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Abstract The Renal Insufficiency and Anticancer Medi-

cations (IRMA) study is a French national, observational

study which demonstrated the high prevalence of abnormal

renal function in a population of 4,684 solid tumour patients.

Among them, 50–60% had decreased renal function defined

as CrCl below 90 and 80% were treated with anticancer drugs

that either necessitated dosage adjustment in case of RI or

were potentially nephrotoxic drugs. Since patients and drugs

used differ depending on the type of tumour, the IRMA Study

Group started analyses in different subgroups of patients. In

the 1898 IRMA patients with breast cancer, the prevalence of

RI was still very high in spite of a normal serum creatinine in

almost all cases. Some anticancer drugs, as in particular

some bisphosphonates, capecitabine and platinum salts, may

be nephrotoxic and/or need dosage adjustment. However

other important drugs in breast cancer do not require dose

reduction, and do not present with potential nephrotoxicity

(anthracyclines, taxanes, trastuzumab). Both issues seem to

be slightly but significantly more important in patients with

bone metastases as compared to patients with a non-meta-

static disease.
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Drug dosage adjustment � Nephrotoxicity � Kidney disease

Introduction

The increased incidence of malignancies in patients with

chronic renal failure has been discussed since the mid-1970s

[1, 2]. In their study, Cengiz et al. [3] reported that 188

(6.7%) organ tumors of varying pathologies were found in

2,817 patients with chronic renal failure. Although it is

known to be a common pathology in the general population

[4], the prevalence of renal insufficiency (RI) among patients

with cancer has only been recently assessed in the ‘‘renal

insufficiency and anticancer medications’’ (IRMA) study

[5], where we found a high prevalence of renal insufficiency

among 4,684 solid tumor patients from 15 French cancer

centers. Only 7.2% had elevated serum creatinine (SCR) but

50–60% had creatinine clearance (CrCl) below 90 ml/min,

with the majority of them between 60 and 90, which defines a

stage 2 kidney disease according to the K/DOQI-KDIGO

official international definition [6, 7]. Such a reduction in
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renal function may be too low to be of significant clinical

importance in the oncology setting. This should however be

considered, especially for patients near 60, as a risk factor for

developing more severe renal insufficiency. Furthermore,

markers of renal damage, which are part of the criteria

required to define a stage 2 renal disease, were not recorded

in the IRMA study. When present, i.e. when a stage 2 kidney

disease is actually diagnosed, nephrological investigations

may be needed. This high prevalence of RI is an important

issue in clinical practice for the handling of anticancer drugs

in those patients. Since some anticancer drugs used in breast

cancer are excreted predominantly in the urine as unchanged

drug or active metabolite(s), any reduction in renal clearance

results in accumulation of potentially toxic species and

overdosage. The dosage of chemotherapeutic agents used in

these patients with RI will, therefore, require dosage reduc-

tion to avoid severe toxicities. Furthermore, using potentially

nephrotoxic anticancer drugs will also require specific

monitoring and, when available, specific prevention meth-

ods in order to help reduce the risk for renal toxicity,

especially in patients with baseline abnormal renal function

before anticancer therapy is started.

The development of platinum-based chemotherapy for

triple-negative [8] and HER2 positive [9–12] breast cancers,

in particular the emerging and promising strategies associat-

ing a taxane, a platinum salt and trastuzumab, and the growing

use of IV bisphosphonates (BP) emphazise the need for reg-

ular monitoring of renal function, with particular attention to

patients with preexisting impaired renal function.

In breast cancer patients with bone metastases (BM),

there is a paucity of data for optimal use of BP mainly

regarding initiation and treatment duration. Benefit with

zoledronate and ibandronate has been shown for a treat-

ment duration of up to 2 years [13, 14]. Renal safety must

be considered because over the past few years, case reports

and randomized trials [15] have raised cases of renal tox-

icity with IV BP, for instance with zoledronic acid-

associated renal impairment leading to renal failure [16].

Monitoring must include an appropriate evaluation of

CrCl in patients receiving IV BP because SCR values can

be misleading.

Here are presented the results from the subgroup anal-

ysis of the 1,898 Breast Cancer (BC) patients in the IRMA

population.

Methods

Study design for the IRMA study

The IRMA study included a total of 4,684 patients being

treated for solid tumors (either in hospital or as outpatients)

in an oncology department. The study consisted of a ret-

rospective patient data collection on one of two, specific,

15-day time periods between either the 1st and the 15th of

February 2004 or the 1st and the 15th of October 2004.

