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The vast amount of basic research on platinum coordination complexes has produced, over the past 25
years, several thousand new molecules for preclinical screening and 28 compounds which have
entered clinical development. The goals of these research activities have been to identify compounds
with superior efficacy, reduced toxicity, lack of cross-resistance or improved pharmacological char-
acteristics as compared with the parent compound, cisplatin. After the remarkable therapeutic effects
of cisplatin had been established, only a few other platinum compounds succeeded in reaching general
availability. Whereas carboplatin is an analogue with an improved therapeutic index (mostly driven by
reduced organ toxicity) over that of cisplatin, new compounds clearly more active than or non-cross-
resistant with cisplatin have not yet been identified. The platinum analogues that remain under
investigation are focusing on expanding the utilisation of platinum therapy to tumour types not
usually treated with, or responsive to, cisplatin or carboplatin. In addition, novel routes of adminis-
tration constitute another avenue of research. The clinical development of platinum coordination
complexes, with emphasis on those compounds still under active development, is reviewed. © 1998
Elsevier Science Ltd. All rights reserved.
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INTRODUCTION
PLATINUM-CONTAINING coordination complexes have been
used in the therapy of cancer for more than 25 years. The
parent compound of this class of antitumour agents, cis-
dichloro-diammine-platinum (II), or cisplatin, was first
administered to a cancer patient in 1971 and became avail-
able for general oncology practice in 1978 (Platinol®, Bristol-
Myers Squibb), first in Canada and shortly thereafter in the
United States, followed eventually by the rest of the world.
Because of the high level and broad spectrum of antitumour
activity of the parent compound, extensive research has con-
tinued in this area. At the last count, some 28 platinum
complexes have entered clinical trials as anticancer agents.
Of these, four are currently approved (cisplatin and carbo-
platin, world-wide; oxaliplatin, in a few countries only; neda-
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platin, in Japan only) and a few more remain under clinical
investigation.

For the purpose of this review, we have, somewhat arbi-
trarily, grouped the platinum complexes into four categories.
These categories reflect both a chemical class and the general
rationale for their development, as follows:

(1) Cisplatin analogues, generally developed with the
intent of increasing the efficacy over that of the parent
compound.

(2) Carboplatin analogues, generally developed with the
intent of reducing the toxicity of the parent com-
pound.

(3) Diaminocyclohexane (DACH) compounds, generally
developed with the intent of achieving lack of cross-
resistance with the parent compound.

(4) Platinum IV coordination compounds, developed in
order to explore different pharmacological properties
conferred by different ligands and leaving groups.
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Figure 1. Cisplatin and analogues.

Table 1. Cisplatin and analogues

Compound Phase II dose (mg/m?)  Limiting toxicity Development status
Cisplatin 60-120 Nephrotoxicity Approved (1978) worldwide:
Neurotoxicity germ cell, ovary (phase III) bladder and other indications outside the

US, including head and neck, lung NSC, oesophageal, cervix, gastric,
prostate cancer and neuroblastoma

Nedaplatin 87.5-100 Myelosuppression Approved (1995) in Japan only: lung NSC (phase III) testis, head and
neck, lung SC, bladder, ovary, oesophagus and cervix cancer

Cycloplatam 80-100 Myelosuppression Phase II (ovary, breast) in former Soviet Union

SKI 2053R 360 Liver toxicity Phase II (stomach) in Korea

NSC, non small cell; SC, small cell.

CISPLATIN AND ANALOGUES
Cisplatin

The antiproliferative properties of platinum coordination
complexes were first observed in 1965 by Barnett Rosenberg
at Michigan State University, in East Lansing, Michigan [1].
Whereas the credit for this discovery appropriately goes to the
Rosenberg group, it is not widely known that the molecule of
cisplatin was first synthesised in 1844 in Turin by Michele
Peyrone, a young chemist who was pursuing research in the
area of medical chemistry. The compound was known as the
‘Peyrone’s chloride’ and it was not until 1892 that, in Zurich,
Alfred Werner elucidated the sterical configuration of the
molecule [2].

After Rosenberg’s observation, cisplatin was one of the
four compounds initially tested, and found to be active, in the
murine sarcoma 180 model [3]. The antitumor activity of
cisplatin was independently confirmed by other laboratories
and in other tumor models, in the U.S.A. and in the U.K.
Following the completion of toxicology studies in rodents,
dogs and monkeys, the first cancer patient received cisplatin
treatment in April 1971 at the Wadley Institute of Molecular
Medicine in Dallas, Texas [4,5]. The US National Cancer
Institute (NCI) also became interested in cisplatin and spon-
sored the clinical development of the compound, beginning
with a phase I trial initiated in June 1971 by the Southwest
Cancer Chemotherapy Study Group at Henry Ford Hospital

in Detroit, Michigan and MD Anderson Hospital in Hous-
ton, Texas, U.S.A. [6]. The first evidence of substantial
single-agent antitumour effect became available in 1974, both
in testicular [7] and in ovarian cancer [8], with reports of
objective responses in 3/7 and 7/19 patients, respectively. The
excitement of these results, however, was tempered by the
observation of high incidence of organ toxicity, renal in par-
ticular. Only in 1976 did investigators from Memorial Sloan-
Kettering in New York [9] and from Roswell Park Memorial
Institute in Buffalo, New York [10] report on the possibility
to circumvent the nephrotoxicity of cisplatin via high-volume
fluid hydration and forced diuresis, thus allowing the safe
administration of high doses of the drug (1-3 mg/kg).

The following years witnessed the continuation of intense
clinical research on cisplatin, which became the first platinum
compound to be approved for cancer therapy. The relative
lack of myelosuppression of the compound has favoured its
incorporation in combination regimens. Cisplatin-containing
combinations are curative in germ-cell tumours [11]. Several
randomised trials and two extensive meta-analyses, have
suggested that the use of cisplatin significantly prolongs sur-
vival in ovarian cancer [12] and in non-small cell lung cancer
(NSCLC) [13]. In addition, cisplatin has become a mainstay
of the treatment of bladder, cervix, head and neck, oesopha-
geal and small cell lung cancer, among others, as well as of
some paediatric malignancies [14].
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Because of the important antitumour activity of the com-
pound, research has continued even after the initial reg-
ulatory approvals. Of note, two avenues of research have been
pursued. The first consisted of attempts to ameliorate the
side-effect profile of cisplatin. Various protective compounds
have been studied, with variable success, ranging from the
early attempts with penicillamine and other substances for
renal toxicity, to amifostine for neurotoxicity and to the
5HT3 antagonists for emesis. The second direction in
research was more specifically focused on the development of
cisplatin analogues.

Nedaplatin

Nedaplatin (cis-diammine-glycolato-0,0'platinum II, 254-
S, CDGP) is a compound developed by the Shionogi Phar-
maceutical Company of Osaka, Japan. The selection of this
drug was based upon antitumour effects considered to be
superior to those of cisplatin in rodent models (P388 leukae-
mia, B16 melanoma, Lewis lung carcinoma) and in xeno-
grafted human tumours (MX-1 breast carcinoma, Daudi
lymphoma). However, nedaplatin was cross-resistant with
cisplatin in the L1210/CDDP leukaemia model. The drug
had reduced nephrotoxicity, but increased myelosuppression
in animal models [15]. Nedaplatin, unlike cisplatin, had low
affinity for protein binding.

The entire clinical development of the compound has been
conducted in Japan. Two schedules, 60 min and 120h infu-
sion, were studied in phase I. The recommended phase II
dosage was similar, 100 and 87.5 mg/m?, for both regimens
[16,17]. Dose-limiting toxicity was myelosuppression, with
late nadirs (week 4-5) and late recovery (week 6) observed
with the continuous infusion schedule. Minor abnormalities
of renal function tests were observed and the short infusion
regimen, accompanied by modest hydration and diuretics,
was selected for further development. Single-agent efficacy,
with response rates of 25% or more, was observed in phase II
trials in head and neck, testicular, lung (small and non-small
cell), oesophageal, bladder, ovarian, and cervical cancer, the
indications of nedaplatin currently approved in Japan. Lower
response rates were obtained in gastrointestinal, prostate and
breast cancer [18]. Only one, relatively small, randomised
clinical trial of cisplatin versus nedaplatin (both in combina-
tion with vindesine) in the treatment of non-small cell lung
cancer has been reported [19]. In this trial, both platinum
drugs were administered at 90 mg/m? (and vindesine at 3 mg/
m? on day 1 and 8) every 4 weeks. The 57 patients given
cisplatin required hydration with 2,500-4,500 ml of fluids,
the 64 patients given nedaplatin required a smaller volume of
1,000-2,000 ml. Only partial responses were observed in this
trial, 9 (16%) with cisplatin/vindesine, and 8 (13%) with
nedaplatin/vindesine. Overall survival was also comparable.
The cisplatin arm showed more toxicity in terms of grade III-
IV leucopenia (50 versus 27%), nephrotoxicity and
gastrointestinal toxicity (more frequent and severe). The
nedaplatin arm presented more frequent thrombocytopenia.
No mention of neurotoxicity or ototoxicity was made. Data
from other clinical trials, including combination chemo-
therapy regimens, are very limited.

Cycloplatam

Cycloplatam (ammine cyclopentylamine malato platinum
II) is a racemate synthesised by the Kurnakow Institute of
General and Inorganic Chemistry, Russian Academy of Sci-
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ence, Moscow, Russia. The compound was studied at the
Cancer Research Centre of the Russian Academy of Medical
Science in Moscow and selected for development based upon
antitumour effects considered to be superior to those of cis-
platin in murine tumour models (388 leukaemia, MOPC
plasmacytoma, hepatoma 22a). In addition, nephrotoxicity
appeared to be reduced compared with cisplatin [20].

