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&p.1:Abstract. The acute renal effects of chemotherapy are
known, but long-term nephrotoxicity has rarely been in-
vestigated. The aim of the present study was to assess
long-term renal function in children and adolescents
who received at-risk chemotherapy, including cisplatin,
ifosfamide, and methotrexate, to treat an osteosarcoma.
Renal function tests [creatinine clearance, microalbu-
minuria, and renal excretion of sodium, potassium, chlo-
ride, calcium, magnesium (Mg), phosphorus (P), and
uric acid] were prospectively performed 5.4±2.2 (±SD)
years after chemotherapy (total cumulative dose: metho-
trexate 41±31 g/m2, ifosfamide 39±14 g/m2, cisplatin
674±188 mg/m2) in 18 children and adolescents. The re-
sults were compared with 13 normal volunteers matched
for age and sex. Creatinine clearance, which was greater
than 80 ml/min per 1.73 m2 in all patients, correlated
with the total dose of ifosfamide (r=0.55, P<0.05) and
cisplatin (r=0.48, P<0.05). Microalbuminuria was noted
in 4 patients. Hypomagnesemia was present in 4 and hy-
percalciuria in 3 patients; renal excretion of P, Mg, and
uric acid was higher in patients than in controls. Glomer-
ular function was not significantly altered and only mild
tubular dysfunction was present. Since renal excretion of
P and Mg were increased in patients compared with nor-
mal volunteers and hypercalciuria was occasionally
seen, divalent ion disorders are the most-likely potential
complications.
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Introduction

The prognosis of malignancies in children has dramati-
cally improved. As a result interest in chemotherapy-in-
duced nephrotoxicity has grown, since an increasing

number of individuals with curable cancer are potential-
ly at risk of long-term renal sequelae. This is especially
important when drugs are combined because the toxicity
may be additive. The combination of cisplatin, ifosfa-
mide, and methotrexate, which sometimes is employed
for the treatment of solid tumors, deserves investigation
because toxicity has been assigned to each of the drugs
[1]. The nephrotoxicity of cisplatin is considered dose
related and includes a variable reduction of glomerular
filtration rate (GFR) along with tubular dysfunction; the
latter is usually expressed as increased renal magnesium
(Mg) excretion and hypomagnesemia [2]. Both glomeru-
lar and tubular function may be affected by ifosfamide,
and a variety of tubular disorders, such as Fanconi syn-
drome and hypophosphatemic rickets, has been de-
scribed [3]. High-dose methotrexate is also considered
toxic to renal tubules, and acute renal failure responsible
for subsequent accumulation of the drug has been report-
ed [4, 5]. The combination of cisplatin and ifosfamide is
particularly hazardous, since evidence suggests that ifos-
famide nephrotoxicity is possibly potentiated by cis-
platin [6–9].

The majority of studies on nephrotoxicity of cytostat-
ic agents are based on the acute effects of the drugs, and
less is known about the long-term consequences of che-
motherapy on renal function.There are concerns on the
incidence and severity of renal dysfunction. The aim of
the present study was to assess long-term renal function
in a group of children and adolescents with osteosarco-
ma who received a combination of cisplatin, ifosfamide,
and methotrexate.

Patients and methods

Eighteen patients (13 girls) with biopsy-proven osteosarcoma at a
mean age of 15.2±2.3 years (range 10.0–19.7 years) received
combined chemotherapy as part of their treatment, which consist-
ed of an induction with weekly repeated pulses of high-dose
methotrexate [8 g/m2 body surface area (BSA) before puberty and
12 g/m2 BSA after puberty], followed by local treatment (surgery
or radiotherapy), followed by repeated sessions (every 3 weeks) of
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chemotherapy consisting of ifosfamide (3 g/m2 BSA on days 1
and 2), vindesine (4 mg/m2 BSA on day 1), and cisplatin (100
mg/m2 BSA on day 3). The total duration of treatment was
28.7±5.6 weeks (range 20.1–40.3 weeks) and involved a mean of
4.6±3.2 cycles of methotrexate (range 0–9) and 6.6±1.4 cycles of
cisplatin, ifosfamide, and vindesine (range 4–9). Since vindesine
has a low nephrotoxic potential, this drug was not evaluated as a
possible cause of renal dysfunction in the present series.

Alkalinization and folic acid (15 mg/m2 every 6 h) were com-
bined with methotrexate infusions, while mesna (3.6 mg/m2 BSA)
was given together with ifosfamide. Hyperhydration (3 l/m2 BSA)
was used during triple chemotherapy.

All individuals had a normal serum creatinine at the start of
treatment; subsequently 11 of 18 patients had at least one episode
of a greater than 20% rise in creatinine, but at the end of chemo-
therapy serum creatinine was statistically comparable to the val-
ues observed at the beginning (61±13 µmol/l and 66±11 µmol/l,
respectively). Only 1 of the patients had a reversible episode of
acute renal failure associated with methotrexate infusion, which
has been reported elsewhere [5].

