
 

 

Introduction 
 
In patients with multiple myeloma (MM), clonal 
expansion of terminally differentiated plasma 
cells (B cells) in the bone marrow results in the 
excessive production of monoclonal protein, 
which leads to anemia, renal failure, and immu-
nodeficiency [1, 2]. The increased population of 
plasma cells also profoundly disrupts the ho-
meostasis within the bone marrow microenvi-
ronment. Interactions between myeloma cells 
and bone marrow stromal cells directly increase 
growth and survival of myeloma cells through 
the dysregulation of growth factors and cyto-
kines [3-6] and accelerate the destruction of the 
bone. Thus, 70% to 95% of MM patients de-
velop osteolytic bone lesions, which are often 
associated with bone pain and skeletal-related 

events (SREs) that include spinal cord compres-
sion, pathologic fractures, or the need for sur-
gery or radiation to the bone [7]. 
 
The bisphosphonates (BPs) pamidronate, zole-
dronic acid (ZA), and clodronate (approved in 
the European Union but not in the United 
States) are employed for the treatment of pa-
tients with osteolytic lesions from MM for the 
prevention of SREs. In-vitro evidence suggests 
that, in addition to inhibiting malignant osteoly-
sis by their effects on osteoclasts, BPs may 
have antimyeloma activity [8-13]. Bisphospho-
nates also may synergize with anticancer agents 
used in the treatment of myeloma, including 
dexamethasone, thalidomide, and bortezomib 
[10, 12, 14]. Retrospective analyses of data 
from early clinical trials evaluating the efficacy 
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of BPs to prevent SREs in patients with MM 
have suggested that BPs may also provide anti-
myeloma benefits in specific high-risk patient 
subsets [15-18]. More recently, the results of 
the Medical Research Council (MRC) Myeloma 
IX trial in patients with newly diagnosed MM 
show that patients receiving ZA concurrently 
with antimyeloma treatment derived a survival 
advantage compared with patients receiving 
clodronate [19]. In the overall study population, 
ZA significantly prolonged median overall sur-
vival by 5.5 months (50 months, versus 44.5 
months for clodronate; hazard ratio=0.87, 
p=0.04). Moreover, in an exploratory analysis 
adjusted for SREs, the effect of ZA on overall 
survival remained significant (hazard ra-
tio=0.850, p=0.018), showing that the survival 
benefit is independent of the effect on SREs. 
However, patients in the MRC Myeloma IX trial 
were not treated with antimyeloma therapies 
based on newer agents such as bortezomib and 
lenalidomide in their primary or maintenance 
treatment phases. 
 
This retrospective study evaluated the safety 
and efficacy of combining ZA with first- and/or 
second-line antimyeloma therapy, which in-
cluded both bortezomib and immunomodulatory 
agents (IMIDs) such as lenalidomide. 
 
Materials and methods 
 
Patients 
 
The records of patients who had received treat-
ment at the Department of Biomedical Science 
and Human Oncology of the University of Bari 
Medical School for MM (Durie-Salmon stage 3A 
or 3B) were analyzed. All patients had clinical 
records from before initial therapy to a follow-up 
of at least 2 years. Bone lesions were evaluated 
by skeletal survey and spinal magnetic reso-
nance imaging (MRI) according to the 2009 
International Myeloma Working Group consen-
sus statement [20]. 
 
Study design 
 
The analysis presented herein was based on 
retrospective chart review. Evaluation of MM 
disease and response to treatment were as-
sessed by standard criteria [21]. Patient treat-
ment followed the standard practice at the par-
ticipating institution. After initial treatment, pa-
tients received maintenance therapy with borte-

zomib or IMIDs with or without ZA. At relapse, 
patients were given second-line antimyeloma 
treatment with or without ZA, as deemed appro-
priate by the treating physicians. Zoledronic acid 
was administered as a monthly intravenous 
infusion at a dose adjusted for renal function, 
per the prescribing guidelines [22].  
 
The primary endpoint was progression-free sur-
vival (PFS), defined as the time interval between 
initiating antimyeloma therapy and disease pro-
gression. Moreover, the effect of the combina-
tion of ZA with antimyeloma therapy was evalu-
ated in subsets of patients based on the time 
that ZA was added to the treatment program: at 
diagnosis, at relapse, or throughout antimye-
loma therapy. Secondary endpoints included 
safety and the 2-year SRE rate. Data were col-
lated from chart reviews of treatment received, 
disease assessments, physical examination 
notes, adverse event (AE) reports, vital signs, 
and standard laboratory evaluations. 
 
