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Summary
Background: Bisphosphonate-related osteonecrosis of
the jaw (BRONJ) is a severe complication of bisphosphonate therapy. Due to their long survival and subsequently high cumulative doses of bisphosphonates, multiple myeloma patients have the highest risk of developing BRONJ of all patients treated with bisphosphonates.
The purpose of the present study was to evaluate the incidence and risk factors for BRONJ in multiple myeloma
patients after high-dose chemotherapy and autologous
stem cell transplantation (ASCT). Patients and Methods:
We retrospectively analyzed the data of 120 multiple
myeloma patients after high-dose chemotherapy and
ASCT treated with bisphosphonates and assessed the
incidence and risk factors of BRONJ. Results: Of the 120
patients, 23 (19%) developed BRONJ. 6 patients suffered
several BRONJ events, resulting in a total incidence of
23%. The risk for BRONJ was significantly higher for patients with rheumatism and recent dental manipulations.
Furthermore, the number of previous bisphosphonate
rotations, the duration of bisphosphonate therapy, and
the type and cumulative dose of bisphosphonate used
were associated with the incidence of BRONJ. Conclusion: Our study is the first to determine the risk of BRONJ
in a homogeneous group of multiple myeloma patients
treated with high-dose chemotherapy and ASCT.

Zusammenfassung
Hintergrund: Bisphosphonat-assoziierte Kiefernekrosen
(BRONJ) sind eine schwere Nebenwirkung der Bisphosphonattherapie. Aufgrund ihres langen Überlebens mit
den daraus resultierenden hohen kumulativen Bisphosphonatdosen haben Myelompatienten im Vergleich mit
anderen Patienten unter Bisphosphonattherapie das
höchste Risiko für BRONJ. Ziel der Studie war es, Inzidenz und Risikofaktoren für BRONJ bei Myelompatienten zu untersuchen, die zuvor eine Hochdosischemo
therapie und autologe Stammzelltransplantation (ASCT)
erhalten hatten. Patienten und Methoden: Die Daten von
120 Myelompatienten unter Bisphosphonattherapie nach
Hochdosischemotherapie und ASCT wurden analysiert.
Ergebnisse: Von den 120 Patienten entwickelten 23 (19%)
BRONJ. 6 Patienten erlitten mehr als ein BRONJ-Ereignis, was eine Gesamtinzidenz von 23% ergab. Das
BRONJ-Risiko war für Patienten mit einer rheumatischen
Erkrankung oder einer kürzlich erfolgten Zahnmanipulation erhöht. Zudem waren die Zahl der BisphosphonatPräparatwechsel, die Therapiedauer, die Art und die kumulative Bisphosphonatdosis mit dem BRONJ-Risiko
assoziiert. Schlussfolgerung: Dies ist die erste Studie, die
das BRONJ-Risiko in einer homogenen Patientengruppe
mit multiplem Myelom nach Hochdosischemotherapie
und ASCT untersucht.
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Introduction
Osteolytic metastases are primarily caused by excessive bone
resorption through osteoclasts with concurrently impaired osteoblast function. This is due to a variety of cytokines produced by metastatic cancer cells that can influence both osteoclast and osteoblast function [1]. A remedy to alleviate the
effects of excessive bone resorption is treatment with bisphosphonates. Bisphosphonates are synthetic pyrophosphate analogs that generate cytotoxic effects on different cells, and in
particular on osteoclasts because they accumulate in this cell
type, interfere with various pathways and subsequently reduce osteoclast activity, adhesion and migration ability and
induce apoptosis and/or necrosis [2–5]. According to their
chemical structure, bisphosphonates are subdivided into
4 groups: bisphosphonates without nitrogen substitution (e.g.
etidronate, clodronate), aminobisphosphonates (e.g. pamidronate, alendronate), aminobisphosphonates with substitution
of the nitrogen atom (e.g. ibandronate), and bisphosphonates
with basic heterocycles containing nitrogen (e.g. zoledronic
acid). The introduction of the nitrogen position increased the
antiresorptive potency. The molecular mechanisms of action
vary between different bisphosphonates: Bisphosphonates
without nitrogen form a toxic ATP analog that inhibits the
mevalonate pathway. Nitrogen-containing bisphosphonates
inhibit multiple cellular pathways related to integrin signaling
and apoptosis and also the mevalonic acid metabolic pathway
and the prenylation of small GTPase signaling proteins [6].
Beside their beneficial effects on pain and reduction of
fractures [7], bisphosphonates may also display antimyeloma
and antitumor activity [8–11]. Event-free and overall survival
are both improved in patients treated with bisphosphonates,
which has particularly been shown for the nitrogen-containing
bisphosphonate zoledronic acid [12, 13]. Thus, bisphosphonates have become an important component of the supportive
care of patients with multiple myeloma or solid tumors with
bone metastases. Adverse effects are infrequent and are primarily constituted by acute-phase reactions, complications of
the upper aerodigestive tract such as esophageal ulceration,
hypocalcemia, and impaired renal function [14]. However,
first described in 2003, bisphosphonate-related osteonecrosis
of the jaw (BRONJ) has emerged as a severe complication of
bisphosphonate therapy [15–17]. BRONJ is defined by an
area of exposed bone in the mandible or maxilla over a period
exceeding 8 weeks, in patients with current or previous bis
phosphonate intake and without history of irradiation of the
jaw bone [18, 19]. The exposed bone may be asymptomatic
or associated with pain, infection, or further complications
such as nerve impairment or pathological fractures. BRONJ
predominantly affects patients receiving intravenous administrations of nitrogen-containing bisphosphonates due to malignant underlying diseases. The estimate of the cumulative incidence of BRONJ in these patients ranges from 0.8 to 20.5%
[20, 21], but the highest incidence was found in patients with
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breast cancer and multiple myeloma [15, 22–26]. In the
present study, we examined the incidence and risk factors of
BRONJ in 120 multiple myeloma patients after high-dose
chemotherapy and autologous stem cell transplantation
(ASCT).

