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Summary 

Chemotherapy, surgery and radiotherapy continue to be the mainstay treatments of cancer. Over 700 FDA-

approved drugs have entered into clinical practice during the last 30 years. The clinical success of cisplatin has been 

the main impetus for the evolution of the family of platinum compounds. Out of over 3000 platinum compounds 

synthesized only about 35 have exhibited adequate pharmacological advantages relative to cisplatin to justify 

clinical testing.  Of those, carboplatin and oxaliplatin have been registered worldwide and entered clinical practice 

with big success. Nedaplatin has been registered in Japan for the treatment of head and neck, testicular, lung, 

ovarian, cervical, and non-small-cell lung cancers. Although the activity of heptaplatin (SKI2053R) is clearly lower 

than that of cisplatin in gastric cancer, its lower toxicity profile gave its registration in South Korea. Lobaplatin has 

been approved in China for the treatment of chronic myelogenous leukemia (CML), inoperable, metastatic breast 

and small cell lung cancer after successful Phase II testing. The main objectives for the development of novel 

platinum drugs is the reduction in the side effects of cisplatin, the enhancement of their therapeutic index and their 

effectiveness against cisplatin-resistant tumors with a potential application in patients who relapse after first-line 

platinum-based treatment. In this respect, the clinical development of novel platinum compounds has been 

disappointing in spite of findings of low cross resistance to cisplatin and superior therapeutic index in cell lines or in 

preclinical studies. This review focuses on platinum complexes in clinical practice and those in clinical evaluation 

with emphasis on their molecular mechanisms; furthermore, platinum compounds were selected out of a huge list 

synthesized that were grouped according to structural similarities in an attempt to relate mechanisms of action and 

structure to toxicities, side effects and clinical performance. These include JM-11, PAD, enloplatin, zeniplatin, 

cycloplatam, spiroplatin (TNO-6), ormaplatin (tetraplatin), iproplatin, the polynuclear platinum BBR3464, 

aroplatin, and platinum conjugate compounds. The vast majority of platinum compounds synthesized have been 

abandoned because of low efficacy, high toxicity, low water insolubility and other reasons. Although it is difficult to 

predict the clinical performance of a new platinum compound on the sole basis of its structure, nevertheless, 

structural features can provide important clues on its performance. A number of platinum compounds including 

the orally administered JM216 (satraplatin) that recently failed in hormone refractory prostate cancer, the 

sterically hindered ZD0473 (picoplatin) being tested as second-line in patients with small cell lung cancer, a 

liposomal cisplatin (Lipoplatin) tested as first-line in patients with non-small-cell lung carcinoma (NSCLC), and a 

liposomal oxaliplatin (Lipoxal), are under clinical evaluation. Lipoplatin has shown targeting to tumors and 

metastases with a staggering up to 200-fold higher accumulation compared to adjacent normal tissue in human 

studies. Adverse effects and low anticancer activity in Phase I and II clinical studies has been the main reason of 

abandonment of platinum drugs. Among all platinum compounds reviewed here, none has attained the efficacy and 

broadness of cisplatin. Of the two cisplatin liposomal formulations tested in the clinic, SPI-77 has failed in Phase II 

clinical trials and was abandoned in spite of successful preclinical performance whereas Lipoplatin progresses 
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successfully through Phase III clinical trials in NSCLC with a response rate and stable disease of over 70%. 

Reformulation, for example via liposomal encapsulation into tumor targeted nanoparticles, could resurrect 

abandoned compounds. 

 

Abbreviations: 5-Fluorouracil (5-FU); Chronic myelogenous leukemia (CML); Deoxyribonuclease I (DNase I); 

Diaminocyclohexane (DACH); Dose-limiting toxicity (DLT); Epidermal growth factor receptor (EGFR); Glutathione (GSH); High 
Mobility Group (HMG); High-performance liquid chromatography (HPLC); Hormone-refractory prostate cancer (HRPC); Hydroxy 
propyl methacrylamide (HPMA); Inhibitor of apoptosis proteins (IAPs); Liposomal neodecanoato-diaminocyclohexane platinum (II) 
(L-NDDP); Maximum tolerated dose (MTD); Metastatic colorectal cancer (mCRC); Monoclonal antibodies (Mabs);  Multidrug and 

toxin extrusion (MATE); Non-small-cell lung carcinoma (NSCLC); Nuclear magnetic resonance spectroscopy (NMR); Nucleotide 
excision repair (NER); Organic cation transporters (OCT);  Overall response rate (ORR); Overall survival (OS); Phosphatidyl inositol 3 
kinase (PI3K); Progression-free survival (PFS); Protein kinase C (PKC); Small cell lung cancer (SCLC); Small interfering RNA 

(siRNA);  Squamous cell carcinoma of the head and neck (SCCHN); TNF!-Related Apoptosis-Inducing Ligand (TRAIL); Tumor 

necrosis factor-! (TNF-!); Vascular endothelial growth factor receptor (VEGFR). 

 

 

I. Introduction  

The global cancer market is poised for ongoing 

expansion with sales set to exceed $60 billion by 2010 
and continues to grow at 12% per annum. The top 20 
anticancer drugs generated sales of $20.1 billion in 2005 
across the seven major markets (USA, Japan, Germany, 

UK, France, Italy, Spain). Oxaliplatin (Eloxatin of 
Sanofi-Aventis), one of the three platinum compounds, 
reached world-wide sales of $1.9 billion in 2005 and 
$2.2 Bn in 2006. The cancer market has created strong 
opportunities for a range of established and emerging 
biotechnology and pharmaceutical companies.  