These time periods were selected to avoid summer vaca-

tions and to be representative of the whole year, with one

period in winter/spring and the other in fall/winter. Patients

were included regardless of disease pathology, treatment

(antineoplastic drugs used/to be used, pretreated or not).

Patients were excluded if they were \18 years of age, had

a diagnosis of myeloma, or presented with end-stage renal

disease requiring renal replacement therapy (either he-

modialysis or peritoneal dialysis) since the aim of the

IRMA study was to determine the prevalence of potentially

undiagnosed RI, meaning non-dialysis patients, those latter

obviously presenting with this disease.

The following data were collected for each patient: sex,

age, weight, serum creatinine, blood urea nitrogen, hemo-

globinemia, type of tumor, metastasis, and anticancer drugs

prescribed. Patients who were known to present with acute

renal failure were excluded in order to determine the

prevalence of potentially chronic abnormal renal function.

Estimations of renal function were made by calculation

from SCR using the Cockcroft–Gault (CG) formula [17]

and the abbreviated Modification of Diet in Renal Disease

(aMDRD) formula [18].

Cockcroft–Gault formula:

CrCl ml=minð Þ
¼ k � 140� ageð Þ � weight kgð Þ½ �=SCR lmol=lð Þ

k = 1.23 (male) or 1.04 (female); CrCl = creatinine

clearance;

SCR = serum creatinine.

aMDRD formula:

GFR ml=min=1:73 m2
� �

¼ k � 186

� SCR½ ��1:154� age½ ��0:203

k = 1 (male) or 0.742 (female); GFR = glomerular

filtration rate;

SCR = serum creatinine (mg/dl).

Renal function, calculated using either formula, was

staged in accordance with the international clinical practice

guidelines from the K/DOQI and the KDIGO [6, 7]:

• Stage 1: GFR C 90 ml/min

• Stage 2: GFR 60–89 ml/min

• Stage 3: GFR 30–59 ml/min

• Stage 4: GFR 15–29 ml/min

• Stage 5: GFR \ 15 ml/min

With regard to anticancer therapies prescribed to study

patients, those requiring dosage adjustment were identified

in accordance with their pharmacokinetics and available
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recommendations from both their individual Summary of

Product Characteristics (SmPC), and from two specific

reference books on drug dosage adjustment in patients with

RI: Drug prescribing in renal failure. Dosing guidelines for

adults, 4th edition [19] and GPR Anticancéreux. Guide de

prescription des médicaments chez le patient insuffisant

rénal. 3ème édition [20]. Anticancer therapies were then

classified as ‘‘Yes’’ when adjustment was required, ‘‘No’’

when adjustment was not necessary, and ‘‘ND’’ when no

data were available in the literature. To obtain profiles of

anticancer therapies with regard to renal tolerance, an

exhaustive literature search was performed using PubMed

to identify any potential renal side effects of the therapies.

If, at least, some cases of nephrotoxicity were retrieved, the

therapy was classified as ‘‘Yes’’, meaning ‘‘potentially

nephrotoxic.’’ Therapies were labeled ‘‘No’’ when no cases

had been found or there were no suggestions of potential

renal toxicity. As a result, some drugs with different risks

for renal toxicity may be similarly classified as ‘‘Yes’’. For

instance, Tamoxifen and Paclitaxel are both reported as

potentially nephrotoxic because those drugs have been

reported with one case of nephrotic syndrome for

Tamoxifen [21], and evidence of increased renal toxicity of

Cisplatin + Paclitaxel versus Cisplatin alone [22],

respectively.

Results of the breast cancer subgroup analysis

Patient demographics

A total of 1,898 patients with breast cancer were included

in the study. Of these, 20 patients were men, and the mean

age of all patients was 55.1 years (range 23–95). Nearly

one-third of the patients (30.4%) had BM.

Renal insufficiency

Table 1 shows the percentages of patients among the five

stages of RI. In Fig. 1 are presented the number of patients

in each stage according to the formula used to estimate

renal function, either CG or aMDRD.

For 10.5% of patients, no SCr could be retrieved in the

medical file, and among the whole population of breast

cancer patients, only 31 (1.63%) had a SCR level

C110 lmol/l. In spite of this low proportion of patients

with elevated SCR, a majority of patients had in fact a

decreased CrCl or eGFR: 51.8 and 50.8% of patients had

abnormal renal function (\90 ml/min) when calculated

using the CG or aMDRD formulae, respectively (Table 1).