Kidney function was assessed after a follow-up of 5.4±2.2
years (range=1.2–10.3 years) after the last cycle of chemotherapy.
Biochemical determinations included serum creatinine urea, sodi-
um (Na), chloride (Cl), potassium (K), calcium (Ca), phosphorus
(P), Mg, osmolality, and uric acid. The same parameters, as well
as microalbuminuria, were determined in 24-h urine samples. Cre-
atinine clearance was then calculated. Renal excretion of Na, Cl,
K, Ca, P, Mg, and uric acid were expressed as the ratio of each
substance to urine creatinine to avoid problems with urine collec-
tion. For P and Mg, renal excretion was also expressed as the
phosphate threshold (TmP/GFR) and the fractional reabsorption
of Mg, respectively.

The methods employed for biochemical determinations were:
Na and K, flame photometry; Cl, colorimetric titration; Ca, fluori-
metric method with EGTA; Mg, atomic absorption spectropho-
tometry; osmolality, Fiske osmometer; uric acid, enzymatic meth-
od; microalbumin, immunonephelometry. Urea, P, and creatinine
were determined with colorimetric methods.

With the exception of microalbuminuria, the same renal func-
tion tests were performed in a group of 13 normal volunteers
matched for age and sex (Table 1). The chi-squared test, Wilcoxon
matched pairs test, Mann-Whitney U test, and Pearson’s correla-
tion were used for statistical analysis. Results are expressed as
mean plus or minus standard deviation and statistical significance
was assessed at 5% level in two-tailed tests.

Results

All patients had a creatinine clearance higher than
80 ml/min per 1.73 m2. A significant negative correla-
tion was observed between creatinine clearance and the
cumulative dose of both ifosfamide (r=0.55, P<0.05)
and cisplatin (r=0.48, P<0.05), but not with methotrex-
ate (Fig. 1). Elevated microalbuminuria (urine albumin
>30 mg/24 h) was noted in 4 patients, without signifi-
cant correlation with any of the three drugs. No signifi-
cant correlation was seen between microalbuminuria and
GFR.

Hypercalciuria (urine Ca/creatinine >0.49 mmol/
mmol) was present in 3 patients (range=0.56– 0.86); hy-
pomagnesemia (serum Mg<0.75 mmol/l) (range=0.51–
0.72) was present in 4 patients. Compared with normal
volunteers, patients had a significantly higher renal ex-
cretion of Mg. The TmP/GFR was not significantly dif-
ferent between the two groups but, the urine P/creatinine
ratio was higher in patients. Moreover, serum uric was
lower in patients (Table 1).

Table 1.Comparisons between patients and normal volunteersa&/tbl.c:&tbl.b:

Parameter Patients Volunteers P
(n=18) (n=13)

Age (years) 20.6±2.8 24.3±5.5 NS
Male/female 5/13 8/5 NS
Weight (kg) 59.8±11.6 67.3±8.5 NS
Height (cm) 165.6±10.4 174.2±7.8 <0.05
Serum creatinine (µmol/l) 78±16 86±12 NS
Serum urea (mmol/l) 5.2±1.3 5.1±1.5 NS
Serum Na (mmol/l) 140±2 140±1 NS
Serum K (mmol/l) 3.7±0.4 3.8±0.3 NS
Serum Ca (mmol/l) 2.36±0.08 2.34±0.08 NS
Serum P (mmol/l) 1.3±0.1 1.2±0.1 NS
Serum Mg (mmol/l) 0.79±0.10 0.85±0.05 NS
Serum uric acid (µmol/l) 240±67 337±46 <0.05
Serum osmolality (mosmol/kg) 285±3 283±5 NS
Urine osmolality (mosmol/kg) 716±212 579±290 NS
Cr clearance (ml/min per 1.73 m2) 112±22 103±30 NS
Urine Ca/Cr ratio (mmol/mmol) 0.33±0.18 0.26±0.08 NS
Urine P/Cr ratio (mmol/mmol) 2.2±0.4 1.8±0.5 <0.05
Urine Mg/Cr ratio (mmol/mmol) 0.31±0.09 0.24±0.10 <0.05
Urine uric acid/Cr (mmol/mmol) 0.28±0.07 0.24±0.06 NS
TmP/GFR (mmol/l) 1.09±0.15 1.01±0.11 NS
Fractional reabsorption Mg (%) 95.6±1.7 96.8±1.2 <0.05

Na, sodium; K, potassium; Ca, calcium; P, phosphorus; Mg, magnesium; Cr, creatinine;
NS, not significant; TmP/GFR, phosphate threshold
a Values expressed as mean±SD except for male/female ratio&/tbl.b:
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moderate nephrotoxicity 1–28 months after treatment;
the lower GFR observed was 61 ml/min per 1.73 m2 and
tubular alterations included six children with hypophos-
phatemic rickets and/or renal tubular acidosis and 1
child with nephrogenic diabetes insipidus. Our data are
different in many ways from the above, since the follow-
up is longer and the population presented here was ex-
posed to a combination of three known nephrotoxic
agents. Our results essentially suggest a preservation of
GFR and a persistence of mild tubular damage in these
patients (mainly involving divalent ion and uric acid ex-
cretion), which is not very different from previous stud-
ies.