One obstacle in oncology is how to implement 

ingenious discoveries deciphering pathways of 
molecular carcinogenesis and ways to arrest tumor cell 
proliferation from the bench to the clinic. Unmet needs 
across the cancer market remain high, with most 
therapies conferring low levels of specificity and high 
toxicity. Although chemotherapy, surgery and 

radiotherapy continue to be the mainstay treatments of 
cancer, a number of additional modalities are currently 
used or are expected to change the landscape of the 
anticancer drug market. Biological drugs and targeted 
therapies are aimed at a specific cellular target, such as 
small molecules that inhibit a specific protein molecule 
that is a key player in signal transduction, in apoptosis, 
in the cell cycle or in other important cellular pathways.  

 Proteins that play a key function in cellular 

processes in cancer cells might also be targets of gene 
therapy, of RNAi (inhibitory RNA also called small 
interfering RNA, siRNA), of antisense, of ribozymes and 
of triplex-forming oligodeoxyribonucleotides. Use of 

monoclonal antibodies (Mabs) directed against CD20 
(Rituximab, commercial name:  Rituxan MabThera), 
Her2/neu (Trastuzumab, commercial name: Herceptin), 
VEGF (Bevacizumab, commercial name: Avastin), 
EGFR (Cetuximab commercial name: Erbitux) made an 
important impact in the treatment of cancer. Herceptin 
and MabThera were the first monoclonal antibodies to 
receive FDA approval in 1997 - 1998 whereas Avastin 
received FDA approval in 2004 as first line treatment 

against NSCLC and is has become a blockbuster drug 

(reviewed by Cabebe and Wakelee, 2007). However, Mabs 

are not innocent drugs and toxicities have been noted 
especially in their chemotherapy drug combinations; for 
example, trastuzumab combined with anthracycline 
chemotherapy in metastatic breast cancer showed a high 
incidence of congestive heart failure (Ewer and 
O'Shaughnessy, 2007).  

Virotherapeutics, the study of viruses endowed with 

the ability to kill cancer cells because of differentiating 
characteristics compared to normal cells, still at its infancy 
because of unsolved issues in delivery in vivo, promises to 
provide new drugs against cancer (Thorne et al, 2007). 
Modern drug designers and pharmaceutical companies have 
used a method older than Hippocrates extensively; we trust 

that nature has developed such mechanisms in plants, 
marine organisms and others. Researchers then test whole 
extracts or fractions for anticancer activities in cell cultures 
or animals to come up with the identification of the 
compounds endowed with anticancer activity, the 
elucidation of their structure and methods for chemical 
synthesis to spear depletion or destruction of the plant or 
marine organism (Tee et al, 2007; Li and Jiang, 2007). Such 
an example of human ingenuity led to the development of 

taxanes and epothilones whereas vinca alkaloids also owe 
their development to plants.   

The serendipitous discovery of the anticancer 
properties of cisplatin and its clinical introduction in the 

1970s represent a major landmark in the history of 
successful anticancer drugs. Cisplatin, carboplatin, 
oxaliplatin and most other platinum compounds induce 
damage to tumors via induction of apoptosis; this is 
mediated by activation of signal transduction leading to the 
death receptor mechanisms as well as mitochondrial 
pathways. Apoptosis is responsible for the characteristic 
nephrotoxicity, ototoxicity and most other toxicities of the 
drugs. Almost forty years after the first report on the 

biological activity of cisplatin, two additional drugs, 
carboplatin and oxaliplatin, are in routine clinical use today, 
whereas nedaplatin, lobaplatin, and heptaplatin (SKI2053R) 
are only approved in Japan, China, and South Korea, 
respectively. 

Nanotechnology opens a new bright window in 

molecular oncology and promises to reformulate new and 



Cancer Therapy Vol 5, page 539 

539 

 

preexisting drugs into nanoparticles with altered 
biodistribution and improved pharmacokinetics; the goal 
is to reduce side effects, to enhance therapeutic efficacy 
by targeting the nanoparticles to tumors and by hiding 
the drug from plasma proteins or macrophages to ensure 

longevity in body fluids, essential for targeting to tumors 
using the leakiness of their vasculature. One fruit of the 
effort evolved from the genesis of the field of liposomes 
(Lasic and Papahadjopoulos, 1995; Gregoriadis et al, 
2003; Sofou, 2007). Nanoparticles composed of a variety 
of polymers including peptides, dendrimers, 
hyperbranched polymers, polyethyleneimine, poly 
(lactide-co-glycolide), chitosan, metallic nanoparticles 

(Dini et al, 2003; Sideratou et al, 2006; Basarkar and 
Singh, 2007), colloidal drug delivery systems (Boyd, 
2008), and magnetic nanoparticles for cancer imaging 
(Tang et al, 2007) have been developed. Paclitaxel, 
doxorubicin, 5-fluorouracil and dexamethasone have 
been successfully formulated into nanomaterials (Suri et 
al, 2007) whereas nanodiamond hydrogels were used for 
doxorubicin formulations (Huang et al, 2007). Surface 
modification of nanoparticles permits the attachment of 

targeting molecules for therapeutic applications (Jiang et 
al, 2007). Tumor specific drug targeting involving 
liposomes, immunoliposomes, microspheres and 
nanoparticles are now widely used at the experimental 
level and several have entered the clinic (Boulikas, 
2007).  