This high prevalence of RI was also observed in the 1,667

patients (87.8%) whose SCR levels were normal, i.e.

\110 lmol/l: 57.1 and 56.0% of those patients had

abnormal renal function (\90 ml/min) when calculated

using the CG or aMDRD formulae, respectively.

The prevalence of RI in IRMA breast cancer patients

was also studied in patients with BM as compared to

patients without BM. Table 2 describes the two popula-

tions of patients: patients with breast cancer and BM and

patients with breast cancer without BM. Serum creatinine

was elevated (C110 lmol/l) in only 2.8% of patients with

BM and in 1.1% of patients without BM (P = 0.0036).

Patients with BM were significantly older (57.7 vs.

53.9 years, P \ 0.0001) and had a higher (but not signifi-

cantly, P = 0.06) mean SCR (70.4 vs. 68.0 lmol/l). Mean

CG estimates of renal function differed between groups

(84.1 vs. 89.7 ml/min, P = 0.0004). However, they were

not statistically different when estimating renal function

with aMDRD (88.1 vs. 89.2, P [ 0.05) Table 3.

However, when calculating the prevalence of RI in those

two groups of patients (Table 4), some significant differences

appeared. The prevalence of renal dysfunction was as follows:

Table 1 Renal function of the 1898 IRMA patients with breast

cancer using the Cockcroft–Gault and the Amdrd formulae

Cockcroft & Gault

CrCl (ml/min)

aMDRD eGFR

(ml/min/1.73 m2)

N % N %

C90 697 36.7 733 38.6

89–60 713 37.6 817 43.0

59–30 261 13.7 141 7.4

29–15 7 0.4 5 0.3

\15 2 0.1 2 0.1

ND 218 11.5 200 10.6

100 100

CrCl, Creatinine clearance; eGFR, estimated glomerular filtration

rate; N, Number of patients
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Fig. 1 Comparison of screening breast cancer patients for renal

insufficiency with Cockcroft–Gault or Amdrd
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62.2% of breast cancer patients with BM had a CG creatinine

clearance below 90 ml/min as compared to 56.8% of patients

without BM (P = 0.0381) and 60.0% of breast cancer patients

with BM had an aMDRD estimated glomerular filtration rate

below 90 ml/min/1.73 m2 versus 55.4% in patients without

BM (P[0.05). There was thus a statistically significant dif-

ference in the prevalence of renal insufficiency with CG but

the difference was not significant with aMDRD.

Anemia, according to the WHO definition (\12 g/dl in

women and \13 g/dl in men) was observed in 44.1% of

IRMA breast cancer patients. Further analysis showed that

2.1 and 18.4% of the patients had a hemoglobin level lower

than 9 g/dl and within 9–11 g/dl, respectively. For 5.1%, no

hemoglobin value was available in the medical file of the

patient. Comparing patients with or without BM and for

whom a hemoglobin value was available (Table 5), it

appeared that patients with BM had statistically signifi-

cantly more often hemoglobin levels within 9 and 11 and

lower than 9 as compared to patients without BM: 25.1 vs.

15.5% and 3.6 vs. 1.4%, respectively.

Anticancer drugs

Among the whole study population of 1,898 breast cancer

patients, 89.7% were receiving anticancer drugs during the

tie period studied. This resulted in 1,702 treated patients for

a total number of anticancer drugs prescriptions of 3,465,

i.e. 2.0 drugs/patient.

The prescriptions comprised 40 different drugs

(Table 6) of which 35% are drugs that necessitate dosage

adjustment in RI and 30% are drugs for which no data were

available in the literature on whether it would be necessary

or not to adjust their dosage in case of renal impairment. Of

the 3,465 prescriptions, 53.2% were for drugs for which a

dosage adjustment was necessary, or for which there were

no available data concerning administration in patients

with RI, 44.8 and 8.4%, respectively. Finally, 80.2% of the

patients were receiving at least one drug that necessitates

Table 2 Characteristics of breast cancer patients in the IRMA study

with or without bone metastases

Patients

with BM

(N = 577)

Patients

without BM

(N = 1321)