Statistical analysis 
 
Progression-free survival was summarized using 
the Kaplan-Meier estimation. Descriptive statis-
tics were used for reporting patient characteris-
tics and the incidence of AEs. 
 
Results 
 
Patients 
 
The records of 94 patients treated between 
2001 and 2010 were included in this retrospec-
tive, single-institution study. Data were reviewed 
for patient demographics, baseline disease 
characteristics, and treatments received during 
the period of observation (Table 1). Approxi-
mately 50% of patients had International Stag-
ing System stage 1 disease and ~80% of pa-
tients had bone lesions at study entry. 
 
Treatment 
 
The majority of patients (81%) received ZA ther-
apy concurrently with first-line treatment, and 
almost all patients (97%) received ZA at some 
time during the study. The proportions of pa-
tients receiving IMIDs versus bortezomib-based 
therapies at initial diagnosis were similar. How-
ever, a greater proportion of patients received 
IMIDs at relapse compared with bortezomib 
(71% vs 29%). 
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The mean duration of exposure to ZA for pa-
tients who received it concurrently with first-line 
antimyeloma therapy was 19 months versus 15 
months for patients who received ZA concur-
rently with second-line treatment. The mean 
duration of first-line antimyeloma treatment was 
9.2 months in patients who received ZA and 9.4 
months in patients who did not receive ZA. The 
mean duration of second-line antimyeloma 
treatment was 8.1 months in patients who re-
ceived ZA and 7.6 months in patients who did 
not receive ZA. 
 
A subset of patients (n=48) included in this 

study received ZA throughout (ie, at diagnosis 
and at relapse) for a mean of 34 months (range, 
18 to 52 months). It should be noted that this 
group included 32 patients who received main-
tenance ZA once every 3 months after the stan-
dard monthly dosing during the first 24 months 
of treatment.  
 
Progression-free survival 
 
In the analysis of 1-year PFS based exclusively 
on ZA treatment received, the benefit was great-
est among patients who received ZA throughout 
the treatment period (p = NS; log-rank test for 

Table 1. Patient demographics, disease characteristics, and treatments received during observation 
period 

ZA at diagnosis (n = 76) No ZA at diagnosis (n = 18) 
ZA at relapse 

(n = 48) 
No ZA at re-

lapse 
(n = 28) 

ZA at relapse 
(n = 15) 

No ZA at re-
lapse 

(n = 3) 
Median age, years (range) 62 (37-84) 66 (41-86) 61 (40-88) 62 (68-90) 
Male sex, n (%) 26 (54) 14 (50) 8 (53) 2 (66) 
ISS stage 

1 
2 
3 

  
24 (50) 
14 (29) 
10 (21) 

  
13 (46) 
7 (25) 
8 (29) 

  
8 (53) 
5 (33) 
2 (13) 

  
2 (67) 
1 (33) 

0 
Durie-Salmon stage 3, n (%) 48 (100) 28 (100) 15 (100) 3 (100) 

Renal impairment at relapse, n (%) 11 (23) 5 (17) 3 (20) 0 (0) 
Prior ASCT 16 9 11 3 
Paraprotein type, n (%) 

IgG 
IgA 
k 
λ 

  
28 (58) 
11 (23) 
5 (10) 
4 (8) 

  
19 (68) 
5 (18) 
1 (4) 

3 (11) 

  
8 (53) 
5 (33) 
2 (13) 

0 

  
3 (100) 

0 
0 
0 

Bone metastases at diagnosis 
Yes/No 

  
43/51 

  
19/92 

  
12/33 

  
0/34 

Median time to first relapse, months 
(range) 

56.3 (9.5-
74.2) 

52.4 (11.2-
68.3) 

59.1 (10.8-
71.6) 

48.2 (18.2-
84.5) 

Median time to second relapse, months 
(range) 

23.6 (2.7-
34.3) 

14.3 (2.8-29.9) 19.6 (2.7-34.3) 9.6 (4.1-12.7) 

Duration of ZA therapy at diagnosis, 
months (range) 

28 (8-56) 32 (12-60) 0 0 

Duration of ZA therapy at relapse, 
months (range) 

