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ABSTRACT

Thirty patients with cisplatin-refractory germ cell tumor were treated
with high-dose carboplatin, etoposide, and Cyclophosphamide and autol-

ogous bone marrow transplantation. The total dose of carboplatin was
1500 mg/m2, etoposide 1200 mi; in '. and Cyclophosphamide was increased

by increments from 60 to ISO mg/kg. Twenty-five cycles of treatment,
given to 17 patients, did not include granulocyte-colony stimulating factor
(G-CSF). Nineteen cycles of high-dose chemotherapy, given to 13 patients
at the 2 highest dose levels of Cyclophosphamide, included G-CSF. The

dose of Cyclophosphamide was escalated to 150 mg/kg/cycle without pro
hibitive toxicity. The use of G-CSF resulted in a shorter duration of
neutropenia (P = 0.07); the median number of days until the recovery of
an absolute granulocyte count >0.5 was 25 without G-CSF and 14 with
G-CSF. The most frequent nonhematological toxicity was hepatic, and
there were 2 (7%) treatment-related deaths. Thirteen (43%) patients

achieved a complete response, and 8 are alive and free of disease (27%);
7 are in continuous complete response (23%). and 1 after resection of a
solitary site of disease following a relapse after high-dose chemotherapy.

Five patients had pharmacology studies performed to determine the area
under the curve (ALO of free and total platinum, carboplatin, etoposide,
Cyclophosphamide, and phosphoramide mustard. There was a decrease in
the AUC of Cyclophosphamide and an increase in the AUC of phosphora
mide mustard, the "active" metabolite, with successive days of treatment.

The interpatient variability of the AUC of cyclophosphamide/phosphor-

amide mustard that was demonstrated was most likely a result of each
individual's metabolic capacity. The measured AUC of carboplatin and/or

free platinum closely approximated the predicted AUC of carboplatin
calculated by renal function in 3 of the 5 patients. In summary, Cyclophos
phamide administered at a dose of 50 mg/kg x 3 days was achieved with
acceptable toxicity, and no further dose escalation is planned. High-dose

carboplatin, etoposide, and Cyclophosphamide achieved a 23% continuous
complete response proportion (27% alive, free of disease) when used as
third-line therapy in germ cell tumor patients refractory to cisplatin +
ifosfamide-based chemotherapy. Ongoing studies are addressing the role
of high-dose carboplatin-containing chemotherapy in previously un
treated patients with poor prognostic features or as a part of first-line

salvage.

INTRODUCTION

Seventy to 80% of patients with advanced GCT3 achieve a durable

complete response to cisplatin-based induction chemotherapy (1, 2).
More effective therapy is needed for the 20-30% of GCT patients who
are refractory to cisplatin-based chemotherapy and ultimately die of

their disease (3). Salvage regimens based on etoposide or vinblastine,
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ifosfamide. and cisplatin are effective but achieve a durable complete
response in a minority of patients (4, 5). Patients who fail to achieve
a complete response to initial induction therapy have a particularly
poor prognosis, with a 7% 2-year survival (3).

The results of a phase I-II trial showed that high-dose carboplatin

and etoposide with AuBMT was effective therapy in patients with
GCT refractory to cisplatin and ifosfamide-based therapy (6). A phase

II dose and schedule was established in these heavily pretreated pa
tients, albeit at the cost of considerable treatment-related morbidity

and mortality (6). Subsequent investigative efforts have been directed
at increasing the proportion of patients cured and lessening the treat
ment-related morbidity.

One possible means of improving treatment efficacy for high-dose

carboplatin and etoposide with AuBMT is the addition of a third drug.
With this intent, a phase I trial was conducted at the Memorial Sloan-
Kettering Cancer Center of high-dose carboplatin and etoposide with

the addition of Cyclophosphamide given in an escalating dose sched
ule. Cyclophosphamide was selected for use based on its demon
strated antitumor activity against GCT as a single agent (7), the
in vitro synergism of Cyclophosphamide with etoposide and platinum
(8, 9), a relative lack of nonhematological toxicity, and prior experi
ence in combination with etoposide in dose-intensive therapy for GCT

patients (10, 11). The first 13 patients were described in a preliminary
report, in which blood count recovery in these heavily pretreated
patients was compared to that of patients treated with high-dose che
motherapy as a part of first-line therapy (12). Herein, we report the

mature results of this trial and of a pharmacokinetic analysis of the 3
drugs (and the active metabolite phosphoramide mustard) given in a
dose-intensive regimen.