The clinical development of the compound is currently
being pursued in countries of the former Soviet Union. A
phase I trial has been conducted in Moscow, using a daily x5
schedule. The recommended dose for phase II trials was 80—
100 mg/m?/dayx5 and myelosuppression was considered to
be dose-limiting. Emesis and nephrotoxicity (the latter in 1
patient) were observed during this study [20]. Only two
phase II reports have appeared in the literature, both in
abstract form. A trial performed in ovarian cancer reported a
response rate of 59%, with a median response duration in
excess of 5 months. However, of the 18 patients analysed, 6
were previously untreated and, of the pretreated, only 4 had
received prior platinum-containing therapy. Myelosuppres-
sion was the most important side-effect, but no nephrotoxi-
city or neurotoxicity was observed [21]. Another trial,
performed in breast cancer, reported a response rate of
70%. However, all the objective responses were observed in
14/20 previously untreated patients and no activity was seen
in patients previously given combination chemotherapy. The
incidence of emesis was very high and a few cases of hyper-
tension were observed. No nephrotoxicity was reported [22].
At the present time, no direct comparative clinical trials exist
for cycloplatam versus any other platinum agent. The New
Drug Development Office (NDDO) of the European Orga-
nization for the Research and Treatment of Cancer
(EORTC) has evaluated cycloplatam and found it to be
inferior to cisplatin in murine and xenografted tumour
models. However, a different spectrum of activity was
observed in one lung cancer xenograft model [23]. The
EORTC will perform additional preclinical studies with the
compound.

SKI 2053 R

SKI 2053 R (methyl, isopropyl, dimethylamino, dioxelane
malonato platinum II) has been developed by the Sunkyong
Industry Research Center, Seoul, Korea. The decision to
pursue clinical development with this compound was based on
superior iz vitro effects, compared with cisplatin, including cis-
platin-resistant cell lines. Animal toxicology has suggested
reduced nephrotoxicity, compared with cisplatin, and bone
marrow toxicity as the main side-effect [24].

Clinical development is ongoing in Korea. A phase I trial
began in 1993 and the compound was administered over 1h
infusion every 4 weeks. The recommended dosage for phase
II trials was 360 mg/m?. At higher doses, 2/3 patients devel-
oped grade IV liver toxicity, severe myelosuppression and
renal toxicity. At the recommended dosage, emesis was the
most significant toxicity [24]. Only one phase II trial has so
far been reported, in gastric cancer. Previously untreated
patients were treated and in 6/35 patients (17%) responses
were seen, with a median duration of 5.5 months. Median
overall survival was 8.5 months. Only grade I or II myelo-
suppression was observed. Moreover, grade I or II protei-
nuria was seen in 47% of the patients and liver function test
elevation occurred in 10% of the patients. These side-effects
were reversible. No neurotoxicity was observed [25].
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Cisplatin analogues abandoned

Two compounds studied in the late 1970s at the Wadley
Institute, did not proceed past phase I clinical trials. The
cyclopentylamine platinum II (PAD) was administered to
only 8 patients and then abandoned because of lack of
solubility [26]. Platinum uracil blue (PUB) was also admin-
istered to 13 patients and then abandoned because of cardiac
toxicity [27].

Cyclopropylamine platinum II (CP, JM-11), labelled with
a radioactive isotope, was administered to only 4 patients at
the Christie Hospital and Holt Radium Institute in Man-
chester, U.K. [28, 29]. The experiment was carried out in an
attempt to identify less nephrotoxic agents by analysing their
disposition. The compound presented a low urinary clear-
ance and was abandoned.

Finally, the ethylenediamino malonate platinum II (JM-
40) was brought to the clinic at the Free University Hospital
and The Netherlands Cancer Institute of Amsterdam, the
Netherlands, under the auspices of the EORTC/NDDO
[30]. A total of 22 patients were treated, with doses up to
1-1.2 g/m?. Nephrotoxicity and emesis were dose-limiting,
an observation which, coupled with the low potency of the
compound, discouraged further development.

CARBOPLATINS AND ANALOGUES

Carboplatin

Carboplatin (cis-diammine- 1,1’-cyclobutane dicarboxylate
platinum II, CBDCA, JM-8) has been developed by the
Bristol-Myers Squibb Company, Princeton, New Jersey, in
collaboration with the Institute of Cancer Research, Sutton,
U.K. and the Johnson-Matthey Company, Reading, U.K.
[31,32]. It is the only cisplatin derivative currently available
worldwide for the treatment of cancer. The selection of car-
boplatin for clinical development was supported by several
features. First, the cyclobutane ring offered a more stable
ligand than the chloride groups in the cisplatin molecule. It
was thought that the resulting reduced reactivity would lessen

(e}
]
HgN o0—¢C
N_ S
Pt
7\
HiN O—=C
o
Carboplatin

(diammine cyclobutane dicarboxylato Pt I1)

1525

the nephrotoxic potential of the molecule. Second, a sys-
tematic biological evaluation was conducted, which com-
pared head-to-head compounds with different configurations.
This evaluation encompassed not only the antitumour charac-
teristics of the molecules tested, but also their toxicological
properties. The animal models taken into consideration and
sometimes specifically developed for that purpose, addressed
nephrotoxicity, myelosuppression, emesis and neurotoxicity.
At the end of this extensive preclinical evaluation, carboplatin
was the compound with the least non-haematological toxicity
compared with cisplatin. Its i vivo antitumour effects were
comparable to those of cisplatin in several tumour models,
both of murine and human origin and carboplatin was found
to be cross-resistant with the parent compound in the 1.1210,
P388 and M5076 murine models.

Phase I clinical trials of carboplatin began in 1980 at the
Royal Marsden Hospital in London, U.K. [33]. The drug
was initially administered in 300ml of fluids, over 1h of
infusion, every 4 weeks. The first phase I trial confirmed the
preclinical prediction of reduced organ toxicity. The recom-
mended dose for phase II was 300-400 mg/m? and dosing
was limited by myelosuppression, chiefly thrombocytopenia.
Importantly, evidence of significant antitumour activity was
obtained during the first clinical trial of carboplatin, in parti-
cular in ovarian cancer patients. The interest in carboplatin
was very high at the time. Both the EORTC Early Clinical
Trials Group and the US NCI initiated phase I trials with the
compound. Indeed, a large number of schedules and regi-
mens of administration were studied in the early years of
carboplatin development [34]. These included, besides the
single intermittent bolus tested initially, dailyx5, weekly, and
24h continuous infusions. These studies were rapidly fol-
lowed by special phase I studies in paediatric and in leu-
kaemic patients, as well as by studies utilising the
intraperitoneal route of administration. Finally, the tox-
icological profile of carboplatin made it appealing to pursue
high-dose studies with bone marrow support, which enabled
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Figure 2. Carboplatin and analogues.

Table 2. Carboplatin and analogues

Compound Phase II dose (mg/m?) Limiting toxicity Development status
Carboplatin 300-400 AUC 6-8 Thrombocytopenia Approved (1985) worldwide: ovary, first- and second-line
(phase IIT) and other indications outside the U.S.A.,
800-1200 AUC 10-12 Neurotoxicity including head and neck, lung SC, testicular, bladder,
(with bone marrow support) cervix cancer and lymphoma
Lobaplatin 50-70 Thrombocytopenia Phase III (oesophagus) in Europe

SC, small cell.
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the delivery of doses two or three times higher than the stan-
dard recommended dose [34]. The single intermittent bolus
schedule remained the regimen of choice, because of its
practicality, but also because the other regimens studied did
not appear to provide any meaningful advantage. Moreover,
early in the development of the compound, H. Calvert and
collaborators were able to uncover the fact that carboplatin is
cleared almost exclusively by glomerular filtration, thus
directly correlating renal clearance and myelosuppression
[3]. Eventually, M. Egorin and collaborators correlated
these two factors with antitumour activity in ovarian cancer
[35]. These characteristics of carboplatin generated further
research on dosing formulas devised to optimise the delivery
of the compound [36—38]. As a result, in today’s practice it is
appropriate to prescribe the dosage of carboplatin according
to the desired area under the time concentration curve (AUC).

The spectrum of antitumor activity of carboplatin is very
wide and the single agent effects of the compound have been
studied in more than 90 single agent phase II trials [34]. In
general, efficacy has been observed in tumour types known to
be responsive to the parent compound. In ovarian cancer,
where the largest database on single agent carboplatin has
been accumulated, cross-resistance with cisplatin was evi-
dent, but the favourable characteristics of carboplatin allowed
treatment continuation and dose intensification, in several
patients who were not able to continue receiving cisplatin [34].
These data prompted the initial approval of carboplatin (Para-
platin®, Bristol-Myers Squibb) for the treatment of ovarian
cancer, which occurred in 1985 in the U.K. and in Canada.
Approval in the U.S.A. ensued in 1988, on the basis of two
prospectively randomised trials comparing carboplatin versus
continuous infusion fluorouracil or intravenous (i.v.) etopo-
side, in patients not suitable for further cisplatin therapy
[39].

Carboplatin is the compound for which the largest number
of randomised clinical trials versus the parent compound is
available. These comparisons have allowed us to define the
role of carboplatin in cancer therapy, as well as to verify the
reliability of predictions made by the preclinical models. In
previously untreated ovarian cancer, a meta-analysis of 11
trials with more than 2,000 patients has not been able to
detect any difference in survival between cisplatin and car-
boplatin treated patients, alone or in combination [12]. In
consideration of the equivalence of the efficacy results, but
also of the significantly reduced non-haematological toxicity
(emesis, nephrotoxicity, neurotoxicity and ototoxicity)
observed in patients receiving carboplatin, the drug was also
approved for the primary treatment of ovarian cancer. The
rationale dosing of carboplatin, based upon the desired AUC,
has allowed the development of novel active combinations.
Among them, the combination of carboplatin and paclitaxel
is being increasingly utilised, not only in ovarian cancer but
also in NSCLC, head and neck, bladder cancer and other
tumour types. Besides the potential for reduced neurotoxi-
city, this combination seems to offer the possibility to reduce
the carboplatin-induced thrombocytopenia by pharmacody-
namic modulation [40, 41].

