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Few studies have evaluated prognostic factors among patients with multiple myeloma (MM) since new
therapies have become available. Monthly zoledronic acid (ZOL) has been incorporated into many treatment
regimens to reduce skeletal-related events (SREs), but outcomes among patients receiving this bisphosph-
onate have not been well-defined. The aim of this retrospective study was to determine baseline and
on-treatment prognostic factors in these patients. Data were collected from the date of diagnosis on 300
consecutive MM patients treated with ZOL. Median duration of ZOL was 18 months (range 1–121 months).
The skeletal morbidity rate was 0.116 events per patient year. Five-year overall survival (OS) was 69%. Risk
factors for shortened OS included SREs, increased serum creatinine, and International Staging System
(ISS) Stage II or III. Thirty-four (11%) patients showed worsening renal function. In 28 of these patients, ZOL
was discontinued and restarted in half of these patients following a brief delay. Only 5 of the 34 patients
showed worsening of their renal function. Fourteen patients (4.7%) developed osteonecrosis of the jaw
(ONJ). All patients with ONJ are in remission or with stable disease except one patient who died of a myo-
cardial infarction while in remission. Only two patients showed some worsening of ONJ despite of ongoing
monthly ZOL. Overall, these results suggest that skeletal complications are an important prognostic factor
for MM. Although ONJ and renal deterioration may infrequently occur with ZOL, most patients do not expe-
rience worsening of these conditions with ongoing treatment with this bisphosphonate. Am. J. Hematol.
86:25–30, 2011. VVC 2010 Wiley-Liss, Inc.

Introduction
Many new active agents including the nitrogen-containing

bisphosphonate (N-BP) zoledronic acid (ZOL) have helped
to improve the outcome for multiple myeloma (MM)
patients. These agents have been combined together as
well as with chemotherapy and/or steroids and have greatly
improved their overall survival (OS) [1–3]. Few studies
have evaluated the factors that determine outcome during
the time these new treatment options including ZOL
became available. Prognostic factors for MM patients have
included: plasma cell labeling index (PCLI), b2 microglobu-
lin (b2M), C-reactive protein (CRP), albumin, creatinine, lac-
tate dehydrogenase (LDH), and white blood cell (WBC),
and platelet counts [4,5].
The International Staging System (ISS) has categorized

patients into Stages I, II or III [6]. Although the Durie-
Salmon staging and ISS have been validated [6,7], these
studies were done prior to the widespread use of new
agents. Recent studies suggest that outcomes may be
quite similar among patients with prognoses that might
have been predicted to be different based on these staging
systems and other factors that were previously shown to be
prognostic indicators before new agents became used [8].
MM patients frequently experience bone pain, hypercal-

cemia, and skeletal-related events (SREs) including patho-
logic fractures, spinal cord compression or collapse, radia-
tion therapy to bone or surgery related to skeletal problems
[9,10]. To reduce SREs, patients are treated with monthly
intravenously administered N-BPs [11–15]. In a placebo-
controlled clinical trial, MM patients with osteolytic lesions
treated with monthly intravenous pamidronate (PAM) in
addition to their anti-myeloma treatment [11] showed less
SREs. The more potent N-BP, ZOL, has also shown similar
efficacy [12] resulting in a decrease in SREs [13–15].
Additionally, these N-BPs have shown multiple antitumor

effects in the laboratory setting [16–20]. Recent clinical tri-

als show potential anti-tumor effect of these drugs. First, in
the placebo-controlled trial involving PAM, a preplanned
analysis showed that MM patients failing first line treatment
showed better OS with monthly PAM [11]. Second, MM
patients with elevated baseline bone alkaline phosphatase
who were randomized to receive ZOL showed an OS com-
pared with PAM-treated patients [21]. A better OS for a
group of patients with untreated MM who had ZOL added
to their regimen was observed compared with patients with-
out ZOL [22]. The Medical Research Council (MRC) My-
eloma IX randomized 1960 previously untreated MM
patients who received anti-myeloma therapy to either treat-
ment with daily oral clodronate or monthly ZOL [23]. ZOL-
treated patients showed a marked reduction in skeletal
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morbidity and a significant improvement in both progres-
sion-free and OS.
Complications associated with N-BP administration have

