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Development of Ifosfamide-Induced Nephrotoxicity: Prospective Follow-Up in

75 Patients
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Purpose. This study was performed to de-
scribe prospectively the development and prog-
nosis of severe ifosfamide-induced nephrotox-
icity and to define the period of recommended
renal follow-up after ifosfamide chemotherapy.
Patients and Methods. Renal function was fol-
lowed in 75 patients after cessation of chemo-
therapy starting within the first year off therapy;
median follow-up time was 31 months. The
glomerular filtration rate was estimated by us-
ing the Schwartz formula. Proximal tubular
transport capacities were evaluated for amino
acids, phosphate, sodium, and glucose. In ad-
dition, serum bicarbonate level and alkaline
phosphatase were measured. Results. Five pa-
tients developed renal Fanconi syndrome dur-
ing follow-up, and another seven patients de-

The latter condition always preceded Fanconi
syndrome. Severe impairment of amino acid
and phosphate reabsorption was seen in 28%
and 17.3% of patients, respectively. Reductions
in amino acid reabsorption preceded impair-
ment of phosphate reabsorption. In patients
with early impairment of phosphate reabsorp-
tion, renal prognosis was poor, whereas normal
or only mildly impaired amino acid handling
virtually excluded progressive tubular damage.
Conclusions. Ifosfamide-induced renal tubular
damage is a potentially progressive disease.
Along with measurement of phosphate reab-
sorption, additional assessment of tubular
amino acid handling is suggested, because it
allows early discrimination of poor from favor-
able renal outcomes. Med. Pediatr. Oncol. 32:

veloped a generalized subclinical tubulopathy.  177-182, 1999.  ©1999 Wiley-Liss, Inc.
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Ifosfamide may induce renal Fanconi syndrome; inciral toxicity when it is determined during ongoing therapy
dence numbers between 1.4% [1] and 5% of treated peith increasing cumulative doses of ifosfamide [8]. In
tients [2,3] have been reported. In the vast majority ofiis latter study, however, the frequency of ifosfamide-
these patients, Fanconi syndrome was observed moritfttuced renal Fanconi syndrome was exceptionally high
or even years following cessation of chemotherapy [4]7 of 18 patients; 39%), and the hyperaminoaciduria was
Only a few patients developed symptoms when theyeasured by using a semiquantitative method only; con-
were still on treatment [5]. For most of the affected pasequently, sensitivity and specificity in predicting the de-
tients, the proximal tubular damage that leads to the C|Welopment of renal Fanconi syndrome was not very high.
cal picture of renal Fanconi syndrome did not resolva rise in protein- and enzymuria usually is followed by
over the observation period; only a few patients with rapid return to baseline levels before the next chemo-
reversible renal damage have been reported [6]. Conggerapy cycle [13,14] and, thus, provides evidence of

quently, routine monitoring of renal function is recomacute, reversible, subclinical nephrotoxicity in virtually
mended following chemotherapy employing ifosfamide.

The duration of clinical monitoring, however, has never

been specified. _—
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every patient treated with ifosfamide. Not even the com-100% 1
bination of different glomerular and tubular markers
could be related to cumulative toxicity [14]. Ontyl-
and B2-microglobulinuria appeared to be somewhat cu-
mulative in one study each [15,16], a finding, however,
that was not confirmed by others [13,15]. A correlation
of these results with long-term renal outcome has not
been studied.

