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Prospective evaluation of renal function in pediatric and adult
patients treated with high-dose ifosfamide, cisplatin and
high-dose methotrexate
Stefano Ferraria, Franca Pierettib, Elisabetta Verrib, Loredana Tolentinisb,
Marilena Cesaria, Michela Versaria, Carola Zolezzib, Gaetano Lamannac

and Gaetano Baccia

We investigated the renal function of pediatric and adult

patients who had been submitted to chemotherapy with

high-dose methotrexate (MTX), cisplatin and high-dose

ifosfamide (IFO). We observed 43 osteosarcoma patients

aged 4–34 years (median 16 years). The median received

cumulative doses of MTX, cisplatin and IFO were 60.1

g/m2, 598mg/m2 and 73.5 g/m2. Renal function was

assessed by measurement of creatinine clearance, renal

threshold for phosphate (Tmp/GFR), urinary a1-micro-

globulin (A1M):creatinine ratio, urinary albumin:creatinine

ratio, 24-h glycosuria and proteinuria. The median interval

between chemotherapy completion and first renal function

assessment was 2 months (range 2–4 months);

assessments were then performed at a median interval of

16 months (range 9–49 months). A significant decrease of

TmP/GFR was observed only in the pediatric group (under

18 years): the percentage of patients with TmP/

GFR<1mmol/l increased from 21% (six of 28) at the end

of treatment to 46% (13 of 28) at the late assessment.

Glycosuria in 10 (67%) of 15 adults and 21 (75%) of

pediatric patients was detected with an increased

incidence compared to the early post-chemotherapy

assessment (13% adults and 29% children). A significant

increase of the albumin:creatinine ratio and A1M:creatinine

ratio was observed only in adults. Overall, 21 patients had a

reduced glomerular function at the latest evaluation,

associated with glycosuria in 15 patients (71%), proteinuria

in 14 (67%) and TmP/GFR<1mmol/l in 11 (52%). We

conclude that strict monitoring of renal function should be

recommended in pediatric and adult patients after chemo-

therapy with high-dose MTX, cisplatin and high-dose

IFO. Anti-Cancer Drugs 16:733–738 �c 2005 Lippincott

Williams & Wilkins.
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Introduction
Renal impairment has been reported [1–7] in long-term

cancer survivors after chemotherapy treatment based on

ifosfamide (IFO) and cisplatin with or without metho-

trexate (MTX). These studies involved pediatric patients

treated according to different protocols with different

cumulative doses of the drugs with different results

[2,4,5]. All studies included patients treated with

standard-dose (9 g/m2/cycle or below) IFO. In more

recent years, IFO at a high dose (14–15 g/m2/cycle) has

been used [8] and its pattern of renal toxicity has been

recently reported [9]. There is a lack of information

about renal function in adult patients after treatments

based on MTX, cisplatin and IFO, as well as about

chemotherapy-induced renal impairment being a pro-

gressive phenomenon requiring long-term monitoring of

the renal function in adults and pediatric patients.

Moreover, there are no data about renal function

after treatments including high-dose IFO added to

cisplatin and MTX. The aim of this monoinstitutional

study was to report the results of a prospective analysis of

the renal function of pediatric and adult patients

after chemotherapy with high-dose MTX, cisplatin and

high-dose IFO.

Patients and method
Forty-three patients (29 males and 14 females) with

osteosarcoma of the extremities who completed sched-

uled neoadjuvant chemotherapy (Fig. 1) and underwent

at least two renal function assessments after that entered

the study. The median age was 16 years (range 4–34

years); 15 (35%) patients were aged 18 years or older

(adult group). The median received cumulative doses of

MTX, cisplatin and IFO were 60.1 g/m2, 598mg/m2 and

73.5 g/m2, respectively. The median interval between the

first renal function assessment (early post-chemotherapy

renal function assessment) and chemotherapy completion

was 2 months (range 2–4 months); the subsequent

renal function assessment (late post-chemotherapy

renal function assessment) was performed at a median
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interval of 16 months (range 9–49 months) after

chemotherapy completion.

Chemotherapy

Normal bone marrow, hepatic and renal function were

required to receive the planned chemotherapy. Chemo-

therapy consisted of MTX, doxorubicin, cisplatin and

IFO. All drugs were given i.v. MTX (12 g/m2) was

administered in a 4 h infusion with leucovorin (folinic

acid) rescue (8mg/m2) every sixth hour, beginning 24 h

after the MTX infusion by 11 doses. In the first 48 h after

starting MTX infusion, hydration (2000ml/m2) was given.

