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dopamine might be inefficient and might cause additional dam-
age to tubules and glomeruli and affirm that only potent vasocon-
strictor agents might be useful in this clinical situation [22].
These observations contrast with our results: we have in fact
demonstrated significant improvement of renal function during
“low dose” dopamine infusion in acute renal failure induced by
rIL-2.

In conclusion this is the first report which shows that the use
of “low dose” dopamine by continuous infusion controls prerenal
azotaemia, serum creatinine levels and oliguria in patients who
are at high risk and finally develop major rIL-2 induced renal
toxic effects and determines an early recovery of the rIL-2—
impaired renal function. Administration of low-dose dopamine,
therefore, can avoid dose reduction or discontinuation of rIL-2
administration, which could compromise the antitumour effect
of rIL-2. .
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Phase I Study of WR-2721 and Carboplatin

G.T. Budd, R. Ganapathi, L. Bauer, S. Murthy, D. Adelstein, J. Weick,
V. Gibson, D. McLain, J. Sergi and R.M. Bukowski

Because WR-2721 reduces the toxicity of cisplatin and carboplatin in preclinical systems, we have treated 35
patients in a phase I study of WR-2721 and carboplatin. As the plasma half-life of WR-2721 is short relative to that
of carboplatin, WR-2721 was administered in two divided doses. This schedule produced acceptable toxicity in
24 patients treated with carboplatin 400 mg/m? and escalating doses of WR-2721. In the subsequent 11 patients,
WR-2721 was fixed at 740 mg/m?/dose and the dose of carboplatin was escalated. With WR-2721, grade 34
thrombopenia (platelets <50 x 10°1) was produced in 4/5 patients treated with carboplatin 625 mg/m? and in 1/6
patients treated with carboplatin 500 mg/m?. Carboplatin pharmacokinetic parameters in 4 patients were similar
to those reported for carboplatin alone. These results suggest that WR-2721 might increase the maximum

tolerated dose of carboplatin from 400 to 500 mg/m?.
Eur ¥ Cancer, Vol. 29A, No. 8, pp. 1122-1127, 1993.

INTRODUCTION
WR-2721 [S-2-(3-aminopropylamino) ethyl phosphorothioic
acid, Ethiofos] is a sulfhydryl compound which selectively
protects normal tissues from the cytotoxicity of radiation and
alkylating agents in animal models [1]. The mechanism by which

this selective protection occurs requires further study, but has
been attributed to a differential metabolism of the agent by
normal and neoplastic tissues [2]. WR-2721 is rapidly converted
to the active species, WR-1065 and related disulphides, which
are rapidly taken up into normal tissues [3, 4]. In vitro studies
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suggest that alkaline phosphatase may be important in catalysing
the conversion of WR-2721 to WR-1065, and further demon-
strate that intracellular concentrations of WR-1065 correlate
with radioprotection [4, 5]. Differences in alkaline phosphatase
activity between normal and malignant tissues may account for
the differential absorption of the active species [4, 5].

In BALB/c mice and Fisher 344 rats, WR-2721 attenuated the
myelosuppression produced by cyclophosphamide and cisplatin
[6]). There was no evidence of protection of the tumour by WR-
2721 from the cytotoxicity of the chemotherapeutic agents
[6]. Preclinical trials of WR-2721 and carboplatin have been
performed as well. In vitro studies have shown that WR-2721
and its active metabolite WR-1065 inhibit the platination of
DNA and, to some extent, reverse platinum complex/DNA
adducts [7]. WR-2721 400 mg/kg administered intraperitoneally
reduced the degree of leukopenia produced by the intraperi-
toneal administration of carboplatin 100 mg/kg in CD2F, mice
from 49% of control to 74% of control [8). Pretreatment with
WR-2721 reduced the myelosuppression produced by carbopla-
tin in mice, with a suggestion of increased antitumour activity of
the combination against OVCAR-3 xenografts compared with
that of carboplatin alone being observed [9).

