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Amifostine is a compound that has been developed as a radio- and chemoprotectant .  It is a prodrug, giving rise to 
the active thiol, WR-1065. Amifostine has been demonstra ted to reduce the toxicity of ionising radiation, 
alkylating agents and platinum compounds.  Preclinical studies have shown that amifostine can reduce the 
myelosuppression of  carboplatin in a murine model tumour system without reducing the efficacy of  therapy. In 
fact,  in this model  system, the anti tumour effects of  carboplatin against the OVCAR-3 cell line were actually 
greater with than without amifostine. Based on these preclinical studies, clinical trials of  the combination of  
carboplatin and amifostine have been undertaken. A phase I trial of  earboplatin and amifostine in pretreated 
patients demonstrated that two doses of amifostine 740 rag/me/dose may be safely administered with carboplatin. 
T he  maximum tolerated dose (MTD)  of  carboplatin that could be administered with amifostine was 500 mg/m z, 
suggesting the hypothesis that amifostine increases the M T D  of  carboplatin from 400 to 500 mg/m 2. T o  test this 
hypothesis,  a randomised trial of  carboplatin 500 mg/m 2 versus carboplatin 500 mg/m 2 plus two doses of 
amifostine 910 mg/mZ/dose has been performed.  Analysis of  this trial is not complete,  but initial results suggest a 
reduction of first-cycle thrombocytopenia,  from a median platelet nadir value of  85 × 109 cells/I for carboplatin 
alone to 144 × 109 cells/I for the combination of  carhoplatin plus amifostine. Similarly, the median first-cycle 
granulocyte nadir was 1.6 × 109 cells/l without amifostine but 2.4 x 109 cells/I with the cytoprotectant .  Nei ther  of  
these first-cycle differences was statistically significant, but these effects are being maintained with repeated 
dosing, so that an increase in delivered cumulative carboplatin dose seems possible with the use of  amifostine. 
These  promising data indicate that continued studies of amifostine with carboplatin are justified and that the 
effects of amifostine on the thrombocytopenia  produced by carboplatin-containing combination chemotherapy 
regimens should be investigated. Copyright © 1996 Elsevier Science Ltd  
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INTRODUCTION 
AMIFOSTINE (WR-2721; Ethyol ®) owes its origin to the Cold 
War efforts of the United States armed forces, which screened 
more than 4000 compounds for radioprotectant activity, hoping 
to find a compound to protect military personnel from the 
effects of ionising radiation [1]. Among the substances 
screened, amifostine was selected for development on the basis 
of its activity and low toxicity. Preclinical studies indicated that 
amifostine could protect normal tissues from the effects not 
only of ionising radiation, but also of alkylating agents and 
cisplatin. Further investigations demonstrated that these pro- 
tective effects were relatively selective for normal as opposed to 
malignant tissues, suggesting a role for this compound in cancer 
therapy. 

The mechanism underlying this selectivity seems related to 
the fact that amifostine is a prodrug that is dephosphorylated to 
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the active thiol, WR-1065, by acid phosphatases. Differences in 
the distribution of alkaline phosphatase activity in normal 
tissues and their vasculature relative to tumour tissues, and in 
tissue pH, result in increased intracellular concentrations of 
WR-1065 in normal cells compared with malignant cells. 
Amifostine had been demonstrated to reduce the toxicity of 
cisplatin in several systems and shown to have protective effects 
on haematopoietic precursors. Because carboplatin has a 
mechanism of action very similar to that of cisplatin and 
because its dose-limiting toxicity is thrombopenia, we per- 
formed studies of the effects of amifostine on the toxicity and 
antitumour effects of carboplatin. 

PRECLINICAL STUDIES 
In non-tumour-bearing BALB/c mice, amifostine allowed an 

escalation of carboplatin dose that could be administered with 
5-fluorouracil (5-FU) 100 mg/kg, from 45 mg/kg for carbopla- 
tin alone to 60 mg/kg carboplatin plus amifostine [2]. Amifos- 
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fine significantly reduced the thrombocytopenia produced by 
the higher dose of carboplatin administered with 5-FU. This 
higher dose level achievable with amifostine was associated with 
greater antitumour effects than the lower dose was against colon 
26 tumours in BALB/c mice. When administered with single- 
agent carboplatin to BALB/c mice bearing OVCAR-3 tumours, 
amifostine increased the maximum tolerated dose (MTD) of 
carboplatin 1.5-fold. Moreover, at the same dose of carbopla- 
tin, greater antitumour effects were observed with than without 
the coadministration of amifostine [3]. 

