Cancer Chemother Pharmacol (1995) 36: 345-351

{© Springer-Verlag 1995

ORIGINAL ARTICLE

Joel E. Wright- Anthony Elias- Olga Tretyakov
Sylvia Holden - Janet Andersen - Catherine Wheeler
Gary Schwartz. Karen Antman - Andre Rosowsky
Emuil Frel I1I- Lois J. Ayash

High-dose ifosfamide, carboplatin, and etoposide pharmacokinetics:
correlation of plasma drug levels with renal toxicity

Received: 10 June 1994/accepted: 15 October 1994

Abstract An autologous bone marrow transplant regi-
men of ifosfamide, carboplatin, and etoposide (ICE) has
been developed as treatment for certain malignancies.
At maximum tolerated doses renal insufficiency pre-
cludes dose escalation. The objective was to examine
whether measurement of plasma drug levels early dur-
ing treatment would provide warning of renal failure.
Nine patients received a 96-h continuous infusion of
ifosfamide 16000 mg/m?, carboplatin 1600 mg/m?, and
ctoposide 1200 mg/m?. Pharmacokinetics, including
drug levels and plasma concentration-time curves, of
ifosfamide, ultrafiltrable platinum (uPt) and etoposide
were analyzed and correlated with renal function. One
of the nine patients developed anuric renal failure re-
quiring hemodialysis. By 17 h from the start of infusion,
this patient showed substantially higher drug levels of
ifosfamide (200 vs mean 217 uM) and uPt (19 vs mean
10pM) than those patients with preserved renal func-
tion. The 95% confidence intervals suggested that
a 16-22 h ifosfamide level > 153 uM and an uPt level
> uM predict the development of significant renal
dysfunction. Although drug levels were substantially
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higher at 56 h, the serum creatinine did not yet reflect
kidney injury. This study suggests that high plasma
ifosfamide and uPt levels, analyzed early in the course
of a 96-h infusion of high-dose ICE, provide warning of
severe and potentially fatal renal injury. Since ICE has
substantial activity in a number of malignancies, but
significant renal morbidity, real-time pharmacokinetic-
guided dosing may reduce treatment-related toxicity.

Key words Pharmacokinetics - Chemotherapy - Bone
marrow transplantation

Introduction

Many chemotherapeutic agents have steep dose-re-
sponse curves and narrow therapeutic windows. These
properties assume particular importance in the high-
dose autologous bone marrow transplant (ABMT) set-
ting in which a 5-20-fold increase over standard doses
is administered possibly resulting in cure of previously
resistant or relapsed tumors. While such high chemo-
therapeutic doses can achieve substantial tumor cell
kill, this intensive treatment also presents the
potential for injury to normal organs. Most clinical
trials employing high-dose chemotherapy in ABMT
show a range of toxicities, with some exhibiting rela-
tively few non-myelosuppressive side effects and others
resulting in a 10-20% regimen-related mortality.

A high-dose ABMT regimen combining ifosfamide,
carboplatin, and etoposide (ICE) has been developed as
an intensification for certain solid tumors (testis, lung
and ovarian carcinomas, and sarcomas) and relapsed
lymphomas [3,4]. The chemotherapeutic agents are
administered by 96-h continuous infusion and phar-
macokinetic analyses, which include measurements of
plasma drug levels and total exposure (as determined
by the area-under-the-curve, AUC), have been per-
formed. At the maximum tolerated doses of ifosfamide
16000 mg/m?, carboplatin (1800 mg/m?), and etoposide
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(1200 mg/m)?, renal insufficiency (most common in
patients with prior cisplatin exposure) precludes further
dose escalation.