Clinical trials have investigated the effects of WR-2721 on the
toxicity of cisplatin [10, 11], hemibody radiation [12] and
cyclophosphamide [13, 14]. Treatment with WR-2721
600-900 mg/m? prior to hemibody radiation was reported to
produce less myelosuppression than treatment with hemibody
radiation alone in a study with a non-randomised control group
[12]. While an uncontrolled study of WR-2721 and cyclophos-
phamide did not demonstrate that WR-2721 could affect the
myelosuppression of cyclophosphamide 1000 mg/m? [13], a
controlled study did show that the myelosuppression produced
by cyclophosphamide could be attenuated by cotreatment with
WR-2721 [4]. In a study of WR-2721 with escalating doses of
cisplatin, minimal nephrotoxicity was reported with doses of
cisplatin of up to 150 mg/m?, but further dose escalation was
not possible due to neurotoxicity attributed to cisplatin [10].
While the nephrotoxicity of the combination of WR-2721 and
cisplatin was suggested to be less than expected for cisplatin
alone at the doses given, the maximum tolerated dose (MTD) of
cisplatin when given with WR-2721 was not significantly greater
than that of cisplatin alone.

Carboplatin may be a better drug to use in conjunction with
WR-2721 than cisplatin, as it is less neurotoxic than the parent
drug, and it is now clear that neurotoxicity is the dose limiting
toxicity of cisplatin as a single agent with or without WR-2721
[10, 11, 15]. Rat and murine bone marrow cells avidly absorb
WR-2721, leading to radio- and chemoprotection [1-5, 16].
Because myelosuppression is the dose-limiting toxicity of car-
boplatin, clinical studies of this drug in combination with WR-
2721 would be of interest. Based upon the rationale constituted
by the preclinical and clinical studies discussed above, we have
performed a phase I trial of the combination of WR-2721 and
carboplatin.
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PATIENTS AND METHODS

Study design

WR-2721 was administered prior to carboplatin and again 2 h
after carboplatin. This schedule was based upon pharmacoki-
netic differences between carboplatin and cisplatin. Carboplatin
has a more delayed excretion, the beta half-life being 2—4 h
[17-20]. Because WR-2721 has a very short plasma half-life [21,
22], greater myeloprotection might be afforded by multiple than
by single doses when this agent is given with drugs that have
relatively long plasma half-lives, such as carboplatin. Our phase
I'trial of WR-2721 and carboplatin was performed in two phases.
In the first phase (A), a phase I trial of WR-2721 with a fixed
dose of carboplatin was performed in order to determine whether
two doses of WR-2721 could be administered in a single day. In
this phase of the study, it was demonstrated that two doses of
WR-2721 740 mg/m? could be administered with acceptable
toxicity. In the second phase (B) of the study, the dose of WR-
2721 was fixed at 740 mg/m?/dose and administered once prior
to carboplatin and again 2 h after carboplatin. The dose of
carboplatin was escalated in successive cohorts of 4-6 patients.

Patient selection

This trial was open to patients with measurable or evaluable
advanced malignancies refractory to standard therapy or for
which no effective standard therapy was felt to exist. Patients
were required to be of SWOG performance status 0-2, age 18 or
greater, and to have adequate major organ function, defined as
white blood count = 3.5 x 10%], platelet count = 100 x 10%1,
haemoglobin = 9.0 g/dl, total bilirubin < 1.5 mg/dl and serum
creatinine <1.5 mg/dl or creatinine clearance = 60 ml/min. At
least 3 weeks were required to have passed since any surgery,
chemotherapy or radiation therapy. The study was approved by
the Institutional Review Board and patients were required to
give their informed consent to participate. Patients were
excluded from participation if they had New York Heart Associ-
aton Class 34 angina, were pregnant, or were not practising
contraception. The sum of prior chemotherapeutic regimens for
metastatic or recurrent disease plus the number of courses of
radiotherapy of = 30 Gy applied to = 1/3 of the axial skeleton
was required to be < 2 during phase A of the study and =< 1
during phase B of the study. After excessive myelosuppression
was noted in patients who had received prior mitomycin-C,
patients who had received prior nitrosoureas or intravenous
mitomycin-C were excluded. Prior biological response modifier
therapy was not restricted. No concurrent radiotherapy or
chemotherapy was allowed.

