; 51 %), followed by multiple myeloma
(n =72; 24 %), and prostate cancer (n = 44; 15 %). The majority of patients received

Oral Oncol Rep. Author manuscript; available in PMC 2024 July 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ward et al.

Page 4

zoledronic acid only (n = 130; 43 %) as the primary medication. Denosumab only and
pamidronate only was administered in 72 (24 %) and 14 (4.7 %) patients, respectively. There
were 84 (28 %) patients who received a combination of these antiresorptive medications
before their MRONJ diagnosis. The median number of doses administered before the
diagnosis of MRONJ was 19 (IQR, 10-32). The stage of MRONJ at initial diagnosis
according to the AAOMS classification was most frequently recorded as either stage 1 (h =
138; 46 %) or stage 2 (n = 139; 46 %). Thirteen patients (4.3 %) presented with stage 0 at
the time of diagnosis and 10 patients presented with stage 3 (3.3 %). The size of exposed
bone was usually less than 1 cm at initial presentation (n = 153; 62 %) and predominantly
localized to the mandible (n = 194; 65 %). There was equal proportion of spontaneous (n

= 142; 47 %) and non-spontaneous (n = 158; 53 %) MRONJ cases. Other characteristics
included: concurrent corticosteroid use (h = 100; 33 %), chemotherapy administration (n =
260; 87 %), presence of diabetes (n = 45; 15 %), history of alcohol use (n = 166; 55 %),
history of smoking (n = 125; 42 %) and suboptimal oral hygiene (n = 176; 62 %). Patient
characteristics are summarized in Table 1.

The median follow-up time was 94.9 months (95 % CI 63 %,177 %). The primary outcome
was time to resolution of MRONJ with death within 6 months of last follow up as a
competing event. As a result, 121 patients were excluded. 105 patients achieved MRONJ
resolution, and 74 patients died without resolution within 6 months of the last follow up.
Several factors were significantly associated with time to MRONJ resolution univariately
(Table 2). Primary cancer diagnosis was associated with time to MRONJ resolution (P

= 0.047), with breast cancer having the lowest rate of resolution among cancer type at

both 3 and 5 years (34 % and 40 %, respectively) (Fig. 4A). A higher rate of resolution

was seen in male patients (P = 0.014) with 3-year and 5-year rates of 48 % and 55 %,
respectively. Patients who were not on concurrent corticosteroid also showed a higher rate
of resolution (P = 0.004) at both 3 and 5 years, calculated as 46 % and 55 %, respectively.
The 3-year and 5-year rate of resolution in patients who were on concurrent corticosteroid
were 28 % and 32 %, respectively (Fig. 4B). The size and location of bone exposure at
diagnosis were borderline significant (P = 0.051 and P = 0.061, respectively). The remaining
factors were not significantly associated with rate of MRONJ resolution. Since the site of
primary diagnosis and the patients’ gender were highly associated with each other, only
primary cancer diagnosis was examined in a multivariate model along with total number of
doses, concurrent corticosteroid use, and size and location of bone exposure. Primary cancer
diagnosis, total number of doses, and concurrent corticosteroid use remained independently
associated with rate of MRONLJ resolution in the final model (Table 3) (see Fig. 2).

4. Discussion

This is the largest single institution cohort study to evaluate factors associated with MRONJ
resolution in cancer patients treated with antiresorptive agents over a 19-year period.
Overall, the rate of MRONJ resolution at 3-years and 5-years were 39 % (95 % CI 33

%, 46 %) and 47 % (95 % CI 39 %, 54 %), respectively (Fig. 3). Our study found several
significant factors independently associated with the rate of MRONJ resolution: primary
cancer diagnosis (P = 0.012), concurrent steroid use (P = 0.003), and total number of doses
(P =0.013).
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The majority of our study cohort was female (n = 190; 63 %) and the most common primary
cancer diagnosis was breast cancer (n = 152, 51 %). Females and breast cancer patients

both had significantly lower rates of resolution in a univariable analysis. Given the high
correlation between gender and primary cancer diagnosis, only primary cancer diagnosis
was chosen to be entered into a multivariable model. Primary cancer diagnosis remains
significant in a multivariable analysis adjusting for concurrent corticosteroid use and total
number of doses.

