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Summary. The nephrotoxic effects of ifosfamide were as-
sessed in 18 children and adolescents given cumulative
doses of 32-112g/m? (1.6 g/m* per day in sequential
5-day courses) with the uroprotectant mesna (1.2 g/m? per
day). Tubular nephrotoxicity was evaluated by measuring
the urinary concentrations of N-acetyl-pB-p-glucosamini-
dase (NAG), alanine aminopeptidase (AAP), and total
protein before and during sequential courses of therapy.
Of 15 patients who had normal levels of tubular markers
before ifosfamide therapy, only | developed a persistent
increase in baseline values of the three tubular markers
with the sixth course of ifosfamide. Although transient in-
creases in the excretion of these markers were observed
during each 5-day course of ifosfamide, the magnitude did
not increase over sequential courses in these 15 patients.
Of the remaining three patients who had increased NAG
levels before ifosfamide therapy, two showed a progressive
increase in enzymuria and proteinuria, and serum crea-
tinine concentrations increased in a single patient who had
obstructive uropathy. Our data suggest that children with
normal renal function can be given large cumulative
amounts of ifosfamide in fractionated doses with little risk
of progressive clinical nephrotoxicity.

Introduction

Ifosfamide has been shown to be active against testicular
carcinoma and pediatric soft-tissue sarcomas, osteosar-
coma, and Ewing’s sarcoma [17]. The introduction of
mesna to protect the urothelial tract has eliminated hemor-
rhagic cystitis as a dose-limiting toxic effect of this
drug [3]. Mesna also appears to reduce the incidence of se-
vere ifosfamide-induced nephrotoxicity [5], although no
controlled study has evaluated the effect of systematic
variations in the dosages of either mesna or ifosfamide.
The administration of high-dose ifosfamide as a bolus or
by brief infusion has been associated with severe renal tox-
icity, despite mesna administration [5, 6, 14—16]. In con-
trast, the incidence of overt renal toxicity is low when ifos-
famide is given in daily fractionated doses, with or without
mesna [17]. However, subclinical, transient tubular pro-
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teinuria, hyperaminoaciduria, and apparent serum bicar-
bonate loss are observed when ifosfamide is given in frac-
tionated doses [1, 2, 7, 9, 12]. The present study was de-
signed to determine whether these transient tubular neph-
rotoxic effects lead to progressive renal impairment during
long-term therapy.

Patients and methods

We studied a subgroup of patients enrolled in a phase II
trial of ifosfamide [13]. For the present study, patients were
required to have received four or more courses of ifos-
famide and mesna and to agree to urine collection during
each course of ifosfamide therapy. None of the 18 patients
received aminoglycosides or other antineoplastic agents
during ifosfamide therapy, and all had two functioning
kidneys. They had received previous therapy with one or
more of the following agents: aminoglycosides (n = 3),
bleomycin (n = 1), cisplatin (n = 8), cyclophosphamide
(n = 11), dactinomycin (n = 2), doxorubicin (n = 14),
etoposide (n = 3), high-dose methotrexate (n = 5), teni-
poside (n = 1), or vincristine (# = 2); 4 had received ab-
dominal irradiation. Among 75 patients in the phase II in-
vestigation who did not meet the criterion of four or more
treatment courses, ifosfamide therapy was discontinued
due to early death (n = 5), withdrawal from the protocol
(n = 1), or failure to respond to therapy (n = 69), but not
nephrotoxicity.

Ifosfamide (1.6 g/m? injected intravenously over
15 min was followed by three intravenous infusions of
mesna (400 mg/m?) at 15 min, 4h and 6 h. Each course
consisted of five daily doses of ifosfamide, for a total of
8 g/m” Courses were given at 3- to 4-week intervals.

Before each course of ifosfamide, blood was drawn for
determination of serum creatinine concentrations and
urine specimens were obtained to analyze concentrations
of total urinary protein as well as N-acetyl-B-p-glucosa-
minidase (NAG) and alanine aminopeptidase (AAP),
enzymes localized within the lysosomes and brush border
of proximal renal tubular cells, respectively. Daily urine
specimens were also obtained during each course of ifos-
famide to assess drug-induced tubular enzymuria and pro-
teinuria. Concentrations of urinary markers were deter-
mined by the adaptation of spectrophotometric procedures
to an automated clinical analyzer (American Monitor Per-
spective, Indianapolis, Ind) [7]. Enzyme and protein mea-
surements were expressed relative to the urinary creatinine
concentration to adjust for variations in urinary output.