Drug administration and evaluation

WR-2721 was reconstituted in sterile water and administered
in normal saline. WR-2721 was administered as a 15-min
infusion once 15 min prior to the administration of carboplatin
and again 2 h after the administration of carboplatin. Intra-
venous fluids were given beginning 15 min prior to the first dose
of WR-2721 and continued until the completion of the last dose
of WR-2721. Blood pressure determinations were made every
2 min during WR-2721 administration, and treatment was tem-
porarily held in the event that the systolic blood pressure fell by
= 25 mmHg. Treatment was restarted when the blood pressure
had recovered to normal. Carboplatin was administered over
5-10 min, beginning 15 min after the first dose of WR-2721.
Most patients were treated as outpatients every 4 weeks. Some
patients treated on the lower dose levels were treated every 3
weeks. Haematological, biochemical and clinical recovery from
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the toxicity of the previous course of therapy were required
before retreaument. Treatment was discontinued in non-
responding patients after two cycles of therapy; responding
patients were treated until they experienced disease progression
or unacceptable toxicity.

Dose escalation

The first dose of WR-2721 was 740 mg/m? in all patients.
During phase A of the study, the dose of carboplatin was fixed
at 400 mg/m? and the second dose of WR-2721 was escalated to
185, 370, 555 and 740 mg/m?. Acceptable toxicity was observed
at all of these dose levels, so that during phase B of the study, all
patients received two doses of WR-2721 of 740 mg/m? each. In
phase B, the dose of carboplatin was escalated to 500 and
625 mg/m’. Unacceptable toxicity was produced by a dose of
carboplatin of 625 mg/m?, so that no further dose escalations
were made.

Carboplatin pharmacokinetics

Because one mechanism by which WR-2721 might affect the
toxicity of carboplatin would be through an alteration in the
pharmacokinetics of carboplatin, we studied the pharmacokinet-
ics of carboplatin in 4 patients entered on phase B of the study.
Plasma samples were drawn once prior to drug administration
and again 15, 30, 60, 90, 120, 240, 300 and 1440 min after
carboplatin administration.

Blood samples were collected in prechilled (4°C) heparinised
tubes and centrifuged for 20 min at 700 g to obtain plasma.

Table 1. Clinical charactenistics

Number registered 35
Number eligible 35
Number evaluable 35
Male:female 22:13
Age (years)
Median 61
Range 21-73
ECOG performance status
0 4
1 22
2 9
Primary diagnoses
Colon cancer 8
Lung cancer 6
Breast cancer 4
Bladder cancer 3
Pancreatic cancer 2
Biliary cancer 2
Melanoma 2
Sarcoma 2
Other 6
Prior therapy (may be > 1 per patient)
Chemotherapy 22
Radiation 13
Biological therapy 9
Hormonal therapy 4
None 5
Serum creatinine (mg/dl)
Mean 1.0
Range 0.6-1.6
Calculated creatinine clearance (ml/min)
Mean 85
Range 40-143

G.T. Budd er al.

Ultrafiltrate was subsequently obtained by centrifuging the
plasma at —4°C through Amicon Centrifio CF-25 cones
(25000 MW cut-off) at 1000 g for 30 min. The ultrafiltrate was
stored frozen at —20°C prior to analysis of platinum levels by
flameless atomic absorption spectrophotometry as described
earlier by Priesner [23]) and Andrews [24].

Pharmacokinetic analysis of plasma platinum levels were
carried out by using a curve stripping program for parameter
estimates [25] coupled with a non-linear regression analysis
program (PCNONLINR [26]) for fitting plasma platinum level
data using a two-compartment kinetic model with constant
intravenous input and first order output.

RESULTS

Patient population

A rtotal of 35 patients were registered on this study; 24 were
treated on the WR-2721 dose-ranging phase of the study (A) and
11 were treated on the carboplatin dose-escalation phase of the
study (B). All registered patients were eligible and evaluable.
The characteristics of the study population are summarised in
Table 1.