It has been established that the duration of antiresorptive therapy is a risk factor for
developing MRONJ [1]. Henry et al. found that for cancer patients treated with zoledronic
acid or denosumab, there was a 0.5 % chance of developing MRONJ after 1 year, a 1.3 %
chance after 2 years and a 1.8 % chance after 3 years [25]. A systematic review by Ng et

al. found an increased incidence of MRONJ in patients taking zoledronic acid or denosumab
after treatment duration of 24 months compared to a duration of less than 24 months [26].

In this study, the median number of doses before MRONJ diagnosis was 18 (range, 1-112).
We found that increased number of doses was significantly associated with a lower rate of
MRONJ resolution. Our data show that for every increase in 6 doses, the rate of resolution
decreases by 8 % (HR = 0.92; 95 % CI (0.85, 0.99); P = 0.023).

Studies have investigated the association of primary medication with MRONJ resolution
[11,15]. In a large phase Il trial in patients with metastatic bone disease receiving
antiresorptive medications, the MRONJ resolution rate was found to be greater in the
denosumab group (21/52; 40.4 %) than the zoledronic acid group (11/37; 29.7 %) [15].
Another study showed that the time to resolution of MRONJ was significantly shorter

for patients who received denosumab than for those who received zoledronic acid (P =
0.024) [11]. While denosumab’s effects on bone remodeling are mostly diminished after 6
months of treatment cessation [27], the half-life of bisphosphonates is significantly longer
[28]. This likely plays a role in reduced capacity of the bone to heal with increased dose

of primary medication. The difference in the resolution rates could also be related to the
different mechanisms of action of these medications [3,4]. However, in our study, primary
medication was not found to be significantly associated with MRONJ resolution on a
univariate analysis (P = 0.4). The rate of MRONJ resolution in the first 2-3 years was
overlapping between patients on denosumab and zoledronic acid (Fig. 4C). We did see that
the 3-year and 5-year rate of resolution was highest among patients on denosumab only
(48 % and 52 %, respectively), although there was no clear benefit. Additionally, our study
did not examine the cessation or continuation of antiresorptive therapy after MRONJ onset,
and therefore continued treatment may have also impacted bone healing in such cases. This
is an important consideration when recommending dental treatment and approaches to the
management of MRONJ when it occurs.

Patients taking corticosteroids at the time of MRONJ diagnosis had significantly lower
rates of resolution at both 3 and 5 years following MRONJ diagnosis (p = 0.003). This
correlates with the literature that has shown an increased risk of the development of
MRONJ in patients treated with concurrent corticosteroids [15]. It has been theorized
that immunosuppressive effects of corticosteroids increase the risk of oral infection and
osteonecrosis of the jaw secondary to delayed wound healing and alteration of the oral
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microflora [29]. The addition of corticosteroids to an already immunocompromised cancer
patient can prolong healing.

The current literature has demonstrated that dentoalveloar procedures such as extractions
in patients on antiresorptive medications are a well-known risk factor associated with
development of MRONJ [30]. However, there was no significant association between
dentoalveloar procedures and resolution of MRONLJ. The literature estimates that the risk
of developing MRONJ after an extraction in cancer patients treated with bisphosphonates
is usually in the range of 1-5% [1,31]. The rate of resolution at 3-years and 5-years post
MRONJ onset was 38 % and 45 %, respectively for non-spontaneous cases. The rate of
resolution at 3-years and 5-years post MRONJ onset was 41 % and 48 %, respectively for
spontaneous cases. From these findings, we conclude that while dentoalveolar procedures
may precipitate the onset of MRONJ, once it develops it does not appear to play a role in
healing outcome.

The size of the exposed bone area at the initial diagnosis of MRONJ diagnosis was

of borderline significance in univariate analysis. A smaller size of bony exposure was
marginally associated with a higher rate of resolution (p = 0.051). Additionally, the stage
of MRONJ at onset did not show a statistically significant difference in rate of resolution
(Table 2). A larger cohort may shed light on the true impact of size and stage on MRONJ
resolution.

It is well established that MRONJ is more common in the mandible than maxilla (75 % vs
25 %) [15,32]. This was also reflected in our patient population in which 65 % of MRONJ
cases were localized to the mandible. Patients that had MRONJ localized to a single arch
tended to resolve more often than MRONJ cases involving both arches, but this association
was of borderline significance univariately. Only 7 % cases involved MRONJ in both the
maxilla and the mandible, but the rate of resolution was 14 % at 3 and 5 years, below

the overall resolution rate for single arch involvement. The presence of MRONJ in both
arches may be reflective of advanced primary disease or compromised immune function of
the patient. Additional studies and larger sample sizes would be important to confirm these
findings.