been reported in MM patients especially osteonecrosis of
the jaw (ONJ) and renal dysfunction [24–27]. Little is known
about the factors that contribute to their development or
determine their severity. ONJ has been reported among
patients with metastatic bone disease including MM receiv-
ing bisphosphonates [24–27]. Notably, studies evaluating
the percentage of patients developing this problem and the
risks of different N-BPs have yielded inconsistent results
[28]. Although some studies have suggested that the total
dose may be an important risk factor [29], this may reflect
a time rather than dose-dependent effect. ONJ risk has
also been associated with diabetes mellitus (DM), tobacco
and alcohol use, medications, hyper-viscosity syndrome,
and peripheral vascular disease as well as prior histories of
dental trauma, surgery or infection [30,31]. ONJ is becom-
ing less frequent possibly from increasing recognition of the
importance of dental hygiene and avoidance of dental
extractions [25–27].
MM patients are often treated with corticosteroids along

with other antiangiogenic agents such as thalidomide, lenali-
domide, arsenic trioxide, anthracyclines, and bortezomib
[32,33]. These drugs when combined with N-BPs may
enhance their anti-angiogenic effects which may compromise
vascularity and contribute to ONJ [32,33]. Although some
studies suggest a higher risk among thalidomide-treated
patients, not all studies have demonstrated this [34].
Intravenously administered bisphosphonates are elimi-

nated by the kidneys. When infused at higher doses or too
rapidly, these agents may worsen renal function [35–41].
Nine to 15% of patients showed worsening of renal function
with monthly administration of 4 mg of ZOL as an intrave-
nous infusion over 15 min [35–41] although in most cases,
this deterioration resulted either from disease progression,
other co-morbid conditions such as DM or hypertension, or
other nephrotoxic medications. Rarely, intravenously admin-
istered bisphosphonates produce clinically significant dele-
terious renal effects [39,40] that are both dose- and infu-
sion time-dependent although the latter is probably a more
important factor [35]. It has been recommended that the ini-
tial dose of ZOL should be adjusted based on the calcu-
lated Cockroft–Gault formula [42].
The purpose of this study was to identify factors that

determine OS and skeletal complications among MM
patients treated with ZOL and determine the risk factors,
course, and outcome for complications of this treatment
including ONJ and changes in renal function.

Methods
Study design. This was a retrospective review of medical charts in med-

ical oncology offices at 17 private practice sites located throughout the
United States. Three hundred consecutive patients with the diagnosis of MM
who had received �1 dose of ZOL at the site conducting the study were
included. Patients with another active cancer except nonmelanomatous skin
cancer were excluded. Data was collected from the time of MM diagnosis.

Data collection. The following data were collected: date of diagnosis
with MM based on the Durie-Salmon criteria [43], age, gender, race,
MM stage at diagnosis based on ISS, MM subtype, laboratory data at
diagnosis including M-protein level in the serum and/or urine, serum
b2M, CRP, serum albumin, serum creatinine, serum calcium, LDH,
WBC count, hemoglobin, and platelet count. The presence or absence
of skeletal lytic lesions was assessed radiographically at the time of
MM diagnosis. The date that ZOL therapy was initiated was determined
as was the date that the treatment was stopped. The development of
SREs following the start of ZOL therapy was determined as well. An
SRE was defined as the presence of a new pathological fracture, spinal
cord compression or collapse, or the requirement for radiation to bone
and/or surgery to bone. Any interruption to ZOL treatment was
recorded in addition to when therapy was restarted.

ONJ was confirmed by either a periodontist and/or oral surgeon
based on medical and dental history of bisphosphonate use with
exposed bone in the mandible, maxilla or both that persisted for at
least 8 weeks, in the absence of previous radiation and of metastases
in the jaws and was then verified radiologically. The course and treat-
ment(s) of ONJ were also determined. Renal dysfunction was defined
as an increase of �0.5 mg/dL for patients with normal baseline creati-
nine (0.5–1.2 mg/dL) and as an increase of �1.0 mg/dL for patients
with abnormal baseline creatinine (above 1.2 mg/dL). The course of re-
nal impairment (continued vs. return to baseline) and change in use of
ZOL or other treatments was determined.

The drugs administered for the treatment of the patient’s MM were
recorded. Also, DM, smoking and alcohol use were assessed. Time
from the diagnosis of MM to death or last follow-up was recorded.