 

II. Classification of chemotherapy 

drugs  

Chemotherapy Drugs can be classified to six major 

groups (L01 class by ATC criteria) (Figure 1). These 
are:  

1. Platinum Co-ordination Complex 

a. Cisplatin 

b. Carboplatin 

c. Oxaliplatin 

2. Antimicrotubule Agents 

a. Vinca alkaloids (vinblastine, vinorelbine) 

b. Taxanes (paclitaxel, docetaxel) 

3. Antimetabolites 

a. Methotrexate 

b. Fluoropyrimidines (e.g. 5FU, capecitabine) 

c. Cytocine Arabinose (e.g. cytarabine) 

d. Gemcitabine 

4. Antitumor Antibiotics 

a. Actinomycin D 

b. Mitomycin C 

c. Bleomycin 

d. Anthracyclines (doxorubicin, daunorubicin) 

e. Podofylotoxines (etoposide, teniposide) 

f. Camptothecines (irinotecan, topotecan) 

5. Alkylating Agents 

a. Cyclophosphamide 

b. Nitrogen mustard- or L-phenylalanine mustard-based agents 
(mechorethamine & mephalan, respectively) 

c. Nitrosoureas e.g. carmustine 

d. Alkane sulfonates, e.g. busulfan 

6. Others, includes drugs that do not fall into any of these 

categories (Monoclonal antibodies, signaling inhibitors).  

 

 

 
 

Figure 1. Classification of chemotherapy drugs  

 

 

III. Combination chemotherapy  

Combination chemotherapy is important in most 

cancer treatment regimens to exploit synergy between 
chemotherapy drugs. The molecular mechanisms of 
chemotherapeutic drugs may differ; thus, their combination 
will combat tumor cells more effectively because it hits two 
or three different targets. The accepted standard of care for 
first-line treatment of advanced NSCLC is a platinum agent 
combined with docetaxel, paclitaxel, gemcitabine, 
vinorelbine or irinotecan (Belani, 2005). The advantage 
using combinations of gemcitabine (a nucleoside analogue 

that incorporates into DNA and inhibits DNA synthesis), 
topotecan (an inhibitor of topoisomerase I), doxorubicin 
(intercalates into DNA and inhibits topoisomerase II), and 
etoposide (a plant alkaloid that inhibits topoisomerase II) 
with platinum has been attributed to inhibition of DNA 
synthetic pathways involved in the repair of platinum-DNA 
adducts. Gemcitabine and cisplatin act synergistically, 
increase platinum-DNA adduct formation and induce 
concentration and combination dependent changes in 

ribonucleotide and deoxyribonucleotide pools in ovarian 
cancer cell lines (Van Moorsel et al, 2003). The combination 
of nedaplatin and irinotecan, a topoisomerase I inhibitor, 
showed synergistic interaction in cell cultures by concurrent 
exposure to both drugs; on the other hand, sequential 
exposure to the two drugs led only to additivity (Kanzawa et 
al, 2001). Neither cisplatin nor carboplatin coadministration 
affected significantly the pharmacokinetics of etoposide on a 

randomized cross-over clinical trial involving 15 patients. 
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Thus in this case the interaction between etoposide and 
platinum drugs is small and the clinical impact is 
unlikely to be significant (Thomas et al, 2002). Many 
drug combinations involving platinum complexes have 
been explored, but those with taxanes are particularly 

noteworthy. Paclitaxel in combination with a platinum 
agent is now accepted as a standard component of first-
line treatment for ovarian cancer, and produces 
improved survival (reviewed by Judson and Kelland, 
2000). Recent clinical trials comparing concurrent 
chemotherapy and radiation with radiation alone in 
cervical cancer have shown that chemoradiation reduces 
the risk of death by 30-50% (Koivusalo et al, 2002). In 

addition, recently randomized trials show an overall 
survival advantage of 30% for cisplatin-based 
chemotherapy given concurrently with radiation therapy 
(Berclaz et al, 2002). The molecular mechanism lies in 
the induction of strand breaks by the ionizing radiation 
that adds to platinum crosslinks and poses a formidable 
task to the DNA repair machinery. 

 

IV. Cisplatin 

A. Cisplatin in cancer treatment 

Cisplatin, cis-diamminedichloroplatinum (II), 

(Figure 2), since its serendipitous discovery in 1965 by 
Rosenberg experimenting on the effect of electric fields 
on the cell division of bacteria, its identification in 1969 
and its clinical application in the early 70s continues to 
be a cornerstone in modern chemotherapy; cisplatin 
plays an important role in the treatment of epithelial 

malignancies and has brought the cure of testicular 
cancer. The use of cisplatin and its effectiveness in 
cancer chemotherapy has been thoroughly documented. 
It is used as a principal component for the treatment of 
testicular, ovarian and bladder cancer. In addition, 
cisplatin is being used as first line chemotherapy against 
cancers of the lung, head-and-neck, esophagus, stomach, 
colon, bladder, cervix, uterus and as second line 
treatment against most other advanced cancers such as 

cancers of the breast, pancreas, liver, kidney, prostate as 
well as against glioblastomas, metastatic melanomas, 
and peritoneal or pleural mesotheliomas (reviewed by 
Rosenberg, 1977; Hill and Speer, 1982; Lippert 1999; 
Wong and Giandomenico 1999; Boulikas and 
Vougiouka, 2003; 2004). A literature-based meta-
analysis of twenty trials that involved 6,296 patients has 
recently concluded that platinum/gemcitabine 

combinations improve progression-free survival (PFS) 
and the overall response rate (ORR) in advanced 
pancreatic cancer (Bria et al, 2007).  

The clinical use of cisplatin has been impeded by 
severe adverse reactions including renal toxicity, 

gastrointestinal toxicity (emetogenesis), peripheral 
neuropathy, asthenia, and ototoxicity; the side effects of 
cisplatin treatment are severe (see below). 