Both ifosfamide and, to a much lesser extent, carbop-
latin cause renal insufficiency as a major dose-limiting
toxicity when myelosuppression is ameliorated by rein-
fusion of marrow [2, 15]. Combining these two agents
theoretically could lead to a significant reduction of
their single-agent maximum tolerated doses due to
overlapping end-organ toxicities. Renal damage from
prior antitumor therapy (e.g. cisplatin) has been shown
to be responsible for greater organ sensitivity during
subsequent treatment [ 3, 4]. Priox treatment can influ-
ence the pharmacokinetics of drugs given in later
courses, further enhancing toxicity through increased
drug exposure [1, 14]. In the most adverse circumstan-
ces, synergistic toxicities in a previously treated patient
could lead to irreversible organ failure. Since the pa-
tient population to be given the potentially curative
ICE most likely has had significant prior exposure to
nephrotoxic chemotherapentic agents, it is important
to identify those at risk for severe or irreversible renal
damage.

The objective of this study was to examine whether
measurements of plasma drug levels early in the treat-
ment course might provide a timely warning of im-
pending renal failure. Nine patients received a 96-h
continuous infusion of ifosfamide 16000 mg/m?, car-
boplatin 1600 mg/m?, and etoposide 1200 mg/m? with
ABMT. One of the nine developed anuric renal failure
requiring hemodialysis. An early and rapid rise in
plasma ifosfamide and ultrafiltrable platinum (uPt)
levels, prior to the completion of chemotherapy, fore-
told a severe renal injury before elevations in serum
creatinine became clinically apparent.

Materials and Methods

Patient selection

Adults with histologically documented malignancy, incurable with
conventional chemotherapy, were eligible for inclusion in the study.
In addition, patients with relapsed germ cell carcinomas or soft
tissue sarcomas were eligible if responding to chemotherapy. No
significant impairment of hepatic (SGOT, bilirubin > 1.5 x normal),
renal (creatinine clearance < 60 ml/min) or performance score
(ECOG > 1) was allowed. Patients with marrow or central nervous
system (CNS) metastases were excluded. All gave informed consent.

Treatment regimen

Tfosfamide (16000 mg/m?), carboplatin (1600 mg/m?), and etoposide
(1200 mg/m?) were administered by 96-h continuous infusion
(days -7 to -3). For uroprotection, mesna was given during ifosfam-
ide infusion and for an additional 24 h after its completion. Hy-
dration with DsW/sodium bicarbonate (44-132 mEq/l) at 200 ml/h
was maintained to prevent ifosfamide-associated metabolic acidosis.
Barbiturates, steroids, and other agents known to affect cytochrome
P450 oxidase metabolism were prohibited during chemotherapy.

Autologous marrow with or without peripheral blood progenitor
cells was reinfused on day 0.

Pharmacology
Clinical samples

Blood samples were collected prior to infusion, every 2 h x4 after
the start, and then every 12 h until its completion. Three Post-
infusion samples were drawn every 2h, and then approximately
every 12 h for three additional samples (¢t = 98, 100, 102, 112, 130
and 140 h). Samples were also obtained from a single patient (patient
X) at intervals prior to and following hemodialysis (t = 143, 148,
160, 165, 183, 191, 201, 207, 225 and 250 h).

Samples were collected in heparinized tubes placed on ice, spun
for recovery of plasma (a portion of which was ultrafiltered; Amicon
Centrifree), and both plasma and ultrafiltrates were stored at
— 80° C prior to assay. Upon thawing, a 100-ul aliquot was assayed
for ifosfamide, uPt, and etoposide. Drug assays were repeated
three times for patient X (for verification of results) and once for
controls.

Ifosfamide assay and p-nitrobenzylpyridine (NBP) assay

To assay for ifosfamide, plasma containing cyclophosphamide (ad-
ded as internal standard) was extracted with ethyl acetate, evapor-
ated, and derivatized with trifluoroacetic anhydride. After
reevaporation, the residue was dissolved in ethyl acetate and ana-
lyzed by gas chromatography [7].

Ifosfamide metabolite-alkylating activity was detected by treating
plasma with NBP, boiling for 5 min, extracting with ethyl acetate
and developing the bright blue benzyl carbanion with alkali [17].
This qualitative assay (performed after dialysis at t = 183, 191, 201,
207, and 225 h) nonspecifically detects nitrogen mustards,
but not carboplatin, etoposide or their metabolites [19].
Positive results therefore indicate the presence of activated ifosfam-
ide metabolites.