Statistical methods. The objectives of the study were to analyze
factors that determine OS, the time to SRE, and the risk of and time to
complications related to bisphosphonate administration as well as the
consequences of complications in these ZOL-treated patients.

The main method of analysis for time-to-event endpoints was Cox
regression with time-dependent covariates and time-varying risk sets
[44]. Fixed covariates included assessment of disease and patient sta-
tus at diagnosis and at the time first seen at the site. Time-dependent
covariates include cumulative ZOL dose, and for assessing the conse-
quences of complications and the occurrence of the complication (to
address whether the complication increases or decreases the risk of
progression or death).

Three separate sets of analyses were planned. The first measured
time (and risk) from first dose of ZOL with the primary covariates being
survival status (and a minimum set of covariates at diagnosis such as
initial ISS stage and serum b2M). A second set of analyses measured
time and risk from diagnosis, but did not consider patients to be ‘‘at
risk’’ or in the risk sets for Cox regression until the time of first dose of
ZOL was administered at the study site. The third set of analyses
measured time from diagnosis and consider all patients to be ‘‘at risk’’
from diagnosis, as if the cohort was defined at diagnosis.

Results

Demographics
Three hundred patients were analyzed in this study with

a median age of 69 years (range, 31–88). There were 171
males (57%) and 129 females (43%) with 230 (77%) Cau-
casians, 34 (11%) African Americans, 21 (7%) Latinos/His-
panics, 10 (3%) Asian/Pacific Islanders, and 5 (2%) others
(Table I). ISS at diagnosis was 121 (40%) Stage I, 85
(28%) Stage II, 50 (17%) Stage III, and 44 (15%) unknown
(because no baseline b2M was determined). The hemoglo-
bin level was a median 11.4 g/dL (range 5.6–17.6), serum
calcium level was a median 9.30 mg/dL (range 7.50–15.40)
and serum creatinine was a median 1.10 mg/dL (range
0.40–36). At the time of MM diagnosis, 88 (29%) and 70

TABLE I. Patient Demographics

Baseline characteristics

Race N %

Asian/Pacific Islander 10 3
Black 34 11
Latino/Hispanic 21 7
Other 5 2
White 230 77
Gender
Female 129 43
Male 171 57

ISS stage
Unknown 44 15
I 121 40
II 85 28
III 50 17

Other
Lytic lesions 187 62
Prior pamidronate 80 27

Baseline laboratory values
Value Median Range
Hemoglobin (g/dL) 11.4 5.6–17.6
Calcium (mg/dL) 9.30 7.50–15.40
Creatinine (mg/dL) 1.10 0.40–36
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(23%) of patients had elevated serum creatinine and cal-
cium levels, respectively. (Table I)
Patients were diagnosed with MM between June 5, 1989

and April 8, 2008. The median follow-up was 33 (range, 1–
224) months in our study.
The median time from diagnosis to start of ZOL was 2

months and the median overall length of ZOL was 18
months (range 1–121 months). Two-hundred and twenty
patients (73%) received ZOL as their initial N-BP whereas
eighty patients (27%) initially were treated with PAM.

Skeletal-related events
Prior to starting any anti-MM or intravenous N-BP ther-

apy, it was found that 187 (62%) patients showed �1 lytic
lesion (Table I). Following ZOL, 125 SREs occurred in 81
patients (27%) with 52 of these events occurring in 44
patients (15%) within the first 24 months of ZOL therapy.
[Fig. 1] Since initiating ZOL treatment, among the 113
patients without lytic bone disease, 18 (16%) experienced
an SRE whereas 61 (33%) of 187 patients with lytic bone
disease had an SRE. Patients with lytic lesions at baseline
had a shorter time to first SRE (P < 0.001). [Fig. 2] DM,
smoking and alcohol use did not predict for SRE develop-
ment. Among the 220 patients treated with ZOL as their ini-
tial N-BP, only 26 patients (12%) experienced an SRE
within the first 24 months of this treatment. The SREs were
divided into three main categories including: (1) pathologi-
cal fractures including spinal cord compression/collapse, (2)
radiation treatment to bone, and (3) surgery to bone. Of the
125 SREs that occurred in these patients, there were 46
(37%) pathological fractures, 61 (49%) radiation events and
18 (14%) surgeries to bone. Skeletal morbidity rate (SMR)

was determined based on the number of SREs occurring
following the diagnosis of MM divided by the number of
years the patient had been followed. The overall SMR was
only 0.116 events per patient per year (Table II). Among
the patients with lytic bone disease prior to ZOL treatment,
the SMR was 0.159 and those patients without lytic bone
disease, it was 0.064.