P-value

Mean SD Mean SD

Age (years) 57.7* 11.2 53.9* 11.4 \0.0001

Weight (kg) 63.6 13.5 64.5 13.3 [0.05

SCR (lmol/l) 70.4 27.2 68.0 15.4 [0.05

CG (ml/min) 84.1* 30.8 89.7* 29.5 0.0004

aMDRD (ml/min/1.73 m2) 88.1 27.7 89.2 23.3 [0.05

Hb (g/dl) 11.7* 1.5 12.1* 1.3 \0.0001

BM, Bone metastases; SCR, serum creatinine; CG, Cockcroft–Gault

formula; aMDRD, abbreviated modification of diet in renal disease

formula; Hb, hemoglobinemia

* Indicates values that are statistically different

Table 3 Renal function of IRMA breast cancer patients with or

without bone metastases

Breast cancer patients

with BM (N = 577)

Breast cancer patients

without BM (N = 1321)

N % N %

Cockcroft–Gault CrCl (ml/min)

C90 198 34.3 499 37.8

89–60 209 36.2 504 38.2

59–30 112 19.4 149 11.3

29–15 3 0.5 4 0.3

\15 2 0.4 0 0

ND 53 9.2 165 12.5

aMDRD GFR (ml/min/1.73 m2)

C90 212 36.7 521 39.4

89–60 260 45.1 557 42.2

59–30 53 9.2 88 6.7

29–15 3 0.5 2 0.2

\15 2 0.4 0 0.0

ND 47 8.2 153 11.6

BM, Bone metastases; N, number of patients; CrCl, creatinine clear-

ance; GFR, glomerular filtration rate

Table 4 Comparison of the prevalence of RI in breast cancer patients

with or without bone metastases, for patients with available data

Renal function Patients with BM Patients without BM P-value

(N = 524) (N = 1156)

CG \ 90 62.2% 56.8% 0.0381

CG C 90 37.8% 43.2%

(N = 530) (N = 1,168)

aMDRD \ 90 60.0% 55.4% 0.05

aMDRD C 90 40.0% 44.6.%

BM, Bone metastases; CG, Cockcroft–Gault formula (ml/min); aM-

DRD, abbreviated modification of diet in renal disease formula (ml/

min/1.73 m2)

Table 5 Hemoglobin values in IRMA breast cancer patients with or

without bone metastases, for patients with available

Hb

value

Patients with BM

(N = 539)

Patients without BM

(N = 1262)

C11 69.2% 82.3%

9–11 26.9% 16.2%

\9 3.9% 1.5%

Hb, Hemoglobin (g/dl); BM, bone metastases
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dosage adjustment in RI and 10.2% at least one drug for

which no data were available, resulting in a total 90.4% of

breast cancer patients in IRMA with at least one drug for

which caution is mandatory in RI (either dosage adjustment

required or no data available). Regarding nephrotoxicity,

65% of the drugs were potentially toxic to the kidneys

(57.5%) or for which there were no data in the literature on

their renal tolerance (7.5%). Among the prescriptions,

41.7% were prescriptions of drugs that may be nephrotoxic,

and 76.9% of breast cancer patients in IRMA were

receiving at least one drug that may exhibit renal toxicity.

Discussion

In this study we found that RI is highly prevalent in breast

cancer patients. However, the frequency of RI clearly is

routinely underestimated in clinical practice because

physicians most often base their diagnosis on SCR

measurements. It is crucial to outline that SCR is not

appropriate for evaluating renal function. We observed that

10.5% of our patients had no report of SCr determination in

their file. Even if those patients with no available SCr may

be those who were only seen for a routine control and/or

patients who were not treated or treated with non-nephro-

toxic drugs (such as trastuzumab), it remains important to

(1) measure SCr on a regular basis, the frequency being

determined according to the patient’s renal function, and

(2) to report it in the patient’s file.

It is furthermore of major importance that renal function is

appropriately evaluated in all breast cancer patients by esti-

mating CrCl or GFR calculated using either the CG or

aMDRD formulae. This includes patients who have normal

SCR levels since even in those with a so-called ‘‘normal’’

serum creatinine level, the frequency of stage 2 or more RI was

57.1 and 56.0% with CG or aMDRD formulae, respectively.

