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                        ORIGINAL ARTICLE    

 Dosing related effects of zoledronic acid on bone markers 
and creatinine clearance in patients with multiple myeloma 
and metastatic breast cancer      

    KENT     S Ø E  1  ,       JEAN-MARIE     DELAISS É   1  ,       ERIK H.     JAKOBSEN  2  ,       CHARLOTTE T.     HANSEN  3   
  &         TORBEN     PLESNER  4    

  1 Clinical Cell Biology, Vejle Hospital/Lillebaelt Hospital, Institute of Regional Health Research, 
University of Southern Denmark, Vejle, Denmark,  2 Department of Oncology, Vejle Hospital/Lillebaelt Hospital, 
Vejle, Denmark,  3 Department of Hematology, Odense University Hospital, Odense, Denmark, and 
 4  Section of Hematology, Medical Department, Vejle Hospital/Lillebaelt Hospital, Vejle, Denmark                             

  Abstract 
 Zoledronic acid (Zol) is frequently used for the treatment of bone disease in patients with multiple myeloma and breast 
cancer with metastasis to bone. Therefore, there is also an interest in fi nding the optimal dosing regimen to optimize 
effects, minimize side effects and reduce costs. In our phase II clinical trial we investigated the effect of Zol treatment on 
the serum levels of the bone markers collagen type 1 cross-linked C-telopeptide (CTX) and bone specifi c alkaline phos-
phatase (bALP) as well as on creatinine clearance (kidney function) in response to dosing and duration of treatment for 
each individual patient.  Methods . We enrolled 30 multiple myeloma (MM) and 30 breast cancer (BC) patients whereof 
10 of each had never received bisphosphonate and 20 had received at least six prior Zol treatments.  Results . We found 
that Zol treatment strongly reduced CTX (Spearman ’ s correlation, r s     �    �0.59, p    �    0.0007) and bALP (Spearman ’ s 
correlation, r s     �    �0.51, p    �    0.0042) in MM patients while only CTX (Spearman ’ s correlation, r s     �    �0.42, p    �    0.024) 
was signifi cantly affected in BC patients. Multiple linear regression analyses done on the entire cohort showed that the 
average time between each dose of Zol had the strongest impact on CTX (p    �    0.001) and bALP (p    �    0.011) levels while 
the total accumulated number of Zol infusions had a less pronounced effect on CTX levels (p    �    0.015). In contrast, 
multiple linear regression analysis showed that the total number of Zol infusions had a strong negative impact on kidney 
function (p    �    0.014) while the average time between each dose of Zol had no signifi cant impact.  Conclusion . Thus, if MM 
and BC patients are not treated regularly every month with Zol bone turnover is not fully suppressed, while prolonged 
treatment with zoledronic acid compromises kidney function. We believe that these data signifi cantly contribute to the 
knowledge needed to fi nd the optimal Zol treatment schedule.   

  Zoledronic acid (Zol) is a potent bisphosphonate 
which has been used for about a decade to treat bone 
disease in patients with multiple myeloma (MM) and 
breast cancer patients with metastasis to bone (BC). 
Recently, Zol has received additional attention since 
it was suggested that Zol has a direct infl uence on 
survival of MM patients [1,2] and possibly BC 
patients, the latter especially in postmenopausal 
women [1,3]. At the same time there is also a large 
interest in fi nding the optimal dosing regimen in 
order to optimize effects, minimize side effects and 

reduce costs [4 – 8]. These considerations have become 
even more important since the mortality rate of these 
patient groups has improved over the recent years 
[9 – 11] and it is therefore even more urgent to look 
at the quality of life of these patients. In this aspect, 
bone disease strongly infl uences quality of life and it 
is therefore very important to treat bone disease opti-
mally to relief pain, prevent fractures but also opti-
mally to leave the possibility that bone lesions may 
heal again once the cancer disease has been brought 
under control. Thus, it is on one hand important to 
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keep the bone disease under control, but on the other 
hand also to avoid side effects and  “ freezing ”  of the 
bone since the latter can prevent healing and also 
potentially suppress the non-pathological bone turn-
over which is required for maintaining a strong bone 
and eventually preventing fractures [12,13]. 