Cisplatin reacts directly with sulfur groups (such as 

glutathione) and intracellular levels of glutathione have 
been linked to cisplatin detoxification (reviewed by 

Boulikas, 2007). Because of the strong reactivity of 
platinum compounds with S-donor molecules, cysteine- and 
Zn-rich proteins, metallothioneins, efficiently inactivate 
platinum drugs. Trans-PtII compounds react faster with 
Zn7-metallothionein-2 than cis-PtII compounds. Whereas all 

ligands in cis-PtII compounds were replaced by cysteine 
thiolates, trans-PtII compounds retained their N-donor 
ligands, thus remaining in a potentially active form, a fact 
with important implications in our understanding of 
acquired resistance to platinum drugs (Knipp et al, 2007).  

 

B. Cisplatin and DNA damage 

DNA is accepted to be the cellular target of cisplatin 

and the antitumor effects of platinum complexes are 
believed to result from their ability to form various types of 
adducts with DNA, which block replication and 
transcription and induce cell death (Johnson NP et al 1989, 
Johnson SW et al 1998). Also, the nature of DNA adducts 
affects a number of transduction pathways and triggers 
apoptosis and necrosis in tumor cells (Fuertes et al, 2003), 
therefore mediating the cytotoxicity of platinum compounds 

and resistance. Platinum drug resistance is a multifactorial 
process and can occur through several mechanisms such as 
decreased platinum drug uptake by resistance at the cell 
membrane, increased drug efflux, drug inactivation by 
glutathione and metallothioneins, evasion of apoptosis and 
enhancement of DNA repair (Morin, 2003; Siddik, 2003). 
Repair of platinum drug damage on the DNA involves well-
described repair mechanisms such as NER, MMR, RR and 
TTS. The elucidation of the molecular mechanisms that 

mediate cisplatin mode of action, resistance and sensitivity 
provided the necessary background for the design and 
synthesis of new platinum compounds with improved 
toxicity profile, circumvention of resistance and expansions 
of tumor panel. 

The antitumor properties of cisplatin are attributed to 

the kinetics of its chloride ligand displacement reactions 
leading to DNA crosslinking activities (Figure 2) causing 
DNA bending and interfering with DNA replication, 
transcription and other nuclear functions and arresting cancer 
cell proliferation and tumor growth. Intrastrand cross-links to 
d(GpG) and to d(ApG) are the most abundant species in 
cisplatin-damaged DNA. 1,2-d(GpG) DNA intrastrand 

cross-links (cisplatin lesions) stall RNA polymerase II (Pol 
II) and trigger transcription-coupled DNA repair; Pol II 
stalling results from a translocation barrier that prevents 
delivery of the lesion to the active site (Damsma et al, 
2007). Because of its action on the DNA cisplatin is highly 
mutagenic and carcinogenic in both in vitro and in vivo 
experimental models (Sanderson et al, 1996). 

Cisplatin adducts are repaired by the nucleotide 

excision repair (NER) pathway involving, among others, 
recognition of the damage by High Mobility Group (HMG) 
nonhistone proteins and mismatch repair proteins as well as 
ERCC-1, one of the essential proteins in NER. Defects in 

DNA mismatch repair produce low-level resistance to 
cisplatin from the failure to recognize the cisplatin adduct 
and propagate a signal to the apoptotic machinery. 
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Therapeutic interventions at all these molecular levels, 
either with gene transfer or with small molecules that 
interfere with these processes, would greatly affect the 
ability of cancer cells to cope with cisplatin damage 
(Boulikas, 2007). The discovery of novel platinum 

molecules could also lead to novel advancements in 
bypassing cisplatin resistance (McKeage, 2005). 

 

C. Cisplatin and modulation of signaling 

A number of additional properties of cisplatin are 
now emerging including activation of signal transduction 
pathways leading to apoptosis. Firing of such pathways 

may originate at the level of the cell membrane after 
damage of receptor or lipid molecules by cisplatin, in the 
cytoplasm by modulation of proteins via interaction of 
their thiol groups with cisplatin, for example involving 
kinases, and other enzymes or finally from DNA damage 
via activation of the DNA repair pathways (reviewed by 
Boulikas and Vougiouka, 2003, 2004; Boulikas, 2007). 
Activation of p38 MAPK is a critical requisite for the 
therapeutics activity of cisplatin; although c-Abl as a 

major determinant of p38 MAPK activation, p38 MAPK 
activation in response to cisplatin does not require the 
tyrosine kinase activity of c-Abl but instead involves the 

ability of c-Abl to increase the stability of MKK6 (Galan-
Moya et al, 2008).  

Cisplatin induces oxidative stress and is an activator of 

stress-signaling pathways especially of the mitogen-
activated protein (MAP) kinase cascades. Cisplatin induces 
caspase activation in enucleated cells (cytoplasts lacking a 
cell nucleus) in a mechanism associated with rapid induction 
of cellular reactive oxygen species and increases in Ca2+, 
induces clustering of Fas/CD95 in the plasma membrane, 

long-term growth arrest ("premature cell senescence"), and 
mitotic catastrophe (reviewed by Boulikas, 2007; Havelka et 
al, 2007). Cisplatin induced E-cadherin cleavage resulting in 
disconnection of the actin cytoskeleton and accumulation of 
E-cadherin and beta-catenin in the cytoplasm; E-cadherin 
cleavage was caused by a caspase-3-mediated mechanism 
involving the Akt/PKB and the ERK1/2 signaling pathways 
known to be activated by cisplatin (Fuchs et al, 2008).  