Ultrafiltrable platinum and platinum species assay

Plasma samples were analyzed for platinum by flameless atomic
absorption spectrophotometry (AAS) at 266 nm. Standards were
prepared by dilution into ultrafiltrates from pretreatment plasma.
Samples were quantitated by least squares analysis of the standard
curve [6].

Some ultrafiltered platinum samples (r = 85-201 h) were further
characterized by high-performance liquid chromatography (HPLC)
on a silica gel column eluted with acetonitrilewater 9:1 [6]. Frac-
tions of 0.5 ml were collected and the platinum content determined
by AAs as described above.

Etoposide assay

Plasma samples and etoposide standards dissolved in pretreatment
plasma were 50% saturated with ammonium sulfate, extracted with
ethyl acetate, evaporated and reconstituted with methanol contain-
ing teniposide as internal standard. Samples and standards were
analyzed by HPLC on a phenyl column eluted with wateracetonit-
rileacetic acid (66:32:2) and detected by electrochemical oxidation

[16).



Table 1 Renal function and prior nephrotoxic chemotherapy
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Serum creatinine (mg/dl)

Prior nephrotoxic chemotherapy

Patient Creatinine clearance Pre-ABMT  Peak during ABMT at discharge = Drug Total dose
(ml/min) (mg/m?)
X (242) 117 1.3 9.2 Died Cisplatin 500
Ifosfamide 11800
237 114 0.8 0.9 0.5 Cisplatin 1114
238 132 0.9 1.4 1.2 Cisplatin 125
Carboplatin 1200
Ifosfamide 7500
239 76 0.6 0.9 0.7 Ifosfamide 36500
240 142 0.8 1.4 1.0 Ifosfamide 22500
241 161 0.7 1.3 0.7 Cisplatin 420
Carboplatin 1575
Ifosfamide 48648
243 139 0.8 1.4 0.8 Tfosfamide 48600
244 68 0.8 1.4 0.7 Carboplatin 1578
245 173 0.9 1.7 1.3 Cisplatin 819
Ifosfamide 23404

Bone marrow toxicity

Pretreatment plasma (negative controls), plasma spiked with car-
boplatin (positive controls), and pre- and postdialysis plasma sam-
ples were ultrafiltered, lyophylized, diluted, and then dissolved in
liquid agar. Cryopreserved marrow was thawed and plated into
wells containing the treated agar. After 2 weeks in culture, colonies
were counted and IC,, (drug concentration in microorgans per liter
which results in 50% inhibition of marrow colony formation) values
determined by comparison with negative controls [18].

Pharmacokinetics

Drug levels (C) were plotted as a function of time, from ¢ = 0 until
C returned to 0. AUCs for ifosfamide, uPt, and etoposide were
calculated by the trapezoidal method [57]. The final time for the last
trapezoid was estimated by extrapolating a plot of time versus log
concentration to the time point at which the drug level reached
< 0.1% of that at the end of infusion. Total body clearance was
calculated by dividing the total dose of drug (expressed in mil-
limoles) by the AUC (expressed in molar-minute units).

Statistical methods

Plasma drug levels from the sixth blood collection {t = 18.5 + 3.5 h)
from eight patients who did not develop renal failure were compared
with three replicates from patient X (¢ = 17 h), using nonparametric
analyses. Two-sided P-values < 0.05 were considered to be statist-
ically significant.

Results
Patient characteristics
From July 1988 through March 1992, 64 adults were

entered onto a dose-escalation study of ICE with
ABMT [4]. Complete pharmacokinetic data on nine

patients, treated on dose level 10 from January through
June 1991, comprise this report. The median age was 35
years (range 2649 years); 55% were male. Malignan-
cies included sarcomas (3), and testis (3) and ovarian
carcinomas (3).

Patients had received a median of five cycles (range
3-10) of prior chemotherapy. Baseline renal function
and any observed changes in serum creatinine during
and at hospital discharge following ABMT, as well as
total prior nephrotoxic chemotherapy doses (mg/m?),
are shown in Table 1. Previous episodes of clinically
significant renal insufficiency or renal tubular acidosis
were not observed.