 In order to address these important issues the 
effect of different dosing regimens must be tested. 
In this context we set up a small trial which had the 
primary objective to compare the retention of a 
single Zol infusion in bisphosphonate naive or 
multiply treated MM and BC patients [14]. Here 
we report on the secondary outcomes of this trial 
focusing on the effect of Zol on bone markers and 
kidney function.   

 Patients and methods  

 Approval of clinical trial 

 This study was conducted as a prospective non-
randomized phase II clinical trial in accordance 
with the Helsinki declaration and  “ Good Clinical 
Practice ”  guidelines and was monitored by the GCP-
unit at Odense University Hospital, Denmark. It was 
approved by the Danish Medicines Agency, the 
Regional Ethical Committee, and the Danish 
Data Protection Agency. All patients gave informed 
consent. The study received EudraCT number 
2007-003777-13 and trial registration number 
NCT00760370 at ClinicalTrials.gov.   

 Patients 

 A total of 60 patients were included in the trial  –  
30 MM and 30 BC patients. Ten patients from each 
disease group had never received any BP previously 
and 20 patients had received at least six previous 
treatments with Zol for treatment of bone disease 

due to the current malignancy (Please refer to 
Table I). The time intervals between treatments 
for each individual patient prior to inclusion in the 
protocol were decided upon by the responsible 
physicians and noted in the CRF. The groups which 
had received Zol at least six times had received a 
median of 9 (MM) or 9.5 (BC) prior Zol treatments 
and the time between treatments was on average/
median 1.4/1.0 (MM) and 1.5/1.2 (BC) months and 
with a range within the cohort of 1 – 3.3 (MM) and 
0.9 – 3.2 (BC) months. Zol was given as an i.v. dose 
of 4 mg infused over 15 min. In the protocol the 
effect of a single Zol infusion of 4 mg was followed. 

 Inclusion criteria were: patients diagnosed with 
MM or BC with metastasis to bone, scheduled for 
Zol treatment, women in menopause (10 – 12 months 
after last menstrual cycle), men 50 years or older. 
Both patient categories should show clear signs of 
bone lesions by x-ray or CT scan. Important exclu-
sion criteria were: patients under the age of 18, 
women receiving hormone therapy which induces 
menopause, women receiving estrogen substitution 
therapy or patients that had received treatment with 
any BP prior to the current malignant condition. For 
patient characteristics please refer to Table I. Patients 
with MM were grouped as: 1) active myeloma 
encompassing newly diagnosed patients plus patients 
with PD; or 2) myeloma in remission (PR plus CR) 
(Table I) according to the IMWG criteria of response 
[15]. Patients with BC were evaluated according 
to RECIST 1.0 criteria [16]; all patients had PD 
(Table I). Creatinine clearance was calculated 
according to Cockcroft and Gault [17]. 

 We have previously reported on the primary end-
point of this trial (retention of Zol) [14] and here 
we report on the secondary end-points comparing 
the effects of Zol on bone serum markers collagen 
type 1 cross-linked C-telopeptide (CTX), for bone 

  Table I. Patient Characteristics.  