Toxicity

All toxicities were graded according to the common toxicity
criteria of the National Cancer Institute. The toxicities observed
at each dose level are summarised in Tables 2 and 3. The median
number of courses was two; similar conclusions are reached if
only the toxicities observed after the first course of therapy are
analysed, as doses were modified according to toxicity. Grade
34 lymphopenia was observed at all dose levels. Because this
toxicity was associated with no symptoms or identifiable adverse
consequences, dose escalation continued despite grade 3—4 lym-
phopenia. Grade 2 nausea and vomiting was produced in most
patients. Hypotension was noted during WR-2721 infusion, but
was rapidly reversible in all cases by temporarily discontinuing
drug administration. No patient required therapy with vasopres-

Table 2. Phase 1 irial of WR-2721 + CBDCA

Non-haematological toxicity by dose

Grade level
Dose CBDCA 400 400 400 400 500 625
WR-2721 pre 740 740 740 740 740 740
WR-2721 post 185 370 555 740 740 740
Patient no. 6 7 S 6 6 5
Toxicity
Alkaline phosphatase 1 3 1 2 1 4 2
2 1 1 0 1 0 1
3 0 2 1 2 0 0
4 0 1 1 0 0 0
Hypocalcaemia 1 1 2 1 1 1 0
2 2 0 0 1 2 1
3 0 0 0 0 0 0
4 0 0 0 0 0 0
Hypotension 1 3 3 3 5 3 4
2 0 1 0 0 0 0
3 0 0 0 0 0 0
4 0 0 0 0 0 0
N/V 1 0 1 0 0 0 1
2 6 S S 6 4 3
3 0 0 0 0 1 0
4 0 0 0 0 0 0
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Table 3. Phase 1 trial of WR-2721 + CBDCA

Grade Haematological toxicity by dose level

Dose CBDCA 400 400 400 400 500 625
WR-2721 pre 740 740 740 740 740 740
WR-2721 post 185 370 555 740 740 740
Mean pretreatment
Serum Cr (mg/dl) 1.13 0.99 094 0.88 095 1.08
Calculated CICr
(ml/min) 72.3 922 76.5 90.6 92.7 82.6
Patient no. 6 7 5 6 6 5
Toxicity
Leucopenia 1 0 1 0 0 0 0
2 0 1 2 0 2 1
3 3 3 1 2 2 3
4 2 1 2 4 2 1
Neutropenia 1 1 1 1 0 0 1
2 2 0 0 2 1 0
3 0 1 1 2 0 1
4 0 0 0 0 1 2
Thrombocytopenia 1 3 2 4 1 2 0
2.0 1 0 i 0 1
3 2 0 0 2 0 0
4 1 1 1 1 1 4

Cr: Creatinine; CICr: creatinine clearance.

sors. The abnormalities of the alkaline phosphatase were attri-
buted to disease progression rather than drug toxicity. At dose
level A4 (WR-2721 740 mg/m? before and after carboplatin
400 mg/m?), grade 3—4 thrombopenia was noted in 3 of 6
patients. 2 patients at this dose level had been previously treated
with mitomycin-C. Because it was felt that this prior therapy
was more likely to have accounted for the toxicity than was the
dose of escalation of WR-2721, the protocol was amended to
exclude patients who had received nitrosoureas or intravenous
mitomycin-C as well as patients who had received two or more
myelosuppressive therapies for metastatic disease, and phase B
was initiated. Treatment during phase B of the study was, in
general, administered as scheduled. During phase B, the median
interval between treatments was 28 days; the mean treatment
interval was 31 days (range 28-44), with 2 patients having
courses delayed.

Unacceptable toxicity was observed at a dose of carboplatin
of 625 mg/m?, administered with two doses of WR-2721 of
740 mg/m? each. At that dose level, 4 of S patients experienced
grade 4 thrombopenia and 3 experienced grade 3—4 neutropenia.
The next lower dose of carboplatin, 500 mg/m?, was the MTD
of carboplatin that could be given with two doses of WR-2721 of
740 mg/m? each. At that dose level, 1 patient experienced grade
4 thrombocytopenia and grade 4 neutropenia.