Although we did not observe any significant reduc-
tion in GFR, elevated microalbuminuria was present in 4
individuals. Furthermore, a significant negative correla-
tion was found between GFR and the cumulative doses
of ifosfamide and cisplatin, but not with methotrexate,
which suggests that the influence of ifosfamide and cis-
platin on GFR is long lasting. We have no data on the re-
nal growth of the patients and we can not rule out that
microalbuminuria was caused by hyperfiltration of inad-
equately growth kidneys. One of the patients with in-
creased urine albumin also had a high creatinine clear-
ance (145 ml/min per 1.73 m2), while the other 3 had
GFR in the normal range. One could argue that assess-
ment of GFR by creatinine clearance instead of inulin
clearance, as in the present study, might underestimate
the true extent of mild glomerular damage after chemo-
therapy [14, 15]; however, the GFR of the patients was
identical to that of normal volunteers.

The hypercalciuria observed in 3 patients is most
probably secondary to ifosfamide, since a moderate re-
duction in calciuria has been observed after cisplatin
[11]. Moreover, hypercalciuria was also noted by Arndt
et al. [12] in 6 of 18 patients who received high-dose if-
osfamide.

Despite assessment of the fact that tubular function
was incomplete because glucosuria, enzymuria, and ami-
noaciduria were not measured, the present data suggest
that Mg, and probably Ca and P, reabsorption were de-
creased. This suggests a diffuse rather than localized tu-
bular damage, since P is predominantly reabsorbed in
the proximial tubule, Ca is reabsorbed proximally and
distally, whilst most Mg reabsorption takes place distal-
ly. Increased renal excretion of uric acid is another indi-
cator of tubule dysfunction in the present series, since
we observed reduced uricemia with a high urine acid
uric/creatinine ratio, although the later did not reach sta-
tistical significance. Again this is in agreement with the
data from Arndt et al. [12] who found that 16 of 18 pa-
tients had a high excreted fraction of uric acid after ifos-
famide treatment.

Another important issue is whether acute nephrotox-
icity provoked by chemotherapy is progressive. Heney et
al. [16] suggested that renal damage after ifosfamide
was progressive because glomerular proteinuria was
present in only 2 of 11 patients early after chemotherapy
and in 5 of 7 individuals who were studied again 7
months later. However, Brock et al. [17] showed that all
but 2 of 24 children who had a GFR <80 ml/min per

Discussion

Protocols involving combination of different cytostatic
drugs are one of the reasons for the improvement in the
outcome of children with cancer; nevertheless toxicity to
various organs is likely. The kidney is a particularly ex-
posed target of drug metabolism and clearance; conse-
quently a significant group of children are theoretically
at risk of renal dysfunction due to cytostatic agents.

The majority of studies published to date have evalu-
ated acute kidney damage or renal function after a rela-
tively short follow-up; information is scarce on long-
term renal function. Suarez et al. [10] found that 22% of
74 children who received six to ten cycles of ifosfamide,
vincristine, and dactinomycin had renal abnormalities 1
year after chemotherapy; of these, 4 (5% of the total
population) had major toxicity resulting in Fanconi syn-
drome. Bianchetti et al. [11] found mild tubular dysfunc-
tion (hypocalciuria, renal Mg deficiency, and metabolic
alkalosis), in 9 of 12 patients 4–43 months after receiv-
ing cisplatin for solid tumors, and Arndt et al. [12] found
little reduction in GFR (maximal decrease ob-
served=18% below normal), and mild tubular dysfunc-
tion (high fractional excretion of urate and mild general-
ized aminoaciduria) in 6 of 18 patients 3 months after a
cumulative dose of 72 g/m2 of ifosfamide. More recent-
ly, Skinner et al. [13] found that six of ten patients who
received more than 100 mg/m2 of ifosfamide developed
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Fig. 1. Linear correlation between creatinine clearance and total
dose of ifosfamide (a) and cisplatin (b)
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1.73 m2 at the end of chemotherapy including cisplatin,
demonstrated a variable degree of recovery. Brillet et al.
[18] described mild but significant reduction in both
GFR and renal blood flow in 35 patients who received a
cumulative dose of 603±37 mg/m2 of cisplatin; after
12–24 months, 12 patients were re-evaluated and renal
function was stable. Our data do not permit a definitive
judgement on this issue because renal function was eval-
uated only once, but considering the long period of fol-
low-up and the persistence of tubule abnormalities, it is
possible that tubule damage is definitive.

In conclusion, long-term nephrotoxicity after chemo-
therapy with cisplatin, ifosfamide, and methotrexate
seems to be mild, involving mainly tubular function. De-
spite the absence of clinical consequences in the present
study, the renal risk should not be ignored, since tubule
damage is long lasting. Divalent ion disturbances, such
as hypomagnesemia or hypophosphatemic rickets, are
the most-likely clinical consequences and should be
monitored long-term after chemotherapy.
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