Carboplatin is used today in a variety of combination
chemotherapy regimens, including many high-dose pro-
grammes delivered with peripheral blood stem cell or auto-
logous bone marrow transplantation. Its clinical success has
stimulated further interest in this class of platinum coordi-
nation compounds.

D. Lebwohl and R. Canetta

Lobaplarin

Lobaplatin (diamminomethyl cyclobutane lactate platinum
II, D-19466) is being developed by Asta Medica AG, Frank-
furt, Germany. The experimental data indicated higher or
similar antitumor effects compared with cisplatin or carbo-
platin, both i wizro and i vivo and a preclinical toxicity
profile similar to that of carboplatin. In addition, lack of
cross-resistance with cisplatin was observed i vitro and in
v1v0 in a human embryonal cell line and in the P388 murine
leukaemia, respectively [42].

Three phase I trials have been completed in Europe,
exploring the single intermittent bolus [42], the dailyx5 [43]
and the 72h continuous infusion schedules [44]. The dose-
limiting toxicity was thrombocytopenia in all trials, and the
recommended phase II dose was 50-70 mg/m? (the latter
with the dailyx5 regimen). Correlations between creatinine
clearance and maximum tolerated dose were made during
one of these trials [43]. No significant organ toxicity was
reported, although emesis was constantly observed at doses
above 20 mg/m?.

In consideration of the fact that phlebitis was fairly fre-
quent with the prolonged infusion, phase II trials were con-
ducted with the single intermittent bolus schedule, at 4-week
intervals. A trial in ovarian cancer performed in Europe has
reported positive results (5/22 responses, or 23%) in which
the population included two-thirds of patients with platinum
resistance [45]. However, a study performed in the U.S.A.
failed to confirm these results, with no objective responses in
17 resistant patients [46]. Efficacy was low in head and neck
(3/43 or 7%) [47] and in lung cancer (0% in small cell, 5% in
non-small cell) [48] and in bladder cancer (2/17 or 12%)
[49], with objective responses seen mostly in platinum-
unpretreated patients. With the exception of the results of
studies performed in China and mostly in previously
untreated patients [48], the only positive phase II results of
lobaplatin have so far been achieved in oesophageal cancer
[50]. Five partial responses were obtained in 14 untreated
patients (36%), whereas no response was obtained in 4
pretreated patients. Currently, a randomised trial of the
combination of lobaplatin and fluorouracil (with chrono-
modulation) is ongoing in oesophageal cancer [51].

Carboplatin analogues abandoned

Several compounds containing the cyclobutane ring were
developed in the late 1980s, in the hope of improving upon
the carboplatin characteristics. Of interest, all of them com-
pleted phase I evaluation and were abandoned at a later stage
of development. Two of these compounds, enloplatin and
zeniplatin, were developed by the American Cyanamid/
Lederle Company [52].

Enloplatin (cyclobutane dicarboxylato (2-)0’,0’ tetrahydro-
4H pyran-4,4-dimethyl amine-N,N’ platinum II, CL 287,
110) was evaluated only in one phase I study with a single
intermittent bolus regimen, and produced both myelosup-
pression and nephrotoxicity as dose-limiting toxicities [53]. A
single phase II was performed at doses of 700 mg/m? in
ovarian cancer, with negligible efficacy [54]. The compound
was abandoned because of nephrotoxicity and low activity.

Zeniplatin (2,2-bis amino methyl-1,3-propanediol-N-N’
1,1-cyclobutane dicarboxylate 2-0,0’ platinum II, CL 286,
558) was also evaluated in a single phase I trial using the
intermittent schedule [55]. Dose-limiting toxicity was mye-
losuppression and a number of phase II trials were conducted
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at doses of 120-145mg/m?3. Although antitumour effects
were seen in ovarian, NSCLC, head and neck, breast cancer
and melanoma, high-volume fluid hydration had to be intro-
duced during the course of the phase II programme, due to
the emergence of nephrotoxicity [56]. Unfortunately, even
the introduction of prophylactic hydration did not succeed in
averting renal toxicity [57] and compound development was
abandoned [58].

NK-121/CI-973 (1,1-cyclobutane dicarboxylato (2-)2
methyl 1-1,4-butane-diamine-N,N’ platinum II) is another
carboplatin analogue developed initially by the Nippon-
Kayaku Company in Japan and by Parke-Davis Pharmaceu-
tical, Warner-Lambert Company in the U.S.A. [59]. Phase I
evaluation was performed both in Japan (one trial, single
intermittent bolus) [60] and in the U.S.A. (two trials, single
intermittent bolus and dailyx5 schedule) [61,62]. Of inter-
est, although there was consensus on the dose-limiting toxi-
city (neutropenia and leucopenia), the Japanese investigators
recommended, for phase II, a higher dose (300 mg/m?) than
the U.S.A. investigators (190-230 mg/m? dailyx 1, 30 mg/m?
dailyx5). Although several phase II trials have been per-
formed, only one in ovarian cancer has been reported [63]
and the compound has been abandoned due to modest anti-
tumour activity [64].

Miboplatin (R-2-amino methyl pyrrolidine 1,1-cyclobu-
tane dicarboxylate platinum II, DWA 2114R) was developed

of Platinum Complexes 1527

by Chugai Pharmaceutical Co. Ltd, Gotemba, Shizuoka,
Japan [65]. The clinical development was carried out
exclusively in Japan. In phase I, both a short, 20 min and a
long, 24 h intermittent infusion were studied. Dose-limiting
toxicity was neutropenia, and the phase II recommended
dose was 800-1000 mg/m? [66]. Although the spectrum of
activity did not differ from that of cisplatin, efficacy was
observed in several tumour types, especially in ovarian cancer
[67]. Thus, miboplatin was compared at 800 mg/m? with
cisplatin 50 mg/m? (both in combination with cyclophos-
phamide and doxorubicin) in a phase III trial in this indication
[68]. Response rates were 47% in 30 patients in the cisplatin
arm and 39% in 31 patients in the miboplatin arm. Thrombo-
cytopenia was higher in the cisplatin arm, but anaemia and
nephrotoxicity were higher in the miboplatin arm [67]. The
compound was abandoned after the completion of this study.

DIAMINOCYCLOHEXANE (DACH) COMPOUNDS
Oxaliplatin

Oxaliplatin (trans-L-diaminocyclohexane oxalate platinum
II, L-OHP) is a compound first synthesised by Y. Kidani at
Nagoya City University, Nagoya, Japan and eventually
developed in Europe, primarily in France [69]. The rationale
for development was based upon the observation of anti-
tumour effects superior to those of cisplatin in murine leu-
kaemias and of reduced toxicity in animal models. Moreover,
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Figure 3. DACH compounds.

Table 3. DACH compounds

Compound Phase II dose (mg/m?)  Limiting toxicity Development status
Oxaliplatin 100-130 Neurotoxicity Approved (1996) in France (and elsewhere): second-line colorectal
cancer (phase II)
L-NDDP 300 (i.v.) Myelosuppression Phase I (loco-regional routes) in the U.S.A.
400 (i.a.) Chemical hepatitis
450 (i.p.) Chemical pleuritis
TRK-710 Not reached Not reached Phase I (intermittent bolus) in Japan
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the compound behaved differently than other platinum com-
plexes in i vitro cytotoxicity testing, including lack of cross-
resistance in one cisplatin-resistant colon cancer line [70].

Phase I clinical trials were, initially, supported in Europe
by the Roger Bellon Laboratories, Neuilly, France, and then
by Debiopharm, Lausanne, Switzerland. Their findings were
somewhat contradictory. The first study reported severe
emesis to be dose-limiting, at 45 mg/m? given intermittently
[71]. However, subsequent studies which adopted the same
regimen reported cumulative, sensory neuropathy to be dose-
limiting at 130-135 mg/m? [72, 73]. Finally, a phase I trial of
a chronomodulated 120h continuous infusion regimen
recommended a dose of 35mg/m?/dailyx5 (175mg/m?
total), with neutropenia and emesis as the most relevant
toxicities [74].

The phase II programme was carried out using mostly a
dosage of 130 mg/m?, administered over 2-3 h every 3 weeks.
Objective responses to single agent oxaliplatin have been
reported in non-Hodgkin’s lymphoma (9/22 or 41%) [75]
breast cancer (3/14 or 21%) [76], malignant melanoma (3/15
or 20%) [77], NSCLC (3/20 or 15%) [78], glioblastoma (1/9
or 11%) [77] and head and neck cancer (4/42 or 10%) [79].
A negative study was reported in 10 patients with astro-
cytoma [80]. The most favourable results of oxaliplatin have
been published in ovarian cancer, with two studies reporting
objective responses in 4/12 (33%) [77] and in 9/31 (29%)
[81] of the patients, including some who had developed
clinical resistance to cisplatin or carboplatin. Finally, oxali-
platin has shown activity in a series of three single-agent
phase II trials in fluorouracil-pretreated patients with color-
ectal cancer [82]. In these studies, objective response rates
have been observed in 10, 11 and 10% of the patients,
respectively. No responses have been seen in a subsequent
small series (13 patients) with similar characteristics [83].
However, a multicentre phase II trial in previously untreated
patients reported a response rate of 24% [84]. These results
have formed the basis for approval of oxaliplatin for the sec-
ondary treatment of metastatic colorectal cancer in France
and in a few other countries, where it is marketed by the
Sanofi Company. They also provided the rationale for com-
bining oxaliplatin with fluoropyrimidines [82].