We attempted to predict the degree of thrombocytopenia for
each patient, using the model described by Egorin et al. [27]. A
modification of the formula was used in heavily pretreated
patients (total number of courses of radiation therapy + chemo-
therapy = 2). In these formulae, the creatinine clearance is one
of the major determinants of the change in platelet count. We
estimated our patients’ creatinine clearances, based upon the
serum creatinine, age and weight, by applying a widely used
formula [28]. Only 3 of our patients had been previously treated
with cisplatin, and none had received this agent within 8 weeks
of treatment on our study, so any effect of prior cisplatin therapy
on the assessment of renal function in our patient population is
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Fig. 1. Predicted vs. observed changes in platelet counts.

likely to have been minimal. As demonstrated in Fig. 1, the
percentage change in platelet count was related to that predicted
by the mathematical models derived from patients receiving
carboplatin without WR-2721 [27] (Spearman correlation coef-
ficient, p = 0.39, P = 0.02), though this relationship was not
as close as previously reported.

Efficacy

A single patient with non-small cell lung cancer, treated at
dose level 3A (carboplatin 400 mg/m?, first dose of WR-2721
740 mg/m?, second dose of WR-2721 555 mg/m?), developed a
partial response to therapy which persisted for 27 weeks. This
relative lack of demonstrable antitumour activity is not unexpec-
ted in this patient population.

Carboplatin pharmacokinetics

The results of the pharmacokinetic studies are summarised in
Table 4. The median alpha half-life was 11 min and the median
beta half-life was 145 min, using a two compartment model. For
each of these 4 patients, the area under the concentration/time
curve (AUC), calculated creatinine clearance [28], and observed
decrease in platelet count following the first course of therapy
are also shown. Greater degrees of change in the platelet count
were associated with higher AUC, consistent with previously
reported studies involving larger numbers of patients treated
with carboplatin without WR-2721[18, 27].

DISCUSSION
WR-2721 can be given twice daily in doses of 740 mg/m? each
with acceptable toxicity. The dose of WR-2721 could likely be

Table 4. Pharmacokinetic parameters for ultrafilterable platinum
and comparison with calculated creatinine clearance and % change
in first course platelet count

AUC, .,
Calculated Alpha Beta (ng/ml hr
Dose CICr half-life half-life C,., elemental % drop
(mg/m?) (ml/min) (min) (min) (ng/ml) Pt)  platelets
500 87 7 145 77.7 81 58
500 104 27 379 22.1 39 55
625 104 13 106 49.5 78 62
625 94 9 144 27.2 97 97

CICr: Creatinine clearance; AUC: area under curve.
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escalated further, as no unacceptable toxicity attributable to
WR-2721 was encountered during the WR-2721 dose escalation-
phase of our study. Further dose escalations were not explored
because a dose of WR-2721 of 740 mg/m? had been re-
commended for use with cisplatin in a previous study [10]. A
divided dose schedule was studied because the plasma half-life
of WR-2721 is short relative to that of carboplatin; more than
90% of WR-2721 was found to be cleared from plasma within
6 min of the completion of a 15-min infusion of WR-2721 in one
study [22]. Murine studies have shown that the active metabolite
of WR-2721, WR-1065, is detectable in normal tissues after
WR-2721 has disappeared from plasma [3, 22]. However, WR-
1065 was detectable in normal tissues at a relatively low concen-
tration 30-180 min after drug administration in these animal
studies [3, 22]. These data support the ratonale for multple-
dose or infusion schedules of administration of WR-2721 when
this protectant is used with agents whose parent drugs or active
metabolites have relatively long half-lives, such as carboplatin,
cyclophosphamide or ifosfamide.

Previous studies of carboplatin alone have demonstrated an
alpha half-life of 6-25 min and a beta half-life of 100-250 min
[17-20]. These results are similar to the pharmacokinetic para-
meters derived from our patients. This suggests that WR-2721
does not significantly affect the pharmacokinetics of carboplatin.