To date there are no data allowing recommending the

use of one formula over the other, in oncology patients as

Table 6 Anticancer drugs

prescribed to breast cancer

patients in the IRMA study

(1,702 treated patients—3,465

prescriptions)

Anticancer drugs prescribed less

than 0.1% in IRMA breast

cancer patients were (decreasing

number of prescriptions):

DHER vaccine, Fotemustin,

Temozolomide, Etoposide,

Ixabepilone, Clodronate,

Edotecarine, Estramustine,

Interferon, Interleukin-2,

Melphalan, and Megestrol. INN,

International non-proprietary

name; 5-FU, 5-fluorouracile

INN Number

of prescriptions

Percentage of the

total number of

prescriptions

Need for dosage

adjustment

Potential

nephrotoxicity

Cyclophosphamide 631 18.21 Yes No

5-FU 618 17.84 No No

Epirubicin 544 15.70 No Yes (isolated cases)

Docetaxel 379 10.94 Yes No

Vinorelbine 271 7.82 Yes No

Trastuzumab 251 7.24 ND Yes (isolated cases)

Doxorubicin 175 5.05 No Yes (isolated cases)

Paclitaxel 125 3.61 No Yes (isolated cases)

Zoledronate 112 3.23 Yes Yes

Gemcitabine 79 2.28 No Yes

Capecitabine 60 1.73 Yes No

Methotrexate 40 1.15 Yes Yes

Carboplatin 28 0.81 Yes Yes

Mitomycin C 19 0.55 Yes Yes

Oxaliplatin 13 0.38 No Yes

Tamoxifen 12 0.35 No Yes (isolated cases)

Vindesine 12 0.35 No No

Pirarubicin 11 0.32 ND Yes (isolated cases)

Letrozole 9 0.26 No No

Vinblastine 9 0.26 No No

Anastrozole 8 0.23 No No

Cisplatin 8 0.23 Yes Yes

Mitoxantrone 8 0.23 No No

Pamidronate 7 0.20 ND Yes

Exemestane 6 0.17 No No

Thiotepa 6 0.17 ND Yes

Irinotecan 4 0.12 ND Yes

Goserelin 4 0.12 ND No
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well as in the general population. Most often, differences

between the two formulae in terms of renal function are

weak. Some differences may be observed in the ranging

of the patients in the different stages of RI. As shown on

Fig. 1, such differences between the two formulae were

not relevant in our patients. However, when the CG and

the aMDRD estimates differ in a particular patient, it may

be useful to consider a measure of the actual GFR, after

discussions with a nephrologist. Such methods include a

24-h urine collection to measure creatinine clearance or a

measure of the actual GFR using a specific marker of

renal filtration such as 51CR-EDTA, for instance. How-

ever, such methods necessitate a trained staff, time, and

are not cost-effective for a systematic evaluation of

patients’ renal function. They must be used only in some

specific cases, and patients who may benefit from such a

determination of renal function should be closely identi-

fied together with nephrologists, according to the patient’s

profile and its estimated renal function with CG and

aMDRD.

In patients with stage 2 RI, potential drug-nephrotoxi-

city is the main issue. Many studies have demonstrated that

pre-existing abnormal renal function is a risk factor for

drug-induced nephrotoxicity [23]. As a result, in those

patients with mildly decreased renal function, anticancer

drugs, antineoplastic or supportive care, should be cau-

tiously selected in order to administer drugs that are not or

are less nephrotoxic.

When renal function is lower than 60 ml/min, the risk for

nephrotoxicity is even higher, and moreover, the clinical

consequences are more severe since any further deteriora-

tion of renal function may precipitate end-stage renal

disease. In those patients, in addition to nephrotoxicity, the

question of drug dosage adjustment is crucial to avoid

overdose due to accumulation of the drug from reduced

excretion and related toxicities, such as neurological,

Table 7 Anticancer drugs

prescribed to breast cancer

patients with bone metastases in

the IRMA study (529 treated

patients—912 prescriptions)

Anticancer drugs prescribed less

than 0.1% in IRMA breast

cancer patients with bone

metastases were (decreasing

number of prescriptions):

Clodronate, Edotecarine,

Melphalan, Megestrol,

Temozolomide. INN,

International non-proprietary

name; 5-FU, 5-fluorouracile

INN Number of

prescriptions

Percentage of the

total number

of prescriptions

Need for dosage

adjustment

Potential

nephrotoxicity

Docetaxel 125 13.7 Yes No

Vinorelbine 121 13.3 Yes No

Zoledronate 107 11.7 Yes Yes

Trastuzumab 87 9.5 ND Yes (isolated cases)

5-FU 78 8.6 No No

Paclitaxel 62 6.8 No Yes (isolated cases)

Cyclophosphamide 57 6.3 Yes No

Epirubicin 47 5.2 No Yes (isolated cases)

Gemcitabine 40 4.4 No Yes

Doxorubicin 35 3.8 No Yes (isolated cases)