PATIENTS AND METHODS

Patient Selection. Thirty patients with cisplatin-refractory GCT were
treated with high-dose carboplatin, etoposide, and Cyclophosphamide with

AuBMT between September 15, 1989 and September 15, 1992. Eligibility
criteria included: GCT refractory to cisplatin-based chemotherapy adminis

tered at conventional doses; a Karnofsky performance status 270 at time of
therapy; a general medical condition sufficient to allow for the general anes
thesia required for bone marrow procurement; WBC count a3000/mm3 and
platelet count 2100,000/mm1; creatinine clearance >5() ml/min; serum hiliru-

bin <1.5 mg/dl (unless elevated as a consequence of hepatic mÃ©tastases);no
evidence of hone marrow involvement with tumor and an adequate collection
of hematopoietic precursor cells obtained by a bone marrow harvest; and
informed consent.

Bone Marrow Collection and Processing. Bone marrow harvest, process
ing, and cryopreservation have been described previously (13). The target
harvest yield for each treatment was 1.5-2.0 X 10* nucleated cells/kg patient

body weight.
Pretreatment Evaluation. Each patient was evaluated with a history and

physical examination, a chest X-ray, screening chemistries including lÃ¡clate

dehydrogenase and serum tumor markers for human chorionic gonadotropin
level and a-fetoprotein determined by radioimmunoassay, a urinalysis, and an

electrocardiogram. Computerized tomography of the abdomen, pelvis, chest, or
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brain and radionuclide scans were performed as indicated; all patients had a
computerized tomography of the chest and/or abdomen depending on sites of
disease. A dental evaluation was performed on all patients prior to treatment.

Treatment Regimen. The treatment regimen for the doses of carboplatin,
etoposide, and cyclophosphamide is shown in Table I. The design of the trial
was to escalate the dose of cyclophosphamide by 20-mg/kg increments from a

total dose of 60 mg/kg to a maximum dose of 150 mg/kg. Three patients were
treated per level until 1 patient had a severe or fatal toxicity. at which time the
number of patients was increased to 6 at that and all subsequent dose levels.
The maximum tolerated dose was defined as the dose level at which 3 or more
patients had grade IV toxicity or 4 or more patients had grade 111toxicity by
the National Cancer Institute Bone Marrow Transplantation Criteria or the
achievement of the final dose level of 150 mg/kg, above which an acute
cardiomyopathy has been reported.

Carboplatin 500 mg/m2 was given as an i.v. bolus over 45 min, and etopo
side at 400 mg/m- i.v. given over 60-90 min. Cyclophosphamide was given as

an i.v. bolus over 45-60 min. The administration of cyclophosphamide was

preceeded by vigorous hydration. Cardiac and renal function were carefully
monitored. The bone marrow infusion was given on day 0 as described pre
viously (13).

The response to therapy was monitored by physical examination, serum
tumor markers, chest X-ray, and other radiographie techniques, depending on

the sites of disease found during the initial evaluation. Clinical restaging was
undertaken after each cycle of chemotherapy. All patients who had acceptable
treatment-related toxicity and showed evidence of response (declining serum
tumor markers) were considered for a second cycle 4â€”6weeks after hemato-

logical reconstitution. If the scrum tumor marker values returned to normal,
surgery was performed when necessary to establish pathologically the nature of
apparent residual disease.

Supportive Care. Patients were treated in private or semiprivate rooms on
an open ward with routine preventive measures including proper handwashing
and Cornebaclerium prophylaxis during neutropenia. Cornebaclerium prophy
laxis consisted of once or twice daily bathing, which included Povidone-iodine

(Betadine) scrub sponges. Neutropenic fever was managed with appropriate
antibiotics including amphotericin B and other antifungal and antiviral agents
as necessary. Total parenteral nutrition was initiated in patients who were
unable to maintain an adequate oral intake. All blood products were irradiated
to 3(XK) cGy to prevent transfused lymphocyte-mediated graft-riT.vii.v-host

disease.
Prior to September 1991. supportive care did not routinely include the use

of hematopoietic growth factors. Following a report that showed a benefit for
the use of a hematopoietic growth factor in the setting of AuBMT for patients
with hematological cancers (14), G-CSF 5 /xg/kg, i.v. or s.c., was administered
to all patients as a part of "best supportive care" beginning day 1 (the day

following bone marrow infusion) and continuing until the WBC count had
recovered to aKMKXVmm1.