Cisplatin is a pleitropic molecule and additional 

mechanisms of action have been described. For example, a 
novel mechanism that may be involved in the activity and/or 
toxicity of platinum agents is its ability to inhibit pre-mRNA 
splicing, an important mechanism in the biosynthesis of 

mRNA; the inhibitory activity decreased in the order: 
ormaplatin > cis-tetraplatin > cisplatin > iproplatin > 
carboplatin (Schmittgen et al, 2003).  

 

 

 

 

Figure 2. DNA adduct formation with cisplatin leaving two amino groups coordinated on the platinum atom  
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D. Adverse effects of cisplatin 

Since the reduction of the renal side effects with 

hydration and of the gastrointestinal side effects with 
antiemetics, neurotoxicity is the most important adverse 
effect associated with cisplatin chemotherapy occurring 
in ~47% of treated patients. The symptoms include 
numbness, tingling, paresthesiae in the extremities, 
difficulty in walking, decreased vibration sense in the 

toes, deep tendon reflexes, loss of the ankle jerks, 
difficulty with manual dexterity, difficulty with 
ambulation from a deficit in proprioception and gait 
disturbances. Unfortunately, neuropathy is long-term 
with significant worsening of the symptoms in the first 4 
months that may persist for over 52 months after 
stopping cisplatin treatment. Higher platinum 
concentrations in tissues from the peripheral nervous 
system (peripheral nerves and dorsal root ganglia) 

compared to tissues from the central nervous system 
(brain, spinal cord) seem to correlate with clinical 
symptoms of peripheral neuropathy (Al-Sarraf, 1987; 
Hill and Speer, 1982). Cisplatin when combined with 
other cytotoxic agents has shown an improved response 
rate and survival in a moderate to high number of 
patients suffering from a number of malignancies. The 
cumulative dose of cisplatin is a strong risk factor for the 

development of nephrotoxicity in patients who receive 
high doses of ifosfamide, cisplatin and etoposide 
combinations (Caglar et al, 2002). Neutrophil gelatinase-
associated lipocalin (NGAL) is a biomarker for renal 
damage after cisplatin treatment of cancer patients of 
greater diagnostic value than increased creatinine levels 

(Devarajan, 2005, 2007). The significant risk of 
nephrotoxicity caused by cisplatin frequently hinders the 
use of higher doses to maximize its antineoplastic effects 

(Humes, 1999; Arany and Safirstein, 2003). 

A number of agents have been shown to ameliorate 
experimental cisplatin nephrotoxicity; these include 
antioxidants (e.g. melatonin, vitamin E, selenium, and 

many others), modulators of nitric oxide (e.g. zinc 
histidine complex), agents interfering with metabolic 
pathways of cisplatin (e.g. procaine HCl), diuretics (e.g. 
furosemide and mannitol), and cytoprotective and 
antiapoptotic agents (e.g. amifostine and erythropoietin). 
On the contrary, nitric oxide synthase inhibitors, 
spironolactone and gemcitabine augment cisplatin 
nephrotoxicity (reviewed by Ali and Al Moundhri, 
2006). Tubular cell repair in acute kidney injury can be 

accelerated by administration of bone marrow-derived 
mesenchymal stem cells (MSC) in mice; the mitogenic 
and pro-survival factor IGF-1 produced by the 
mesenchymal stem cells is responsible for restoring renal 
tubular structure and improving renal function (Imberti 
et al, 2007).  

The ototoxicity arises from apoptosis in auditory 

sensory cells induced by cisplatin (Devarajan et al, 
2005). In order to explain the absence of ototoxicity 
with carboplatin Thomas and coworkers (2006) 
measured the formation and persistence of drug-induced 
DNA adducts in the nuclei of inner ear cells of guinea 

pigs after short-term exposure to either cisplatin or 
carboplatin.  After application of carboplatin, all cells of the 
cochlea exhibited a similar burden of guanine-guanine 
intrastrand cross-links in DNA. In contrast, they observed a 
pronounced 3- to 5-fold accumulation of this cytotoxic 

adduct exclusively in the marginal cells of the stria 
vascularis between 8 and 48 h after treatment with cisplatin; 
generation of radical oxygen species was found to be a 
secondary event in cisplatin ototoxicity. A preferential 
formation of cytotoxic DNA adducts was measured in the 
tubular epithelial cells but not in other renal cell types in the 
same animals after cisplatin treatment (Thomas et al, 2006).  

 

E. Cisplatin resistance  

Intrinsic and acquired resistance hinders the 

effectiveness of platinum drugs in the treatment of cancer. 
Cisplatin resistance could arise from reduced platinum 
uptake, increased efflux, intracellular detoxification by 
glutathione, increased DNA repair, decreased mismatch 
repair, defective apoptosis, modulation of signaling 
pathways, or presence of quiescent non-cycling cells 

(Stewart, 2007; Kuo et al, 2007; Rabik and Dolan, 2007; 
Boulikas, 2007). Reduced platinum uptake appears to be the 
most important mechanism. The role of glutathione (GSH) 
in the effectiveness of and resistance to 7 platinum 
compounds has been studied; complete cross-resistance to 
cisplatin for carboplatin and zeniplatin was found but less 
for enloplatin and iproplatin in both a human SCLC cell line 
and a human embryonal carcinoma cell line whereas 
tetraplatin and lobaplatin showed partial and complete cross-

resistance, respectively in the SCLC cell line only; GSH 
depletion by DL-buthionine-S,R-sulfoximine increased 
sensitivity except for lobaplatin and the Pt(IV) compounds 
iproplatin and tetraplatin (Meijer et al, 1992).  