The present study was performed to identify renal
findings that either exclude progressive renal damage 90%/
following ifosfamide or indicate the possibility of future
deterioration of renal function. For this purpose, renal
tubular and glomerular function were monitored prospec-
tively in 75 patients after cessation of chemotherapy to
describe the course of renal dysfunction and its possible
progression to Fanconi syndrome. Finally, the study was
aimed at defining the necessary length of renal follow-up
after ifosfamide chemotherapy and to reduce this time for
patients with favorable renal findings. 0% 1

PATIENTS AND METHODS
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The study population consisted of 75 consecutive pe- _ _ )
diatric patients who had completed treatment for varioljig- 1. Percent of amino acid reabsorption. Reference range (shaded

. . . . rea, 16 amino acids; mea 2 standard deviations) and median amino
mahgnanmes. In these patients, renal function was f(ﬂéid reabsorption for patients with Fanconi syndrome (FS; median

|9wed prospectively, starting in the firSt_yea_r, and it COMyumber of amino acids reabsorbed below normal, 16) and generalized,
tinued for at least one more examination in the secordbclinical tubulopathies (GST; median number of amino acids reab-

year off therapy. The total data base consists of 347 resgibed below normal, 10). Open circles, FSKrb); solid circles, GST
examinations, with a median number of 4 examinatiod® = 7)-

(range, 2—15 examinations) per patient collected over a

median follow-up time of 31 months (range, 12—7bone disease. However, these patients received no
months) at intervals of 6-12 months. supplements.

The parameters examined included creatinine clear-Reabsorption of 3-7 out of the 16 amino acids ana-
ance using the Schwartz formula [17], fractional phodyzed below 2 standard deviations (SD) of normal control
phate reabsorption (TP/CCrea), percent amino acvdlues was termed “mild” hyperaminoaciduria, and re-
(%TAA), and glucose (%TGluc) reabsorption as well agbsorption of 8-16 amino acids was termed “general-
fractional sodium excretion (FeNa). These parameters fged” hyperaminoaciduria (see Fig. 1) to get a simple
flect most specifically proximal tubular transport capacestimate of the severity of impairment in renal tubular
ties. Methods and reference values have been publist&ino acid handling. Measurement of single amino acid
elsewhere [3,18]. Reference values for amino acid redbansport, as opposed to urinary amino acid excretion,
sorption are shown in Figure 1. In addition to these p&presents most specifically proximal tubular amino acid
rameters of proximal tubular function, the serum bicatransport capacity [19].
bonate level (to identify renal tubular acidosis) and al- Statistical analysis was done by using the Statistical
kaline phosphatase (to detect metabolic bone disead@plysis System (version 6.08; SAS Institute, Inc., Cary,
were measured by using standard techniques in the hb§:) with life table procedures and the Friedman test for
pital laboratory. comparison of follow-up data. The study protocol had

The diagnosis of renal Fanconi syndrome was madebgen approved by the ethical committee of the local
the presence of hyperaminoaciduria, phosphaturia (reedical school. All patients and/or parents had given
sulting in hypophosphatemia), glucosuria, and renal taensent to the above-mentioned examinations.
bular acidosis: All patients were on phosphate and bicar-
bonate supplements. Generalized subclinical tmeOpatﬁl‘_/SULTs
was defined as the impairment of three or all four pa-
rameters of proximal tubular solute transport (amino ac- Patients’ diagnoses are listed in Table I. Median age at
ids, phosphate, glucose, and sodium) on one and tmmpletion of chemotherapy was 12.1 years, ranging
same occasion in the absence of acidosis or metabdfigm 1.1 year to 24.1 years; 15 patients were younger
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TABLE |. Distribution of Primary Diagnosis TABLE II. Medical, Surgical, and Radiotherapeutic Treatment
Diagnosis Number Cumulative dose
Sarcoma (osteosarcoma, Ewing, soft-tissue) 49 Agent/treatmerit Median Range Number
Recurrent (lymphoma/leukemia) 13 Ifosfamide (g/rA) 300 205 75
Neuroblastoma 6
Brain tumor 5 Mesna (g/m) 55.1 5-185 75
: . . Cisplatin (mg/m) 402.0 97-600 35
Miscellaneous malignancies 2 Methotrexate (g/) 884 3168 35
. Gentamicin (mg/kg) 32.5 4-217 46
than 5 years of age. All patients had been treated accoudilateral nephrectomy 3
ing to appropriate polychemotherapy regimens of th@dominal radiotherapy 3