 All 
 MM 

 treatments    �    0 
 MM 

 treatments    �    6 
 BC 

 treatments    �    0 
 BC 

 treatments    �    6 

 Number of pts. 60 10 20 10 20
 Sex m    �    19

  f    �    41
m    �    7

  f    �    3
m    �    12

  f    �    8
m    �    0

  f    �    10
m    �    0

  f    �    20
 Age 63.5    �    8.6 65.5    �    5.8 67.7    �    6.3 60.6    �    8.0 59.9    �    10.1
 Weight (kg) 72.6    �    14.6 87    �    18.0 73.7    �    13.9 67.2    �    10.6 67.1    �    10.1
 Height (cm) 167.2    �    9.0 173.3    �    5.3 168.5    �    9.8 163.8    �    9.1 164.5    �    8.2
 Cr.cl (ml/min) 84.4    �    27.0 103.1    �    31.4 75.4    �    21.1 79.4    �    22.7 83.0    �    25.1
 Disease status PD    �    39

  PR/CR    �    21
PD    �    7

  PR/CR    �    3
PD    �    2

  PR/CR    �    18
PD    �    10

  PR/CR    �    0
PD    �    20

  PR/CR    �    0

    BC, breast cancer with metastasis to bone; CR, complete response; cr.cl, calculated creatinine clearance; 
f, female; m, male; MM, multiple myeloma; PD, progressive disease; PR, partial response.   
 Reproduced from J Bone Miner Res [14] with permission of the American Society for Bone and Mineral 
Research.   
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resorption, and bone specifi c alkaline phosphatase 
(bALP), for bone formation, and how the difference 
in dosing between these patients, infl uenced their 
bone marker levels but also kidney function.   

 Bone markers 

 Blood samples were taken from fasting patients 
on day 0 just prior to their protocol related Zol-
infusion and 14 days after the infusion. bALP levels 
were determined on blood samples collected in 
a non-coated tube while the samples for CTX 
measurement were coated with EDTA. The samples 
were frozen at  � 80 ° C until further processing. 
Concentrations were measured by full automatic 
ELISA. bALP was measured using Alisei (Seac 
Radim Group) and CTX on a Modular E. (Roche). 
ELISA analyses were done according to the instruc-
tions by the supplier: bALP ELA kit (Quidel Corp.); 
CTX-1 kit (Roche).   

 Whole body retention of Zol 

 Analysis of Zol concentration in urine samples was 
performed by the external contractor, SGS Cephac 
(Saint Benoit, France) through the use of a specifi c 
radioimmunoassay based on the competitive binding 
of  125 I-labeled Zol and unlabeled Zol (as a standard) 
or urine samples to a polyclonal rabbit anti-
zoledronic acid antibody coated microtiter plate as 
described previously [14].   

 Statistics 

 Statistical tests for normal distribution, t-tests, linear 
regression and correlation analysis [Spearman ’ s rank 
correlation test (r s )] were done using the GraphPad 
Prism 4.01 software (GraphPad Software Inc., La 
Jolla, USA). For these tests a p-value  �    0.05 was 
considered as signifi cant. 

 For multiple linear regression analyses and likeli-
hood ratio tests StataIC 12.1 (Stata Corp., College 
Station, USA) was used. To ensure that no multi 
co-linearity existed between predictor variables, 
variance infl ation factors (VIFs) were computed for 
each predictor variable within the data set. Because 
no VIF was larger than 3, we did not exclude any 
predictor variable. When necessary (please refer to 
fi gure legends) a Box-Cox power transformation 
was performed to obtain normality. Variance homo-
geneity of the standardized residuals was confi rmed. 
To fi nd the best predicting variables for either CTX, 
bALP or creatinine clearance, the least signifi cant 
variables from the dataset were removed step by step. 
Likelihood ratio tests were used to ensure that the 
predictive value of the dataset was not lost in this 

process. This was done until the further removal of 
variables in a likelihood ratio test resulted in a p-value 
 �    0.05. In this case the new model was rejected and 
the previous model was accepted as the best model 
to predict the dependent variable.    