Patients and Methods
Patients and Determination of BRONJ
We retrospectively analyzed the data of 120 patients with multiple
myeloma undergoing high-dose chemotherapy and ASCT from 2003
until 2008. The patients received melphalan at a dose between 140 and
200 mg/m2. Reinfusion of autologous peripheral blood stem cells was
performed 48 h after the end of chemotherapy. All patients received the
same supportive care. Red blood cell products and single-donor platelets
were substituted to maintain a hemoglobin level above 80 g/l and a
platelet count above 10,000/ml. All patients were assessed by a maxillo
facial surgeon or a dentist prior to high-dose chemotherapy. Pamidronate
at 30, 60 or 90 mg, zoledronic acid at 2, 3 or 4 mg, and ibandronate at 2, 4
or 6 mg were administered intravenously every 4 weeks, whereas clodronate at 800 or 1600 mg was applied orally daily. Time of exposure to bis
phosphonates was defined as the time in months from the initial to the
last recorded administration. Every patient who had undergone high-dose
chemotherapy and was treated with bisphosphonates in our center had an
oral examination at each monthly control visit. In case dental manipulations became necessary, bisphosphonates were discontinued for 1 month
until wound healing was confirmed. The diagnosis of BRONJ was made
according to its definition (exposed bone over a period of 8 weeks, no
history of irradiation of the jaw bones, and positive medical history for
bisphosphonate administration) [18, 19] and confirmed by an experienced
maxillofacial surgeon. The treatment was performed according to the
guidelines of the American Association of Oral and Maxillofacial Surgery
[18]. 6 patients suffered 2 independent BRONJ events at different sites
and times, partially under different bisphosphonate treatment regimens.
These cases were calculated as 2 BRONJ events each.
Statistical Analysis
The patient group with BRONJ events (n = 29) was compared to the patient group without BRONJ (n = 97). For statistical analyses, we used the
SPSS program, the Fisher-Yates test, and the Mann-Whitney U test;
p values < 0.05 were considered as statistically significant.