16 (8-26) 0 21 (12-72) 0 

Therapy at diagnosis, n (%) 
Bortezomib 
Lenalidomide 
Thalidomide 

  
24 (50) 
6 (13) 

18 (38) 

  
17 (61) 

2 (7) 
9 (32) 

  
4 (27) 
4 (27) 
7 (47) 

  
1 (33) 
2 (67) 

0 
Therapy at relapse, n (%) 

Bortezomib 
Lenalidomide 
Thalidomide 

  
9 (19) 

28 (58) 
11 (23) 

  
9 (32) 

15 (53) 
4 (14) 

  
9 (60) 
6 (40) 

0 

  
0 

2 (67) 
1 (33) 

ISS = International Staging System; ASCT = autologous stem cell transplant; Ig = immunoglobulin. 1All 5 patients without bone 
metastases presented with osteopenia at diagnosis. 2All 9 patients without bone metastases presented with osteopenia at diagno-
sis. 38 patients presented with osteopenia at diagnosis. 42 of 3 patients presented with osteopenia at diagnosis. 
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trend < 0.05) (Table 2; Figure 1). The 
1-year PFS rate was higher for trend in 
patients who received ZA at diagnosis 
compared with patients who did not 
(Figure 1B). Only 3 patients never re-
ceived ZA (they did not have bone 
lesions at diagnosis): the first 2 pa-
tients were progression-free for 5 and 
8.8 months, and the third patient was 
progression-free after 13 months’ 
follow-up. 
 
The benefit of ZA was most apparent 
and significant (p<0.05) in patients 
receiving bortezomib at relapse 
(Figure 2A). A similar effect was ob-
served in patients treated with borte-
zomib plus ZA at diagnosis (Figure 
2B). 
 
Concurrent treatment with ZA im-
proved PFS in patients who received 
IMIDs at diagnosis compared with 
patients who received IMIDs alone. In 
contrast, ZA did not increase PFS after 
second-line therapy in patients who 
received IMIDs. 
 
Skeletal-related event rates 
 
The 2-year SRE rates among patient 

Table 2. Progression-free survival rate at 1 year in patient subsets grouped by ZA treatment status and/
or antimyeloma therapy 

  N PFS at 1 year, n (%) Discontinuation, n (%) p value 
All patients 94     NS 
ZA at relapse 63 42 (67) 12 (19) 

No ZA at relapse 31 17 (55)   
ZA at diagnosis 76     NS 

ZA at relapse 48 34 (71) 10 (21) 
No ZA at relapse 28 16 (58)   

No ZA at diagnosis 18     NS 
ZA at relapse 15 8 (54) 2 (14) 

No ZA at relapse 3 1 (44)   
Bortezomib at relapse 27     <0.05 

ZA at relapse 18 15 (82) 3 (17) 
No ZA at relapse 9 5 (55)   

IMIDs at relapse 67     NS 
ZA at relapse 45 27 (60) 9 (20) 

No ZA at relapse 22 12 (55)   
NS = not significant. 

 

Figure 1. (A) Kaplan-Meier estimate of PFS in patients who received 
ZA throughout antimyeloma treatment, at diagnosis only, at relapse 
only, or never received ZA (p = NS; log-rank test for trend < 0.05). 
(B) Kaplan-Meier estimate of PFS in patients who received ZA at 
diagnosis compared with patients who did not (p = NS; hazard ratio 
= 0.5801). NS = not significant; PFS = progression-free survival; ZA 
= zoledronic acid. 
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subsets grouped exclusively by ZA treatment 
received were significantly lower among pa-
tients who received ZA at any time during their 
treatment (Table 3). The most common SREs 
were new bone lesions detected at skeletal sur-
vey and/or new spine fractures at MRI. 
Safety 
 
The most commonly reported AEs included pe-
ripheral neuropathy, thrombocytopenia, neutro-
penia, constipation, and nausea. All of these 
events were attributed to antimyeloma therapy. 
All observed AEs attributable to ZA treatment 
(Table 4) were grade 1/2. No grade 3/4 AEs 
related to ZA treatment have been observed. All 
patients treated with ZA received calcium and 
vitamin D support.  
 