As a measure of acute ifosfamide-induced tubular pro-
teinuria, we calculated the average increase over the pre-
course value of NAG, AAP, and total protein concentra-
tions within each 5-day treatment course. Differences bet-
ween sequential, paired courses in individual patients were
compared by the sign-rank test. Persistent tubular protein-
uria was defined as precourse values above the normal
range for NAG (>1.51U/mmol creatinine), AAP
(>3.01U/mmol creatinine), or total protein (>0.18 g/g
creatinine) before three sequential courses of ifosfamide.
Patients who had increased urinary concentrations of any
of the three markers before their initial course of treatment
were considered to have preexisting renal tubular damage.

Results

Total ifosfamide dosages, initial and final NAG and se-
rum creatinine levels, and patient characteristics are given
in Table 1. A total of 15 patients had normal serum crea-
tinine, urinary enzyme, and urinary protein concentrations
before their initial course of treatment. Serum creatinine
concentrations did not increase over the period of ifos-
famide therapy in any of these 15 patients. Moreover, only
one subject (patient 14) showed persistent increases in pre-
course NAG, which occurred with his final three treatment
courses; this patient’s urinary total protein and AAP levels
were also persistently elevated (data not shown). NAG in-
creased twofold in three other cases (patients 13, 15,
and 17), but only before their final course. The range of
values for NAG excretion during each course of ifos-
famide treatment for these 15 patients is shown in Fig. 1.
According to the sign-rank test, there was no significant
trend in the magnitude of excretion of NAG, AAP, or total
protein in individual patients over sequential courses.

In patients 4, 10, and 11, concentrations of urinary
enzymes but not total protein were elevated before the ini-
tial course of drug treatment. Patients 4 and 10 subse-

Table 1. Clinical and laboratory features
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Fig. 1. Range and median ( bar) values for NAG excretion during
courses of ifosfamide for 15 patients with no preexisting tubular
damage

quently developed proteinuria (total urinary protein 2.4
and 1.1 g/g creatinine, respectively) and further increases
in NAG excretion (Table 1) by their final course of ifos-
famide. Patient 4 also had an elevated preifosfamide se-
rum creatinine concentration, due in part to 630 mg/m? of
prior cisplatin therapy; by the fourth course of therapy,
the concentration increased from 1.6 to 2.7 mg/dl in asso-
ciation with rapidly progressive pelvic disease and evi-
dence of obstructive uropathy obtained by radiologic im-
aging studies.

Discussion

Reports of ifosfamide-induced renal impairment reflect
differences in the duration and dosage of drug and in pa-
tient susceptibility, especially among those with com-
promised renal function due to tumor or recent nephrotox-

Patient Cumulative Diagnosis Age NAG?® (IU/mmol creatinine) ~ Serum creatinine (mg/dl)
number ifosfamide dosage (years)
(g/m?)2 Initial Fina] Initial Final
1 32 Ewing’s sarcoma 15 0.5 0.8 0.9 0.8
2 32 Osteosarcoma 16 0.8 0.5 1.3 1.1
3 32 Glioblastoma 19 1.1 0.7 0.9 0.8
4¢ 32 Neuroepithelioma 15 3.7 11.7 1.6 2.7
5 32 Neuroblastoma 5 1.3 0.6 0.8 0.8
6 32 Fibrosarcoma 3 14 0.9 0.7 0.7
7 32 Osteosarcoma 11 0.8 1.0 0.8 0.8
8 32 Osteosarcoma 11 0.8 14 0.7 0.6
9 40 Sarcoma 3 1.3 0.5 0.5 0.5
10¢ 40 Schwannoma 14 5.3 9.1 1.3 0.6
11¢ 48 Osteosarcoma 19 2.7 1.9 1.2 1.2
12 48 Osteosarcoma 10 1.2 1.3 0.7 0.6
13 64 Ewing’s sarcoma 14 1.2 23 0.8 0.8
14 64 Osteosarcoma 5 1.2 4.6 0.9 0.8
15 64 Osteosarcoma 22 1.3 2.7 0.7 0.6
16 88 Schwannoma 16 1.1 1.3 1.0 1.0
17 96 Rbabdomyosarcoma 5 0.9 3.6 0.7 0.7
18 112 Schwannoma 16 1.0 1.6 1.1 0.9

2 8 g/m? per 5-day course
b Measured before the initial and final courses of ifosfamide

¢ Patients with elevated urinary levels of NAG before ifosfamide therapy
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ic therapy [4, 6, 8, 10, 14, 15]. Tubular damage presenting
as Fanconi’s syndrome or proximal tubular acidification
defect has been reported in adults after single doses of
5 g/m? ifosfamide without mesna [10] or multiple doses of
8 g/m? ifosfamide despite the coadministration of mesna
[14], and, in a 2-year-old boy, 1 year after treatment with
four doses of 3 g/m? ifosfamide with mesna [11].