CLINICAL STUDIES 
Phase I experience with carboplatin and amifostine 

Based on the preclinical studies discussed above and the 
rationale leading to these studies, a phase I trial of the 
combination of amifostine and carboplatin was performed in 
patients with a variety of malignancies who had received no 
more than two prior chemotherapy regimens [4]. In this trial, as 
well as in subsequent trials of amifostine in combination with 
carboplatin, multiple doses of amifostine were administered 
based on the short plasma half-life of amifostine relative to that 
of carboplatin. Specifically, a dose of amifostine was adminis- 
tered 15 rain before and again 2 h after administration of 
carboplatin. In the first phase of the study, it was demonstrated 
that two doses of amifostine 740 mg/m2/dose could be safely 
given with carboplatin 400 mg/m 2. After the multiple-dose 
schedule of amifostine was determined to be well tolerated, the 
dose of carboplatin was escalated in successive cohorts of 4-6 
patients. At a carboplatin dose of 500 mg/m 2, toxicity was 
tolerable; at a carboplatin dose of 625 mg/m z, however, un- 
acceptable haematopoietic toxicity was produced despite the 
use of amifostine, with 4 of 6 patients developing grade 4 
thrombocytopenia (nadir platelet count < 20 × 109 cells/l). 
Thus, in this previously treated patient population, the MTDs 
of the drugs used in combination were two doses of amifostine 
740 mg/mZ/dose and carboplatin 500 mg/m 2. This trial sug- 
gested that amifostine increases the MTD of carboplatin from 
400 to 500 mg/m 2. Furthermore, the observed thrombocyte 
nadirs were less than predicted on the basis of the calculated 
creatinine clearances, consistent with an amelioration by ami- 
fostine of the thrombocytopenia produced by carboplatin. 
Therefore, a randomised trial comparing the toxicity of carbo- 
platin with that of carboplatin and amifostine combined was 
undertaken. 

Additional phase I experience with the combination of 
amifostine and carboplatin has been provided by the European 
Organization of Research and Treatment of Cancer, which 
reported the preliminary results of a phase I trial of carboplatin 
and amifostine in previously untreated as well as previously 
treated patients [5]. In that trial, amifostine 740 mg/m 2 is being 
administered 15 min prior to and 2 and 4 h following the 
administration of carboplatin. In previously treated patients, 
the MTD of carboplatin that could be administered with three 
doses of amifostine was 500 mg/m 2, consistent with the pre- 
vious phase I experience with this combination. Previously 
untreated patients, however, seem to tolerate higher doses of 
carboplatin, with the MTD of carboplatin being at least 720 
mg/m 2. In addition, the effect of adding treatment with a 
haematopoietic growth factor to the amifostine-carboplatin 
combination is being studied in this trial. 

Thus, phase I studies of the combination of amifostine and 
single-agent carboplatin suggest that amifostine increases to 500 
mg/m 2 the MTD of carboplatin that can be administered to 

previously treated patients and that the MTD may be higher in 
previously untreated patients. These results were of sufficient 
interest to conduct a randomised trial of carboplatin with and 
without amifostine. 

Controlled trials of carboplatin and amifostine 
Among the early experiences with amifost ine in a 

carboplat in-containing chemotherapy regimen is a non- 
randomised, sequential cohort trial of therapy with the com- 
bination of carboplatin and cisplatin, either alone or with 
amifostine [6]. Initially, 7 patients were treated with 28-day 
cycles of carboplatin 300 mg/m 2 on day 1 and cisplatin 100 
mg/m z on day 3. In a subsequent trial, the same doses and 
schedule of carboplatin and cisplatin were administered, with 
amifostine administered prior to and 2 h after carboplatin and 
once prior to the administration of cisplatin. Significant reduc- 
tions in grade 2-4 granulocytopenia and thrombocytopenia 
were observed in patients receiving amifostine. Further,  no 
treatment delays were necessary in the group receiving amifos- 
fine, compared with a mean delay of 16.2 days in 14 of 28 cycles 
of carboplatin or cisplatin alone. Although these results were 
obtained in different groups of patients, they are consistent 
with an amelioration of the haematopoietic toxicity of the 
carboplatin-cisplatin combination by amifostine. 

In a randomised trial of amifostine plus carboplatin versus 
carboplatin alone, patients with a variety of malignancies who 
had received 0 or 1 prior chemotherapy regimen, including 
adjuvant therapy, were randomly assigned to treatment with 
carboplatin 500 mg/m 2 alone or the combination of carboplatin 
500 mg/m 2 and amifostine 910 mg/m 2 administered twice, once 
15 min prior to carboplatin and again 2 h after the administra- 
tion of carboplatin [7]. Nausea and vomiting were more severe 
in the amifostine-treated patients, but were manageable in all 
cases. Hypotension was generally noted to reverse within 5 rain 
of interrupting the amifostine infusion, but did not reverse 
within 5 rain in 14 of 82 courses of therapy. Preliminary results 
reported the median thrombocyte nadir observed during the 
first cycle of therapy was 85 × 109 cells/l for the 20 patients 
treated with carboplatin alone and 146 × 109 cellsdl for the 17 
patients treated with the combination of carboplatin and ami- 
fostine. This difference was not statistically significant, how- 
ever, because of the small number of patients and the variability 
of the thrombocyte nadir. Further analyses demonstrated that 
amifostine treatment allowed a statistically significantly higher 
cumulative dose of carboplafin to be administered. Thus, the 
results of this trial are consistent with a chemoprotective effect 
for amifostine with respect to the haematopoietic toxicity of 
carboplatin because the thrombocytopenia produced in this 
trial was not particularly severe. It appears that patients with no 
prior therapy would tolerate higher doses of carboplatin than 
were given in this study. 