Definition of Response. Response was classified as either complete or
incomplete ( I ). A complete response to chemotherapy alone was defined as
complete disappearance of all clinical, radiographie, and biochemical evidence
of disease for a minimum of 1 month. Surgical resection of necrotic debris or
fibrosis or mature teratoma without evidence of viable malignant tumor was
also considered a complete response to chemotherapy alone. A complete re
sponse to chemotherapy plus surgery was defined as the complete excision of
all masses, any one of which contained viable GCT other than mature teratoma.
An incomplete response was any response less than a complete response.
Response duration and survival were measured from the date of initiation of
high-dose chemotherapy.

Statistical Section. The Kaplan-Meier method was used to estimate the

survival curve ( 15). The comparison of neutropenia between the group treated

Table I Treatment regimen and schedule for tinse escalation of cyi-lopliospliumulc

Carhoplalin (5(X) mg/m2) and etoposide (40(1 mg/m2) days -8, -6, -4

Cyelophosphamide
30 mg/kg, days -6, -4 (60 mg/kg)0

40 mg/kg, days -6, -4 (80 mg/kg)
50 mg/kg, days -6, -4 (1(X) mg/kg)
60 mg/kg, days -6, -4 (120 mg/kg)
50 mg/kg. days -8, -6, -4 (150 mg/kg)

Bone marrow infusion, day 0
' Numbers in parentheses, total dose.

with G-CSF and the group treated without G-CSF was done using repeated

measure analysis for unbalanced data (16, 17), as a proportion of patients
received 2 cycles of therapy, and the remainder received 1 cycle.

Sample Collection, Drug Analyses, and Calculation of Pharmacological
Parameters. Five patients had blood samples procured during the first cycle
of therapy for quantification of the AUC. These patients had heparinized blood
samples collected from an indwelling i.v. cannula placed in the arm opposite
that receiving chemotherapy prior to and at specified times after treatment with
carboplatin, etoposide, and cyclophosphamide. Drug analyses were performed

for carboplatin, total and free platinum, etoposide. cyclophosphamide, and
phosphoramide mustard. In the calculation of AUC, a limited sampling strat
egy, was used in a fashion similar to that reported by Egorin t'f al. (18).

Drug Analysis. The procedure for analysis of total and free platinum has
been described previously (19). Both free and total platinum were measured,
and the bound compound is obtained by subtracting the tree from the total.
Platinum was measured in the Pcrkin-Elmer 5000 (Norwalk, CT)-Graphite

Furnace 500 using the Zceman correction. Three aqueous standards were used
to calibrate the system and a high and low control to verify results.

The high performance liquid Chromatographie analysis of carboplatin, etop
oside, cyclophosphamide, and phosphoramide mustard was performed with a
modular system that consisted of a SP8775 autosampler, a SP88IO pump, and
a SP8450 variable wavelength UV/VIS detector and recorded by a WINner
Chromatographie station (all by Spectra-Physics, San Jose, CA). For the eto

poside assay, which requires a manual direct plasma injection, a Rheodyne
7520 injection valve (Colati, CA) with a 1-fxl loop was used.

The assay of carboplatin was based on the method reported by Mulder et al.
(20). Briefly, the fresh plasma was placed in a Centrifree ultrafiltration system
by Amicon (Beverly, MA). The ultrafiltratc was collected, maintained at
-20Â°C, and analyzed within several weeks; 20 jxl of the ultrafiltrate were

analyzed by an Econosphere C,K 5-fxm 4.6 X 250 cartridge column by Alltech

(Deerfield, IL) with a mobile phase consisting of 50 imi sodium dihydrogen
phosphate and 10 mw sodium perchlorate adjusted to pH 8 with 0.5 Msodium
hydroxide at a flow rate of 0.7 ml/min. The eluent was monitored at 230 nm
at 0.01 AUFS. The retention time of carboplatin was IH min and the cycle time
was 30 min. The limit of detection was 0.6 /xg/ml, and an external standard
method was used.