An ovarian cancer cell line was selected that was 

resistant to cisplatin and was also found to be cross-resistant 
to carboplatin, tetraplatin and oxaliplatin; cross-resistance 
was associated with a reduced cellular platinum 
accumulation. Impaired cellular platinum accumulation 
could not be attributed to aberrant expression of MRP2 
(ABCC2), CTR1 (SLC31A1), ATP7A or ATP7B and was 
not associated with platinum inactivation by metallothionein 
and glutathione, but with impaired influx; the defect in 

accumulation was specific for platinum compounds in the 
cis-configuration since the resistant ovarian cancer cells did 
not show reduced accumulation of transplatin (Helleman et 
al, 2006). However, a cisplatin-resistant subline, derived 
from a cisplatin-sensitive human SCLC line and found to 
have a reduced accumulation of cisplatin and fewer DNA-
interstrand cross links formed in the presence of cisplatin 
displayed a low level of cross-resistance to carboplatin, 

tetraplatin, iproplatin, and lobaplatin (Jain et al, 1996). 

One strategy to overcome cisplatin resistance is to 
design platinum complexes that specifically deal with some 
or even all of the above-mentioned resistance mechanisms. 

However, in spite of over 30 years of intensive research, no 
more than 30 platinum compounds have exhibited adequate 
pharmacological advantages relative to cisplatin, in order to 
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be tested in clinical trials (Fuertes et al, 2002) and only 
four registered for clinical use (Judson and Kelland, 
2000) thus proving that the search for novel platinum 
compounds remains a difficult task.  

Tumor cells chronically exposed to cisplatin 

acquire resistance that impacts tumor therapy. Cisplatin 
often induces drug resistance after prolonged use, 
causing cancer relapse, failure of subsequent treatments 
and eventual death of patients. Even if an initial response 

occurs, acquired resistance due to mutations and 
epigenetic events limits efficacy. Resistance to cisplatin 
developed during first line treatment could also arise 
from alterations in DNA methylation resulting in the 
dysfunction of genes involved in cell-cell contact, in 
apoptosis and in several other pathways giving a survival 
advantage to chemoresistant cells. 

 

F. Induction of apoptosis and cisplatin 

sensitivity 

Development of cisplatin resistance could result 

either through the inhibition of apoptotic genes or 
activation of antiapoptotic genes. Tumors that are 
resistant to cisplatin might also become resistant to the 
induction of apoptotic cell death as a result of the 
development of survival mechanisms during malignant 
transformation. In particular, the overexpression of Bcl-
2-family members interferes with apoptosis initiation by 
cisplatin or by soluble death ligands (e.g. TRAIL). 
Parvovirus H-1 can kill cisplatin- and TRAIL-resistant 

glioma cells; Parvovirus H-1 infection triggers cell death 
through both the accumulation of lysosomal cathepsins 
B and L in the cytosol of infected cells and the reduction 
of the levels of cystatin B and C, two cathepsin 
inhibitors (Di Piazza et al, 2007).  

Inhibitor of apoptosis proteins (IAPs) are 

overexpressed in neoplasms to promote tumor cell 
survival. TNF-! can increase mRNA and protein levels 

of IAP-1, IAP-2, and XIAP, but not livin or surviving by 
promoting translocation to the nucleus of the TNF-
responsive transcription factor NF-"B.  Overexpression 

of IAPs promotes survival of malignant pleural 

mesothelioma cells after exposure to cisplatin and 
possibly other chemotherapeutic drugs. IAPs act 
synergistically with TNF family members to promote 
survival of MPM tumour cells after exposure to cisplatin 
and possibly other chemotherapeutic drugs (Gordon et 
al, 2007). TRAIL (TNF!-Related Apoptosis-Inducing 

Ligand) induces apoptosis in cancer cells and not in most 
normal cells. Nevertheless, certain cancer cells are 

resistant to TRAIL-induced apoptosis and this could 
limit TRAIL's efficiency in cancer therapy. To overcome 
TRAIL resistance, a combination of TRAIL with 
chemotherapy could be used in cancer treatment. 
TRAIL/cisplatin, in contrast to TRAIL/5-fluorouracil, 
was toxic toward human primary hepatocytes and resting 
lymphocytes although not to freshly isolated neutrophils 
(Meurette et al, 2006). This study suggests that cisplatin 
formulations (e.g. Lipoplatin) with tumor targeting 

properties and a lipid shell that “hides” the drug from blood 
components might show an advantage in TRAIL/cisplatin 
regimens.  

Epithelial ovarian carcinoma cells are generally 

resistant to CD95-dependent apoptosis. Cisplatin mediates 
killing of cancer cells by activating the intrinsic 
mitochondrial apoptotic pathway and the status of p53 is a 
key factor in determining the efficacy of apoptotic signaling. 
Pretreatment of OVCAR3 cells with cisplatin significantly 

improved receptor-dependent apoptotic signaling by up-
modulating CD95 receptor expression and increasing the 
death-inducing signaling complex formation efficiency even 
in cells with functionally inactivated p53 (Bagnoli et al, 
2007). NPRL2 is one of the novel candidate tumor 
suppressor genes and has been suggested to be involved in 
DNA mismatch repair, cell cycle checkpoint signaling, and 
regulation of the apoptotic pathways. Expression of NPRL2 
by nanoparticle-mediated gene transfer in 40 NSCLC cell 

lines gave cisplatin sensitivity; a 2- to 3-fold increase in 
induction of apoptosis by activation of multiple caspases in 
NPRL2-transfected cells was observed (Ueda et al, 2006). 
Expression of HuUO-44, that plays a role in ovarian cancer 
cell attachment and proliferation, was suppressed in the 
ovarian cancer cell line SKOV-3 after treatment with 
cisplatin and other chemotherapeutic drugs. Overexpression 
of HuUO-44 significantly conferred cisplatin resistance 

whereas small interfering RNAs (siRNAs) able to mediate 
HuUO-44 silencing resulted in the inhibition of cell growth 
and proliferation and correlated with cisplatin sensitivity; 
HuUO-44-specific siRNA oligonucleotides that can potently 
silence HuUO-44 gene expression may prove valuable 
pretreatment targets in cisplatin treatment (Leong et al, 
2007).  