Patient X

A 27-year—old male, diagnosed with extragonadal
germ cell tumor, presented with superior vena cava
(SVC) syndrome from massive anterior mediastinal ad-
enopathy. Biopsy revealed an endodermal sinus tumor,
and tumor markers showed an elevation of alpha feto-
protein (AI'P) to 1280 ng/ml. He received chest
radiotherapy, followed by three cycles of bleomycin,
etoposide, and cisplatin. Although the symptoms of the
SVC syndrome had resolved, restaging revealed a resid-
ual mediastinal mass and an AFP of 33 ng/ml, which
quickly rose to 150 ng/ml. Chemotherapy was changed
to ifosfamide, velban, and cisplatin. After two cycles,
the AFP rose further to 260 ng/ml. The decision was
made to proceed directly to ABMT in the hope of
achieving disease control of this chemotherapy-refrac-
tory tumor.

He was hospitalized and received high-dose ICE.
Pretreatment  24-hr  creatinine clearance was
117 ml/min. Serial serum creatinine levels (mg/dl) were
1.3 at Oh, 1.2 at 56h, 1.8 at 80h and 2.0 at 92 h,
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Table 2 Pharmacokinetics of

continuous infusion AUC (uM h) Clearance
chemotherapy (ml/min)
Peak

Patient Ifosfamide  UPt Etoposide Ifosfamide ~ UPt Etoposide creatinine
X (242) 21215 3536 1929 96 41 35 9.2
237 6505 892 1559 261 134 36 0.9
238 11093 869 1976 171 154 32 14
239 9889 719 1300 161 156 41 0.9
240 9770 1236 1327 202 112 49 1.4
241 8225 1037 1550 206 129 40 1.3
243 13520 1062 1872 140 125 34 1.4
244 10106 1124 1791 174 110 33 14
245 8434 1306 1692 228 127 38 1.7

respectively, from the start of chemotherapy. The pa-
tient developed acute renal failure (creatinine
6.3 mg/dl) 48 h after completion of chemotherapy with
anuria and CNS dysfunction (asterixis, hallucinations,
and somnolence).

Hemodialysis (5-10 h treatment sessions) was begun
156 h from the start of chemotherapy and repeated
daily for eight days. Upt levels and ifosfamide metab-
olite alkylating activity tests were performed to moni-
tor the success of dialysis in removing drug and to
guide the timing timing of marrow reinfusion. Despite
aggressive supportive care, the patient developed pneu-
monia with acute respiratory distress requiring intuba-
tion. He died 4 days later.

Pharmacokinetics

The pharmacokinetics of the continuous infusion
chemotherapy in each patient are shown in Table 2.

Patient X

For patient X, who required dialysis for acute renal
failure, the AUCs of the chemotherapeutic agents were
as follows: ifosfamide, 21225 uM h; carboplatin, 3483
uM h; and etoposide, 1927 uM h. The total body
clearances of ifosfamide, carboplatin, and etoposide
were 96, 41, and 35 ml/min, respectively.

Predialysis chemotherapy assays Ifosfamide levels in-
creased continuously during administration, peaking at
280 uM at t = 54 h (Fig. 1). Levels fell to 170 uM at
72 h, and to 144 uM at 96 h. A rapid postinfusion
decline was seen over the next 18 h, reaching a level of
55 pM. By 132 h, ifosfamide levels had fallen to 5 uM
and were unmeasurable by 183 h.

UPt rose rapidly to a plateau of 19 uM, persisted
there for 60 h, and then climbed further to 27 uM (Fig. 2).
This new plateau was sustained for 24 h (t = 96 h).
After completion of chemotherapy, uPt fell to 18 pM
(t = 124 h). During the next 24 h, uPt levels stayed at

13-15 uM and then fell to 4-8 M 12 h later, persisting
at that plateau until dialysis was begun.

Etoposide levels were not significantly elevated by
the renal failure. A steady-state (15-19 uM) was reach-
ed within 18 h from the start of infusion, and remained
there until discontinuation. Rapid postinfusion elim-
ination brought levels below detection by 144 h.