For etoposide, a direct plasma injection method was developed. Briefly. I (xl
of plasma was injected via a Rheodyne 7520 valve with the filled loop tech
nique. The sample was analyzed with a Zorbax Reliance ODS 3-(xm 6 X
40-mm cartridge column by Du Pont (Mac-Mod Analytical. Chadds Ford, PA).

The mobile phase was 400 ml methanol, 600 ml of buffer, which consisted of
100 mu sodium dihydrogen phosphate. 0.02 ITIMdioctylsulfosuccinate (from a
stock solution of 0.25 mol in 50% methanol/water), and 0.5% triethvlaminc
and adjusted to pH 6 with phosphoric acid at a flow rate of 1 ml/min. The
eluent was monitored at 235 nM at 0.002 AUFS, and the standard curve was
linear through a range of 0.2-20 fig/ml. An external standard method was used.

For cyclophosphamide. 1 ml of plasma was spiked with 20 >xlof ifost'amide

in water at 3 mg/ml as an internal standard. The protein was precipitated by the
addition of 1 ml of acetonitrile followed by KOjul of 1 mg/ml of zinc sulfate.
After centrifugation. the supernatant was collected and 100 mg of anhydrous
potassium carbonate were added and vortexed. Once again, the solid particles
were removed by centrifugation and the supernatant was analyzed by high
performance liquid chromatography; 10 /xl of the supernatant were chromato-
graphed with a Zorbax RX 4.6 X 250-mm column by Du Pont (Mac-Mod

Analytical). The mobile phase consisted of 25% acetonitrile, 75% 20 mM
potassium dihydrogen phosphate buffer adjusted to pH 6.8 with 0.5 mol
sodium hydroxide, and at a flow rate of 1 ml/min. The eluent was monitored
at 2(K) nm at 0.005 AUFS, and the sensitivity was 0.1 /xg/ml.

For the phosphoramide mustard, the assay had to he initiated as soon as the
sample was received, ;.t'., at the patient's bedside. An equal volume of aceto

nitrile was added to the plasma, vortexed for 0.5 min. and centrifuged for 5
min. The supernatant was injected without further modification. The sample
was separated on an Econosphere C[s 5-tim, 4.6- x 250-mm cartridge column

with a mobile phase of 10% acetonitrile and 90% 40 mMpotassium dihydrogen
phosphate. It was adjusted to pH 6.8 with potassium hydroxide at 1 ml/min.
The eluent was monitored at 200 nm at 0.005 AUFS. The sensitivity was
approximately 1 tig/ml, and the quantitation method used was by spiking the
sample with a known amount of phosphoramide mustard. The increase in peak
area was due to the phosphoramide mustard standard. The phosphoramide
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mustard standard was a gift from Dr. Kenneth Chan of the University of
Southern California.

The pretreatment plasma did not have interference for the drugs of interest,
and the area under the curve calculation by trapezoidal rule was performed
with Pharm/PCS Ver. 4.2 program (21).

RESULTS

Patient Characteristics. The patient characteristics are shown in
Table 2. The 1 female patient had refractory GCT arising from an
ovarian primary site. Of the 29 male patients, 26 had a testis primary
site and 3 patients had an extragonadal primary site. One patient had
a pure seminoma and 29 had nonseminomatous histology. Two pa
tients had elevated serum tumor markers as their only clinically evi
dent site of disease. All patients had prior therapy with at least 2
platinum-based regimens and had received a cisplatin- and Â¡fosfa-
mide-containing regimen. Sixty % had never achieved a complete
response to a prior cisplatin-based regimen.

Treatment and Toxicity. Forty-four cycles of therapy were admin

istered to 30 patients (Table 3). The dose of cyclophosphamide was
escalated to a total dose of 150 mg/kg/cycle without prohibitive tox-

icity. Cardiac sonograms that were performed before and after therapy
in 5 patients treated at this level did not show a decline in ejection
fraction, nor was their any clinical evidence of cardiac toxicity on any
of the 30 patients detected by physical examination or electrocardio
grams during therapy.