German SO_Ciety Qf P'ediatric. Hematology and OnCOI0.g§@nly medication and treatment modalities relevant to renal function
all of them including ifosfamide and mesna. Cumulativere listed.

doses and concomitant therapy relevant to renal function

are listed in Table II. TABLE lIl. Patients’ Renal Function*
Overall results in renal function are shown in Tabl

lll. With respect to individual parameters of proximat

tubular transport, a reduction of amino acid and pho&enal Fanconi syndrome 575 6.7

enal function Number Percent

p - - eralized subclinical tubulopathy 7175 9.3
phat% reabsorptloon was .Seen in_highest frequer_]cé;%\'r/]ere impairment of phosphate reabsorption 13/75 17.3
(68.0% and 44.6%). Impairment of glucose or sodiU@eneralized hyperaminoaciduria 21/75 28.0

transport was observed less frequemly (23'6% anor definition of clinical conditions, see text. Listed are the frequen
0 . . . . v . -
1_2'0 %) and V\_/as found predomlnantly In pat_|e_nts wit es of combined renal dysfunction (FS/GST) and of impairment in
either Fanconi syndrome or generalized subclinical tubgjngie tubular transport capacities.
lopathy.
During prospective follow-up, five patients developegage Iv. specifics of Treatment in Patients With Fanconi
renal Fanconi syndrome, and another seven patients ggdrome and Generalized Subclinical Tubulopathy

veloped a generalized subclinical tubulopathy, as defined

i - - ! d Y Ifo (g/m?)
above; their specifics of treatment are given in Table Nbiagnosis median (rangd)  Cisplatn  Abd RT N
Generalized hyperaminoaciduria was observed in overatt =5 54 (18-95) a5 s o5
. L . . n= —!
21 patients; it was a feature of all patients with Fanco T(n=7) 51 (24-83) Py 17 oy

syndrome and of all but one patient with generalized
subclinical tubulopathy. Severe impairment of phosphazi‘:es_-Arigal';afr‘cgmt_sﬁntdro':‘f? GtSTr; QE%‘;ra'i__ZE:’n_SI“ECr'iTiﬁa' tr:lrbu'f’pa'
reabsorption, which was seen 13 times, was found in gff’ "r definiions of elinical conditions, 6 toxt,
five patients with Fanconi syndrome. In these two sub-
groups of patients, median cumulative ifosfamide doses
were not different from one another (55 ¢/nas. 52 Severe impairment of phosphate reabsorption at the
g/mP) but were significantly higher compared with thdirst renal examination was rare (4.4% of all renal ex-
overall group (27 g/y P < 0.05; Chi-square-test). aminations), but, if it was present, it had 100% specificity
Figure 1 compares amino acid reabsorption of normahd positive predictive value for the development of Fan-
controls to patients with Fanconi syndrome and generabni syndrome; the same applied for the development of
ized subclinical tubulopathy. These two latter subgroufps@nconi syndrome and generalized subclinical tubulopa-
had impairment of renal tubular amino acid handling, bay (Table V). A phosphate reabsorption of less than
this impairment was more profound in patients with 4.0 wmol/ml was still rare (10.1%): its positive predic-
Fanconi syndrome. tive value for the development of either Fanconi syn-
The course of the development of both Fanconi sydrome or generalized subclinical tubulopathy was 71.4%.
drome and generalized subclinical tubulopathy is shoviarly impairment of phosphate reabsorption, therefore,
in Figure 2. Fanconi syndrome occurred up to 3 years affas highly predictive for the development of Fanconi
therapy, generalized subclinical tubulopathies developsgndrome or generalized subclinical tubulopathy.
within the first 2 years off therapy only. The latter con- Normal amino acid reabsorption or only mild hy-
dition always preceded Fanconi syndrome. peraminoaciduria, however, had a negative predictive
Reductions in amino acid reabsorption preceded indalue of 98.3% for the occurrence of Fanconi syndrome
pairment of phosphate reabsorption. Cumulative proalone and 93% for the occurrence of the combination of
abilities for severe reductions in amino acid and phogeneralized subclinical tubulopathies with renal Fanconi
phate reabsorption were 18% vs. 8%, respectively, at thgndrome. Lowering of the cut-off point to less than 6
end of the first year and 28% vs. 14%, respectively, at tlaenino acids even resulted in a 100% negative predictive
end of the second year (Fig. 3). value for the occurrence of Fanconi syndrome and a 98 %
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Fig. 2. Cumulative probability of renal FS and GS. For definition of clinical conditions, see text.
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Fig. 3. Cumulative probability of severe reduction in amino acid and phosphate reabsorption. %TAA, percent amino acid reabsorption
(“generalized” hyperaminoaciduria); TP/CCrea, fractional phosphate reabsorption (xth84ml).