The MTD of carboplatin that could be given in conjunction
with two doses of WR-2721 was 500 mg/m?®. This should be
compared with the MTD reported in phase I studies of carbopla-
tin alone. Most phase I studies of carboplatin alone have
suggested a dose of 400-500 mg/m? for phase II studies, with
the higher dose being recommended for previously untreated
patients or for patients receiving carboplatin in divided doses
over 5 days (17, 20, 29, 30]. One trial identified a dose of
320 mg/m? as the MTD for carboplatin administered as a 24-h
infusion, but this may have been related to the prior treatment
of patients entered on this study [19]. Our patient population
consisted of patients who were allowed to have been treated
previously, but not extensively. The prior therapy status of our
patients does not seem to have been an important determinant
of the MTD identified in our study, as none of the 5 patients
treated at the highest dose of carboplatin (625 mg/m?) had
received prior chemotherapy, while 3 of the 6 patients treated at
the next lower dose (MTD, 500 mg/m?) had received prior
cytotoxic therapy. Examination of Fig. 1 suggests that, for most
patients in our study, the observed change in the platelet count
was less than that predicted by the models developed by Egorin
et al. [27]. This might reflect an effect of WR-2721, but might
also be due to the use of an estimate of glomerular filtration rate
or to differences between our patient population and that from
which the formulas were derived.

We conclude, then, that (1) two doses of WR-2721 of
740 mg/m? each can be safely administered, and (2) the MTD of
carboplatin when given with two doses of WR-2721 is
500 mg/m?2. Considering our patient population and the pre-
viously reported experience with carboplatin, these results sug-
gest the hypothesis that WR-2721 attenuates the toxicity of
carboplatin, raising the MTD of carboplatin from 400 to
500 mg/m?. This hypothesis is currently being tested in a
randomised prospective trial.

1. Yuhas JM, Spellman JM, Culo F. The role of WR-2721 in radio-
therapy and/or chemotherapy. In Brady L, ed. Radiation Sensttizers.
New York, Masson Press, 1980, 303-308.

G.T. Budd et al.

2. Ritter MA, Brown DQ, Glover D], Yuhas JM. In vitro studies on
the absorption of WR-2721 by tumors and normal tissues. Int ¥
Radiat Oncol Biol Phys 1982, 8, 523-526.

3. Utley JK, Seaver N, Newton GL, Fahey RC. Pharmacokinetics for
WR-1065 in mouse tissue following treatment with WR-2721. Int ¥
Radiat Oncol Biol Phys 1984, 10, 1525-1528.

4. Calabro-Jones P, Fahey RC, Smoluk GD, Ward JF. Alkaline
phosphatase promotes radioprotection and accumulation of WR-
1065 in V79-171 cells incubated in medium containing WR-2721.
Int ¥ Radiat Biol 1985, 47, 23-27.

5. Calabro-Jones PM, Aguilera JA, Ward JF, Smoluk GD, Fahey RC.
Uptake of WR-2721 derivatives by cells in culture: identification of
the transported form of the drug. Cancer Res 1988, 48, 3634—40.

6. Yuhas JM, Spellman JM, Jordan SW, er al. Treatment of tumours
with the combination of WR-2721 and cis-dichlorodiammineplati-
num (II) or cyclophosphamide. Br ¥ Cancer 1980, 42, 574-585.

7. Treskes M, Holwerda U, Nijmans L, Fichtinger-Schepman AM]J,
Pinedo HM, van der Vijgh WJF. Modulation of cisplatin and
carboplatin with WR-2721: molecular aspects. Proc 7th Int Conf
Chemical Modifiers of Cancer Treatment. Florida, Clearwater. Febru-
ary 1991, Abstract F11.

8. Green D, Schein P. Evaluation of chemoprotection by IP WR-2721
and oral WR-151327 in mice. Proc 7th Int Conf Chemical Modifiers
of Cancer Treatment. Florida, Clearwater. February 1991, Abstract
F13.

9. Treskes M, Holwerda U, Boven E, Pinedo HM, van der Vigh W]F.
Selective modulation of cisplatin and carboplatin-induced toxicities
by the modulating agent WR-2721 (Amifostine). Proc Am Assoc
Cancer Res 1992, 33, 425 (abstract 2535).

10. Glover D, Glick JH, Weiler C, et al. Phase [ trails of WR-2721 and
cisplatinum. I'nt J Radiat Oncol Biol Phys 1986, 12, 1509-1512.