Results
Patient Characteristics
The baseline characteristics of 120 multiple myeloma patients
included in the analysis are listed in table 1. The mean followup time was 62.9 (± 38.8) months after the diagnosis of multiple myeloma, 46.3 (± 30.4) months after the first ASCT and
35.4 (± 27.1) months after the last ASCT. Of 120 patients,
23 (19%) developed BRONJ. 6 patients suffered 2 BRONJ
events at a different time and site, resulting in a total incidence of 29 events (23%). The mean time between the last
ASCT and BRONJ was 38.4 (± 27.6) months. The majority of
patients (62%) had osteonecrosis of the mandible. There were
no significant differences in patient gender, age at diagnosis of
multiple myeloma, body mass index, disease stage, and pres-
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Table 1. Baseline characteristics and type of tumor treatment of 120 patients with multiple myeloma after high-dose chemotherapy and autologous
stem cell transplantation

Current age, years
Age at diagnosis of multiple myeloma, years
Gender, n (F/M)
Body mass index
Presence of osteolyses at first diagnosis, 
n (yes/no/unknown)
Salmon and Durie stage at first diagnosis,
n (I/II/III/unknown)
Vitamin D substitution, n (yes/no)
Radiation therapy head/neck, n (yes/no)
Other radiation therapy, n (yes/no)
Dexamethasone therapy, n (yes/no)
Prednisone therapy, n (yes/no)
Melphalan dose, mg/m2
Lenalidomide therapy, n (yes/no)
Bendamustine therapy, n (yes/no)
Cyclophosphamide therapy, n (yes/no)
Thalidomide therapy, n (yes/no)
Bortezomib therapy, n (yes/no)

All events, n = 120

BRONJ events, n = 29

No-BRONJ events, n = 97

p Values

63.5 ± 7.1 (39–77)
58.3 ± 6.8 (37–72)
54/66
25.7 ± 4.0 (18.8–37.9)
75/43/2

65.9 ± 4.9 (58–73)
57.6 ± 6.2 (45–66)
15/14
25.5 ± 4.5 (20.1–35.4)
16/13/0

63.0 ± 7.4 (39–77)
58.6 ± 6.9 (37–72)
34/54
25.8 ± 3.8 (18.8–37.9)
61/34/2

0.04
0.50
0.53
0.52
0.39

13/25/75/7

6/3/14/6

9/22/64/1

0.27

35/91
14/112
55/71
115/5
38/82
338.3 ± 156.0 (140–1120)
31/89
22/98
67/53
48/72
70/50

6/23
5/24
15/14
27/2
9/20
393.9 ± 229.7 (140–1120)
13/16
7/22
11/18
9/20
13/16

29/68
9/88
40/57
94/3
31/66
321.1 ± 124.1 (70–680)
23/74
16/81
57/43
41/56
59/38

0.48
0.31
0.40
0.33
1.0
0.18
0.10
0.41
0.46
0.29
0.14

ence of osteolytic lesions at first diagnosis. However, patients
who developed BRONJ were significantly older at the time of
data collection, reflecting a longer disease course and consequently a longer exposure time to bisphosphonates. No significant differences were detected in the use of prednisone,
dexamethasone, bortezomib, thalidomide, cyclophosphamide,
bendamustine and lenalidomide, the melphalan dose or radiation therapy between patients with and without subsequent
BRONJ.
Patient-Related Risk Factors for BRONJ
The incidence of BRONJ was strongly associated with rheumatism: 31% of the patients with BRONJ suffered from rheumatic disease (rheumatoid arthritis or ankylosing spondylitis),
compared to only 4.1% of the no-BRONJ cases (p = 0.0001).
Recent dental manipulations (dental extractions, root canal
surgery, placement of dental implants) had occurred in 19 of
29 BRONJ events (65.5%), compared to 20 of the no-BRONJ
cases (20.6%). There was no association of anemia, osteo
porosis, diabetes mellitus, and renal failure with the development of BRONJ (fig. 1). M protein and beta-2-microglobulin
were similar in patients with and without BRONJ; however,
the plasma albumin concentration was higher in patients with
BRONJ events (4.7 ± 2.7 g/dl; range 3.4–16.5 g/dl) as compared to patients without BRONJ (3.6 ± 0.7 g/dl; range 2.0–
4.7 g/dl; p = 0.01, data not shown). Furthermore, the mean Creactive protein (CRP) value directly preceding the BRONJ
events was elevated to 1.6 ± 2.7 mg/dl (normal < 0.5 mg/dl).
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Fig. 1. Comorbidities
of patients with and
without BRONJ. 
The incidence of
BRONJ was associated with recent 
dental manipulations
and rheumatism.