Adequate alkalinization was required to keep the urinary

pH at 7 or higher starting from the time of the MTX

infusion up to a serum MTX<0.2 mmol/l. Cisplatin was

delivered over a 48 h continuous infusion at the dose of

120mg/m2. IFO, in combination with an equimolar dose

of MESNA, was delivered as a continuous infusion at the

dose of 3 g/m2/day for 5 consecutive days.

Renal function assessment

Using a 24 h collection of urine and a corresponding

fasting blood sample, the following parameters were

analyzed: serum and urine creatinine, serum and urine

electrolytes (sodium, potassium, calcium and phosphate),

urinary excretion of albumin, a1-microglobulin (A1M),

glucose and protein. The evaluation of the renal function

was performed by measurement of creatinine clearance,

renal threshold for phosphate (Tmp/GFR), urinary

A1M:creatinine ratio, urinary albumin:creatinine ratio,

24-h glycosuria and proteinuria.

Creatinine clearance was determined on a sample of a 24h

collection of urine and expressed in ml/min/1.73m2 with

90ml/min as the lower limit of normal [1]. Renal threshold

for phosphate (Tmp/GFR) was expressed in mmol/l and

determined on a sample of a 24h collection of urine

according to the formula: Tmp/GFR=Pp–([Up�Pcr]/Ucr),

where P=plasma concentration, p=phosphate, U=urine

concentration, cr= creatinine [10]. The lower limit of

normal was set at below 1mmol/l in children [1]. Urinary

A1M:creatinine ratio was expressed as mg/mmol and

urinary albumin:creatinine ratio was expressed as mg/

mmol. A1M and albumin were assayed on a sample of

a 24h collection of urine by an immunoturbidimetric

assay with commercial kits (Tina-quant; Roche/Hitachi,

Mannheim, Germany) and expressed as mg/l. Glycosuria

and proteinuria were reported as mg/day. The detection of

any amount of glucose in the 24h collection of urine

identified patients with glycosuria; the detection of

urine protein loss above 150mg/day identified patients

with proteinuria.

Statistics

Statview 4.5 statistical package (Abacus Concepts,

Berkeley, California, USA) was used for the statistical

analysis. The w2-test and non-parametric tests (Wilcoxon

and Mann–Witney U-test) were performed when appro-

priate. Results are displayed as box plots. Each box plot is

composed of five horizontal lines that display the 10th,

25th, 50th, 75th and 90th percentiles of a variable. All

values for the variable above the 90th percentile and

below the 10th percentile are plotted separately as

circles. Simple regression analysis was used to correlate

continuous variables.

Results
Early post-chemotherapy renal function assessment

The creatinine clearance values ranged between 43 and

160ml/min (median value 82ml/min), with 24 (56%)

patients with lower levels than 90ml/min. The percen-

tage of patients with a low level of creatinine clearance

was not significantly different between the pediatric

(61%) and the adult (47%) group.

The renal threshold for phosphate (Tmp/GFR) ranged

between 0.41 and 1.69mmol/l. Lower levels were found

in adult patients (Table 1). A renal threshold for

phosphate (Tmp/GFR) below 1mmol/l was detected in

six (21%) patients in the pediatric group.

Normal serum levels of calcium and potassium were

detected in all patients.

Glycosuria ranging from 10 to 700mg/day was detected in

10 (23%) patients [two adults (13%) and eight (29%)

pediatric patients; p=0.5]. In three patients (two

children and one adult) it exceeded 300mg/day.

Proteinuria exceeding 150mg/day was detected in 21

(49%) patients: 16 (57%) children and five (33%) adults

(p=0.3). In three patients (two children and one adult)

it exceeded 500mg/day (maximum value 696mg/day).

Fig. 1

Pre-operative treatment 

MTX  CDP/ADM  IFO  MTX  CDP/ADM  IFO  surgery 

Post-operative treatment 

ADM*  IFO  MTX  CDP  ADM  IFO  MTX  CDP  IFO  MTX  CDP  surgery 

0 week107641
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Chemotherapy scheme. MTX=methotrexate 12g/m2, CDP=cisplatin
120mg/m2, ADM=doxorubicin 75mg/m2, IFO= ifosfamide/
MESNA15 g/m2, ADM*=doxorubicin 90mg/m2.
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The urinary albumin:urinary creatinine ratio ranged

between 0.4 and 13.5 (median value 1.1), the A1M:

urinary creatinine ratio ranged between 0.6 and 27.1

(median value 2.3). No differences were found between

the pediatric and adult groups (Table 1).