TABLE V. Frequency, Sensitivity, Specificity, and Positive and Negative
Predictive Values of Single Tubular Dysfunctions for the Development of Renal
Fanconi Syndrome or Generalized Subclinical Tubulopathy*

Frequency Sensitivity Specificity PPV NPV

Parameter (%) (%) (%) (%) (%)

TP/CCrea (<0.84wmol/ml) 4.4 25.0 100.0 100.0 86.4
%TAA (<8 AA) 82.6 66.7 93.0 66.7 93.0
%TAA (<6 AA) 71.0 91.7 84.2 55.0 98.0

*All calculations are based on the first renal examination of a given patient. PPV,

positive predictive value; NPV, negative predictive value. TP/CCrea, fractional phos-
phate reabsorption; % TAA, percent aminoacid reabsorption. The cut off gives the num-
ber of amino acids reabsorbed less than 2 S.D. below normal controls.
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20 [20]. Terminal renal failure, in fact, has been observed in
Tp/Corea p < 005 Fanconi syndrome of other origins [19]. On the other
pmoymi r T hand, it is apparent from this study that patients without
15 a generalized subclinical tubulopathy within the first 2

years off therapy will not progress to Fanconi syndrome
later on. So far, tubular amino acid handling represents
10 -0.83 -0.90 the most frequently impaired [3,12, present study] and
-0.77 the most sensitive parameter of permanent renal damage
following ifosfamide.

In addition, impairment of tubular amino acid han-
dling precedes disturbances in phosphate reabsorption as
0.0 ‘ , , well as glucosuria, pathological sodium excretion, renal

1 2 3 tubular acidosis, and reductions in creatinine clearance
n=12 n=11 n=12 (data not shown). This early impairment of amino acid
Time After Completion of Therapy (Years) reabsorption allows one to discriminate between patients
who are at risk for progressive tubular damage following
Fig. 4. Time course of fractional phosphate reabsorption in patienfﬁ)sfamide from those who are not at risk: Normal tubu-

with renal FS (n= 5) and GST (n= 7). TP/CCrea, fractional phos- . . . Sy .
phate reabsorption (median, minimal and maximum values as We|||§§ amino acid handling or only mild impairment of

25 and 75 percentiles). Groups were compared by using the Friedn@ﬁ\in_o acid reabsorption, _deﬁne_d as path0|09ica| reab-
test. sorption of less than 6 amino acids, was seen in 71% of

our patients; none of these patients developed Fanconi
ndrome over the observation period, and only one pa-
jent developed a generalized subclinical tubulopathy
ater on. The negative predictive value for the combina-
é&)n of these two conditions (Fanconi syndrome plus gen-
eralized subclinical tubulopathy) was 98%. On the other
and, early and severe impairment of phosphate reab-
?rption (TP/CCrea < 0.84mol/ml; i.e. mea £ 3 SD) is

05

negative predictive value for the occurrence of Fanco
syndrome or generalized subclinical tubulopathies. Tq
criterion was fulfilled by 71% of all patients.