Duration and Type of Bisphosphonate Therapy and Incidence
of BRONJ
The total duration of bisphosphonate treatment was significantly longer in patients who developed BRONJ (fig. 2A).
Patients with BRONJ had a median duration of bisphosphonate therapy of 55 months (mean 61.3 ± 43.0; range 12–202
months), whereas the median duration of bisphosphonate
treatment was 33.5 months (mean 42.3 ± 32.9; range 1–198
months) in patients without BRONJ (p = 0.014). The risk of
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Fig. 2. (A) Cumulative incidence of BRONJ
events in patients treated with bisphosphonates.
(B) Cumulative incidence of BRONJ events in
patients treated with zoledronate, pamidronate,
and ibandronate. (C) Mean cumulative dose of
zoledronate, pamidronate, and ibandronate in
patients with and without BRONJ. (D) Proportions of BRONJ and no-BRONJ events under
treatment with zoledronate, pamidronate, and
ibandronate. (E) Percentage of BRONJ events
occurring under treatment with ibandronate
alone (right) or under treatment with ibandronate after pretreatment with zoledronic acid
(left) or pamidronate (middle).

BRONJ was 27.6% for patients with treatment duration
above the median of 33.5 months and 12.5% for patients with
treatment duration below the median (p = 0.018, data not
shown). Figure 2B displays the BRONJ incidence according
to the type of bisphosphonate. The median exposure time was
19 months for zoledronic acid (mean 21.4 ± 15.2 months),
21 months for pamidronate (mean 26.3 ± 24.3 months),
21.5 months for ibandronate (mean 32.0 ± 32.7 months), and
4 months for clodronate (mean 8.8 ± 8.7 months). Under
treatment with zoledronate alone, 1 patient developed
BRONJ after an exposure time of only 12 months. In contrast,
no patient receiving pamidronate alone for less than 27
months developed BRONJ. 1 patient developed BRONJ after
6 months of pamidronate treatment; however, this patient had
previously been treated with zoledronate for 15 months,
resulting in a total exposure time of 21 months. The earliest
case of BRONJ under ibandronate occurred after an exposure time of 5 months, preceded by 21 months of pamidronate
treatment. The mean cumulative dose of zoledronate and pamidronate was significantly higher in the patient group that
developed BRONJ. Interestingly, the ibandronate dose was
non-significantly lower in the group with BRONJ (fig. 2C).
There was a trend for higher BRONJ risk for patients receiving zoledronic acid than for patients treated with pamidronate. The BRONJ risk was significantly elevated for patients
treated with zoledronic acid compared to patients treated
with ibandronate (fig. 2D). BRONJ occurred in 39.1% of patients currently receiving zoledronic acid (n = 28), in 22.6% of
patients receiving pamidronate (n = 31), in 14.8% of patients
treated with ibandronate (n = 54), and additionally in both
patients receiving zoledronic acid and pamidronate alternatively (n = 2) and in 1 patient receiving clodronate (n = 1).
The remaining patients without BRONJ had stopped the
bisphosphonate treatment before data collection. Notably, no
BRONJ event occurred under ibandronate alone. Patients
who developed BRONJ under current treatment with iban