11. Glover D, Glick JH, Weiler C, et al. WR-2721 and high-dose
cisplatin: an active combination in the treatment of metastatic
melanoma. ¥ Clin Oncol 1987, 5, 574-578.

12. Constine LS, Zagars G, Rubin P, Kligerman M. Protection by WR-
2721 of human bone marrow function following irradiation. I'nt ¥
Radiat Oncol Biol Phys 1986, 12, 1505-1508.

13. Woolley PV, Ayocob M]J, Smith FP, Dritschilo A. Clinical trial of
the effect of S-2-(3-aminopropylamino)-ethylphosphorothioic acid
(WR-2721) (NSC 296961) on the toxicity of cyclophosphamide. ¥
Clin Oncol 1983, 1, 198-203.

14. Glover D, Glick JH, Weiler, et al. WR-2721 protects against the
hematologic toxicity of cyclophosphamide: a controlled phase II
trial. ¥ Clin Oncol 1986, 4, 584-588.

15. Ozols RF, Ostchega Y, Myers CE, et al. High-dose cisplatin in
hypertonic saline in refractory ovarian cancer. ¥ Clin Oncol 1985, 3,
1246-1250.

16. Wasserman TH, Phillips TL, Kane L], Ross G. Protection against
cytotoxic chemotherapeutic effects on bone marrow colony forming
units by the radioprotector WR-2721. Cancer Clin Trials, 1986.

17. Van Echo DA, Egorin M], Whitacre MY, et al. Phase I clinical and
pharmacologic trial of carboplatin daily for 5 days. Cancer Treat Rep
1984, 68, 1103-1114.

18. Van Echo DA, Egorin M], Aisn. The pharmacology of carboplatin.
Semin Oncol 1989, 16 (suppl. 5), 1-6.

19. Curt GA, Grygiel JJ, Corden B], et al. A phase I and pharmacoki-
netic study of diamminecyclobutane-dicarboxylatoplatinum (NSC
241240). Cancer Res 1983, 43, 4470—4473.

20. Foster BJ, Clagett-Carr K, Leyland-Jones B, Hoth D. Results of
NClI-sponsored phase I trials with carboplatin. Cancer Treat Rev
1985, 12 (suppl. A), 4349.

21. Shaw L, Bonner H, Turrisi A, et al. A liquid chromatographic
electrochemical assay for S-2-(3-aminopropylamino) ethylphospho-
rothioic acid (WR-2721) in human plasma. ¥ Lig Chromatog 1984,
7, 2447-2465.

22. Shaw LM, Glover D, Turrisi A, et al. Pharmacokinetics of WR-
2721. Pharmacol Ther 1988, 39, 195-201.

23. Priesner D, Sternson LA, Repta A]. Analysis of total platinum in
tissue samples by flameless atomic absorption spectrophotometryl
Elimination of the need for sample digestion. Analyt Letr 1986, 14,
1255-1268.

24. Andrews PA, Wung WE, Howell SB. A high performance liquid
chromatographic assay with improved selectivity for cisplatin and
active platinum (II) complexes in plasma ultrafiltrate. Analyt
Biochem 1989, 143, 46-56.

25. Dunne A. JANA: a new iterative polyexponential curve stripping
program. Comput Meth Prog Biomed 1985, 20, 269-275.



WR-2721 and Carboplatin

26. Statistical Consultants, Inc. PCNONLIN and NONLIN 84:
Software for the statistical analysis of non-linear models. Am Stat
1986, 40, 52.

27. Egorin MJ, Van Echo DA, Olman EA, Whiteacre MY, Forrest A,
Aisner J. Prospective validation of a pharmacologically based dosing
scheme for the cis-diamminedichloroplatinum(II) analogue diammine-
cyclobutanedicarboxylatoplatinum. Cancer Res 1985, 45, 6502-6506.

28. Cockcroft DW, Gault MH. Prediction of creatinine clearance from

1127

serum creatinine. Nephron 1976, 16, 31.

29. Calvert AH, Harland SJ, Newell DR, et al. Early clinical studies
with cis-diammine-1,1-cyclobutane dicarboxylate platinum I1. Can-
cer Chemother Pharmacol 1982, 9, 140-147.