Table 2 Patient characteristics

No.(%)PatientsM/FMedian

age(range)Primary
siteTestisRetroperitoneumMediastinumOvarianSites

ofdiseaseRetroperitoneumLung

parenchymaMediastinumSupraclavicular

IvmphnodeLiverOtherElevated

markeronlyMetastatic

sites123

ormoreElevated

presentmentmarkersHCG"
(>2ng/ml)Median

elevatedvalueRangeAFP(>15

ng/ml)Median
elevatedvalueRangeLDH

(>2IK)units/liter)Median
elevatedvalueRangePrior

cisplatinchemotherapy2
regimens3Ifosfamide-containingMedian

no. of cyclesplatinumRangePrior

bestresponseCompleteIncomplete"

HCG. human chorionic gonadotrophin level; AFP.or-fctoprotein;hydrogcnase.3029/128(15^t4)26

(87)2
(6.6)1
(3.3)1

(3.3)19(63)17(57)7(23)4(13)3(10)3(10)2(6.6)11

(37)16(53)3(10)16(53)44

ng/ml2.8-209015

(50)7
10ng/ml20.7-217020

(66)319
units/liter208-357025

(83)5(17)30(100)82-1212(40)18(60)LDH,

lÃ¡clatede-

Table 3 Dosi' of cyclophospharnitle administered and loxicity of high ilo.se

chemotherapy

No. (%)

Patients [cycles] Ã©valuable 30 [44]
Patients [cycles] treated at each dose level of

cyclophosphamide
30 X 2 = 60 mg/kg 3 [4]
40 X 2 = 80 mg/kg 6 [9]
50 X 2 = 100 mg/kg 5 [8]
60 X 2 = 120 mg/kg 6 Â¡8]
50 X 3 = 150 mg/kg 10 Â¡15)

Cycles Ã©valuable 44
1st 30
2nd 14

Hematological toxicily
Median days to granulocyte count >0.5/mm3

(range)
All cycles (n = 43)Â° 17(10-43)

Wi'lh G-CSF (n = 20) 14.5 (10-28)

Without G-CSF (n = 23) 25 (10-43)
1st cycle (n = 29) 15 (10-36)
2nd cycle (n = 14) 18.5 13-43)

Median days tu platelet count >5().(MM)/mnv1

(range)
All [Â«= 42)'' 26 10-68)

With G-CSF [n = 20] 25.5 (14-68)
Without G-CSF [n = 22] 26(10-42)

1st cycle \n = 28] 22(12^t6)
2nd cycle [n = 14] 29(10-68)

No. of patients [cycles] with grade III hematological 1 (3.3) [1 (2.2)]
toxicity by National Cancer ABMT1 criteria

(granulttcyte count <500 or platelet count
< 10.000 beyond 8 wks)

Grade IV ABMT toxicity (death) 2 (7) [2 (4.5)]

Nonhematological toxicity
No. of patients [cycles) with the peak serum

Creatininc 2-4 mg/dl and BUN <75 mg/dl 7 (23) [6 (16)]

Crealinine >4 mg/dl or BUN >75 mg/dl 3 (10) [3 (7)]
Elevated bilirubin (>1 mg/dl) 17 (57) Â¡22(50)]

Median elevated 1.8 mg/dl [1.55]
Range 1.1-11.6 [1.1-11.6]

Biliruhin, SGOT, or alkaline phosphatase >5X 7 (23) |7 (16)]
normal

" One patienl with a treatment-related death failed to engraft neulrophils.
ftTwo patients who had treatment-related deaths failed to engraftmcnt platelets.
' ABMT. Aulologous Bone Marrow Transplantation: BUN. blood urea nitrogen:

SGOT, serum glutamic-oxaloacetic transaminase.

The engraftment results and hematological toxicity are shown in
Table 3. A trend (P = 0.07) was observed for a shorter duration of
neutropenia in the patients who received G-CSF compared to histor

ical controls, which included patients treated early in this study who
did not receive hematopoietic growth factor. Two patients had treat
ment-related deaths; one had prolonged thrombocytopenia with

granulocytic and erythroid engraftment and expired on day 53 fol
lowing AuBMT from an intracranial hemorrhage. The second patient
died with cardiorespiratory and renal failure related to fungal septi
cemia. One patient had a transient bilateral periorbital hematoma with
subconjunctival hemorrhage during the period of thrombocytopenia.
Two patients had gastrointestinal hemorrhage associated with vomit
ing, which resolved with conservative management; one was being
treated with heparin for a chronic deep vein thrombosis.