Late post-chemotherapy renal function assessment

Among the patients with normal creatinine clearance at

the end of chemotherapy, 13 (68%) also showed normal

values at the late assessment, whereas low levels were

detected in six (32%). An improvement of the creatinine

clearance value up to a value above 90ml/min was found

in nine (37.5%) patients with low creatinine clearance

levels at the end of chemotherapy. In 18% of pediatric

patients with normal values at the end of treatment

the creatinine clearance decreased to levels lower than

90ml/min; the same occurred in four (50%) adult

patients. An improvement of the glomerular function

was detected in five (29%) pediatric and four (57%) adult

patients (Fig. 2). Overall, 21 patients presented with a

reduced glomerular function at the late evaluation

and this was associated with glycosuria in 15 (71%),

proteinuria above 150mg/day in 14 (67%) and TmP/GFR

values below 1mmol/l in 11 (52%) patients.

TmP/GFR values significantly decreased over the follow-

up period in the pediatric group (Fig. 3). The percentage

of patients with TmP/GFR values below 1mmol/l

increased from 21% (six of 28) at the end of treatment

to 46% (13 of 28) at the late assessment. Nine of 22 (41%)

pediatric patients with normal TmP/GFR values at the

end of treatment showed later levels lower than 1mmol/l.

On the other hand, a recovery of tubular reabsorption of

phosphate was documented in two (33%) of the six

patients with low TmP/GFR at the end of treatment.

In 10 (67%) of 15 adults and 21 (75%) of 28 pediatric

patients glycosuria ranging from 40 to 5800mg/day was

detected with an increased incidence compared to the

early assessment (Fig. 4). Frank glycosuria (above 300mg/

day) was detected in three (7%) patients at the first and

in 11 (26%) in the subsequent assessments. In more

detail, three (14%) of the 21 pediatric patients and eight

of the 10 adults with glycosuria showed levels higher than

300mg/day.

A significant increase of urinary albumin:urinary creati-

nine and A1M:urinary creatinine ratios was found in adult

patients (Fig. 5).

Table 1 Renal function at the early assessment after chemotherapy according to age (adult and pediatric patients)

Age Z 18 years Age <18 years p

Creatinine clearance [ml/min (mean±SD)] 104±56 89±29 0.7a

TmP/GFR [mmol/l (mean±SD)] 0.89±0.28 1.14±0.24 0.004a

Patients (percentage) with glycosuria 2/15 (13%) 8/28 (29%) 0.5b

Patients (percentage) with glycosuria > 300mg/day 1/15 (7%) 2/28 (7%) 0.8b

Patients (percentage) with proteinuria 5/15 (33%) 16/28 (57%) 0.3b

Patients (percentage) with proteinuria >500mg/day 1/15 (13%) 2/28 (7%) 0.6b

Urinary albumin:creatinine [mg/mmol (mean±SD)] 1.5±0.9 2.4±3.3 0.7a

Urinary A1M:creatinine [mg/mmol (mean±SD)] 3.8±2.6 4.5±6 0.5a

aMann–Whitney U-test.
bw2-test.

Fig. 2
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(A) Creatinine clearance at the late renal function assessment in
patients with normal values at the early assessment. (B) Creatinine
clearance at the late renal function assessment in patients with low
values at the early assessment. Shaded bars= normal; sold bars = low.
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A possible relationship among excretion of albumin and

A1M and creatinine clearance, TmP/GFR and glycosuria

was looked for. In pediatric patients, a statistically

significant relationship was found between A1M and

glycosuria (r=0.52, p=0.004) and TmP/GFR (r=0.39,

p=0.04) at the early assessment. No statistically

significant relationship was found at the late renal

function assessment. In adults, a relationship close to

significance was found only at the late assessment

between A1M and creatinine clearance (r=0.48,

p=0.61) and TmP/GFR (r=0.48, p=0.061) and

albumin and creatinine clearance (r=0.49, p=0.06). In

our study group, no cases of Fanconi’s syndrome were

detected during the study period.

Discussion
In this prospective evaluation of renal function in

pediatric and adult patients who underwent chemo-

therapy treatment with high-dose MTX, cisplatin and

high-dose IFO, glomerular and tubular impairment was

observed. About half of patients showed a reduction of

GFR and proteinuria, and about one-quarter glycosuria

Fig. 3
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Fig. 5
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and (in pediatric patients) reduction of tubular resorption

of phosphate.