Although we observed acute tubular proteinuria during
sequential courses of ifosfamide, this acute nephrotoxicity
was appreciable only by the use of sensitive markers of
tubular damage and was reversible after as many as 14
courses of fractionated doses. None of these children re-
quired discontinuation of therapy due to nephrotoxicity.
The single patient who developed increased serum crea-
tinine concentrations had obstructive uropathy. Only one
patient who did not have preexisting renal impairment de-
veloped persistent tubular proteinuria that was subclinical.
The mesna dose used in this study was only 75% that of
ifosfamide, and the mesna was given after completion of
the ifosfamide infusion. We conclude that large cumula-
tive doses of fractionated ifosfamide and mesna therapy
can be given to children who have normal renal function
with little risk of progressive nephrotoxicity. The value of
more extensive mesna therapy by continuous or intermit-
tent infusion merits further study in patients who have
compromised renal function.

Acknowledgements. We thank F. Elizabeth Pell for technical assis-
tance and Christy Wright for editorial assistance.

References

1. Abeling N, Kraker J de, Gennip A van (1987) Abnormal
plasma and urinary amino acid patterns in children on ifos-
famide treatment (abstract). Proc Annu Meet Am Soc Clin
Oncol 6: 48

2. Antman KH, Montella D, Rosenbaum C, Schwen M (1985)
Phase II trial of ifosfamide with mesna in previously treated
metastatic sarcoma. Cancer Treat Rep 69: 499

3. Brock N, Pohl J (1983) The development of mesna for re-
gional detoxification. Cancer Treat Rev 10 [Suppl A]: 33

4. Defronzo RA, Abeloff M, Braine H, Humphrey RL, David PJ
(1974) Renal dysfunction after treatment with isophospha-
mide (NSC-109724). Cancer Chemother Rep 58: 375

10.

11.

12.

13.

14.

15.

17.

. Falkson G, Van Dyk JJ, Stapelberg R, Falkson HC (1982)

Mesnum as a protector against kidney and bladder toxicity
with high-dose ifosfamide treatment. Cancer Chemother
Pharmacol 9: 81

. Fossa SD, Talle K (1980) Treatment of metastatic renal

cancer with ifosfamide and mesnum with and without irradia-
tion. Cancer Treat Rep 64: 1103

. Goren MP, Wright RK, Horowitz ME, Pratt CB (1987) Ifos-

famide-induced subclinical tubular nephrotoxicity despite
mesna. Cancer Treat Rep 71: 127

. Goren MP, Wright RK, Pratt CB, Horowitz ME, Dodge RK,

Viar MJ, Kovnar EH (1987) Potentiation of ifosfamide neuro-
toxicity, hematotoxicity, and tubular nephrotoxicity by prior
cis-diamminedichloroplatinum(II) therapy. Cancer Res 47:
1457

. Hacke M, Schmoll HJ, Alt JM, Baumann K, Stolte H (1983)

Nephrotoxicity of cis-diamminedichloroplatinum with or
without ifosfamide in cancer treatment. Clin Physiol Biochem
1:17

Loehrer PJ Sr, Williams SD, Einhorn LH, Ansari R (1985)
Ifosfamide: an active drug in the treatment of adenocarci-
noma of the pancreas. J Clin Oncol 3: 367 ]

Moncreif M, Foot A (1989) Fanconi syndrome after ifos-
famide. Cancer Chemother Pharmacol 23: 121

Patterson WP, Khojasteh A (1989) Ifosfamide-induced renal
tubular defects. Cancer 63: 649

Pratt CB, Horowitz ME, Meyer WH, Etcubanas E, Thomp-
son EI, Douglass EC, Wilimas JA, Hayes FA, Green AA
(1987) Phase II trial of ifosfamide in children with malignant
solid tumors. Cancer Treat Rep 71: 131

Sangster G, Kaye SB, Calman KC, Dalton JF (1981) Failure
of 2-mercaptoethane sulphonate sodium (mesna) to protect
against ifosfamide nephrotoxicity. Eur J Cancer Clin Oncol
20: 435

Stuart-Harris RC, Harper PG, Parsons CA, Kaye SB,
Mooney CA, Gowing NF, Wiltshaw E (1983) High-dose al-
kylation therapy using ifosfamide infusion with mesna in the
treatment of adult advanced soft-tissue sarcoma. Cancer Che-
mother Pharmacol 11: 69

. Van Dyk JJ, Falkson HC, Van der Merwe AM, Falkson G

(1972) Unexpected toxicity in patients treated with iphospha-
mide. Cancer Res 32: 921

Zalupski M, Baker LH (1988) Ifosfamide. J Natl Cancer Inst
80: 556

Received 31 January 1989/Accepted 11 April 1989