Capecitabine 34 3.7 Yes No

Methotrexate 19 2.1 Yes Yes

Carboplatin 16 1.8 Yes Yes

Mitomycin C 12 1.3 Yes Yes

Oxaliplatin 7 0.8 No Yes

Letrozole 6 0.7 No No

Pamidronate 6 0.7 ND Yes

Vindesine 6 0.7 No No

Cisplatin 5 0.5 Yes Yes

Thiotepa 5 0.5 ND Yes

Vinblastine 5 0.5 No No

Irinotecan 4 0.4 ND Yes

Mitoxantrone 4 0.4 No No

Exemestane 4 0.4 No No

Pirarubicin 4 0.4 ND Yes (isolated cases)

Anastrozole 3 0.3 No No

Tamoxifen 3 0.3 No Yes (isolated cases)

Goserelin 3 0.3 ND No

Etoposide 2 0.2 Yes No
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hematological, skeletal, cardiological, and hepatological

toxicities. Indeed, when renal function declines and is lower

than 60 ml/min, pharmacokinetic changes often necessitate

modification of the drug dosage to ensure efficacy and

safety.

Over 90% of breast cancer patients in the IRMA popu-

lation received at least one drug that requires dosage

adjustment in patients with RI, or for which there were no

data available regarding their use in patients with RI (in

either the literature or the SmPC), in spite of the fact that the

most important drugs in breast cancer do not require dose

reduction, and do not present with potential nephrotoxicity

(anthracyclines, taxanes, trastuzumab). In patients who are

receiving drugs that require dosage adjustment, renal func-

tion should be calculated (with CG or aMDRD formulae) to

prescribe drugs at their adjusted dosage in accordance with

their renal function, preferably prior to each course of

anticancer therapy, chemotherapy or other type of treatment.

Where information is not available on dosage adjustments in

patients with RI, the prescription of these drugs should be

approved by a pharmacologist or a nephrologist, together

with the oncologist in charge of the patient. When an

alternative treatment exists for which recommendations are

available, this should be preferably used.

The use of potentially nephrotoxic therapies in patients

at high risk for drug renal toxicity due to pre-existing renal

impairment should be avoided if possible and alternative

treatments should be considered. However, in IRMA breast

cancer patients the frequency of nephrotoxic drug pre-

scriptions was high with 76.85% of the treated patients

receiving at least one such drug.

There were significantly (P \ 0.05) more prescriptions

of anticancer drugs necessitating dosage adjustment in RI

or drugs being potentially nephrotoxic in breast cancer

patients with BM as compared to breast cancer patients

without BM (Tables 7–9). However, the percentage of

patients receiving at least one such drug was higher in

patients without BM, 82.9 vs. 74.5% of treated patients in

each group (P \ 0.05). Furthermore, 78.7% of treated

patients without BM received at least one potentially

nephrotoxic drug versus 72.2% of patients with BM

(P \ 0.05). This means that patients with BM receive more

frequently several drugs that may necessitate dosage

adjustment and/or which can be nephrotoxic.

The IRMA study did not allow to evaluate whether the

prescription of such drugs was or may have been respon-

sible for the higher frequency of decreased renal function

in those breast cancer patients with BM when renal

Table 8 Anticancer drugs

prescribed to breast cancer

patients without bone

metastases in the IRMA study

(1,173 treated patients—2,553

prescriptions)

Anticancer drugs prescribed less

than 0.1% in IRMA breast

cancer patients without Bone

Metastases were (decreasing

number of prescriptions):

DHER vaccine, Fotemustin,

Ixabepilone, Estramustin,

Interferon, Interleukin-2,

Pamidronate, Temozolomide,

Thiotepa, Goserelin. INN,

International non-proprietary

name; 5-FU, 5-fluorouracile

INN Number of

prescriptions

Percentage of the

total number

of prescriptions

Need for dosage

adjustment

Potential

nephrotoxicity

Cyclophosphamide 574 22.48 Yes No

5-FU 540 21.15 No No

Epirubicin 497 19.47 No Yes (isolated cases)

Docetaxel 254 9.95 Yes No

Trastuzumab 164 6.42 ND Yes (isolated cases)

Vinorelbine 150 5.88 Yes No

Doxorubicin 140 5.48 No Yes (isolated cases)

Paclitaxel 63 2.47 No Yes (isolated cases)

Gemcitabine 39 1.53 No Yes

Capecitabine 26 1.02 Yes No

Methotrexate 21 0.82 Yes Yes

Carboplatin 12 0.47 Yes Yes

Tamoxifen 9 0.35 No Yes (isolated cases)

Mitomycin C 7 0.27 Yes Yes

Pirarubicin 7 0.27 ND Yes (isolated cases)