30. Joss RA, Kaplan S, Goldhirsch A, Sessa C, Brunner KW, Cavalli
F. A phase I trial of cis-diammine-1,1 cyclobutane dicarboxylate
platinum II (carboplatin, CBDCA, JM-8)with a single dose every
five week-schedule. Invest New Drugs 1984, 2, 297-304.

EurJ Cancer, Vol. 294, No. 8, pp. 1127-1132, 1993.
Pnnted in Great Britain

0964-1947:93 56.00 + 0.00
© 1993 Pergamon Press Lid

In vivo Biological Results of the Association
Between Interleukin-2 and Interleukin-3 in the
Immunotherapy of Cancer

P. Lissoni, S. Barni, E. Tisi, F. Rovelli, S. Pittalis, R. Rescaldani, L. Vigoré,
A. Biondi, A. Ardizzoia and G. Tancini

The concomitant generation of macrophage-mediated suppressive events, as documented by the increase in
neopterin and soluble interleukin-2 (IL-2) receptor (SIL-2R), and the enhanced production of cortisol, would
represent the most investigated phenomena responsible for the reduced anticancer efficacy of IL-2 immunotherapy
in humans. Based on our preliminary experimental studies suggesting a modulatory role of IL.-3 on immune and
endocrine effects induced by IL-2, a study was performed to evaluate the influence of IL-3 on biological effects of
IL-2 cancer immunotherapy. We have evaluated 12 immunotherapeutic courses with IL-3 plus IL-2, which were
performed in 6 patients with metastatic non-small cell lung cancer. The results were compared to those seen in 22
courses with IL-2 alone, carried out in 12 patients with metastatic non-small cell lung cancer. IL-3 was given
intravenously at a daily dose of 1 pg/kg/b.w. at 6 p.m. for 14 consecutive days, starting 7 days before IL-2. IL-2
was given subcutaneously at a dose of 3 million IU twice/daily for 5 days/week for 3 weeks. The increase in serum
levels of the specific macrophage marker neopterin, induced by IL-2, was completely blocked by IL-3. The IL-2-
induced SIL-2R rise was significantly lower during IL-3 plus IL-2 than under IL-2 alone. The increase in cortisol
levels in response to IL-2 was neutralised by IL-3. The increase in lymphocyte, T lymphocyte, natural killer (NK)
cell, activated T lymphocyte and eosinophil mean number was significantly higher during IL-3 plus IL-2 than
during IL-2 alone. Episodes of fever, asthenia, anorexia, vomiting, anaemia and thrombocytopenia were
significantly more frequent in patients receiving IL-2 alone than in those treated with IL-3 and IL-2. This
preliminary study would suggest that IL-3 may improve the tolerability of IL-2 immunotherapy and enhance the
biological antitumour properties of IL-2 by neutralising cortisol increase and macrophage-mediated suppressive
events, with a following potential amplification of Il-2 anticancer efficacy.
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INTRODUCTION
IT 1s known that lymphokine-activated killer (LAK) cells,
generated by interleukin-2 (IL-2) from natural killer (NK) cells
and T lymphocyte precursors may destroy in vitro almost all
tumour histotypes [1]. On the other hand, only few tumour
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histotypes seem to respond in vivo to IL-2, mainly renal aden-
ocarcinoma and malignant melanoma [2-4]. It has to be con-
sidered that 1L-2 administration induces not only immune
effects, but also metabolic {5, 6], endocrine [7], neuroendocrine
[8, 9] and cardiovascular effects [10]. The causes responsible for
the low in vivo anticancer efficacy of 1L-2 could be related to a
greaty variety of immunosuppressive events (11, 12], mediated
either by the endocrine system or by the immune system.
Furthermore, the following suppressive events have been
described during IL-2 cancer immunotherapy: (1) stimulation
of cortisol secretion [7-9], which plays an inhibitory effect on
IL-2-dependent immune functions [13]; (2) abnormal increase
in soluble IL-2 receptors (SIL-2R) [12,14], which bind IL-2 by