In patients with Fanconi syndrome and generaliz
hyperaminoaciduria follow-up data did not show any i
provement of renal dysfunction over the observatio

time. Median creatinine clearance rates (92 ml/minut 9hly specific and has a 100 % positive predictive value

1.73 nt initially, 63 ml/minute/1.73 M at last follow-up) the devel t of either F Fevnd
showed a moderate reduction over time, and all patierﬁ?g e development of eitner Fanconi Syndrome or gen-
ralized subclinical tubulopathy. This condition, how-

continued to have a generalized hyperaminoacidur% i . .
er, is rare. Consequently, early impairment of phos-

Median phosphate reabsorption in these patients, howl- te reabsorntion followind ifosfamid i or
ever, decreased significantly from 0.98mol/ml to phate reabsorption Tollowing lostamide carries a po

: renal prognosis, whereas normal or only mildly disturbed
0.77 pmol/ml (Fig. 4). amino acid reabsorption within the first year off therapy
virtually excludes progression to Fanconi syndrome or
DISCUSSION generalized subclinical tubulopathy. Accordingly, a great

number of patients following ifosfamide therapy may be
Ifosfamide-induced nephrotoxicity is a potentiallyexcluded from continued renal survey.

progressive disease. All patients who went on to develop The progressive course of ifosfamide-induced neph-
Fanconi syndrome showed some progressive subclinicaloxicity and its potential progression to Fanconi syn-
tubulopathy in advance. The time interval between cedrome is not seen in other manifestations of toxin-
sation of therapy and diagnosis of Fanconi syndronieduced Fanconi syndrome. Renal Fanconi syndrome fol-
extended up to 3 years. Generalized subclinical tubulogawing heavy metals or outdated tetracyclines will
thies, however, developed within the first 2 years ofiesolve or improve following discontinuation of toxin
therapy. This observation is supported by numerous puxposure [19]. Those forms of Fanconi syndrome in-
lications in which the majority of patients with ifos-duced by metabolic diseases like cystinosis are progres-
famide-induced renal Fanconi syndrome were diagnossiele; here, the toxic products accumulate in the renal
with this condition within the first 2 years off therapytubular cells. The only variant of progressive tubular
[4,11]. Although, to the best of our knowledge, terminalamage leading to Fanconi syndrome is probably the
renal failure in the context of ifosfamide-induced rendluder-Sheldon syndrome [21,22], a very rarely reported
Fanconi syndrome has not yet been observed, creatingigease. Its possible relation to mitochondrial defects,
clearance rates as low as 40 ml/minute x 1.73¥een in however, has never been clarified.
two of our five patients with Fanconi syndrome indicate The pathophysiology of ifosfamide-induced nephro-
the risk of further progression to terminal renal failuréoxicity has not been clarified. It may be related to tox-
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icity of the metabolite chloracetaldehyde [23], to gluta-5. Heney D, Lewis 1J, Bailey CC. Acute ifosfamide-induced tubular
thione depletion of the renal proximal tubular cells by the ~toxicity [letter]. Lancet 1989;11:103-104. _
ifosfamide/mesna combination [24], to direct toxic action®- I‘)’ﬁgtfe‘:]‘q’i'csrviCi’;gkfzio‘xi“n”gd?g;;ﬁig; ""t'r-egt‘a’gft'b:\‘jezy%"e%wg;'
of |fo_sfam|de itself, or to r_netabolls_m of |fo_sfam|de in the  5ncol 1092:20:254-257.

proximal tubular cell. Ultimately, ifosfamide may inter-

. . Skinner R, Pearson ADJ, English MW, et al. Risk factors for
fere with proximal tubular energy supply [25]. However,  ifosfamide nephrotoxicity in children. Lancet 1996:348:578-580.