Oxaliplatin 6 0.24 No Yes

Vindesine 6 0.24 No No

Anastrozole 5 0.20 No No

Zoledronate 5 0.20 Yes Yes

Mitoxantrone 4 0.16 No No

Vinblastine 4 0.16 No No

Cisplatin 3 0.12 Yes Yes

Letrozole 3 0.12 No No
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function is calculated with aMDRD. For instance, the fre-

quent administration of contrast media for CT scan, which

is known to be a potential cause of renal dysfunction, may

be one of the etiologies, in addition to or rather than che-

motherapy. However, the message that came out was that,

once patients are diagnosed with decreased renal function,

drug therapy should be re-evaluated, dosages adjusted

where necessary, and some potentially nephrotoxic drugs

changed for less or non-nephrotoxic ones, when efficacy

has been proven to be of a similar range.

In breast cancer therapy, the choice of the anticancer

drug to use obeys multiple rules and criteria, indications

and protocols. It may not be always possible not to use

potentially nephrotoxic drugs. However, it remains very

important to be aware of the renal function of patients who

receive such drugs and to monitor renal function on a

regular basis, prior to each course of therapy during

treatment. Depending on the level of renal function of the

patient once in remission, a twice-a-year monitoring may

be sufficient during follow-up. Furthermore, in those

patients who require a nephrotoxic antineoplastic chemo-

therapy, and especially those with baseline decreased renal

function, cautious selection and analysis of associated

drugs should be performed. For example, non-steroidal

anti-inflammatory drugs, where possible, should be avoi-

ded since they may potentate the renal toxicity of

chemotherapy.

Regarding the treatment of BM, when a bisphosphonate

is to be prescribed, the same selection rules should be

applied according to renal tolerance and dosage adjust-

ment. There are no specific limitations for the use of BP in

the elderly. Task forces from the International Society of

Geriatric Oncology recommended a monitoring of CrCl in

every patient, preferably before each course, the use of an

agent with the best possible renal tolerability, and the

assessment of hydration status [24–26].

In patients with evidence of renal deterioration during

treatment, IV BP should be withheld and only resumed

when serum creatinine returns to within 10% baseline [27].

In case of mild to moderate renal impairment (CrCl: 30–

60 ml/min) regulations recommend lower doses of

zoledronate and longer infusion for pamidronate. Treat-

ment with zoledronate is contraindicated in patients with

severe dysfunction (CrCl \ 30 ml/min).

A recent label of ibandronate approved by European

regulatory authorities allows a dosing regimen of 6 mg

over 60 min instead of 15 min when CrCl is 30–50 ml/min.

Furthermore, a dose reduction for patients whose CrCl is

below 30 has been recommended for ibandronate (2 mg

instead of 6 mg).

As a result, where available, ibandronate should be

preferred to any other IV bisphosphonate since it appears to

be nonnephrotoxic and only necessitates dosage adjustment

in patients with a CrCl or a eGFR lower than 30 [15, 28].

Oral bisphosphonates may be an option of choice since

they are renally well-tolerated.
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Pr J.-F. Morere, Paris; Dr E. Ouahrani, Paris; Pr S. Oudard, Paris;

Dr I. Ray-Coquard, Lyon; Pr O. Rixe, Paris; Dr E. Sevin, Caen;

Dr L. Stefani, Grenoble, France.

References

1. Matas AJ, Simmons RL, Kjellstrand CM, Buselmeier TJ, Naj-

arian JS (1975) Increased incidence of malignancy during chronic

renal failure. Lancet 1:883–886. doi:10.1016/S0140-6736(75)

91684-0

2. Sutherland GA, Glass J, Gabriel R (1977) Increased incidence of

malignancy in chronic renal failure. Nephron 18:182–184. doi:

10.1159/000130762

3. Cengiz K (2002) Increased incidence of neoplasia in chronic

renal failure (20-year experience). Int Urol Nephrol 33:121–126.

doi:10.1023/A:1014489911153

4. Jones CA, McQuillan GM, Kusek JW et al (1998) Serum creat-

inine levels in the US population: third national health and

nutrition examination survey. Am J Kidney Dis 32:992–999. doi:

10.1016/S0272-6386(98)70074-5

5. Launay-Vacher V, Oudard S, Janus N, Gligorov J, Pourrat X,

Rixe O, Renal Insufficiency and Cancer Medications (IRMA)

Study Group et al (2007) Prevalence of renal insufficiency in

cancer patients and implications for anticancer drug management:

the renal insufficiency and anticancer medications (IRMA) study.