 Results  

 Zol treatment more potently reduces CTX-levels 
in MM than BC patients 

 As expected Zol had a fast acting ( �    14 days) effect 
on CTX levels and reduced the initial levels consid-
erably within 14 days. However, note that one patient 
from both the MM and BC Zol-naive groups appar-
ently did not respond to treatment (Figure 1A). In 
the two groups that had received at least six previous 
treatments it is seen that although the CTX-levels 
were already strongly reduced in these MM patients 
(MM    �    6) an additional infusion signifi cantly reduced 
the levels further, while it was not the case in BC 
patients (Figure 1A, BC    �    6). Furthermore, CTX 
was more strongly suppressed in MM (Figure 1B, 
MM    �    6) (median reduction of 0.505  μ g/l, p    �    0.0001) 
than in BC patients (Figure 1B, BC    �    6) (median 
reduction of 0.385  μ g/l, p    �    0.0003) which is also 
supported by the weaker correlation between CTX-
levels and number of Zol treatments for BC 
(r s     �    �0.43, p    �    0.041) compared to MM patients 
(r s     �    �0.59, p    �    0.0007) (Figure 1C).   

 Zol treatment more potently reduces bALP-levels 
in MM than BC patients 

 Within 14 days after Zol infusion bALP-levels were 
not found to be signifi cantly reduced in any of the 
patient groups (Figure 2A). However, an analysis of 
treatment groups suggested that Zol treatment 
resulted in reduced bALP levels compared to the 
previously untreated patients (Figure 2B). But when 
bALP levels were related to the accumulated number 
of Zol treatments no signifi cant correlation was 
found for BC (r s     �    �0.32, p    �    0.091) while there was 
a signifi cant correlation for MM patients (r s     �    �0.51, 
p    �    0.0042) (Figure 2C).   

 Zol dosing history affects bone marker levels 

 Comparing the prior Zol dosing history of the 
patients and their CTX (Figure 3A) or bALP (Figure 
3B) levels we found that a small but signifi cant 
increase in CTX-levels can be detected for MM 
patients the less frequently the patients were treated 
(r s     �    �0.49, p    �    0.0295) (Figure 3A and C) and with 
a near signifi cant correlation for BC patients 
(r s     �    �0.42, p    �    0.0808) (Figure 3A and E). bALP 
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levels also strongly correlated with prior dosing 
history and increased signifi cantly for BC patients 
(r s     �    �0.69, p    �    0.0011) when dosing was less fre-
quent (Figure 3B and F) while this was not found to 
be the case for MM patients (r s     �    �0.27, p    �    0.27) 
(Figure 3B and D).   

 Zol dosing is a strong predictor of bone marker levels 

 In an attempt to fi nd those variables that had the 
most impact on CTX-levels in our cohort we pooled 
seven independent variables into a multiple linear 
regression model in addition to the constant or inter-
cept of the multiple linear regression called  “ _cons ”  
(Figure 4A, left table). Using likelihood ratio tests we 

excluded those variables that had no signifi cant 
impact on CTX-levels and found a new optimized 
linear model (Figure 4A, right table). This optimized 
model has an r 2  of 0.706 and thereby explains a sub-
stantial fraction of the variation in CTX-levels 
observed in the cohort. It is worth noticing that the 
average Zol dose given (mg Zol infused/month, not 
all patients were treated regularly every month) is the 
most powerful predictor of CTX-levels and that 
it has a stronger infl uence than the accumulated 
number of treatments. 

 The corresponding optimized model for bALP 
contained four disease or treatment related variables 
(Figure 4B, right table). The most signifi cant variable 
was found to be the disease of the patient (BC or 