Results from two randomised trials of this combination
have been reported. The first one compared a chron-
omodulated versus a constant-rate delivery of the combina-
tion (oxaliplatin 20 mg/m?/daily x5 and 5-fluorouracil (5-FU)
600 mg/m? dailyx5, with leucovorin) [85]. 92 patients were
randomised, and the chronomodulated regimen provided
significantly superior response rates (53 versus 32%) and
survival (19 versus 14.9 months). Emesis and peripheral
sensitive neuropathy were more frequent with the chrono-
modulated regimen, stomatitis was more frequent with the
constant-rate regimen. A second, more traditionally designed
trial, is comparing the combination of oxaliplatin and fluoro-
uracil versus 5-FU alone. In 200 patients, a significantly
superior response rate (53 versus 16%) and time to progres-
sion (7.7 versus 4.6 months) has been reported. Peripheral
neurotoxicity, diarrhoea, mucositis and emesis were sig-
nificantly more frequent with the combination [86]. Another
randomised trial of oxaliplatin 130 mg/m?, this time versus
cisplatin 100 mg/m? (both drugs are combined with cyclo-
phosphamide 1,000 mg/m?) is ongoing in ovarian cancer.
Preliminary results in 182 patients have indicated similar
response rates (52 versus 65%), time to progression (20.9
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versus 26.2 months) and survival (11.9 versus 13.2 months)
for the oxaliplatin versus the cisplatin regimen. Toxicity was
more intense in the cisplatin arm, in terms of myelosuppres-
sion and nephrotoxicity. Neuropathy was more frequent with
oxaliplatin [87].

L-NDDP

L-NDDP (cis-bis-neodecanoato-trans-R,R-1,2-diaminocy-
clohexane platinum II) is the first formulation in liposomes of
a platinum analogue to be studied in the clinic. It was devel-
oped at the MD Anderson Cancer Center, Houston, Texas,
U.S.A. with the support of The Liposome Company, Prince-
ton, New Jersey, U.S.A. [88]. The rationale for developing
the compound was reduced nephrotoxicity and lack of cross-
resistance with cisplatin in murine leukaemias. The liposomal
delivery system was adopted because of lack of solubility.

The entire clinical development of the compound has been
performed, so far, at MD Anderson. A phase I trial of the i.v.
administration of L-NDDP was undertaken there [89] and
the dose-limiting toxicity was myelosuppression, at doses of
312.5mg/m?. Fever and transient liver dysfunction were
attributed to liposomes. No phase II trials of the compound
have been reported. However, attempts at local-regional
delivery have been made by using the hepatic intra-arterial
[90] and the intrapleural [91] routes of administration. Che-
mical hepatitis was present with the former, chemical pleur-
itis with the latter approach, although somewhat higher-doses
of L-NDDP could be administered.

TRK-710

TRK-710 (1-1,2-diaminocyclohexane-alpha-acetyl-gamma-
methyltetronate platinum II) is an analogue of carboplatin
synthesised by Toray Industries, Kamakura, Kanagawa,
Japan. The compound was selected for clinical development
because of lack of cross-resistance with cisplatin in n vitro
and i vivo models, in particular in the 1.1210/CDDP model,
as well as of reduced renal and bone marrow toxicity [92]. A
difference in mechanism of action from that of cisplatin,
based upon different cell-cycle effects, has been proposed
[93]. Phase I clinical trials have started in Japan, with initial
doses of 20 mg/m? administered over 1h.

DACH analogues abandoned

Four DACH compounds were developed at the Wadley
Institute. The bis monobromo acetato trans 1,2-diamino-
cyclohexane platinum II (MBA) was abandoned after 9
patients had been treated in phase I because of moderate
thrombocytopenia and the occurrence of a severe hyper-
sensitivity reaction [27]. Bis-pyruvato 1,2-diaminocyclohexane
platinum II (PYP) also entered phase I clinical trials in late
1982 and 16 patients were treated. The maximum tolerated
dose was 18 mg/kg. Nephrotoxicity, hypomagnesiumaemia,
SGOT elevation, emesis, diarrhoea and myelosuppression
were observed. Despite evidence of antitumour effect in 2
patients with leukaemia, the compound was abandoned
[94].

Two other compounds entered clinical trials at the Wadley
Institute, both in the racemic and in the isomeric (neo-) form
[26,27]. Sulphato 1,2 diaminocyclohexane platinum II
(SHP, neo-SHP, JM-20) was abandoned in phase I after
22 patients were treated because of moderate myelosup-
pression and the occurrence of severe allergic reactions.
Malonato 1,2 diaminocyclohexane platinum II (PHM,
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neo-PHM, JM-74) was studied in more than 100 patients in
phase I and II studies performed not only at the Wadley Insti-
tute, but also at the Institut Gustave Roussy in Paris, France.
Some activity was observed in patients with chronic leukaemias
treated in Texas and in cisplatin-pretreated patients with
testicular cancer treated in France. Low levels of antitumour
activity and renal toxicity, requiring high-volume hydration
and forced diuresis, prompted the discontinuation of clinical
development.

Isocitrato 1,2-diaminocyclohexane platinum II (PHIC)
was developed in France by the Sanofi Company [95]. After
two phase I trials (single intermittent bolus and dailyx5)
were completed, showing thrombocytopenia and CNS neuro-
toxicity at 1200-1500mg/m?, the drug was abandoned
because of difficulties in the synthesis of the compound [96].

4-Carboxyphtalato 1,2-diaminocyclohexane platinum II
(DACCP, JM-82) was studied at Memorial Sloan-Kettering
Cancer Center, New York, New York, U.S.A. [97]. The com-
pound was developed because of its lack of cross-resistance
with cisplatin in murine leukaemia models, an observation
made first for this class of compounds by J. Burchenal at that
institution [98]. Johnson-Matthey and Bristol-Myers Squibb
supported early clinical trials performed at Memorial. The
phase I trial showed thrombocytopenia to be dose-limiting at
640 mg/m?. Limited phase II studies reported low levels of
activity in the two tumour types adequately studied (colo-
rectal and NSCLC) and the compound was abandoned, also
because of chemical instability.

Two other compounds similar to the DACH series have
also been abandoned: the bis-monobromoacetato trans 1,2-
diaminocyclooctane platinum II (DACO, BOP) was admi-
nistered to 5 patients at the Wadley Institute and abandoned
due to the nephrotoxicity related to its insolubility [27]. Spir-
oplatin, the 1,1 diaminomethyl cyclohexane sulphate plati-
num II (TNO 6, SPAC) was developed by the TNO Institute,
Utrecht, The Netherlands and by Bristol-Myers Squibb,
because of its lack of cross-resistance with cisplatin and
reduced nephrotoxicity in animal models [99]. Phases I and II
were completed in Europe in more than 300 patients, but
minimal activity was seen in platinum-pretreated patients. In
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addition, acute renal failure occurred in a few patients and it
was not prevented by the introduction of pre- and post-
hydration [100]. The compound development was, therefore,
abandoned.

PLATINUM IV COORDINATION COMPOUNDS
JM-216

JIM-216 (bis-acetato-ammine-dichloro-cyclohexylamine
platinum IV, BMS-182751) is not the first platinum IV
coordination compound brought to clinical development, but
it is the first platinum-containing anticancer agent expressly
developed for oral administration. The compound has been
developed by the Bristol-Myers Squibb Company in collab-
oration with the Johnson-Matthey Company and the Institute
of Cancer Research [101,102]. The compound exerted,
when administered orally, comparable antitumour effects to
those of parenterally administered cisplatin or carboplatin. In
viwo evaluation encompassed murine plasmocytoma (AD]/
PCS) [101] and reticulosarcoma (M5076) [102] as well as
several human ovarian carcinoma xenografts [101,102]. Of
interest, lack of cross-resistance of JM-216 with cisplatin,
observed in wvitro in several human cancer cell lines, and
ascribed to increased intracellular accumulation, has not been
confirmed i vivo [103]. The existence of a true synergistic
effect between orally administered JM-216 and etoposide,
similar to that observed in the past with parenterally admin-
istered cisplatin (or carboplatin) and etoposide, has been
reported . vivo in a murine leukaemia model (P388) [104].
Animal toxicity testing indicated that orally administered JM-
216 was devoid of nephrotoxicity and neurotoxicity in
rodents, was less emetogenic than cisplatin (and similar to
carboplatin) in ferrets and was dose-limited by myelo-
suppression, presenting a similar profile to parenterally
administered carboplatin in dogs [103]. Oral bioavailability
ranged in rodents between 41 and 84% for JM-216, whereas
it was 37% for cisplatin and 22% for carboplatin [103].

The first phase I trial of JM-216, which utilised an inter-
mittent schedule, began in 1992 in the U.K. [105]. Doses
ranging from 60 to 700 mg/m? were studied, but pharmaco-
logical evaluation revealed saturable absorption of doses of
200 mg/m? and above. Thus, this schedule was abandoned.
Of note, emesis (mostly prevented by oral anti-emetic pre-
medication) and myelosuppression were observed, as well as
diarrhoea. 1 patient with ovarian carcinoma, who had pre-
viously received cisplatin, showed a fall in her CA125 tumour
marker levels of more than 50% for more than 4 months. She
was treated with 120mg/m? of JM-216. Three subsequent
phase I trials, in Europe [106], the U.S.A. [107] and Japan
[108] have explored the dailyx5 regimen, reaching very
similar conclusions. Dose-limiting toxicity, after oral admin-
istration to fasting patients who did not receive hydration, was
myelosuppression, at 100120 mg/m?/dailyx5 (the lower-dose
was recommended for previously treated patients). Retreat-
ment was possible every 4-5 weeks (every 3 weeks in good risk
patients). Other toxicities consisted of emesis, with generally

Table 4. Platinum IV compounds

Compound Phase II dose (mg/m?)  Limiting toxicity

Development status

IM-216 100-120 dailyx5

35-45 dailyx 14

Myelosuppression
Delayed myelosuppression

Phase II (prostate, lung SC, lung NSC, ovary, gastric, colon,
breast, cervix), world-wide

SC, small cell; NSC, non small cell.
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mild intensity, median duration of vomiting for 1 day and of
nausea for 5 days. Diarrhoea and stomatitis were also
observed, but no clear evidence of neurotoxicity, nephrotoxi-
city or ototoxicity occurred. Linear pharmacokinetics were
observed for both total and ultrafilterable platinum, with this
schedule. Another phase I trial explored a 14-day schedule
[109]. With this regimen, myelosuppression was still dose-
limiting, but late nadirs (week 4-5) occurred for neutropenia
and thrombocytopenia, with recovery by week 6—7. Emesis
and diarrhoea were minimal and the maximum tolerated dose
was 35-45 mg/m?/dailyx 14. Finally, a phase I study of the
combination of JM-216 and radiation therapy is close to
completion [110]. This approach is appealing because of the
radiosensitising properties of platinum compounds as well as
the convenience of oral administration. In this trial, myelo-
suppression and oesophagitis were dose-limiting in patients
receiving 60 mg/m?/dailyx5 of JM-216, concomitantly to
daily doses of 200 cGy for 6—7 weeks (total dose: 60-70 Gy).
Courses of JM-216 were repeated on day 21.