The most frequent nonhematological toxicity was hepatic, charac
terized by cholestasis manifested by an elevation in serum bilirubin,
which subsequently normalized. Five patients had an elevation of
serum bilirubin >5 times normal, which subsequently normalized
(2 additional patients had a serum glutamic-oxaloacetic transaminase

level >5 times normal). Three patients had a peak serum creatinine
>4 mg/dl or blood urea nitrogen level of >75 mg/dl. One patient
(discussed above) had a treatment-related death and developed renal

insufficiency as a preterminal event. Renal insufficiency in the second
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Table 4 Treatment results

No. (%)

Response to therapy
Evaluable for response

Complete response to ehemotherapy alone
Complete response to chemotherapy + surgery
Incomplete response
Durable complete response

Status
Alive, disease-free

Alive with disease
Dead

13 (43)
8(27)
5(17)

17(57)
7(23)

8(27)
4(13)

18(60)

patient was in the setting of Candida sepsis, and this patient fully
recovered. The third patient had severe nausea and vomiting following
chemotherapy, which resulted in dehydration, despite vigorous i.v.
fluid replacement and renal insufficiency (peak serum creatinine, 4.1
mg/dl). These 2 latter patients improved without hemodialysis.

Severe skin toxicity was seen in one patient. He developed a con
fluent erythematous rash, hyperbilirubinemia, and hypotension on day
32 and received supportive care in the intensive care unit. Review of
a skin biopsy was consistent with vasculitis or graft versus host
disease and he fully recovered. Enterocolitis and nausea/vomiting
were frequent, but were self-limited. Transient gross hematuria was

noted in one patient with thrombocytopenia. This patient developed
recurrent hematuria following blood count recovery and was found to
have a kidney metastasis. Cystoscopy showed that this was the etiol
ogy of the hemorrhage, and there was no evidence of drug-induced

cystitis. In all, 6 patients had grade III/IV toxicity by National Cancer
Institute Autologous Bone Marrow Transplantation Toxicity Grading
Criteria: one patient each at 80- and 100-mg/kg dose levels, and 2
patients each at 120- and 150-mg/kg dose levels of cyclophospha-

mide.
Response to Therapy. Thirteen (43%) patients achieved a com

plete response (Table 4). In 5 patients, the resection of viable GCT
(complete response to chemotherapy and surgery) was required. The
2 patients who had treatment-related deaths were considered to have

had an incomplete response to treatment and were regarded as treat
ment failures. All but 2 of the patients who achieved a complete
response were treated with 2 cycles of therapy.

Six patients have relapsed at a median of 8 months (range, 4â€”9
months). Factors that appeared to predict for relapse included the
number of prior cycles of high-dose therapy given and the finding of

viable GCT at resection following therapy (a complete response of
chemotherapy + surgery). The 2 patients who had a complete re
sponse and were treated with one cycle both relapsed. Four of 5
patients who were rendered free of disease following resection of
viable GCT have relapsed (one received one cycle of therapy). Seven
(23%) patients remain in durable complete response at a median
follow-up of 11.4+ months (range, 5.6+ to 35.5+ months).

Survival. The overall survival of the 30 patients is shown in Fig.
1. The median survival was 8.6 months, and the median follow-up was

8.3 months (range, 1 to 35.5+ months). Eight (27%) patients are alive
and disease-free. These include the 7 in continuous complete response

and 1 additional patient who relapsed from a complete response (at the
site for which he had prior surgery following high-dose therapy) and

was rendered free of disease by the resection of a solitary metastasis.
Pharmacology Studies. Five patients had samples procured for

analyses; 3 were treated with cyclophosphamide at 60 mg/kg for 2
doses and 2 had 50 mg/kg for 3 doses. The drug exposures (AUC) are
shown in Table 5, and the patient characteristics are in Table 6. The
AUC of carboplatin was comparable to that of free platinum. There
were no significant changes in AUC for etoposide or carboplatin/free
platinum between days of treatment, nor when administered with
cyclophosphamide. Thus, the coadministration of cyclophosphamide

did not appear to alter the drug exposure of either etoposide or car
boplatin. The AUC of cyclophosphamide decreased with successive
days of treatment, and the AUC of phosphoramide mustard was
greater on successive days of treatment, a finding consistent with the
recognized property of cyclophosphamide to induce its own metabo
lism to its active metabolites (22). The AUC of cyclophosphamide for
patient 1 [AUC total = 46 mg/ml(-min)] was considerably lower than

that for the other patients. As cyclophosphamide is metabolized by
hepatic microsomal oxidases (22), the patient's heavy alcohol usage

prior to admission may have been a causative factor.
The dose of carboplatin in this trial was based on body surface area.