  Figure 1.     Bone resorption marker levels, CTX, in response to Zol treatment. CTX-levels: A) measured in blood samples taken immediately 
before and 14 days after protocol related infusion of 4 mg Zol according to the treatment groups. Lines represent responses of individual 
patients within 14 days (statistics: two-sided paired t-test). The insert represents an enlargement to better visualize the individual changes 
in the MM    �    6 group. The means for each before/after measurement were as follows: MM    �    0 (n    �    10), before    �    0.68, after    �    0.14; MM    �    6 
(n    �    20), before    �    0.083, after    �    0.067; BC    �    0 (n    �    10), before    �    0.58, after    �    0.13; BC    �    6 (n    �    17), before    �    0.18, after    �    0.16. B) Average 
CTX levels in different patients groups (statistics: two-sided Mann Whitney test). MM    �    0, n    �    10; MM    �    6, n    �    20; BC    �    0, n    �    10; BC    �    6, 
n    �    18. C) CTX-levels of each individual patient according to the total number of previous Zol infusions (two-sided Spearman ’ s correlation 
analysis (r s ). MM, n    �    30; BC, n    �    28. Abbreviations used: a: p    �    0.05, b: p    �    0.01, c: p    �    0.001, ns: not signifi cant. Some patients were 
excluded from these analyses as indicated above because one or both blood samples by mistake were not measured according to the 
protocol guidelines.  
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MM). This most likely refl ects that bALP levels 
were strongly reduced in MM patients after multiple 
Zol treatments while this was much less pronounced 
in BC patients (see Figure 2C). As the second most 
important variable Zol dosing (mg Zol infused/
month) was found to have a strong impact on bALP-
levels. It should be noted that the accumulated num-
ber of treatments is not part of the optimized model 
highlighting that Zol dosing seems to be more impor-
tant for predicting not only CTX but also bALP-
levels. CTX-levels also have an impact, which most 
likely refl ects some degree of coupling between 
resorption and formation despite of disease. Finally, 
the likelihood ratio test showed that also the whole 
body retention (WBrt) of Zol correlates with bALP 
levels although as an individual variable it is just out-
side of the signifi cance defi nition.   

 Prolonged Zol treatment decreases creatinine clearance 

 As it can be seen in the table of patient characteris-
tics (Table I) and as it was commented in our prior 
publication [14], creatinine levels were signifi cantly 
reduced in the MM group that had received multiple 
Zol treatments while this was not the case in BC 
patients (Figure 5A, Table I). This suggested that 
multiple treatments with Zol may compromise 
kidney function as also emphasized by the negative 
correlation between the number of times each patient 
has been treated with Zol and the creatinine clear-
ance (Figure 5B). However, we are also aware that 
other variables may explain the reduced creatinine 
clearance such as duration of bone disease (months 
from diagnosis of bone disease) (Figure 5C) or age 
(Figure 5D). 

  Figure 2.     Bone formation marker, bALP, in response to Zol treatment. bALP-levels: A) immediately before and 14 days after protocol 
related infusion of 4 mg Zol according to the treatment groups. Lines represent responses of individual patients (statistics: two-sided paired 
t-test). The insert represents an enlargement to better visualize the individual changes in the MM    �    6 group. The means for each before/
after measurement were as follows: MM    �    0 (n    �    10), before    �    44.9, after    �    36; MM    �    6 (n    �    20), before    �    15.5, after    �    14.7; BC    �    0 
(n    �    10), before    �    65, after    �    63.2; BC    �    6 (n    �    18), before    �    33.2, after    �    34.6. B) Average bALP-levels in different patients groups 
(statistics: two-sided Mann Whitney test). Vertical bars represent the median. MM    �    0, n    �    10; MM    �    6, n    �    20; BC    �    0, n    �    10; BC    �    6, 
n    �    19. C) bALP-levels of each individual patient according to the total number of previous Zol infusions (two-sided Spearman ’ s correlation 
analysis). MM, n    �    30; BC, n    �    29. Abbreviations used: a: p    �    0.05, b: p    �    0.01, c: p    �    0.001, ns: not signifi cant. Some patients were excluded 
from these analyses as indicated above because one or both blood samples were not measured according to the protocol.  
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variables (such as age and sex) which infl uence 
creatinine clearance, the accumulated number of 
Zol treatments is indeed an independent predictor 
of creatinine clearance.     