The phase II trials so far reported have all utilised the dai-
lyx5 schedule. Positive results have been observed in small
cell lung cancer, in patients with no prior chemotherapy, who
received initially JM-216 at 120 mg/m?/daily x5 every 3 weeks
[111]. However, about half the courses administered had to
be delayed due to myelosuppression. A total of 27 patients
were treated (the majority with extensive disease) and partial
responses were observed in 12 of the 23 evaluable patients
(52%). No severe emesis and no nephrotoxicity or neuro-
toxicity were observed [11]. A negative phase II trial has been
reported in NSCLC [112]. No objective responses were seen
in 13 evaluable patients (1 achieved a partial response which
was not confirmed a month later). These previously
untreated patients appeared to tolerate doses of 120 mg/m?/
dailyx5 every 3 weeks. Severe gastrointestinal toxicity
occurred in a few patients and 5HT3 antagonists were admi-
nistered prophylactically in slightly more than half the
patients. A second phase II study in NSCLC, randomised
versus cisplatin 100 mg/m?, is ongoing. Perhaps the most
interesting phase II results of JM-216 have been reported in
hormone-refractory prostate cancer [113]. Patients received
JM-216 at 120 mg/m?/dailyx5 every 4 weeks. The dose had
to be reduced to 100 mg/m?/dailyx5 in most patients and
most required dosing delays due to late nadirs. Updated
results indicated that prostate specific antigen (PSA) level
reductions occurred in 8/24 (33%) evaluable patients, out of
34 enrolled. Tumour shrinkage and significant pain reduction
was also observed in this trial. These results compare favour-
ably with recently published results in the treatment of
hormone-refractory disease as well as with the only report of
PSA responses with a platinum agent (carboplatin) [114] and
warrant further investigations. Phase II studies of JM-216 are
ongoing in ovarian cancer, in cervix cancer, in gastrointestinal
malignancies and in breast cancer. Combination studies with
other orally administered anticancer agents, such as etoposide
and UFT, an oral fluoropyrimidine, are also ongoing.

Platinum IV compounds abandoned

Ormaplatin (tetrachloro-d,L-trans-1,2 diaminecyclohexane
platinum IV, tetraplatin) is a molecule which combined the
platinum IV configuration with the DACH ring. It was
developed by the Pharmacia-Upjohn Company, Kalamazoo,
Michigan, U.S.A., in collaboration with the NCI. The
rationale for clinical development involved substantial evi-
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dence of lack of cross-resistance with cisplatin, not only in
murine but also in human tumour models [115]. Moreover,
the compound was less nephrotoxic than cisplatin in animals.
A fairly large phase I clinical trial programme was launched
by the NCI, which encompassed several different regimens of
administration, including intermittent bolus (two studies),
dailyx5 (two studies), days 1 and 8 and finally, a trial of the
intraperitoneal route. Altogether, more than 150 patients
received the drug in phase I. However, development of
ormaplatin was interrupted because of severe, cumulative,
often unpredictable peripheral neurotoxicity observed on all
schedules tested [116]. Unfortunately, this neurotoxicity
continued to increase for a while after drug discontinuation
and tended to recover very slowly. The acute dose-limiting
toxicity was myelosuppression and emesis was almost uni-
versal, but controlled by 5HT3 antagonists. Severe abdom-
inal pain limited the intraperitoneal administration of
ormaplatin.

Iproplatin (cis-dichloro-trans-dihydroxy-bis-isopropyl-
amino platinum IV, CHIP, JM-9) is the most extensively
studied, among the platinum compounds which have been
abandoned. The drug was developed by Bristol-Myers
Squibb, in collaboration with Johnson-Matthey and the
Institute of Cancer Research [117,118]. The US NCI even-
tually joined in the development of the compound [119]. Its
selection for clinical development was prompted by its struc-
ture (at the time, it was the first platinum IV to be brought to
the clinic), its broad spectrum of activity in murine tumour
models and its reduced nephrotoxicity as compared with cis-
platin. Phase I clinical trials were performed with intermittent
bolus infusion (two studies), dailyx5 (two studies) and
weekly schedules. In addition, a paediatric phase I study was
conducted with the single intermittent regimen. In all studies
myelosuppression was dose-limiting, emesis was present and
nephrotoxicity and neurotoxicity were minimal. Because of
the early observation of clinical efficacy in ovarian cancer,
three additional phase I trials adopted the intraperitoneal
route of administration. At the completion of the phase I
programme, which began in late 1980 at Roswell Park Can-
cer Institute [120], Buffalo, New York, more than 100
patients had been treated. An extensive programme of single
agent phase II trials was performed, involving more than
1,000 patients, enrolled in more than 35 studies. The majority
of the trials adopted doses of 270-300 mg/m?, administered
every 4 weeks and a few utilised 45-75 mg/m?/dailyx5. The
best single agent activity was reported in ovarian cancer, with
objective response rates of 46, 35 and 14% observed in three
large independent trials [121-123]. Activity was seen in sub-
sets of patients resistant to previous cisplatin treatment.
Initial phase II response rates in excess of 20% in small cell
lung cancer [124], head and neck [125], cervix [126] and
bladder cancer [127] were not subsequently confirmed in
patients with poorer pretreatment characteristics [128, 129].

Several of the phase II studies of iproplatin were ran-
domised versus carboplatin. This study design allowed a
comparison of their respective safety profiles, across tumour
types [130]. This analysis indicated that iproplatin induced
more thrombocytopenia, more vomiting and more diarrhoea
than carboplatin.

Phase III trials provided a comparative assessment of
iproplatin efficacy. They were performed in previously
untreated, advanced ovarian cancer. A single agent compar-
ison of iproplatin 300 mg/m? versus carboplatin 400 mg/m?
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reported significantly inferior response rates, time to pro-
gression and overall survival for iproplatin [131]. A second,
smaller trial which compared iproplatin with carboplatin and
with cisplatin, all in combination with cyclophosphamide,
yielded very similar results, which did not reach statistical
significance because of sample size [132]. Thus, iproplatin
was finally abandoned.

CONCLUSIONS

A quarter of a century of clinical research on platinum
coordination compounds has yielded remarkable anticancer
agents. Cisplatin, the parent compound of the whole class,
has exerted a broad spectrum of antitumour activity in solid
tumours, and curative effects in germ cell cancer. Carboplatin
has successfully been developed as a second generation com-
pound with reduced organ toxicity and, when dosed appro-
priately, produces antitumour efficacy comparable to
cisplatin. The search for a platinum agent with increased
activity still remains an elusive goal. It is hoped that progress
will be brought about by new agents which might expand upon
the utilisation of the platinum compounds in new tumour
types (such as oesophageal, colorectal, or prostate cancer) or
through innovative approaches (such as radiosensitisation,
loco-regional, or oral administration) to their utilisation.

1. Rosenberg B, Van Camp L, Krigas T. Inhibition of cell division
in Escherichia coli by electrolysis products from a platinum
electrode. Nature 1965, 205, 698-699.

2. Werner A. Beitrag zur konstitution anorganischer verbindin-
gen. Zeiter Anorgan Chem 1893, 3, 207-330.

3. Rosenberg B. Fundamental studies with cisplatin. Cancer 1985,
55, 2303-2316.

4. Hill JM, Speer R], Loeb E, MacLellan A, Hill NO, Khan A.
Clinical experience with cisplatinous diammine dichloride
(PPD). In Hejzlar M, ed. Advances in Antimicrobial and Anti-
neoplastic Chemotherapy. Prague, Urban & Schwartzenberg,
1971, 255-257.

5. Ash DC. Cis-platinum (II) diamminedichloride: clinical review
of a new cancer chemotherapeutic agent. ¥ Clin Hem Oncol
1980, 10, 55-62.

6. Talley RW, O’Bryan RM, Gutterman ], Brownlee RW,
McCredie KB. Clinical evaluations of toxic effects of cis-plati-
num (II) diamminedichloride. A phase I clinical trial. In Connors
TA, Roberts J]J, eds. Platinum Coordination Complexes in Cancer
Chemotherapy. Heidelberg, Springer, 1974, 160-166.

7. Higby DJ, Wallace HJ Jr, Albert D, et al Diamminodi-
chloroplatinum in the chemotherapy of testicular tumors. ¥ Urol
1974, 112, 100-104.

8. Wiltshaw E, Carr B. Cis-platinumdiamminedichloride. In
Connors TA, Roberts JJ, eds. Platinum Coordination Com-
plexes in Cancer Chemotherapy. Heidelberg, Springer, 1974,
178-182.

9. Hayes D, Cvitkovic E, Golberg R, Scheiner E, Krakoff IH.
Amelioration of renal toxicity of high dose cis-platinum dia-
mmine dichloride (CPDD) by mannitol induced diuresis. Proc
Am Assoc Cancer Res 1976, 67, 169.

10. Merrin C. A new method to prevent toxicity with high doses of
cis diammine platinum (therapeutic efficacy in previously trea-
ted widespread and recurrent testicular tumors). Proc Am Soc
Clin Oncol 1976, 12, 243.