Investigators in the United Kingdom have performed a 
randomised phase II trim in patients with nonsmall-cell lung 
cancer. This study compared carboplatin alone at a dose of 600 
mg/m 2 with the combination of carboplatin 600 mg/m 2 and 
multiple doses of amifostine [8]. In this trial, all patients were 
initially treated with one cycle of carboplatin at a dose of 600 
mg/m 2. After completing this course, patients were randomised 
to receive three additional cycles of either carboplatin 600 
mg/m 2 alone or carboplatin 600 mg/m 2 in combination with 
three doses (pre-, 2 h post-, and 4 h postcarboplatin) of 
amifosfine, at a dose of either 683 or 910 mg/m 2. Because 
treatment with three doses of amifostine 910 mg/m z dose was 
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associated with hypotension in the first 6 patients, subsequent 
patients were treated with three doses of amifostine 683 
mg/m2/dose. Overall, some degree of hypotension was noted in 
15 of 20 courses of therapy, leading to a temporary cessation of 
the amifostine infusion in 12 courses and discontinuation of 
therapy for that cycle in three courses. Other toxicities included 
flushing, nausea, vomiting and sneezing. In this trial, the 
median platelet nadir after the first cycle, when single-agent 
carboplatin was administered to all patients, was 26 x 109 
cells/l for patients subsequently randomised to receive carbo- 
platin plus amifostine and 34 x 109 cells/1 for patients subse- 
quently randomised to continue therapy with carboplatin alone. 
In the randomised portion of the trial, the median thrombocyte 
nadirs did not differ between the two arms (21 x 109 cells/1 for 
carboplatin plus amifostine versus 23 z 109 cells/l for carbopla- 
tin alone), but the median time to recovery of a platelet count of 
>- 100 x 109 ceUs/1 was significantly shorter for patients 
receiving arnifostine (13.5 days) than for patients receiving 
carboplatin alone (21.0 days; P = 0.04, 1-sided Wilcoxon's 
test). While no statistically significant difference could be 
demonstrated in the depth or duration of neutropenia experi- 
enced in the two treatment arms, patients receiving amifostine 
versus not were reported to have fewer infections (15% of 
courses versus 40%; P = 0.07) and fewer hospitalisations for 
infections (0 versus 24%; P = 0.06). Of interest was the 
observation of a suggestively higher response rate among the 
patients receiving the combination of amifostine and carbopla- 
tin than in the patients receiving single-agent carboplatin: 5 of 
10 patients with assessable disease receiving amffostine plus 
carboplatin achieved partial responses versus 2 of 9 in the 
carboplatin-alone arm. Similarly, the median survival for pa- 
tients treated with the combination of arnifostine and carbopla- 
tin was 14 months, compared with nine months for patients 
treated with carboplatin alone. Thus, consistent with the 
preclinical experience, no evidence of tumour protection was 
seen in this clinical trial. 

Effects o f  amifostine on the pharmacokinetics o f  carboplatin 
In the initial phase I trial of amifostine and carboplatin, 

carboplatin pharmacokinetic studies were performed in 4 pa- 
tients [4]. These studies showed considerable interpatient 
variability, as would be expected in a heterogeneous phase I 
patient population, but major pharmacokinetic parameters 
were not greatly different than those previously reported in 
patients receiving carboplafin alone, allowing the conclusion 

that major changes in carboplatin pharmacokinetics were not 
responsible for the apparent cytoprotective effects of amifos- 
fine; that is, the reduced toxicity of carboplatin when given 
with amifostine was not because of enhanced excretion of the 
cytotoxic agent. 

CONCLUSION 
Carboplatin is an important chemotherapeutic agent whose 

dose-limiting toxicity, thrombocytopenia, is one for which no 
prophylactic therapy other than transfusion currently exists. 
The potential of amifostine to attenuate this toxicity is therefore 
of clinical significance because it would increase the therapeutic 
window for carboplafin, allowing reduced toxicity or, in situa- 
tions in which dose proves to be important, increased efficacy. 
No evidence of tumour protection of the cytotoxicity of carbo- 
platin by amifostine has been present in preclinical or clinical 
studies performed to date. In fact, both preclinical and clinical 
data suggest the possibility that the therapeutic effects of 
carboplatin might be enhanced by the coadministration of 
amifostine. Further trials will be needed to address fully the 
toxicity and efficacy of this promising combination. 
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