 Discussion 

 There is an ongoing discussion about what is the 
optimal Zol dosing and duration of treatment for 
BC and MM patients [4 – 8,18,19]. In our trial we 
have investigated and compared the effect of Zol 
on BC and MM patients after the fi rst and after 

 Thus, it is not straight forward to conclude if 
Zol treatment directly infl uences creatinine clear-
ance. Therefore, we performed a multiple linear 
regression analysis including nine variables that 
may affect creatinine clearance along with the 
constant or intercept of the multiple linear regres-
sion called  “ _cons ”  (Figure 6, left table). Using 
likelihood ratio tests we found sex, number of 
Zol treatments and age to be the most important 
determining variables for creatinine clearance in 
our cohort (Figure 6, right table). This shows 
that although there are non-treatment related 

  Figure 3.     Bone turn-over markers are elevated if patients are not treated regularly every month. A) CTX-levels in patients that have received 
at least 6 previous treatments and their prior dosing regimen (mg Zol infused/month before). 4 mg/month refl ects on average a monthly 
regimen while 2 mg/month refl ects dosing regimen every 2nd month and so forth. MM, n    �    30; BC, n    �    28. B) bALP-levels, as desribed 
in A.  MM, n    �    30; BC, n    �    29. C-D) To improve visibility of the data, CTX (C) and bALP (D) data for MM patients are here shown on 
another scale, but are otherwise the same data as shown in A and B, respectively. E-F) CTX (E) and bALP (F) values for BC patients. 
Data are the same as shown in A and B, respectively. Statistics: two-sided Spearman correlation; a: p    �    0.05, b: p    �    0.01, c: p    �    0.001, ns: 
not signifi cant. Lines included represent trend-lines and do not indicate linear correlation. Some patients were excluded from these analyses 
as indicated above because one or both blood samples were not measured according to the protocol.  
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multiple treatments with Zol based on serum bone 
markers and serum creatinine levels. We believe that 
our data are particularly interesting in the context of 
the ongoing effort to optimize the use of Zol. 

 We found that Zol very effi ciently reduced CTX 
levels in both MM and BC after just a single infusion, 
but also that repeated treatments, especially in MM 
patients, reduced CTX levels even further. Also, we 
found for both MM and BC patients, that those who 
were not treated with Zol every month had higher 
CTX and bALP-levels (only BC patients) than those 
receiving regular monthly treatment. This suggests 
that if patients are not treated every month bone 
turnover is not fully suppressed. Although the 
detected increases are minor we believe that they are 
of signifi cance. 

 In a retrospective study of MM patients having 
received Zol treatment it was found that an increase 
of just 0.04  μ g/l CTX from one month to the next 
was enough to predict ongoing osteolytic bone dis-
ease (as verifi ed by x-ray) [20]. This shows that if 
just a single local site escapes inhibition of Zol this 
results in small increases in CTX, but yet it is suf-
fi cient to cause a new osteolytic lesion that can be 
detected by x-ray. We therefore believe that the very 
strong suppression of CTX levels in our cohort is 
mainly due to inhibition of bone turnover in the 
skeleton in general and not necessarily at the specifi c 
pathological sites. 

 How could it be that Zol may inhibit bone turn-
over very effi ciently in general but possibly less 
effi ciently at the sites of pathological bone turnover? 

  Figure 4.     Zol dosing is the best predictor of bone marker levels. A) Dependent variable: CTX. An initial multiple linear regression model 
of power transformed CTX-levels was generated including seven different variables (in addition to the statistical variable  “ _cons ” : constant 
or intercept) (table to the left) that could be considered to be of relevance for predicting CTX-levels in BC (n    �    27) or MM (n    �    30) patients. 
The table on the right hand side shows the fi nal optimized model containing those variables and corresponding results of the multiple 
regression that best predict CTX-levels. In between the tables is shown the statistical parameters of the likelihood ratio test. B) Dependent 
variable: bALP. Same as in A, BC (n    �    28) or MM (n    �    30) patients. Some patients were excluded from these analyses as indicated above 
because not all variables included in the model had been determined correctly for all patients. WBrt, whole body retention.  
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It may be that Zol is not bound to a suffi cient extent 
at these sites in the fi rst place as indicated by the 
following fi ndings: Firstly, in our recent study [14] 
we reported that there may be an insuffi cient tar-
geted binding of bisphosphonates to sites of high 
bone turnover in approximately 1/3 of MM and 
1/10 of BC patients. Secondly, we observed that if 
(particularly MM patients) were not treated on a 
monthly basis, slightly more (but signifi cant) Zol 
was retained in the skeleton at the next infusion. 