The estimated AUCs of carboplatin for patients 1-5 as calculated by

the method of Calvert et al. (23), which is based on renal function, are
shown in Table 6. The calculated AUC = total dose in mg/(glomerular

filtration rate + 25 in ml/min. The creatinine clearance, which was
determined by the Technicon Dax System (Technicon Instruments
Corp., Tarrytown, NY) by the modified Jaffe method (24), was used
to approximate glomerular filtration rate. In 3 of 5 patients (patients 2,
3, and 5), the calculated AUC and the actual AUC closely approxi
mated each other. The measured and estimated AUC differed for the
other 2 patients (patients 1 and 4); both had extreme variations in
creatinine clearance of 179 and 56 ml/min.

DISCUSSION

The major goal of this trial was to escalate the dose of cyclophos
phamide as administered in combination with high-dose carboplatin
and etoposide with AuBMT as third-line therapy in GCT patients in an
attempt to improve the regimen's efficacy. The dose level of 150

mg/kg was achieved, and further dose escalation of cyclophosphamide
was not attempted. Higher doses have been associated with cardiac
toxicity (25, 26). A fatal myopericarditis and myocardial necrosis have
been reported with the administration of doses of cyclophosphamide
greater than 144 mg/kg (25). This toxicity is acute, may result in death
within 2 weeks of drug administration, and does not appear to be
related to the cumulative dose of cyclophosphamide (25, 26). No
cardiac toxicity was noted in the present study by either clinical or
radiographie criteria.

The 2 major toxicities in the present study were hematological and
hepatic. The hepatic toxicity, predominantly manifested by cholesta-

sis, was most likely attributable to both the carboplatin and etoposide
(6, 27, 28). Both of the treatment-related deaths were related to my-
elosuppression; one from hemorrhage as a consequence of engraft-

.00 Â«.00 12.00 IB.00 24.00 30.00 36.00

Months from the first day of therapy

Fig. 1. Overall survival of germ cell tumor patients treated with high-dose carboplatin,
etoposide, and cyclophosphamide: 30 patients, 12 alive.
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Table 5 Drug exposure (AUC (mglml)-minj

AUC was calculated by trapezoidal rule. Patients I, 2, and 3 were treated with cyclophosphamidc 60 mg/kg on days -6 and -4, and patients 3 and 5 were treated with
cyclophosphamide 50 mg/kg on days -8, -6, and -4.

Patient1TotalPatient

2TotalPatient

3TotalPatient

4TotalPatient

5TotalDay-8-6-4-8-6-4-8-6-4-8-6-4-8-6-4Exposure15.016.914.146.014.116.57.137.715.614.314.244.119.415.217.251.89.711.511.332.5CTXÂ°27318.746.052.846.499.2168.8112.7281.543.038.541.2122.745.243.031.1119.3PM5.27.613.11128.515.72.13.45.53.85.76.415.94315.515.335.1CARB15.011.414.540.98.07.68.824.47.36.45.419.16.06.76.719.4635.45.817.5Total

platinum12.311.414.538.29.79.811.030.510.413.2NANA10.312.112.234.68.49.29.126.7Freeplatinum8.67.39.325.28.26.67.622.47.18.5NANA7.18.27.723.06.36.15.317.7

' CTX, cyclophosphamide; PM, phosphoramide mustard; CARB, carboplatin; NA, not available.