Hemodialysis chemotherapy assays Although ifosfam-
ide had disappeared by 183 h, the NBP assay indicated
that alkylating activity was still present through 207 h
(after four hemodialysis sessions), but absent by 225 h.

Unlike ifosfamide and its metabolites, uPt could not
be removed by dialysis, with levels revealing a pattern
of redistribution and rebound after dialysis. UPt assays
were performed just prior to each of five daily sessions
of dialysis and after the first three (Fig. 2). The first
session decreased uPt from a level of 8.3 uM predialysis
to 3.6 uM postdialysis. Prior to session two, however,
uPt rebounded to 5.4 uM. Dialysis reduced the level to
3.1 uM, but by the next morning ultrafiltrates con-
tained 4.4 uM uPt. This level fell to 1.3 pM after the
third dialysis, but rebounded again to 3.9 and 3.7 pM
prior to dialysis sessions four and five, respectively.

In the hope of identifying the platinum species still
present after dialysis, plasma ultrafiltrates were frac-
tionated by HPLC and reanalyzed by AAS. HPLC-
AAS analysis of uPt rebound peaks at t = 122, 201 and
225 hindicated 65%, 20% and 0% carboplatin, respec-
tively. The possible conversion, in a high-chloride envi-
ronment, of carboplatin to cisplatin has been reported
[13]. However, cisplatin was not detected in these
ultrafiltrates.

Although characterization of the platinum species
persisting after dialysis was elusive, the ultrafiltrates in
the plasma postdialysis were more cytotoxic to cryo-
preserved (patient X) marrow than would be expected
from carboplatin alone. The ICs, of the ultrafiltrate
collected at 122 h was not significantly different from
that of carboplatin (19 vs 22 pM, respectively). In
contrast, the ultrafiltrate contained in the rebound
peak at 183 h had an I1C;, of 3.4 pM against marrow. It
seems likely that ifosfamide metabolites, still present as
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Fig. 1 Time versus plasma ifosfamide concentrations for patient
X with acute renal failure (solid line) and eight similarly treated
patients without renal failure (dashed line). Bars show patient-to-
patient standard deviation

detected by the NBP assay, were also contributing to
the marrow toxicity observed.

Etoposide was eliminated well before dialysis began.
It was untikely that any cytotoxic metabolites remained
after 122 h, and none was detected.

Pharmacokinetic comparison with controls

The median AUCs for eight patients (controls) without
renal failure were as follows: ifosfamide, 9836 puM
h (range 6531-13691); carboplatin, 1059 uM h (range
723-1312); and etoposide, 1634 uM h (range
1339-1973). The median total body clearances of ifos-
famide, carboplatin, and etoposide were 194 (138-260),
126 (103-157), and 37 (32—48) ml/min, respectively.
Differences in drug levels between patient X and
controls became evident within 16-22 h of the start of
chemotherapy. Ifosfamide levels had moderately in-
creased by 8 h (128 vs mean 103 uM for controls), but
then substantially increased by 17 h (200 vs mean 127
uM). Halfway through the 96-h infusion, ifosfamide
levels were 2 1/2 times greater (250 vs mean 101 pM at
t =43 h), and persisted at twice the control level until
the end of the infusion. The differences in uPt levels
were noticeable even earlier. By 4 h, increases in uPt
became evident (13 vs mean 8 uM). By 6-8 hours,
a large difference in drug levels was seen (17 vs mean 10
uM; p = 0.11), which persisted throughout the infusion,
and continued to increase after completion of chemo-
therapy (22 vs mean 0 uM at t = 122h). The 95%
confidence intervals suggest that a 16-22 h ifosfamide
level > 153 pM and a uPt level > 14 pM might
be associated with the development of severe renal
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Fig. 2 Upper panel Time versus plasma uPt concentrations for
patient X with acute renal failure (solid line) and eight similarly
treated patients without renal failure (dashed line). Bars show pa-
tient-to-patient standard deviation. Lower panel Superimposed on
uPt AUC curve (solid line) of patient X are the serum creatinine
levels (dashed line). Although uPt levels were substantially elevated
by 17 h from the start of chemotherapy, the serum creatinine had not
risen above baseline at 56 h. The variations in creatine levels after
156 h reflect hemodialysis treatment sessions

dysfunction. For etoposide, levels from patient X paral-
leled those of the controls during and after the infusion.