11. Einhorn LH, Donohue ]J. Cis-diamminedichloroplatinum, vin-
blastine and bleomycin combination chemotherapy in dis-
seminated testicular cancer. Ann Intern Med 1977, 87, 293—
298.

12. Advanced Ovarian Cancer Trialists Group. Chemotherapy in
advanced ovarian cancer: an overview of randomized clinical
trials. Brit Med ¥ 1991, 303, 884-893.

13. Stewart LA, Pignon JP. Chemotherapy in non-small cell lung
cancer: a meta-analysis using updated data on individual

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

1531

patients from 52 randomized clinical trials. Brit Med ¥ 1995,
311, 899-909.

Von Hoff DD, Rozencweig M. Cis-diamminedichloroplatinum
(II): a metal complex with significant anticancer activity. In
Garattini S, Goldin A, Hawking F, Kodin JJ, eds. Advances in
Pharmacology and Chemotherapy. New York, Academic Press,
1979, 16, 273-298.

Shiratori O, Kasai H, Uchida N, Totani T, Saito K. Antitumor
activity of 254-S, a platinum complex, in rodents. Proc Int
Congress Chemotherapy 1985, 14, 23-26.

Ariyoshi Y, Ota K, Wakui A, ez al. Phase I study of (glycolato-
0,0") diammine platinum (II) (254-5). Proc Am Soc Clin Oncol
1988, 7, 59.

Sasaki Y, Amano T, Morita M, et al. Phase I study and phar-
macological analysis of cis-diammine (glycolato) platinum
(254-S; NSC 3751010) administered by 5-day continuous
intravenous infusion. Cancer Res 1991, 51, 1472-1477.

Ota K, Miyake H, Inuyama I, ez al. Clinical evaluation of cis-
diammine (glycolato) plat 254-S, a new anticancer platinum
complex. Proc NCI-EORTC Symp New Drugs in Cancer Therapy
1991, 7, 340.

Furuse K, Kimura I, Niitani H, Sakuma A. A randomized
comparative study of 254-S/vindesine (VDS) vs. cisplatin
(CDDP)/VDS for advanced non-small cell lung cancer
(NSCLCQC). Lung Cancer 1993, 9, 122.

Gorbunova VA, Smirnova NB, Orel NF, Konovalova AL, Sin-
gin AS. A phase I and pharmacokinetic trial of cycloplatam in
patients with refractory solid tumors. Proc NCI-EORTC Symp
New Drugs in Cancer Therapy 1994, 8, 215.

Gorbunova VA, Smirnova NB, Orel NE. Phase II of cyclopla-
tam in advanced ovarian carcinoma. Proc Int Congress on Anti-
Cancer Chemother 1995, 5, 382.

Ayrapetian LG. New analog of platinum-cycloplatam—treat-
ment of breast cancer. Proc Int Congress on Anti-Cancer Che-
mother 1996, 6, 403.

Drees M, Sengler WM, Hendriks HR, Kelland LR, Fiebig HH.
Cycloplatam: a novel platinum compound exhibiting a different
spectrum of anti-tumour activity to cisplatin. Eur § Cancer
1995, 31A, 356-361.

Kim NK, Bang Y-]J, Heo DS, ez al. A phase I clinical and phar-
macokinetic study of SKI 2053 R, a new platinum analog in
patients with malignancies. Proc Am Soc Clin Oncol 1995, 14, 479.
Kim NK, Im SA, Jung CW, et al. An active new platinum analog
SKI 2053 R in patients with advanced gastric adenocarcinoma:
phase II clinical trial. Proc Am Soc Clin Oncol 1997, 16, 294a.
Hill JM, Speer R]. Organo-platinum complexes as antitumor
agents. Anticancer Res 1982, 2, 173—-186.

Muggia FM, Wolpert-De Filippes MK, Ribaud P, Mathe G.
Clinical results with cisplatin analogs. In Prestayko AW,
Crooke ST, Carter SK, eds. Cisplatin, Current Status and New
Developments. New York, Academic Press, 1980, 517-527.
Thatcher N, Sharma H, Harrison R, ez al. Blood clearance of
three radioactively labelled platinum complexes. Cancer Che-
mother Pharmacol 1982, 9, 13-16.

Owens SE, Thatcher N, Sharma H, ez al. In vivo distribution
studies of radioactively labelled platinum complexes; cis-dichlor-
odiammine platinum (II), cis-trans-dichlorodihydroxy-bis(iso-
propylamine) platinum (IV), cis-dichloro-bis-cycloproylamine
platinum (II), and cis-diammine,1,1-cyclobutanedycarboxylate
platinum (II) in patients with malignant disease, using a gamma
camera. Cancer Chemother Pharmacol 1985, 14, 253-257.

Pinedo HM, Ten Bokkel Huinink WW, Van Der Vijgh WJF, ez
al. Phase I study of ethylenediaminoplatinum (II) malonate
(JM-40). Proc Am Soc Clin Oncol 1984, 3, 40.

Harrap KR. Preclinical studies identifying carboplatin as a
viable cisplatin alternative. Cancer Treat Reviews 1985,
12(Suppl A), 21-33.

Rose WC, Schurig JE. Preclinical antitumor and toxicologic
profile of carboplatin. Cancer Treat Reviews 1985, 12(Suppl A),
1-19.

Calvert AH, Harland SJ, Newell DR, ez al. Early clinical studies
with cis-diammine-1,1-cyclobutane dicarboxylate platinum II.
Cancer Chemother Pharmacol 1982, 9, 140-147.

Canetta R, Bragman K, Smaldone L, Rozencweig M. Carbo-
platin: current status and future prospects. Cancer Treat Reviews
1988, 15(Suppl B), 17-32.



1532

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

D. Lebwohl and R. Canetta

Jodrell DI, Egorin MJ, Canetta RM, ez al. Relationship between
carboplatin exposure and tumor response and toxicity in
patients with ovarian cancer. ¥ Clin Oncol 1992, 10, 520-528.
Calvert AH, Newell DR, Gumbrell LA, er al. Carboplatin
dosage: prospective evaluation of a simple formula based on
renal function. ¥ Clin Oncol 1989, 7, 1748-1756.

Fish RG, Shelley MD, Griffiths H, Mason M, Adams M, James
K. A dosing scheme for carboplatin in adult cancer patients
based upon pre-infusion renal function and platelet count. Anzi
Cancer Drugs 1994, 5, 527-532.

Chatelut E, Canal P, Brunner V, ez al. Prediction of carboplatin
clearance from standard morphologies and biological patient
characteristics. ¥ Natl Cancer Inst 1995, 87, 573-580.
Kavanagh JJ. Carboplatin in refractory epithelial ovarian can-
cer. In Bunn PA Jr, Canetta R, Ozols RF, Rozencweig M, eds.
Carboplatin, Current Perspectives and Future Directions. Philadel-
phia, W.B. Saunders, 1990, 141-152.

Kearns CM, Belani CP, Erkmen K, er al. Reduced platelet
toxicity with combination carboplatin and paclitaxel; pharma-
codynamic modulation of carboplatin associated thrombocyto-
penia. Proc Am Soc Clin Oncol 1995, 14, 170.

Creaven PJ, Raghavan D, Perez RP, et al. Early phase studies
with paclitaxel/low-dose carboplatin in patients with solid
tumors. Sem Oncol 1996, 6(Suppl 16), 26-31.

Fiebig HH, Mross K, Henss H, Aulenbocher P, Quiessler W.
Phase I study of the new platinum complex D19466 on a single
intermittent schedule. Eur ¥ Cancer 1991, Suppl, S197.
Gietema JA, deVries EGE, Sleijfer DT, ez al. A phase I study of
1,2-diamminomethyl-cyclobutane-platinum  (II)-lactate (D-
19466; lobaplatin) administered daily for 5 days. Br ¥ Cancer
1993, 67, 396—401.

Gietema JA, Guchelaar H-J, deVries EGE, Aulenbacher P,
Sleijfer DT, Mulder NH. A phase I study of lobaplatin (D-
19466) administered by 72h continuous infusion. Anzi Cancer
Drugs 1993, 4, 51-55.

Gietema JA, Veldhuis G-J, Guchelaar H-J, et al. Phase II and
pharmacokinetic study of lobaplatin in patients with relapsed
ovarian cancer. Brit § Cancer 1995, 71, 1302-1307.

Kavanagh JJ, Finnegan MB, Edwards CL, er al A trial of
lobaplatin (D-19466) in platinum resistant epithelial ovarian
cancer. Proc Am Soc Cancer Res 1995, 36, 401.

Dejardin M, Armand JP, Chevallier B, er al. A clinical screen-
ing cooperative group phase II evaluation of lobaplatin (ASTA
D-19466) in advanced head and neck cancer. Invest New Drugs
1995, 13, 253-255.

Feibig HH. Phase I and II studies with lobaplatin. Proc Int
Symposium on Platinum and Other Metal Coordination Com-
pounds in Cancer Chemotherapy 1995, 7, S127.

Sternberg CN, de Mulder P, Fossa S, et al. Lobaplatin in
advanced urothelial tract turners. Ann Oncol 1997, 8, 695-696.
Schmoll HJ, Kohne CH, Papageorgiou E, et al. Single agent
lobaplatin is active in patients with esophageal squamous cell
carcinoma. A phase II evaluation. Proc Am Soc Clin Oncol 1995,
14, 201.

Rolland F, Douillard JY, Adenis A, et al. Lobaplatin in combi-
nation with 5-fluorouracil in patients with esophageal carci-
noma: a phase I/II feasibility study. Proc Int Congress on Anti-
Cancer Treatment 1996, 6, 320.