Renal complications
Only 34 (11%) patients experienced new renal deteriora-

tion beginning a median of 17 months (range <1–84
months) after initiating ZOL. Among patients with an ele-
vated creatinine at baseline (n 5 88), 21 (24%) showed
deterioration whereas only 13 (6%) of 212 patients with
normal baseline renal function developed renal complica-
tions. Six (18%) of the 34 patients who developed renal
complications during ZOL therapy continued treatment and
all showed improvement or complete resolution of their re-
nal dysfunction. The other 28 (82%) patients had drug held
but 14 (50%) restarted this therapy following a brief delay.
In total, 19 patients showed improvement or resolution of
their renal issues, 10 remained stable and only 5 experi-
enced progressive impairment of their kidney function. Of
the 14 patients who restarted ZOL therapy, 12 improved or
recovered from their kidney impairment, one remained sta-
ble and one showed progressive disease.

Osteonecrosis of the jaw
Fourteen patients (4.7%) developed ONJ after a median

of 28 months (range 4–117) of ZOL. The 2-year incidence
was 3%. [Fig. 3] Of these patients, eight continued receiv-
ing ZOL, five had their ZOL therapy stopped (one was
stopped due to renal impairment) and a single patient’s
ZOL treatment was held briefly and then restarted. Patients
had a follow up of a median of 19 months from ONJ diag-
nosis (range 4–49 months) and the course showed some
worsening of this complication in only two patients including
a patient who had previously discontinued ZOL treatment,
remained stable in five patients, and improved or resolved
in half (n 5 7) of these patients. Of the seven patients with
improved or resolved ONJ, five maintained therapy while
two stopped treatment with ZOL. Among the five patients

Figure 1. Time to SRE from start of ZOL. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

Figure 2. Time to SRE with and without osteolytic lesions from start of
ZOL. [Color figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

TABLE II. Skeletal Morbidity Rate (SMR)

Group
No. of
SREs

No. of
years

SMR per
patient per year

SMR per year
per 100 patient

All 125 1072 0.116 11.6
ONJ 5 89 0.056 5.6
No ONJ 120 982 0.122 12.2

This was calculated as the number of SREs occurring after MM diagnosis, di-
vided by the number of years the patient had been followed. Patients experienced
up to five SREs.

Figure 3. Time to ONJ from start of ZOL. [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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with stable ONJ, two continued therapy, two discontinued
treatment and one stopped ZOL at first but then resumed
therapy shortly after. Among ONJ patients; 4 (29%) were
diabetic whereas among the 286 patients without the com-
plication only 16 (6%) had DM. Although this shows a trend
toward an increased risk of ONJ with DM, this was not sig-
nificant (P 5 0.269) possibly due to the small number
of cases. Those patients who received anthracyclines
showed a higher frequency of developing ONJ (P < 0.001)
(Table III). Notably, there was no difference in the duration
of ZOL treatment between patients who received an anthra-
cycline compared with those who did not. Thus, this higher
risk of ONJ related to anthracycline use is not simply reflec-
tive of a difference in duration of treatment with ZOL among
patients who did or did not receive these drugs.
Patients who developed ONJ were exposed to longer

treatment with ZOL (median of 47 months, range 6–1211
months) compared with patients without ONJ (median of 18
months, 1–106 months). ONJ patients had an SMR of less
than half (0.056) compared with patients without this com-
plication (0.122) (Table II). There was a trend toward a
delay in time to first SRE among patients with ONJ com-
pared with those without ONJ but this was not statistically
significant (P 5 0.26). [Fig. 4] Notably, 13 of 14 patients
with ONJ remain alive and currently are in remission or
with stable disease. Only one patient with ONJ died from a
massive myocardial infarction while in remission on thalido-
mide and glucocorticosteroids.