The pattern of renal toxicity did not differ significantly

between children and adults, and the lower level of the

renal tubular threshold for phosphate reported in adults is

due to the age-related difference in phosphorous

metabolism [11].

The renal function did not show univocal behavior over

time in our study population. Progressive proximal

tubular damage was documented both in adults and

children: glycosuria was detected in an increased

percentage of patients without differences between adult

and pediatric patients. A reduction of Tmp/GFR was

observed in pediatric, but not in adult patients, and an

increased urinary excretion of low-molecular-weight

proteins was observed only in adult patients. On the

other hand, recovery of tubular reabsorption of phosphate

was documented in two of the six patients with low TmP/

GFR at the end of treatment.

Disparate behavior of glomerular function was observed,

with a complete recovery in some patients, whereas

others, mainly adults, showed a progressive impairment.

Our data of renal function after chemotherapy com-

pletion are worse than those reported in a population of

24 children and adolescents with osteosarcoma treated

with the same drugs we used [5], and this is probably

related to the higher cumulative dose of cisplatin and

IFO received by our patients. The use of cisplatin can

increase the risk of renal toxicity in patients treated with

IFO [2,3] and the nephrotoxicity due to IFO is related to

its cumulative dose [1,6]. Furthermore, our patients

received IFO at a high dose per cycle, which is

responsible for acute tubular toxicity [9].

Most of papers on this issue report experiences on

pediatric patients. In this age group, some studies [3,6]

failed to find the age to be a risk factor of renal toxicity in

patients treated with IFO with or without concomitant

combination of MTX and cisplatin, whereas a greater

proximal tubular toxicity was documented in patients less

than 3 years of age [12,13]. In the present study, the age

does not seem to be a risk factor for acute renal toxicity.

The age of our study population ranged between 4 and 34

years, and in patients with a normal baseline renal function

the same pattern of renal toxicity was observed, in

pediatric patients and adults up to the age of 34 years,

after chemotherapy with MTX, cisplatin and IFO.

In a previous paper on 37 children who received a median

cumulative dose of IFO of 54 g/m2 [14], a progressive

glomerular function impairment with coexistent tubular

toxicity was reported. Our data support these findings since

in the majority of our patients a reduced glomerular function

was associated to some features of proximal tubular toxicity.

Progressive tubular toxicity was documented in the

present study. Glycosuria was the proximal tubular

damage feature most frequently observed, with a similar

incidence in pediatric and adult patients. Several reports

documented the high incidence of glycosuria in patients

following treatment with IFO [1–5] and in a recent report

of the UKCCSG Late Effect group a high fractional

excretion of glucose was detected in 88% of the evaluable

patients studied [6]. In the present study we observed

how the glycosuria is a progressive phenomenon, with the

percentage of patients with glycosuria increasing from

23% at the first evaluation after chemotherapy com-

pletion to 72% during the follow-up period, with no

differences between pediatric and adult patients. The

progressive impairment of the tubular resorption of

phosphate was a specific phenomenon of the pediatric

group. In a recent prospective study [15] on a large group

of pediatric patients the predictive significance of a

severe impairment of phosphate resorption for the

development of Fanconi’s syndrome or generalized

subclinical tubulopathy was reported. In our study group,

no cases of Fanconi’s syndrome were detected during the

study period and only a mild impairment of the tubular

resorption of phosphate was documented.

The measurement of urinary excretion of A1M and

albumin gave different results, with a relationship with

glycosuria and TmP/GFR in the early renal function

assessment in pediatric patients. However, in spite of the

demonstrated progression of tubular damage, this relation

was not found at the late renal function assessment. These

observations are in agreement with the demonstrated

importance of A1M as a marker of acute tubular damage

[16], but some doubts can be addressed to the possible

role in monitoring the tubular function, at least in this

subset of patients. In adults, increased urinary excretion of

A1M and albumin was observed. The observed progressive

tubular damage and the reported relation between renal

function and albumin excretion [17,18] observed in other

settings could suggest future investigations on the possible

role of albuminuria in monitoring the renal function after

chemotherapy based on nephrotoxic drugs.

In the present study, a similar pattern of nephrotoxicity

was observed in pediatric and adult patients after

chemotherapy with high-dose MTX, cisplatin and high-

dose IFO, and the strict monitoring of the renal function

which is recommended for pediatric patients is also

suggested for adult patients.
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