 

V. Carboplatin 

Since the initial discovery of the anticancer activity of 

cisplatin, major efforts have been devoted to elucidate its 
mechanisms of antitumor activity in order to design novel 
platinum based drugs with superior pharmacological 
profiles. Over twenty years of intensive work toward 
improvement of cisplatin, and with hundreds of platinum 
drugs tested resulted in the introduction of the widely used 
carboplatin (Figure 3A) and of oxaliplatin used against a 
more narrow spectrum of cancers. The inception and 

promotion to the clinic of platinum drugs have been 
milestone achievements in clinical oncology.  

Carboplatin, cis-diammine (1,1-cyclobutane-
dicarboxylato) platinum (II), has a cyclobutanedicarboxylato 

leaving group (Figure 2) that facilitates a slower reaction 
with glutathione and metallotheonines compared to 
cisplatin; it can be inferred that carboplatin after cell 
internalization results in a higher nuclear concentration than 
cisplatin. The hydrolysis reaction mechanisms of carboplatin 
take place through a biphasic mechanism with a ring-
opening process followed by the loss of the malonato ligand 
(Pavelka et al, 2007). Compared with cisplatin, carboplatin 
has inferior efficacy in germ-cell tumors, head and neck 

cancers, and bladder and esophageal carcinomas, whereas 
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the two drugs appear to have comparable efficacy in 
ovarian cancer, extensive small-cell lung cancers 
(SCLC), and advanced non-small-cell lung cancers 
(Hartmann and Lipp, 2003). Carboplatin constitutes a 
reasonable alternative to cisplatin; it showed synergy 

with gemcitabine in vitro, is easier to use in ambulatory 
patients, and has a better nonhematologic toxicity 
profile. The combination of carboplatin with 
gemcitabine initially hampered by unacceptable platelet 
toxicity, has gained increasing acceptance against 
NSCLC. Combinations of carboplatin with paclitaxel or 
docetaxel are also used against NSCLC (Kosmidis et al, 
2002). The standard treatment for epithelial ovarian 

cancer remains surgical debulking and chemotherapy 
with carboplatin and paclitaxel (Matei, 2007). However, 
carboplatin has afforded benefit only in reducing some 
cisplatin toxicities; it has not enlarged the spectrum of 
platinum-sensitive cancers, nor has it proved active in 
cisplatin-resistant cancers 

Neither carboplatin nor oxaliplatin have achieved 

the broad-spectrum effectiveness of cisplatin. Although 
carboplatin was introduced in the 1980s, the pace of 
further improvements slowed for many years; however, 
in the past several years interest in platinum drugs has 
increased (reviewed by Kelland, 2007a; Cepeda et al, 
2007). Carboplatin proved markedly less toxic to the 

kidneys and nervous system than cisplatin and caused 
less nausea and vomiting, while generally (and certainly 
for ovarian cancer) retaining equivalent antitumor 
activity. Paclitaxel plus carboplatin was equally active 
and well tolerated compared to gemcitabine plus 
paclitaxel in a phase III randomized trial and gave 
response rates of 28.0% versus 35.0%  (Bhatia et al, 
2002). A Phase III randomized trial in 618 patients with 
advanced NSCLC gave a response rate of 25% (70 of 

279) in the paclitaxel/carboplatin arm and 28% (80 of 
284) in the paclitaxel/cisplatin arm (Rosell et al, 2002). 
The use of vinorelbine, gemcitabine, paclitaxel and 
docetaxel in combination with cisplatin or carboplatin 
against NSCLC has increased by as much as 10% the 
overall survival at one year. Carboplatin / paclitaxel-
based combination chemotherapy has become a very 
popular combination in the US against advanced NSCLC 
and has advantages to the older cisplatin-based 

chemotherapy (reviewed by Boulikas and Vougiouka, 
2003, 2004).  

Carboplatin resistance could arise from reduced 
platinum uptake, increased efflux, intracellular 

detoxification by glutathione, increased DNA repair, 
decreased mismatch repair, defective apoptosis, 
modulation of signaling pathways, or presence of 
quiescent non-cycling cells (Stewart, 2007). Selected 
DNA polymorphisms were examined in patients with 
ovarian cancer undergoing standard therapy that consists 
of carboplatin in combination with a taxane; specifically, 
16 key genes were examined linked to cellular 
sensitivity to taxanes (ABCB1, ABCC1, ABCC2, 

ABCG2, CDKN1A, CYP1B1, CYP2C8, CYP3A4, 
CYP3A5, MAPT, and TP53) and platinum (ABCC2, 

ABCG2, ERCC1, ERCC2, GSTP1, MPO, and XRCC1). No 
reproducible significant associations between genotype and 
outcome or toxicity were found for any of the genes 
analyzed (Marsh et al, 2007). In contrast to other 
publications, ERCC1 mRNA expression did not favor a 

prognostically better outcome after platinum-based 
chemotherapy in advanced NSCLC (Booton et al, 2007). 