Hlavka JJ, Bitha P, Carvajal SG, et al. Two new water soluble
platinum compounds—CIL.286,558 and CL.287,110. In Nicolini
M, Bandoli G, eds. Platinum and other Metal Coordination Com-
plexes in Cancer Chemotherapy. Padua, Cleup, 1987, 357-358.
Ceulemans F, Duprez P, Vindevogel A, er al. Enloplatin (CL
287,110): phase I study in patients with advanced solid tumors.
Proc Intl Symposium on Platinum and Other Metal Coordination
Compounds in Cancer Chemotherapy 1991, 7, 168.

Kudelka A, Edwards C, Freidman R, ez al. Phase II study of
enloplatin for patients with advanced ovarian cancer. Proc Am
Soc Clin Oncol 1993, 12, 269.

Dodion PF, de Valeriola D, Crespeigne N, ez al. Phase I clinical
and pharmacokinetic study of zeniplatin, a new platinum com-
plex. Ann Oncol 1991, 2, 589-596.

Olver I, Green M, Peters W, et al. A phase II of zeniplatin in
metastatic melanoma. Am ¥ Clin Oncol 1995, 18, 56-58.
Willemse PHB, Gietema JA, Mulder NH, et al. Zeniplatin in
patients with advanced ovarian cancer, a phase II study with a

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

717.

78.

third generation platinum complex. Eur § Cancer 1993, 29A,
359-362.

Markman M, DeMarco LC, Birkhofer M, er al. Phase II trial of
zeniplatin (CL 286558), a new platinum compound, in patients
with advanced ovarian cancer previously treated with organo-
platinum-based therapy. ¥ Cancer Res Clin Oncol 1993, 119,
234-236.

Kraker AJ, Moore CW, Leopold WR, Takahashi K. Preclinical
characterization of the i wvitro and in vivo activity of [1,1'-
cyclobutane dicarboxylato (2-)-0,0'](2-methyl 1-1,4-butane-
diamine-N,N’) Pt (NK-121/CI-973). Proc Am Assoc Cancer Res
1988, 29, 344.

Hino M, Niitani H, Hasegawa K, et al. Phase I study of new
platinum compound, NK121. In Rubinstein E, Adam D, eds.
Recent Advances in Chemotherapy. Jerusalem, E. Lewin-Epstein
Ltd., 1989, 745.1-745.2.

Theriault RL, Cohen IA, Esparza L, Kowal C, Raber MN.
Phase I clinical evaluation of [SP-4-3(R)]-{1,1’ cyclobutanedi-
carboxylato (2-)] (2-methyl-1,4-butanediammine-N,N’) plati-
num in patients with metastatic solid tumors. Cancer Chemother
Pharmacol 1993, 31, 333-337.

O’Dwyer PJ, Hudes GR, Walczak J, et al. Phase I and phar-
macokinetic study of the novel platinum analogue CI-973 on a
5-daily dose schedule. Cancer Res 1992, 52, 6746—6753.
Roberts J, Kudelka A, Spriggs D, ez al. Phase II study of CI-973
in advanced ovarian cancer. Proc An Soc Clin Oncol 1994, 13, 269.
Ogawa M. Clinical trials of 254-S, NK121, and TRK-710. Proc
Int Symposium on Platinum and Other Metal Coordination Com-
pounds in Cancer Chemotherapy 1995, 7, S.129.

Akamatsu K, Endo K, Matsumoto T, er al. Toxicological and
tumoricidal evaluations of a new platinum complex, (—)-R-2-
aminomethylpyrrolidine (1,1-cyclobutanedicarboxylato) plati-
num (II) monohydrate, in rats. Fpn ¥ Cancer Res 1991, 82, 724—
731.

Taguchi T. Clinical trials of oxaliplatin and DWA 2114R. Proc
Int Symposium on Platinum and Other Metal Coordination Com-
pounds in Cancer Chemotherapy 1995, 7, S.130.

Sasaki H, Kato T, Terashima Y, Nishimura H, Ota K. Phase II
trial of DWAZ2114R for ovarian cancer. ¥ Cancer Res Clin Oncol
1990, 116(Suppl), 526.

Kato T, Yakushiji M, Nishimura H, et al. Phase III study of
DWAZ2114R for ovarian cancer. Jpn J Cancer Chemother 1992,
19, 1285-1293.

Mathé G, Kidani Y, Noji M, Maral R, Bourut C, Chenu E.
Antitumor activity of 1-OHP in mice. Cancer Letters 1985, 27,
135-143.

Pendyala L, Creaven PJ, Shah G, Molnar MV, Grandjean EM.
In vitro cytotoxity studies of oxaliplatin in human tumor cell
lines. Proc Am Assoc Cancer Res 1991, 32, 410.

Mathé G, Kidani Y, Triana K, et al. A phase I trial of trans-1-
diaminocyclohexane oxalatoplatinum (1-OHP). Biomedicine &
Pharmacotherapy 1986, 40, 372-376.

Extra JM, Espie M, Calvo F, Ferme C, Mignot L, Marty M.
Phase I study of oxaliplatin in patients with advanced cancer.
Cancer Chemother Pharmacol 1990, 5, 299-303.

Eriguchi M, Sekiguchi M, Fujii Y, ez al. Clinical study for a new
platinum complex 1-OHP: oxalato (1-1, 2-diaminocyclohex-
ane) platinum (II) against solid tumors. Proc NCI-EORTC
Symposium on New Drugs in Cancer Therapy 1991, 7, 343.
Caussanel J-P, Levi F, Brienza S, et al. Phase I trial of 5-day
continuous venous infusion of oxaliplatin at circadian rhythm-
modulated rate compared with constant rate. ¥ Natl Cancer Inst
1990, 82, 1046-1050.

Rotarski M, Brienza S, Gastiaburu J, er al. Oxaliplatin (I-OHP):
a new platinum analog: active in refractory/relapsed inter-
mediate and low grade non-Hodgkin lymphoma. Proc Am Soc
Clin Oncol 1993, 12, 375.

Garufi C, Nistico C, Brienza S, et al. Oxaliplatin (I-OHP)
activity in anthracycline-resistant metastatic breast cancer. Proc
Am Soc Clin Oncol 1997, 16, 170a.

Gastiaburu J, Misset JL, Brienza S, ez al. Early phase II trial of
trans-1-diammino cyclohexane (I-OHP) in malignant mela-
noma, advanced ovarian cancer, low grade non-Hodgkin’s
lymphoma. Proc Am Assoc Cancer Res 1992, 33, 538.

Monnet I, Brienza S, Voisin S, et al. Phase II study of oxali-
platin (I-OHP, transplatin) in patients with advanced non small



79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Clinical Development of Platinum Complexes

cell lung cancer: preliminary results. Proc NCI-EORTC Sympo-
stum on New Drugs in Cancer Therapy 1994, 8, 224.

Degardin M, Cappelaere P, Krakowski I, Conroy T,
Rotarski M, Brienza S. Phase II trial of oxaliplatin (I-OHP)
in locoregional advanced, recurrent and/or metastatic head
and neck squamous cell carcinoma. Ann Oncol 1994,
5(Suppl 8), 119.

Maugard-Louboutin C, Fumoleau P, Ibrahim N, ez al. Pre-
liminary phase II trial of oxaliplatin (I-OHP) in malignant
astrocytomas. Eur J Cancer 1993, 29A(Suppl 6), S191.

Chollet P, Bensmaine MA, Brienza S, et al. Single agent activity
of oxaliplatin in heavily pretreated advanced epithelial ovarian
cancer. Ann Oncol 1996, 7, 1065-1070.

Levi F, Machover D, Marty M, et al. Oxaliplatin (I-OHP):
summary of results in advanced colorectal cancer. Eur ¥ Cancer
1995, 31A(Suppl 5), 154.

de Braud F, Munzone E, Nolé F, ez al. Oxaliplatin (I-OHP) as a
second line treatment in metastatic colorectal cancer patients
clinically resistant to fluorouracil. Proc Am Assoc Cancer Res
1997, 38, 520.

Becouarn Y, Ychou M, Ducreux M, ez al. Oxaliplatin (I-OHP)
as first-line chemotherapy in metastatic colorectal cancer
patients: preliminary activity/toxicity report. Proc Am Soc Clin
Oncol 1997, 16, 229a.

Levi FA, Zidani R, Vannetzel J-M, et al. Chronomodulated
versus fixed-infusion rate delivery of ambulatory chemotherapy
with oxaliplatin, fluorouracil, and folinic acid (leucovorin) in
patients with colorectal metastases: a randomized multi-insti-
tutional trial. ¥ Natl Cancer Inst 1994, 86, 1608-1617.
Giacchetti S, Zidani R, Perpoint B, er al. Phase III trial of 5-
fluorouracil, folinic acid, with or without oxaliplatin in pre-
viously untreated patients with metastatic colorectal cancer.
Proc Am Soc Clin Oncol 1997, 16, 229a.

Misset JL, Chollet P, Vennin P, ez al. Multicentre phase II-III
trial of oxaliplatin versus cisplatin, both in association with
cyclophosphamide, in the treatment of advanced ovarian can-
cer: toxicity efficacy results. Proc Am Soc Clin Oncol 1997, 16,
354a.

Perez-Soler R, Khokhar AR, Lautersztain J, et al. Clinical
development of liposomal platinum. ¥ of Liposome Res 1990, 1,
437-449.

Perez-Soler R, Lopez-Berestein G, Lautersztain J, ez al. Phase I
clinical and pharmacological study of liposome-entrapped cis-
bis-neodexanoato-trans-R,R-1,2-diaminocyclohexane platinum
(IT). Cancer Res 1990, 50, 4254-4259.

Perez-Soler R, Siddik ZH, Chase ], Al-Baker S, Khokar AR,
Pazdur R. Phase I clinical and pharmacology study of lipo-
some-entrapped cis-bis-neodexanoato-trans-R,R-1,2-diamino-
cyclohexane platinum (II) (1-NDDP). Proc Am Soc Clin Oncol
1993, 12, 153.

Perez-Soler R, Shin DM, Siddik ZH, et al. Phase I clinical and
pharmacological study of liposome-entrapped (L-NDDP)
administered intrapleurally in patients with malignant pleural
effusions. Proc Am Soc Clin Oncol 1996, 15, 492.