dronate were in 75% (n = 6) of the events pretreated with
zoledronic acid and in 87.5% (n = 7) of the events pretreated
with pamidronate (fig. 2E).
Furthermore, the incidence of BRONJ was significantly
associated with the number of previous bisphosphonate rotations (p = 0.013; fig. 3). Whereas in only 6 of 29 BRONJ
events (20.7%) the bisphosphonate therapy had not been
changed prior to the development of BRONJ, in 8 BRONJ
cases (27.6%) the bisphosphonate therapy had been changed
once, in 7 cases (24.1%) twice, in 5 cases (17.2%) 3–5 times,
and 3 patients with BRONJ (10.3%) had undergone 10 or
more rotations of the bisphosphonate therapy. Of the patients
without BRONJ, 44.3% (43 no-BRONJ events) had had no
rotation of the treatment, 33.0% (32 cases) 1 rotation and
15.5% (15 cases) 2 rotations. Only 7 no-BRONJ cases (7.2%)
had undergone 3 or more bisphosphonate rotations.
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Discussion
The present study identifies multiple myeloma patients after
high-dose chemotherapy and ASCT as high-risk patients for
BRONJ. Previous studies demonstrated that BRONJ is especially frequent in multiple myeloma patients with a reported
incidence of 1.7–20.5% [21, 25, 26]. The reason for this is
probably the long treatment duration with high cumulative
bisphosphonate doses, since myeloma patients are often
affected by pathological bone fractures early in their disease
course but still have a long survival compared to other patients with bone metastases. The time period of bisphosphonate treatment and the cumulative dose have emerged as
valid risk factors for BRONJ [26–28]. The Mayo clinic consensus statement and the International Myeloma Working
Group (IMWG) guidelines recommend reduction of bisphosphonate use to 1 or 2 years in patients reaching a plateau
phase or complete response. For patients with active disease,
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therapy frequency can be decreased to every 3 months after
2 years [29, 30]. The high incidence of BRONJ events (23%)
in our study group of multiple myeloma patients after highdose chemotherapy and ASCT is possibly explained by a long
disease course and a long bisphosphonate exposure (33.5
months for patients without BRONJ and 55 months for patients with BRONJ). Furthermore, the patients in our study
group had all undergone aggressive high-dose chemotherapy
followed by neutropenia, and had mostly been treated with
multiple chemotherapy regimens during their disease course.
Chemotherapy generally has immunosuppressant and anti
vasculogenic properties, which might be even more intense
after high-dose chemotherapy. Effects of stem cell depletion
induced by high-dose chemotherapy on later wound healing
capacity and risk of BRONJ cannot be excluded, and aggressive or multiple chemotherapies may therefore facilitate adverse events such as BRONJ.
Other (but inconsistently described) BRONJ risk factors
are anthracyclines, melphalan, thalidomide, patient age, obesity, diabetes, smoking, alcohol use, renal insufficiency, erythropoietin, and glucocorticoids [24–26, 31, 32]. In the present
study, BRONJ was not related to obesity, diabetes mellitus,
anemia, renal failure, the previous chemotherapy regimen, or
the use of glucocorticoids. In contrast, dental extraction, mandibular tori, sharp mylohyoid ridges, and dental infections
such as endodontitis, periodontitis, caries, or abscessed teeth
are recognized risk factors [15, 21, 26, 33]. These conditions
theoretically result in local accumulation of bisphosphonates
due to increased potential binding sites during bone remodeling, but also in an acidic milieu in which nitrogen-containing
bisphosphonates are released into their soluble, active state
[34, 35]. Preventive measures like dental procedures proved
beneficial when conducted with enough time for healing before start of the bisphosphonate therapy [36]. However, although patients treated with high-dose chemotherapy and
ASCT in our center undergo dental status evaluation prior to
treatment, dental manipulation due to local dental infections
preceded BRONJ in two-thirds of cases, which is in line with
other studies [37].
Furthermore, patients treated with zoledronic acid or pamidronate developed BRONJ more frequently and earlier
compared to patients receiving ibandronate. Notably, no case
of BRONJ occurred under ibandronate alone. This cannot be
explained by the relative potency of the different bisphosphonates to inhibit bone remodeling alone (etidronate 1, clodronate 10, pamidronate 100, ibandronate 10,000, zoledronate
100,000) [6, 12, 38], but might also be due to the different pKa
values of the bisphosphonates, which influence their activity
in different pH milieus as well as their release properties from
the bone-bound into the soluble form [34]. Acidic milieus lead
to protonated activation of nitrogen-containing groups,
thereby increasing the activity of nitrogen-containing bisphosphonates. At the physiological pH of 7.4, zoledronic acid is
theoretically protonated to about 50%, whereas ibandronate
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Fig. 3. Comparison of
BRONJ and no-BRONJ
events in relation to the
number of previous bisphosphonate rotations.
Multiple rotations of the
bisphosphonate treatment regimen increased
the risk of BRONJ.