All patients had a dental visit, mouth examina-
tion, and any dental care deemed appropriate 
before initiating BP therapy. Three cases of os-

teonecrosis of the jaw (ONJ) were 
recorded among patients treated 
with ZA at diagnosis. These patients 
received thalidomide (2 patients) 
and bortezomib (1 patient) as anti-
myeloma therapy. They were not ad-
ministered ZA at relapse. No case of 
ONJ or acute renal insufficiency re-
lated to ZA was recorded in patients 
receiving ZA at relapse. 
 
Discussion 
 
The data from the MRC Myeloma IX 
trial support the safety and antimye-
loma benefit of ZA in patients with 
newly diagnosed MM across treat-
ment pathways (ie, intensive and non
-intensive) in conjunction with the 
then-prevailing standard antimye-
loma regimens [19]. However, at the 
time that the MRC Myeloma IX trial 
was conducted, antimyeloma regi-
mens based on bortezomib and 
newer-generation IMIDs were still in 
clinical development. Thus, as noted 
earlier, data on the safety and effi-
cacy of combining ZA with these 
newer agents are needed. The cur-
rent retrospective analysis suggests 
that ZA therapy may be safely com-
bined with these new agents in pa-
tients with newly diagnosed MM and 
at relapse. 

 
Patients who received ZA therapy first-line or 
throughout treatment had longer disease-free 
intervals compared with patients who received 
ZA therapy later or not at all, consistent with the 
early benefits reported in the MRC Myeloma IX 
trial, and the reported antimyeloma effects of 
ZA with bortezomib [12]. Overall, adding ZA to 
either first- or second-line treatment numerically 
improved the 1-year PFS rate regardless of the 
type of antimyeloma therapy received at re-
lapse. Moreover, patients who received ZA 
throughout the study period had a better 1-year 
PFS rate (71%) compared with patients who 
received ZA only at diagnosis or at relapse (58% 
and 54%, respectively). In addition, patients 
receiving ZA plus bortezomib had fewer SREs 
than any other treatment group, which is not 
surprising given previous clinical evidence of 
increased bone mineral density in a subset of 
patients with relapsed MM who received the 

Figure 2. (A) Kaplan-Meier estimate of PFS in patients who re-
ceived bortezomib at relapse with or without ZA (p = NS; hazard 
ratio = 0.2517). (B) Kaplan-Meier estimate of PFS in patients who 
received bortezomib at diagnosis with or without ZA (p = NS; haz-
ard ratio = 0.1436). NS = not significant; PFS = progression-free 
survival; ZA = zoledronic acid. 
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combination of bortezomib, dexamethasone, 
and ZA [23]. These effects are consistent with 
preclinical data showing that bortezomib pro-
motes bone formation in myelomatous and non-
myelomatous bone tissue by simultaneously 
inhibiting osteoclastogenesis and stimulating 
osteoblastogenesis, thus having an overall ana-
bolic effect on bone [24]. Further, translational 
data show that bortezomib and ZA have distinct 
and synergistic inhibitory effects on cell prolif-
eration, adhesion, migration, and expression of 
angiogenic cytokines (ie, VEGF, bFGF, HGF, and 
PDGF), suggesting that combined therapy may 
improve MM-related outcomes [12]. Taken to-

gether, these data suggest that ZA may delay 
disease progression and improve skeletal 
health in patients with symptomatic MM in clini-
cal practice and in the context of the newer anti-
myeloma regimens (eg, those including borte-
zomib and/or lenalidomide). These data are 
consistent with the survival advantage associ-
ated with ZA versus clodronate demonstrated in 
the MRC Myeloma IX trial [19] and with the ear-
lier data from the phase 3 head-to-head com-
parison of denosumab versus ZA, wherein it was 
shown that patients treated with ZA had longer 
overall survival compared with patients who 
were treated with denosumab (a monoclonal 

Table 3. Incidence of skeletal-related events at 2 years in patient subsets grouped by ZA treatment 
status and/or antimyeloma therapy 
  N SRE at 2 years, n (%) p value 
All patients 94     

ZA at relapse 63 35 (56) <0.05 
No ZA at relapse 31 23 (74) 

ZA at diagnosis 76     
ZA at relapse 48 27 (57) <0.05 
No ZA at relapse 28 21 (75) 

No ZA at diagnosis 18     
ZA at relapse 15 8 (53) NS 
No ZA at relapse 3 2 (66) 

Bortezomib at relapse 27     
ZA at relapse 18 8 (46) <0.05 
No ZA at relapse 9 6 (66) 

IMIDs at relapse 67     
ZA at relapse 45 27 (60) NS 
No ZA at relapse 22 17 (76) 

NS = not significant. 