none of these possible pathways has been proven to Becaron HN, Abeling N, van Gennip A, et al. Hyperaminoaciduria

responsible for the nephrotoxicity seen in man. identifies patients at risk of developing renal tubular toxicity as-
In summary, ifosfamide-induced renal tubular damage sociated with ifosfamide and platinate containing regimes. Med

is potentially progressive. Ifosfamide-induced renal Fan- Pediatr Oncol 1992,20:42-47. o

coni syndrome may evolve over the first 3 years Oﬁg' Burk CD, Restal_no l, Kaplan BS_, et ql. Ifosfa_mlde-_mduced renal

e tubular dysfunction and rickets in children with Wilms tumor. J

t_herapy, a_md subchmcal forms_of tubulopathy pre(_:ede _the Pediatr 1990;117:331-335.

final manifestation of Fancon_' sy_ndrome. Early_ IMpallyy Rossi R, Kleinebrand A, Giole A, et al. Increased risk of ifos-

ment of phosphate reabsorption is a rare but highly spe- famide-induced renal Fanconi's syndrome after unilateral ne-

cific indicator for severe tubular damage following ifos-  phrectomy [letter to the editor]. Lancet 1993;341:755.

famide. Normal tubular amino acid handling or only mild.1. Ashraf MS, Brady J, Breatnach F, et al. Ifosfamide nephrotoxicity

impairment of amino acid reabsorption within the first in paediatric cancer patients. Eur J Pediatr 1994;153:90-94.

year off therapy excludes progressive tubular damagel2- Skinner R, Pearson ADJ, Price L, et al. Nephrotoxicity after if-
In renal survey following ifosfamide chemotherapy, —©Sfamide. Arch Dis Child 1990,65:732-738. o

measurement of serum bicarbonate and renal phosph'léthoren MI_D, Pratt_ CB, Viar MJ. Tubular nephrotoxicity during

ong-term ifosfamide and mesna therapy. Cancer Chemother Phar-

handling is mandatory, because these parameters will in- .01 989.25.70-72.

dlcat_e the need for any supplementar_y_ therapy. _Du_e :LtQ von der Hardt K, Zimmerhackl LB, de Broe ME, et al. Indicators
the findings of the present study, additional monitoring  of acute nephrotoxicity during non-cisplatinum chemotherapy in
of tubular amino acid reabsorption is suggested, becausechildhood. Int J Pediatr Hematol Oncol 1997;4:107-119.
it may allow discrimination between poor and favorabl@s. Ho PTC, Zimmermann KRN, Wexler LH, et al. A prospective
renal prognosis and thereby reduce the number of pa- evaluation of ifosfamide-related nephrotoxicity in children and
tients with continued renal monitoring. In patients with ‘;‘f“"s' gas\‘;ﬁr 1|295;36::55;‘25$4F') b _ 8
Hy ; ; . Heney D, Wheeldon J, Rushworth P, et al. Progressive renal tox-

no_rmal or .Only mild |mpa|rmen't of renal tubular ammol icity due to ifosfamide. Arch Dis Child 1991;66:966—970.
acid handling at the end of the first year off therapy, ren% ) . .

iblv can be stopped. Patients with severe Té- Schwartz GJ, Brion I__P, _Spltzer A. The use qf plasma_t creatinine
survey pOSS_I y 8 h pp " concentration for estimating glomerular filtration rate in infants,
nal dySfUI_’\CtIOI’l following ifosfamide should be followed  children, and adolescents. Pediatr Clin North Am 1987;34:571—
for a period of 3 years. For those who develop renal 590.
Fanconi syndrome, continued renal survey is mandatar$: Rossi R, Danzebrink S, Linneitger K, et al. Assessment of

to guide the supplementation therapy and to detect pos- tubular reabsorption of sodium, glucose, phosphate and amino
sible progression to terminal renal failure acids based on spot urine samples. Acta Paediatr 1994;83:1282—

1286.

19. Brodehl J. The Fanconi syndrome. In: Edelmann CM, editor. Pe-
diatric kidney disease. Boston: Little, Brown and Company; 1992.
p 1841-1871.

. Hostetter TH, Rennke HG, Brenner BM. Compensatory renal he-
modynamic injury: a final common pathway of residual nephron
destruction. Am J Kidney Dis 1982;1:310-314.
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