 What could be the reason that there may be such 
an insuffi cient delivery to sites of pathological bone 
turnover? Delivery occurs through the vasculature 
and has to be delivered to the bone surface. This may 
occur through the so-called bone remodeling com-
partment [21] since this is intimately connected to 
the vasculature and covers bone remodeling units 
[22]. Furthermore, the bone remodeling compart-
ment was found to be disrupted in MM patients [23] 
and thereby the connection to vasculature may also 
be lost and may explain why we observed an insuf-
fi cient targeting of bisphosphonate to sites of patho-
logic bone turnover [14] in 1/3 of the MM patients. 

More investigations are needed to test this hypoth-
esis. 

 When comparing the response of bone marker 
levels to Zol treatment between MM and BC patients 
we noted that the two disease groups showed a dif-
ferent response. In respect to CTX a strong decline 
from comparable initial levels were seen in both MM 
and BC patients. However, after prolonged treatment 
it was clear that CTX was far stronger suppressed in 
MM than it was the case in BC patients. At the same 
time bALP was found to drop very strongly in MM 
with prolonged treatment while it was only minor in 
BC patients. In addition the suppression of bALP 
was found to be dependent on the dosing since those 
patients that were treated less frequently had higher 
bALP levels. In contrast, bALP was permanently 
suppressed no matter if patients were treated every 
month or every third month. This suggests that Zol 
suppresses bone formation very strongly at all sites 
of bone turnover not just those with pathological 
activity in MM patients but also that this is much 
less pronounced in BC. This suggests that the risk of 
inducing  “ frozen bone ”  [12,13] in otherwise healthy 

  Figure 5.     Prolonged Zol treatment negatively affects creatinine clearance in MM patients. A) Average estimated creatinine clearance 
rates in different patient sub-groups (statistics: two-sided t-test). B) Estimated creatinine clearance rates as a function of the total 
number of previous Zol treatments (statistics: two-sided Spearman ’ s correlation). C) Estimated creatinine clearance rates as a function 
of the time (months) from diagnosis of bone disease in MM or BC patients (statistics: two-sided Spearman ’ s correlation). D) Estimated 
creatinine clearance rates as a function of the age of the patients (statistics: linear regression analysis). P-values: a: p    �    0.05, b: p    �    0.01, 
ns: not signifi cant.  
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parts of the bone is more pronounced in MM than 
BC patients. 

 Through uni- and multivariate statistics we found 
that creatinine clearance was signifi cantly reduced in 
those patients that were treated multiple times with 
Zol. Although the correlation analyses indicated that 
this was only signifi cant for MM patients, the multi-
variate analysis could not rule out that it also accounts 
for BC patients. Although age and time from diag-
nosis were found to correlate with creatinine clear-
ance, multivariate statistics showed that the 
accumulated number of Zol treatments is a strong 
predictor of creatinine clearance independently of 
other factors. The results of our prospective study 
supports previous reports strongly suggesting that 
prolonged treatment with Zol may compromise kid-
ney function [24,25]. 

 In conclusion, we are faced with the diffi cult 
clinical challenge of trading effi cient control of bone 
disease versus preservation of kidney function. In this 
aspect it is important to consider that we in our pres-
ent protocol found that Zol dosing has the most pro-
nounced impact on decreasing bone marker levels 
while it is the accumulated number of Zol treatments 
which most strongly affect kidney function.                  
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