is not [39]. Inflammation generally decreases the pH level
and, interestingly, the incidence of BRONJ in our study group
was associated with an elevated CRP value and rheumatism, a
condition that is accompanied by chronic inflammation, especially in the vicinity of bones. This is in line with investigations
that BRONJ is often preceded by local inflammations [40, 41].
Therefore, the presence of rheumatism and especially chronic
inflammatory conditions of the jaw bone should be carefully
evaluated and treated prior to administration of bisphosphonates. Nevertheless, the antiresorptive effect itself seems to
play a major role since denosumab, a monoclonal antibody
whose efficacy in preventing skeletal-related events was demonstrated to be at least equal to zoledronate, has also shown a
similar BRONJ risk [42].
Despite a higher BRONJ incidence in patients receiving
zoledronic acid, it has to be taken into account that zoledronic
acid has been demonstrated to be superior to the non-nitrogen-containing clodronate not only in reducing skeletal-related events, but also in decreasing overall mortality [43, 44].
This observation is consistent with preclinical data indicating
that especially nitrogen-containing bisphosphonates might
have inherent anticancer activities independently of their
effect on bone [43, 45], which depend on inhibition of protein
phenylation, a mechanism not shared by non-nitrogen-
containing bisphosphonates [8, 44]. Pamidronate displayed a
non-significant trend towards a lower BRONJ frequency as
compared to zoledronic acid in the present study. However, it
has previously been demonstrated that zoledronic acid was
superior to pamidronate in preventing skeletal-related events
at least in certain subsets of patients [46]. Since ibandronate, a
nitrogen-containing bisphosphonate with high antiresorptive
properties, is not approved for treatment of myeloma patients, data relating to ibandronate use in myeloma patients is
sparse. However, a metaregression analysis has suggested a
borderline significant trend for overall survival based on the
bisphosphonate potency, although overall survival does not
seem to be different comparing zoledronic acid, pamidronate,
and ibandronate [13]. Since our study demonstrated a lower
BRONJ risk associated with ibandronate in myeloma patients, further investigations concerning the efficacy and
safety of ibandronate in myeloma patients are desirable.
Changing the regimen from zoledronic acid to another bis
phosphonate may be a theoretical option if dental procedures
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become necessary. However, in our study, patients undergoing several changes in the bisphosphonate regimen had an increased risk of BRONJ, and pretreatment with zoledronic
acid or pamidronate was associated with BRONJ even after a
switch to ibandronate. The higher BRONJ risk for patients
having undergone bisphosphonate rotations needs further investigation. Possible explanations range from inadvertencies
during changing of the regimen, such as possible overdosage
because time intervals may not have been met accurately, to
the different mechanisms of action of different bisphosphonate types, which may overlap due to their long binding to
bone, possibly further decreasing the bone remodeling
capacity [6]. Notably, in most cases, the cause for the change
of bisphosphonate treatment was trivial or not apparent.
However, our data demonstrates that unfounded rotations in
the bisphosphonate treatment regimen should be avoided.

In conclusion, this data demonstrates that myeloma patients having undergone ASCT are at high risk for BRONJ.
Treatment-related factors increasing this risk are the use of
zoledronic acid, a long duration of bisphosphonate therapy,
and rotations of the bisphosphonate regimen. Patient-related
factors are conditions accompanied by inflammation, such as
rheumatism or recent dental manipulation. Once identified,
certain risk factors for BRONJ, in particular changes in the
bisphosphonate regimen, can be easily avoided. For patients
at high risk for BRONJ, bisphosphonates should be used with
care and treatment frequency and duration should be
reconsidered.
Disclosure Statement
The authors declare no competing financial interests.
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