Table 6 Characteristics and calculated AUC carboplatin (23) for patients who had
pharmacology studies

Tolal dose(mg)Patient12345BSA"2.21.92.32.01.8CrCl17999157561(12-CARB3,2252.8503,4352,9852,700-CTX1(1.7289.04011,73612,15010,800CalculatedAUCCARB
(23)[(mg/ml)-min]15.X23.018.536.821.2

" BSA. body surface area; CrCl, creatinine clearance in ml/min. determined by mod
ified Jaffe method (24): CARB, carboplatin: CTX, cyclophosphamide.

ment failure and the second from fungal sepsis associated with neu-
tropenia. The use of G-CSF provided a more rapid recovery of the
neutrophil count, and either G-CSF or granulocyte-macrophage-CSF
should he included in the management of high-dose chemotherapy and

AuBMT for GCT.
The antineoplastic effects of cyclophosphamide are dependent on

its metabolism by hepatic microsomes to the active metabolites 4-OH-
cyclophosphamide and phosphoramide mustard (22). As 4â€”OH-

cyclophosphamide does not function at physiological pH, phosphora
mide mustard is considered to be the actual alkylating metabolite
(22, 29). The interpatient variation in cyclophospamide AUC may be
a result of each individual's metabolic capacity (22, 30). The AUC of

cyclophosphamide for each individual patient was in general lower
with each consecutive day of treatment. Conversely, we measured the
active metabolite phosphoramide mustard and showed that it in
creased with successive days of treatment. A recognized property of
cyclophosphamide, as a potent inducer of hepatic microsomal en
zymes, is the induction of its own metabolism (22, 29).

Carboplatin is almost entirely eliminated by renal excretion, and
several models have been reported for the calculation of conventional
doses of carboplatin based on creatinine clearance and target AUC
(23, 31). Newall et al. (32) have shown that a correlation exists
between calculated AUC based on glomerular filtration rate and meas
ured plasma-free platinum AUC for patients treated with carboplatin

at 1600 mg/irr. The measured AUC of carboplatin for 3 of the 5
patients closely approximated that which was calculated by the for
mula of Calvert et al. (23). One of the other 2 patients had a creatinine
clearance of 179 ml/min and had recently (4â€”6weeks earlier) been

treated with cisplatin. It has been shown that administration of cis-

platin within 3 months may result in an overestimating of glomerular
function determined by creatinine clearance (33). A better means of
assessing glomerular function in these heavily pretreated patients may
have been provided by radioisotope clearance studies (23, 34). While
the AUC of carboplatin is dependent on renal function, major differ
ences in the measured AUC of carboplatin/free platinum in the 5
patients we tested were not apparent when the dosage was based on
body surface area. Similar results were noted by Shea et al. (27), who
attributed the conformity of AUC to the homogeneity of the patient
population.

A complete response was achieved in 43% of the patients treated in
this series, and 27% of patients are alive and free of disease. Two
recent reports suggest that the addition of an oxazophosphorine (cy
clophosphamide, ifosfamide) adds efficacy to dose-intensive regimens

based on platinum (usually carboplatin) and etoposide. First, in a
comprehensive review of high-dose chemotherapy in cisplatin-resis-

tant germ cell tumors, the complete and durable complete response
proportions were higher in patients treated with high-dose carboplatin,

etoposide, and an oxazaphosphorine (149 patients, 35% complete
response; 23% durable) compared to those with high-dose carboplatin

and etoposide alone (88 patients, 26% complete response; 12% dura
ble) (35). Second, a multivariate analysis of prognostic factors for
long-term response in 11 published series of high-dose chemotherapy

in GCT likewise showed that the addition of an oxazophosphorine was
an independent predictor of achieving disease-free status (36). The

nonhematological toxicity of ifosfamide (particulary renal insuffi
ciency) has been reported to be severe (37). Cyclophosphamide is
better tolerated and appears to be the preferable agent.

In summary, cyclophosphamide administered at a dose of 150
mg/kg was achieved in combination with high-dose carboplatin and
etoposide with AuBMT without prohibitive toxicity. The use of G-

CSF resulted in more rapid neutrophil count recovery and should be
considered a part of standard care. High-dose carboplatin, etoposide,

and cyclophosphamide achieved a complete response in 43% of pa
tients, with 23% remaining in continuous complete response and 27%
currently alive and free of disease. The need for continued investiga
tion is evident by the modest proportion of patients who achieve a
durable complete response and the morbidity of therapy. Efforts to
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expedite platelet count recovery remain a priority, and future studies
will address the role of peripheral blood stem cells and the hemato-
poietic growth factors interleukin-3 and PIXY 321. We and others are
investigating the use of early intervention with high-dose carboplatin,
etoposide-based chemotherapy, and AuBMT in previously untreated
patients with poor prognostic features or as a component of first-line

salvage.
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