Mutoh M, Matsushita Y, Saito Y, Adachi Y, Imanishi H.
Antitumor activity of TRK-710, a new platinum complex hav-
ing activity against cisplatin-resistant tumours. Proc Am Assoc
Cancer Res 1993, 34, 399,

Inoue S, Mizuno S. Cytometric characterization of cisplatin
and a new platinum analog, TRK-710. Proc Int Congress on
Ann-Cancer Chemotherapy 1995, 5, 214.

Khan A, Speer R], Ridgway H, ez al. Pre-clinical and phase I
clinical trial with bis (pyruvato) 1,2-diaminocyclohexane plati-
num (II). In Hacker MP, Douple EB, Krakoff IH, eds. Plati-
num Coordination Complexes in Cancer Chemotherapy. Boston,
Martinus Nijhoff, 1983, 255.

Macquet J-P, Lios S, Armand J-P. Pharmacological and pre-
clinical toxicological studies of 1,2-diaminocyclohexane (iso-
citrato) platinum (II). Cancer Res 1984, 44, 3736-3743.
Armand J-P, Fontana X, Benhamed M, Ruffié P. New plati-
num analogs. Proc ECCO 1985, 3, 59.

Kelsen DP, Seher J, Burchenal J. Phase I and early phase II
trials of 4'carboxyphthalato (1,2 diaminocyclohexane) platinum
(II). In Hacker MP, Douple EB, Krakoff IH, eds. Platinum
Coordination Complexes in Cancer Chemotherapy. Boston, Martinus
Nijhoft, 1984, 310-320.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

1533

Burchenal JH, Kalaher K, O’Toole T, Chisholm J. Lack of
cross-resistance between certain platinum coordination com-
pounds in mouse leukemia. Cancer Res 1977, 37, 3455-3457.
de Jon WH, Steerenberg PA, Vos JG, er al. Antitumor activity,
induction of cross-resistance, and nephrotoxicity of a new pla-
tinum analogue, cis-1,1-diaminomethylcyclohexane platinum
(I) sulfate, and of cis-diammine dichloroplatinum (II) in
immunocytoma model in the LOU/M rat. Cancer Res 1983, 43,
4927-4934.

Franks CR, Materman E, Nys G, et al. TN06 (1,1-diamino-
methylcyclohexane sulphate platinum II, NSC 311056) in
phase II trials. Proc ECCO 1985, 3, 84.

Kelland LR, Abel G, McKeage M]J, er al. Preclinical antitumor
evaluation of bis-acetato-ammine-dichloro-cyclohexane plati-
num (IV): an orally active platinum drug. Cancer Res 1993, 53,
2581-2586.

Rose WC, Crosswell AR, Schruig JE, Casazza AM. Preclinical
antitumor activity of orally administered platinum (IV) com-
plexes. Cancer Chemother Pharmacol 1993, 32, 197-203.
Harrap KR. Initiatives with platinum and quinazoline-based
antitumor molecules. Fourteenth Bruce F. Cain Memorial
Award Lecture. Cancer Res 1995, 55, 2761-2768.

Rose WC. Combination chemotherapy involving orally admi-
nistered etoposide and JM-216 in murine tumor models. Can-
cer Chemother Pharmacol 1997, 40, 51-56.

McKeage M], Mistry P, Ward ], er al. A phase I and pharma-
cology study of an oral platinum complex, JM-216: dose-
dependent pharmacokinetics with single-dose administration.
Cancer Chemother Pharmacol 1995, 36, 451-458.

McKeage MJ, Raynaud F, Ward J, et al. Phase I and pharma-
cokinetic study of an oral platinum complex given daily for 5
days in patients with cancer. ¥ Clin Oncol 1997, 15, 2691-2700.
Saraf N, Smith R, Brassard C, et al. Phase I trial of the oral
platinum analog BMS-182751 (JM-216) in patients with
refractory cancer. Proc Am Soc Clin Oncol 1996, 15, 485.

Fujii H, Sasaki Y, Tomura T, Negoro S, Fukuoka M, Saijo N.
A phase I and pharmacokinetic (PK) study of the oral platinum
(Pt) analog JM216. Proc Am Soc Clin Oncol 1997, 16, 215a.
Pagani O, Bauer J, Borner M, et al. Phase I study of the oral
platinum derivative JM216 given daily for 14 days. Ann Oncol
1996, 7(Suppl 5), 125.

Hoffman P, Masters G, Mauer A, er al. A phase I study of JM-
216 with concomitant radiation therapy for patients with
malignancies of the chest. Lung Cancer 1997, 19(Suppl 1), 71.
Groen HJM, Smit EF, Bauer ], ez al. A phase II study of oral
platinum JM-216 as first-line treatment in small cell lung can-
cer. Proc Am Soc Clin Oncol 1996, 15, 378. Abstract.

Judson I, Cerny T, Epelbaum R, ez al. Phase II trial of the oral
platinum complex JM216 in non-small cell lung cancer: an
EORTC early clinical studies group investigation. Ann Oncol
1997, 8, 604-606.

Peereboom DM, Wood L, Connell C, et al. Phase II trial of
oral BMS-182751 (JM-216) in hormone refractory prostate
cancer. Proc Am Soc Clin Oncol 1997, 16, 339a.

Miglietta L, Cannobbio L, Boocardo F. Assessment of
response of carboplatin in patients with hormone-refractory
prostate cancer: a critical analysis of drug activity. Anticancer
Res 1995, 15, 2825-2828.

Parker R], Vionnet JA, Bostick-Bruton F, Need E. Ormaplatin
sensitivity/resistance in human ovarian cancer cells made resis-
tant to cisplatin. Cancer Res 1993, 53, 242-247.

Christian MC. Overview of clinical results with ormaplatin.
Proc Int Symposium on Platinum and Other Metal Coordination
Compounds in Cancer Chemotherapy 1995, 7, S.128.

Cleare M], Hydes PC, Walerbi BW, ez al. Antitumor platinum
complexes: relationship between chemical properties and
activity. Biochimie 1978, 60, 835-850.

Lee FH, Canetta R, Issell BF, Lenaz L. New platinum com-
plexes in clinical trial. Cancer Treat Rev 1983, 10, 39-52.
Wolpert-DeFilippes MK. Antitumor activity of cisplatin ana-
logs. In Prestayko AW, Crooke ST, Carter SK, eds. Cisplatin,
Current Status and New Developments. New York, Academic
Press, 1980, 183-192.

Creaven PJ, Madajewicz S, Pendyala L, ez al. Phase I clinical
trial of cis-dichloro-trans-dihydroxy-bis-isopropylamine (IV)
(CHIP). Cancer Treat Rep 1983, 67, 795-800.



1534

121.

122.

123.

124.

125.

126.

127.

D. Lebwohl and R. Canetta

Bramwell VHC, Crowther D, O’Malley S, er al. Activity of JM9
in advanced ovarian cancer: a phase I-II trial. Cancer Treat Rep
1985, 69, 409-416.

Sessa C, Vermorken J, Renard ], er al. Phase II study of ipro-
platin in advanced ovarian carcinoma. ¥ Clin Oncol 1988, 6, 98—
105.

Weiss G, Green S, Alberts DS, er al. Second-line treatment of
advanced measurable ovarian cancer with iproplatin: a South-
west Oncology Group Study. Eur ¥ Cancer 1991, 27, 135-13.
Madajewicz S, Takita H, Creaven P, Canetta R, Plager J. Small
cell carcinoma of the lung. Phase II study of iproplatin as the
single agent and combination chemotherapy of iproplatin and
etoposide. Proc Eur Conf Clin Oncol 1985, 3, 98.

Cappelaere P, Guiochet N, Bastit PH, er al. Phase II trial of
iproplatin in advanced squamous cell carcinoma of the head
and neck, oesophagus and lung. Eur ¥ Cancer 1993, 29, 1216.
McGuire WP, Blessing JA, Hatch K, DiSaia PJ. A phase II
study of CHIP in advanced squamous cell carcinoma of the
cervix (A Gynecological Oncology Group Study). Invest New
Drugs 1986, 4, 181-186.

Seynaeve C, Rodenburg CJ, Von Leeuwen JTM, et al. Ipro-
platin (CHIP) as first-line chemotherapy in metastatic transi-
tional cell carcinoma of the urinary tract. Proc Eur Conf Chn
Oncol 1989, 5, P.0568.

128.

129.

130.

132.

Granfortuna JM, Newman N, Ginsberg SJ, ez al. Phase II study
of iproplatin (CUT) in previously treated small-cell lung can-
cer. Am ¥ Clin Oncol 1989, 12, 355-357.

Franks CR, Nys G, Schultz HP, Schmoll HJ, Canetta R,
Rozencweig M. Randomized phase II trial of carboplatin vs
iproplatin in solid tumors. Proc Am Soc Clin Oncol 1986, 5, 129.
Canetta R, Rozencweig M, Carter SK. Carboplatin: the clinical
spectrum to date. Cancer Treat Rev 1985, 12(Suppl A), 125-
136.

. Trask C, Silverstone A, Ash CM, et al. A randomized trial of

carboplatin versus iproplatin in untreated advanced ovarian
cancer. ¥ Clin Oncol 1991, 9, 1131-1137.

Gurney H, Crowther D, Anderson H, ez al. Five year follow-up
and dose delivery analysis of cisplatin, iproplatin or carboplatin
in combination with cyclophosphamide in advanced ovarian
cancer. Ann Oncol 1990, 1, 427-433.

Acknowledgement—An abbreviated version of this paper was pre-
sented on the occasion of a symposium organised for honouring
Patrick Creaven, M.D., Ph.D. Dr Creaven’s contributions to the
study of the pharmacology of platinum coordination compounds
have been vast, have spawned over several years and several com-
pounds and are herewith gratefully acknowledged.