Several factors not included in this study that would be useful in future investigation
would be the association between MRONJ resolution and cessation or continuation of
antiresorptive doses after MRONJ diagnosis as well as treatment intervention comparing
conservative versus surgical approach. In our institution, the management of MRONJ

is largely limited to symptom management. This includes the use of antiseptic mouth
rinses, maintaining excellent oral hygiene and administration of antibiotics when indicated.
Furthermore, additional non-surgical interventions such as a regimen of pentoxifylline and
vitamin E are also gaining attention and have shown to have potential benefit in MRONJ
resolution [33,34]. Given the lack of a definitive treatment for MRONJ, additional studies
that examine the efficacy of newer and alternative therapies will enhance our understanding
of MRONJ resolution.
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Our data indicates that independent and statistically significant factors associated with
MRONJ resolution included the total number of antiresorptive doses prior to MRONJ
diagnosis, primary cancer diagnosis, and lack of concurrent corticosteroid use. This
information may be beneficial during patient counseling and education.
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Fig. 1.

Ag41-year-old female with history of multiple myeloma s/p autologous stem cell transplant
and received 26 doses of intravenous zoledronic acid between October 2012 and April 2015.
She underwent deep cleaning of her maxillary and mandibular left quadrants with her local
dentist in April 2015. Two weeks later, she reported to our Dental Service with pain while
eating. A: At the initial dental visit (V1): 5 mm x 8 mm exposed bone area on the palatal
aspect of tooth number #14 associated with mild bleeding on probing.

B: V1 + 6 months: Root and bone exposure measuring 15 mm in length and 20 mm in
mesiodistal width on the palatal surface of tooth number #14.

C: V1 + 12 months: Swelling involving the buccal gingiva between tooth number #12 and
#13 and between tooth number #14 and #15 with purulent drainage. The area of exposed
bone seen in the palatal area between #13, 14 and 15 remained unchanged.

D: V1 + 19 months: MRONJ site of the left maxilla noted spanning tooth number #13-#15.
The entire palatal root of #14 was fully exposed. There was Grade 3 mobility of tooth
number #13-#15.

E: V1 + 21 months: Grade Il mobile bony sequestrum measuring 22 mm after gentle
removal of tooth number #13-#15.

F: V1 + 21 months: Spontaneous exfoliation of the mobile bony sequestrum.

G: V1 + 23 months: Defect in the maxillary left region with near complete mucosal
coverage. Exposed non mobile bone area measuring 5 mm x 5 mm was noted at the distal
part of the defect.

H: V1 + 35 months: Complete soft tissue coverage with no bone exposure in the left
maxilla. The previous noted area of exposed bone distal to the defect had naturally
exfoliated prior to this visit.
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Fig. 2.
Panoramic radiograph. A: At the initial dental visit (V1): There were no obvious hard tissue

lesions or radiolucent lesions. Normal trabecular patterns are noted throughout the jaws.
B: V1 + 12 months: There was widening of periodontal ligament of teeth number #14 and
#15. There were no obvious radiolucent lesions.

C: V1 + 21 months from V1 following spontaneous exfoliation of the loose bony
sequestrum.

D: V1 + 35 months: Missing teeth number #13,14,15 and bone loss in the maxillary left
posterior teeth.

Oral Oncol Rep. Author manuscript; available in PMC 2024 July 02.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Ward et al.

1.0

Cumulative Incidence of MRONJ Resolution

0.0 1

At Risk

0.8 1

0.4 1

0.2 1

Page 12

Cumulative Incidence of MRONJ Resolution

3 year rate (95% Cl): 5 year rate (95% CI):
39% (33%, 46%) 47% (39%, 54%)
0 1 2 3 4 5 6 7
Years from MRONJ Diagnosis
300 143 77 47 29 18 12 10
Fig. 3.

Cumulative incidence curve of MRONJ resolution was 39 % (95 % CI 33 %, 46 %) at 3
years and 47 % (95 % CI 39 %, 54 %) at 5 years.
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Fig. 4.

Cl?mulative Incidence (CI) curve of MRONJ resolution. A: By primary cancer diagnosis.
The 3-year and 5-year rate of MRONJ resolution was lowest in patients with breast cancer
(34 % and 40 %, respectively).

B: By concurrent corticosteroid use. The 3-year and 5-year rate of MRONJ resolution

in patients without concurrent corticosteroid use was higher than those with concurrent
corticosteroid use (46 % and 55 %, respectively).