Overall survival
With a median follow-up of 33 months, the five-year OS

was 69% for all patients with a median OS of 131 months
(95% confidence interval (CI) 116–151 months). An analy-
sis of survival according to deaths from MM-related causes
showed a 5-year OS of 82% and a median OS of 151
months (95% CI 116–190 months). Of the 51 recorded
deaths, 45 (88%) were deemed MM-related, and only 18
(6%) of the MM-related deaths occurred within the first 2

years of diagnosis. Significant risk factors for decreased OS
included: development of an SRE (hazard ratio (HR) 5 2.92,
95% CI 5 1.64–5.22, P 5 <0.001), increased serum creati-
nine (HR 5 3.35, 95% CI 5 1.54–7.32, P 5 0.002), and a
strong trend for higher ISS Stages including patients with ISS
Stages II and III at diagnosis (HR 5 1.69, 95% CI 5 0.97–
2.94, P 5 0.064) (Table IV). However, the presence of osteo-
lytic lesions at baseline did not predict for OS (P 5 0.67).

Discussion
Similar to others studies [1–3], this retrospective review

of 300 consecutive MM patients treated with ZOL shows a
marked improvement in OS of MM patients with a 5-year
survival of 69% and median OS of 131 months. Improved
OS can be attributed to many factors including earlier diag-
nosis, availability of more effective treatments, careful eval-
uation of response and disease progression leading to
quicker administration of initial and subsequent therapies,
adequate prophylaxis and/or management of toxicities, and
improvements in supportive care.
The recent improvement in survival has allowed addi-

tional time for complications to occur related to both the
disease and treatments. Monthly intravenous administration
of N-BPs including ZOL, delays the onset and reduce skel-
etal complications [45]. These effects may improve quality
of life which may result in an increased OS, and our study
shows that SREs during the course of MM predicted for
shortened OS. This may reflect more advanced bone dis-
ease at baseline and a recently published retrospective
study in a separate patient population shows that SREs
prior to ZOL treatment in bisphosphonate-naı̈ve MM
patients predicts for shortened OS [46]. However, although
the occurrence of osteolytic bone disease at baseline pre-
dicted for more SREs, it did not predict for a shorter OS in
our study. SREs occurred in only one-fourth of patients
since starting ZOL treatment with 42% of the events occur-
ring within 2 years of diagnosis. Moreover, the overall SMR
was approximately only one event every 9 years from the
start of ZOL. Among patients specifically treated with ZOL
as their initial bisphosphonate, SREs only occurred in 12%
of these patients during the first 2 years of this therapy.
Compared with previously reported data [45,47] in which
MM patients were treated with approximately 2 years of N-
BPs, SRE incidence was markedly lower in our study. This
decrease might result from the previous studies required
lytic bone disease for eligibility with a potential higher risk
of SREs in those patients. However, among the 187
patients who showed lytic lesions in our study, SREs both
in terms of proportion (33%) of patients with an event dur-
ing a median follow up of nearly 3 years and number of
events per year (0.159) was markedly lower in our study
than in prior studies [11,47]. This decrease in skeletal

TABLE III. Myeloma Drugs Received

Drug ONJ (n 5 14) No ONJ (n 5 286) Total (n 5 300)

Corticosteroids 13 (93%) 234 (82%) 247 (82%)
Bortezomib 10 (71%) 165 (58%) 175 (58%)
Thalidomide 6 (43%) 169 (59%) 178 (59%)
Lenalidomide 5 (36%) 67 (23%) 72 (24%)
Alkylating agents 5 (36%) 77 (27%) 82 (27%)
Anthracyclinesa 12 (86%) 98 (34%) 110 (37%)

a
P 5 0.001 comparison of patients with ONJ to no ONJ.

Figure 4. Time to SRE with and without ONJ from start of ZOL. [Color figure
can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

TABLE IV. Predictors of Overall Survival from Time of MM

Diagnosis

Variable n/N (%) HR (95% CI) P-value

Gender 5 female 129/300 (43%) 0.90 (0.51–1.60) 0.725
Race 5 white 230/300 (77%) 0.69 (0.36–1.32) 0.258
ISS Stage 2 or 3 135/300 (45%) 1.69 (0.97–2.94) 0.064
ISS Stage 3 50/300 (17%) 1.89 (0.91–3.91) 0.088
Calcium > 10 mg/dL at diagnosis 68/294 (23%) 1.59 (0.84–3.03) 0.156
Creatinine � 2 mg/dL at diagnosis 28/295 (9%) 3.35 (1.54–7.32) 0.002
Diabetes 51/300 (17%) 1.17 (0.57–2.41) 0.677
History of smoking 122/299 (41%) 0.80 (0.46–1.42) 0.450
History of alcohol use 83/299 (28%) 0.66 (0.33–1.33) 0.244
Lytic lesion(s) 187/300 (62%) 1.05 (0.83–1.33) 0.670
ONJ (time-dependent) 0.54 (0.07–3.95) 0.542
SRE (time-dependent) 2.92 (1.64–5.22) <.001