 

Table 4. Adverse events (all grades) occurring in more than 5% of patients (safety population) receiving 
ZA 
Patients (n = 91a) 
Adverse event, n (%)   
Any 54 (59) 
Fatigue 13 (14) 
Bone pain 10 (11) 
Asthenia 8 (9) 
Pyrexia 7 (8) 
Hot flush 6 (7) 
Influenza-like illness 6 (7) 
aThree patients never received ZA and are excluded from this table. 
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antibody that neutralizes RANKL) [25].  
 
During the course of the current study, 3 cases 
of ONJ were reported. This event rate (~3%) is 
not unexpected, as this patient population ap-
pears to be more susceptible to ONJ compared 
with patients receiving complex anticancer 
treatments for other solid tumors [26]. How-
ever, the assessment of the true incidence of 
ONJ in retrospective analyses is limited by the 
confounding effects of the use of different diag-
nostic criteria and the availability of records for 
review. It should be noted that the implementa-
tion of recommendations for prevention of ONJ 
[27] has resulted in a reduction of the incidence 
of ONJ [28], which is supported by recent pro-
spective trials [19, 25]. Further, the use of novel 
(non-BP) antiresorptives in patients with cancer 
is also associated with a risk for ONJ. Indeed, in 
a recent phase 3 randomized study that com-
pared the efficacy and safety of denosumab 
versus those of ZA, the incidence of ONJ in pa-
tients with skeletal involvement from advanced 
cancer, including MM, was similar in the ZA 
(1.3%) and denosumab (1.1%) arms (p=1.00) 
[25].  
 
In addition, there were no reports of acute renal 
failure, despite the fact that approximately 20% 
of patients had renal impairment at diagnosis. 
This is of particular relevance in patients with 
MM who receive ZA because renal (glomerular) 
filtration must clear their serum of both ZA and 
the excessive immunoglobulins; these could, in 
combination, increase the risk of renal dysfunc-
tion. 
 
Based on the data from the MRC Myeloma IX 
trial, recent guidelines of the National Compre-
hensive Cancer Network have been amended to 
recommend ZA in all patients with MM [29]. 
Similarly, the 2011 update to the United King-
dom MM treatment guidelines and a Canadian 
perspective paper recommend BP therapy for all 
patients with MM (with or without bone lesions) 
[30, 31]. Taken together with the clinical prac-
tice data reported herein, it is reasonable to 
suggest that ZA may be safely combined with a 
diverse array of antimyeloma agents and regi-
mens. Moreover, rates of ONJ occurrence were 
low, and events were generally low grade. 
 
Patients without bone lesions at diagnosis re-
ceived ZA as treatment for reduced bone min-
eral density. The mean time to development of 

a first bone lesion in these patients was 19 
months (range, 8 to 56 months). Because of the 
small number of patients without bone lesions 
at diagnosis in the current study, the benefit of 
ZA in this population needs further evaluation. 
 
As with all retrospective studies, this analysis 
had several limitations. First, there is a lack of 
controlled comparisons as seen in randomized 
trials. Second, there were imbalances in the 
proportion of patients receiving specific anti-
myeloma treatments, which are known to differ 
in efficacy. Moreover, the effects of primary anti-
myeloma treatments on bone and PFS cannot 
be evaluated in these analyses. Third, there 
may have been imbalances in disease charac-
teristics and skeletal involvement among pa-
tient subgroups during the course of treatment, 
which may be further confounded by differences 
in imaging assessments of skeletal disease and 
interpretation of data. Finally, treatment initia-
tion/continuation decisions could be based by 
clinical practice preferences of individual physi-
cians. 
 
Nevertheless, the overall analysis suggests that 
early initiation of ZA treatment delayed disease 
progression in patients with MM in clinical prac-
tice, and that ZA was well tolerated with a broad 
array of antimyeloma agents and regimens. In 
addition, the study suggests that ZA and borte-
zomib may act synergistically to improve skele-
tal- and cancer-related outcomes. Future pro-
spective studies will provide further insight on 
the effects of combining ZA with bortezomib and 
newer-generation IMIDs. 
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