C: By antiresorptive medication. The rate of MRONJ resolution in the first 2-3 years were
overlapping between patients on denosumab and zoledronic acid.
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Table 1

Patient characteristics.

Characteristic Median; n (%)

Age 64 (IQR, 56-70)

Gender

Female 190 (63)

Male 110 (37)

Primary Cancer Diagnosis

Breast Cancer 152 (51)

Multiple Myeloma 72 (24)

Prostate Cancer 44 (15)

Others 32(11)

Antiresor ptive medication

Zoledronic acid only 130 (43)

Denosumab only 72 (24)

Pamidronate only 14 (4.7)

Combination 84 (28)

Total medication doses before MRONJ diagnosis
Unknown

Initial stage of MRONJ

Stage 0

Stage 1

Stage 2

Stage 3

Size of exposed bone at time of initial MRONJ diagnosis

No bone exposure
<lcm

1-2cm

>2.cm

Not recorded
MRONJ Location
Mandible

Maxilla

Both

Etiology
Non-spontaneous
Spontaneous
Concurrent corticosteroid use
No

Yes
Chemotherapy
Yes
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19 (IQR, 10-32)
31

13 (4.3)
138 (46)
139 (46)
10 (33)

13 (4)
153 (51)
50 (17)
42 (14)
42 (14)

194 (65)
85 (28)

21(7)

158 (53)
142 (47)

200 (67)
100 (33)

260 (87)
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Characteristic Median; n (%)
No 40 (13)
Diabetes
No 255 (85)
Yes 45 (15)
Alcohol
Yes 166 (55)
No 134 (45)
Smoking
Yes 125 (42)
No 175 (58)
Oral Hygiene
Optimal 106 (38)
Suboptimal 176 (62)
Unknown 18
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Table 2
Univariable analysis.

Characterigtic N EventN  yra 959 Cl12 p-value®
Gender

Female 190 56 - -

Male 110 49 159 1.09,231 0.014
Primary diagnosis 0.047

Breast cancer 152 42 - -

Multiple myeloma 72 33 1.90 1.20,3.01

Others 32 14 159 0.93,2.70

Prostate cancer 44 16 139 0.77,2.50
Medication

Denosumab only 72 24 - - 0.4

Pamidronate only 14 2 0.40 0.08,1.95

Zoledronic acid only 130 50 1.05 0.65,1.71

Combination 84 29 0.89 0.52,1.50
Initial Stage at diagnosis 0.8

0 13 6 - -

1 138 50 0.81 0.35,1.86

2 139 45 0.68 0.29,1.58

3 10 4 0.79 0.21,2.99
MRONJ location 0.061

Mandible 194 71 - -

Both 21 2 0.23  0.06,0.93

Maxilla 85 32 110 0.73,1.66
MRONJ size 0.051

<lcm 153 61 - -

1-2cm 50 14 0.75 0.42,1.34

>2.cm 42 10 0.46 0.25,0.85
Age (10-year increments) 300 105 095 080,112 05
Total doses (6-unit increments) 269 96 0.93 0.86,1.01 0.0711
Concurrent corticosteroid use

No 200 78 - -

Yes 100 27 055 0.350.86 0.004
Diabetes

No 255 85 - -

Yes 45 20 112 071,177 0.7
Tobacco

No 175 62 - -

Yes 125 43 094 064,138 0.9
Alcohol use

No 134 50 - -
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Characterigtic N Event N Hra 950 Cl2  p-value®
Yes 166 55 0.87 0.60,1.27 0.6
Oral hygiene
Optimal 106 41 - -
Suboptimal 176 57 0.78 052,117 0.3
Etiology
Nonspontaneous 158 54 - -
Spontaneous 142 51 1.11 076,163 05

aHR = Hazard Ratio, CI = Confidence Interval.

bGray’s Test.
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Table 3
Multivariable analysis.

Characterigtic N EventN  p{ra o950, cja p-Value
Primary Dx 0.012

Breast cancer 139 39 - -

Multiple Myeloma 63 30 227 138,374

Others 28 12 1.63 0.94,2.83

Prostate Cancer 39 15 157 0.87,281
Total Doses (6-unit increments) 269 96 092 0.850.99 0034
Concurrent corticosteroid use

No 176 70 - -

Yes 93 26 0.49 0.31,0.78 0.002

aHR = Hazard Ratio, CI = Confidence Interval.
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