Cancer 110(6):1376–1384. doi:10.1002/cncr.22904

6. National Kidney Foundation (2002) K/DOQI clinical practice

guidelines for chronic kidney disease: evaluation, classification,

and stratification. Am J Kidney Dis 39(2(Suppl 1)):S1–S266

7. Levey AS, Eckardt KU, Tsukamoto Y et al (2005) Definition and

classification of chronic kidney disease: a position statement from

kidney disease: improving global outcomes (KDIGO). Kidney Int

67:2089–2100. doi:10.1111/j.1523-1755.2005.00365.x

8. Torrisi R, Balduzzi A, Ghisini R, Rocca A, Bottiglieri L, Gi-

ovanardi F, Veronesi P, Luini A, Orlando L, Viale G, Goldhirsch

A, Colleoni M (2007) Tailored preoperative treatment of locally

advanced triple negative (hormone receptor negative and HER2

negative) breast cancer with epirubicin, cisplatin, and infusional

fluorouracil followed by weekly paclitaxel. Cancer Chemother

Pharmacol Dec 7; [Epub ahead of print]

9. Coudert BP, Largillier R, Arnould L, Chollet P, Campone M,

Coeffic D et al (2007) Multicenter phase II trial of neoadjuvant

therapy with trastuzumab, docetaxel, and carboplatin for human

epidermal growth factor receptor-2-overexpressing stage II or III

breast cancer: results of the GETN(A)-1 trial. J Clin Oncol

25(19):2678–2684. doi:10.1200/JCO.2006.09.9994

10. Robert N, Leyland-Jones B, Asmar L, Belt R, Ilegbodu D, Loesch D

et al (2006) Randomized phase III study of trastuzumab, paclitaxel,

and carboplatin compared with trastuzumab and paclitaxel in

women with HER-2-overexpressing metastatic breast cancer. J

Clin Oncol 24(18):2786–2792. doi:10.1200/JCO.2005.04.1764

11. Hurley J, Doliny P, Reis I, Silva O, Gomez-Fernandez C, Velez P

et al (2006) Docetaxel, cisplatin, and trastuzumab as primary

systemic therapy for human epidermal growth factor receptor 2-

positive locally advanced breast cancer. J Clin Oncol 24(21):3515

12. Slamon D, Eiermann W, Robert N et al (2005) Phase III ran-

domized trial comparing doxorubicin and cyclophosphamide

followed by docetaxel and trastuzumab (AC TH) with docetaxel,

carboplatin and trastuzumab (TCH) in HER2-positive early breast

cancer patients: BCIRG 006 study. 28th Annual San Antonio

Breast Cancer Symposium. San Antonio abstract 1

13. Body JJ (2006) Breast cancer: bisphosphonate therapy for met-

astatic bone disease. Clin Cancer Res 12:6258s–6263s. doi:

10.1158/1078-0432.CCR-06-0840

14. Tripathy AD, Diel I, Body JJ (2004) Ibandronate reduces skeletal

morbidity in patients with breast cancer. Semin Oncol 31(5(Suppl

10)):64–66. doi:10.1053/j.seminoncol.2004.07.025

15. Rosen LS, Gordon D, Kaminski M, Howell A, Belch A, Mackey J

et al (2003) Long-term efficacy and safety of zoledronic acid com-

pared with pamidronate disodium in the treatment of skeletal

complications in patients with advanced multiple myeloma or breast

carcinoma: a randomized, double-blind, multicenter, comparative

trial. Cancer 98(8):1735–1744. doi:10.1002/cncr.11701

16. Chang JT, Green L, Beitz J (2003) Renal failure with the use of

zoledronic acid. N Engl J Med 349(17):1676–1679. doi:

10.1056/NEJM200310233491721

17. Cockcroft DW, Gault MH (1976) Prediction of CrCl from serum

creatinine. Nephron 16:31–41. doi:10.1159/000130554

18. Levey AS, Greene T, Kusek JW (2000) A simplified equation to

predict glomerular filtration rate from serum creatinine. J Am Soc

Nephrol 11:0828 abstract

19. Aronoff GR, Berns JS, Brier ME et al (1999) Drug prescribing in

renal failure. Dosing guidelines for adults, 4th edn. American

College of Physicians-American Society of Internal Medicine,

USA

20. Launay-Vacher V, Karie S, Deray G (2005) GPR Anticancéreux.
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