HR, hazard ratio; 95% CI, 95% confidence interval; and P-value from Wald Chi-
square test in Cox regression.
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morbidity may reflect earlier recognition of bone-related
issues and/or the wider use of Vitamin D and calcium sup-
plementation. Newer drugs that are now frequently used to
treat MM have been recently shown in the laboratory to
also decrease bone resorption and enhance bone formation
[48,49] which may also contribute to this reduction in skele-
tal morbidity.
Renal impairment and ONJ have been reported with intra-

venously administered N-BPs. Approximately 10% of patients
had increases in creatinine that the treating physician
believed may have been related to ZOL treatment but 68%
of these patients continued on restarted therapy with this
drug without ongoing nephrotoxicity and only 1.7% of all 300
study patients had further deterioration which may have been
multifactorial. In fact, the recent MRC Myeloma IX trial shows
that the risk of renal failure is no different between patients
who received monthly ZOL compared with oral clodronate
which has not been associated with renal dysfunction [22].
The incidence of ONJ has been reported to range

between 0.05 and 6%. This broad range reflects the diag-
nostic criteria used, type of analysis performed, patient
selection biases, length of follow up, and completeness of
patient evaluation and data [50–53]. ONJ incidence was
4.7% in our study and occurred after a median of 37
months (range 10–125) of ZOL. Optimal dental hygiene
and avoidance of dental extractions and implants has also
resulted in a reduction in the occurrence of ONJ [54]. Our
study shows for the first time that patients with anthracy-
cline treatment appear to be at higher risk of developing
ONJ. Further studies will need to be done to confirm this
possible new risk factor.
ONJ patients in our study have been followed for a me-

dian of 69 months from MM diagnosis (range 23–147
months). The complication was mild to moderate in sever-
ity, and in most patients had minimal impact on quality of
life and improved or healed despite continuation of monthly
ZOL. This study shows that ONJ improves or stabilizes
even with ongoing ZOL treatment in most patients. Unlike
early reports of ONJ when most patients developed severe
cases with improper management, proper care with minimal
surgical intervention and conservative management has led
to a marked decrease in the severity of this complication in
our study and other reports [55].
Very little data exists on the outcome among patients

who develop ONJ. The OS among patients receiving ZOL
with ONJ was no different than among MM patients without
this complication in a Spanish study [56]. However, the me-
dian duration of ZOL among patients developing ONJ was
not reported although among all patients, treatment was for
only 9–24 months. Our study showed that patients who
developed ONJ showed a reduced SRE risk with a lower
overall skeletal morbidity compared with those without ONJ
(SMR 5 0.056 vs. 0.122) and a trend toward a delay in time
to first SRE. Moreover, ONJ patients showed only one death
which was from a massive myocardial infarction at which
time the patient was in remission. Notably, ONJ patients
were exposed to a longer duration of ZOL (median of 47
months, range 6–1211 months) compared with patients
without ONJ (median of 18 months, 1–106 months). With
increased exposure to ZOL, patients may have had the ben-
efit of reducing their risk of SREs and increased potential for
ZOL’s antitumor effect. Whether this longer duration of ZOL
treatment or patients with this complication show a different
course of MM regardless of the duration of ZOL therapy
cannot be ascertained from this study.
The results of this retrospective study suggest that skele-

tal complications are an important prognostic factor for MM.
Skeletal complications among patients treated with ZOL in
this study were much less common than in previous

reports. Although deterioration in renal function may occur
during treatment with ZOL, most patients showed improve-
ment or stabilization of their kidney function following ZOL
reinitiation. ONJ occurred in 4.7% of patients, and exposure
to anthracyclines increased the risk of this complication.
Most patients showed no worsening of ONJ over time and
patients with this complication showed a trend toward less
skeletal events and a prolonged OS which may be related
to a different course of disease in this subset of patients or
their longer exposure to ZOL. Larger studies will be neces-
sary to confirm the relationship of ONJ to these clinical out-
comes in MM patients.
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