Although ifosfamide and uPt levels were already
substantially elevated by 18 h from the start of chemo-
therapy for the renally impaired patient, the serum
creatinine did not yet reflect kidney injury. At 56 h, the
serum creatinine remained at baseline; by 80 h, a 50%
rise in creatinine was observed.

Discussion

Recently developed high-dose ICE regimens with
ABMT have gained prominence in the treatment
of such tumors as lymphomas, and lung, testis and
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ovarian carcinomas {3, 4, 20]. Dose-escalation trials
were initially performed for each individual agent, and
then for combinations of agents, until non-hematologic
dose-limiting toxicities were reached [2-4,15,20].
Common to each regimen that contained ifosfamide is
the presence of dose-limiting renal insufficiency.

Experience with ifosfamide-containing regimens has
revealed a consistent clinical pattern of renal toxicity.
With escalating doses of a 96-h infusion of ifosfamide,
renal toxicity is dose-limiting at 18 g/m? [2]. By
72-96 h after the start of chemotherapy, 24% of pa-
tients had developed reversible creatinine elevations
(> 2.0 mg/dl) at doses > 12 g/m?, and 68% exhibited
a non-anion gap renal tubular acidosis (RTA). When
a fixed dose of ifosfamide (12 g/m?) was added to esca-
lating doses of carboplatin (4001600 mg/m?), renal
toxicity again was dose limiting (12% with irreversible
creatinine > 4.0 mg/dl) [3]. Elevated creatinine oc-
currs more commonly in those patients with prior
cisplatin exposure.

There are two completed dose-escalation studies of
ICE with ABMT [4, 20]. When given by 96-h infusion,
Elias et al. determined the maximum tolerated doses
(MTD) of the combination to be: ifosfamide
16000 mg/m?, carboplatin 1800 mg/m?, and etoposide
1200 mg/m? [4]. Overall, 22 patients (46%) developed
creatinine elevations > 1.5 mg/dl (one primary renal
fatality), including nine (60%) at the MTD. The cre-
atinine rise was observed by the completion of chemo-
therapy, peaked within 48~72 h, and then fell to base-
line 4 days later. A proximal RTA, requiring NaHCO;,
supplementation, developed in all patients. Prior cis-
platin exposure was again associated with increased
risk of renal toxicity (P = 0.01). When given by short
bolus (IE) and continuous infusion (C), Wilson et al.
found the same MTDs of ifosfamide and carboplatin,
but a slightly higher MTD of etoposide (1500 mg/m?)
[20]. Reversible creatinine elevations (2.0-7.6 mg/dl)
developed in 29% and permanent renal damage at or
below the MTD in 11%. Three patients of four died of
acute tubular necrosis with multiorgan failure at doses
above the MTD. A proximal RTA was seen by the
completion of chemotherapy and lasted about 4 days.

The objective of this present study was to examine
whether prompt evaluation of plasma drug levels might
provide early warning of renal toxicity. Of nine patients
receiving a 96-h infusion of high-dose ICE, one de-
veloped anuric renal failure requiring hemodialysis.
Had plasma samples been analyzed by 24 h from the
start of chemotherapy, high ifosfamide and uPt evels
would have raised concern for potentially severe renal
toxicity and would have led to early discontinuation of
chemotherapy.

Significant and sharp rises in ifosfamide and uPt
levels were evident by 17 h from the start of infusion in
one patient who developed irreversible renal failure. At
that time the plasma ifosfamide level was 200 uM. The
corresponding mean ifosfamide level for those who

did not develop renal failure was 127 pM (range
94-185). At 17 h, the uPt level in the patient with renal
failure was 19 uM, with a corresponding mean level
for the controls of 10 uM (range 6-13). The 95% confi-
dence intervals suggest that at 16-22 h from the start of
chemotherapy, ifosfamide levels > 153 uM and uPt
levels > 14 uM might be predictive for the develop-
ment of severe renal dysfunction. Although drug levels
of ifosfamide and uPt were substantially higher at 56 h
for the renally impaired patient, the serum creatinine
level at that time did not yet reflect evidence of kidney
injury. Etoposide levels were not significantly increased
by the renal injury. Although normally about 35% of
an etoposide dose is renally excreted, hepatic metabol-
ism appeared to compensate for diminished renal clear-
ance in the anuric patient.

No published studies of ifosfamide pharmacokinetics
have examined a total dose as high as this (16 g/m?) or
this method and schedule of administration [8-12].
During the first 24h (48 h in the renally impaired
patient) of administration, plasma ifosfamide levels
rose and then peaked. Looking specifically at total
body clearance in the renally intact patients, during the
first 24 h ifosfamide clearance was as expected for
a 4 g/m? administered dose. With each subsequent day
of the 96-h infusion, however, AUC progressively de-
creased, and thus clearance progressively increased,
presumably due to activation (and self-induction) of
cytochrome P450 enzymes [9, 11, 12]. Progressively in-
creased clearances have also been shown for a frac-
tionated schedule of standard-dose ifosfamide [11].

Previous non-ABMT studies have shown lower total
body ifosfamide clearances in renally intact patients
and have shown that while the volume of distribution
increases with the dose, the clearance remains constant
[8,10]. Our data, which showed increasingly higher
daily clearances of ifosfamide, might differ from pre-
vious studies for a variety of reasons. First, patients
received a prolonged infusion, which presumably re-
sulted in enhanced activation of cytochrome P450 en-
zymes. Usually ifosfamide is given daily by bolus, in
lower (about fourfold) total and fractionated doses,
which alter pharmacokinetic patterns. With the higher
doses given with ABMT, the volume of distribution
should plateau and clearance then increase with in-
creasing doses. Second, the ABMT setting often in-
fluences the metabolic disposition of multiple drugs.
Many medications (¢.g. aminoglycosides, anticonvul-
sants) require dose adjustments upward to keep levels
in the “therapeutic” range. Renal and hepatic clearan-
ces are increased due to enhanced activation from
chemotherapy and other drug administrations,
cytokine and interleukin release, comcomitant infec-
tions, ctc. Fever, often seen during high-dose chemo-
therapy, commonly increases metabolism of many
drugs. In this study, it was not possible to determine to
what degree enhanced hepatic and/or renal clearances
were responsible for the high total body clearances of



the chemotherapeutic agents seen in the renally intact
patients.

Preexisting but unrecognized renal dysfunction,
either from prior cisplatin and ifosfamide usage or from
decreased vascular flow resulting from an inadequately
treated SVC syndrome, could have predisposed patient
X to acute renal failure after a nephrotoxic insult.
However, a 24-h creatinine clearance showed no evid-
ence of diminished glomerular filtration capability. It is
also not clear which chemotherapeutic agent might
have induced the renal injury. We have shown, how-
ever, that a severe renal insult can lead to the retention
of renally excreted carboplatin, unidentified platinum
species, and ifosfamide metabolites. Although ifosfam-
ide metabolites fell below the level of detection in the
NBP assay after multiple dialyses, uPt did not disap-
pear. While uPt levels declined immediately after dialy-
sis, their rebound suggested that a new equilibrium had
been established between plasma and a third space
compartment. The unidentified platinum species, pos-
sibly in combination with any ifosfamide metabolites
which still remained, elicited caution and delay in mar-
row reinfusion in the patient with renal failure. This
delay was justified since the plasma ultrafiltrates were
potently cytotoxic (as shown by the low 1Cs,) to cryop-
reserved marrow,

This study suggests that plasma drug levels, analyzed
early in the course of a 96-h continuous infusion of
high-dose ICE, provides warning of severe and poten-
tially fatal renal injury. Since ICE has substantial activ-
ity in a number of hematologic and solid tumor malig-
nancies, but significant renal morbidity, real-time phar-
macokinetic-guided dosing should be employed as an
important modality to reduce treatment-related toxic-

ity.
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