Carboplatin is being evaluated in different 
combinations in various clinical studies. Paclitaxel, 

carboplatin, 5-fluorouracil, and radiation (4,500 cG) gave a 
response rate of 35% but with severe adverse events in 
locally advanced esophageal cancer (Jatoi et al, 2007). A 
phase I of biweekly gemcitabine and carboplatin for the 
treatment of patients with completely resected NSCLC as 
adjuvant chemotherapy did not reach the maximum tolerated 
dose; however, the recommended dose for a phase II study 
was gemcitabine 1000 mg/m2 on days 1 and 15 and 
carboplatin AUC 5 on day 1, every 4 weeks as a well-

tolerated regimen (Tomizawa et al, 2007). A partial 
response plus stable disease of 42% was observed with 
biweekly gemcitabine and carboplatin in patients with 
advanced solid tumors (Dudek et al, 2007). Biweekly 
paclitaxel and carboplatin combination appeared to be 
tolerable and sufficiently effective in frail patients with 
advanced NSCLC (Yanagitani et al, 2007). Combinations of 
carboplatin with the DNA methyltransferase inhibitor 

decitabine  (5-aza-2'-deoxycytidine) that induced 
demethylation in specific DNA landmarks in tumor biopsies 
has completed a Phase I clinical study (Appleton et al, 
2007). The antiangiogenic activity of thalidomide has been 
studied in combination with fludarabine, carboplatin, and 
topotecan in patients with acute myelogenous leukemia 
(Barr et al, 2007). Carboplatin and gemcitabine induction 
chemotherapy followed by radiotherapy concomitantly with 
low-dose paclitaxel and gemcitabine has been studied in a 

Phase II multicenter trial in stage III NSCLC (Hirsh et al, 
2007). Carboplatin plus vinorelbine with concomitant 
radiation therapy against NSCLC (Hoffman et al, 2002; 
Patel et al, 2007) and weekly irinotecan and daily 
carboplatin with concurrent thoracic radiotherapy (Yamada 
et al, 2002) have also been tested. Docetaxel, capecitabine 
and carboplatin gave a response rate and 1-year survival 
similar to more complex regimens in metastatic 
esophagogastric cancer (Evans et al, 2007). Irinotecan, 

carboplatin, and imatinib in all-cell lung cancer have also 
been tested; the addition of imatinib did not improve the 
results of chemotherapy alone (Spigel et al, 2007). Two-year 
survival of 76% was achieved in larynx or oropharynx 
patients using induction paclitaxel 175 mg/m2 and 
carboplatin AUC 6 for two cycles every 21 days followed 
by concurrent paclitaxel 30 mg/m2 every 7 days with 70 Gy 
(Cmelak et al, 2007).  

 

VI. Oxaliplatin 

Oxaliplatin, (trans-R,R-1,2-diaminocyclohexane) 

oxalate platinum(II), (Figure 3) is a third generation 
platinum drug with a diaminocyclohexane (DACH) entity, 
which has recently obtained worldwide approval for the 
clinical treatment of colon cancer, and apparently operates 
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by a different mechanism of action to the classical 
cisplatin or carboplatin.  

The alkaline hydrolysis of oxaliplatin produces the 

oxalato monodentate intermediate complex (pKa 7.23) 
and the dihydrated oxaliplatin complex in 2 consecutive 
steps. The monodentate intermediate is assumed to 
rapidly react with endogenous compounds (Jerremalm et 
al, 2003). The crystal structures of oxaliplatin bound to a 
DNA dodecamer duplex with the sequence 5'-d 

(CCTCTGGTCTCC) has been reported (Spingler et al, 
2001). The platinum atom forms a 1,2-intrastrand cross-
link between two adjacent guanosine residues bending 
the double helix by approximately 30 degrees toward the 
major groove. Crystallography has provided structural 
evidence for the importance of chirality in mediating the 
interaction between oxaliplatin and duplex DNA 
(Spingler et al, 2001). With oxaliplatin, like cisplatin, 
adduct lesions are repaired by the nucleotide excision 

repair system. Oxaliplatin, like cisplatin, is detoxified by 
glutathione (GSH)-related enzymes.  

Oxaliplatin produces the same type of inter- and 
1,2-GG intrastrand cross-links as cisplatin but has a 

spectrum of activity and mechanisms of action and 
resistance different from those of cisplatin and 
carboplatin. The cellular and molecular aspects of the 
mechanism of action of oxaliplatin have not yet been 
fully elucidated. However, the intrinsic chemical and 
steric characteristics of the non-hydrolyzable 

diaminocyclohexane (DACH)-platinum adducts on DNA 
appear to contribute to the lack of cross-resistance with 
cisplatin and carboplatin (reviewed by Di Francesco et al, 
2002). Platinum-DNA adducts result in DNA-strand breaks. 
The pyrimidine analog trifluorothymidine (TFT) forms 

together with a thymidine phosphorylase inhibitor (TPI) the 
anticancer drug formulation TAS-102, in which TPI 
enhances the bioavailability of TFT in vivo. The combined 
cytotoxic effects of oxaliplatin and TFT resulted in 
synergistic apoptosis for all human colorectal cancer cells 
examined (Temmink et al, 2007).  

ERCC1 and XPA expressions were predictive of 

oxaliplatin sensitivity in 6 colon cell lines in vitro (Arnould 
et al, 2003). Oxaliplatin combined with 5Fluorouracil and 
folinic acid improved the response rate and progression-free 
and overall survival of patients with advanced colorectal 
cancer (De Vita et al, 2005). The dose-limiting adverse 
reaction of oxaliplatin is neurotoxicity (sodium channel 

inactivation) and the kinetics are altered after exposure of 
animals to oxaliplatin. The results from preliminary clinical 
studies indicate that the sodium channel blockers 
carbamazepine and gabapentin may be effective in 
preventing neurotoxicity (Lersch et al, 2002). Fludarabine 
increases oxaliplatin cytotoxicity; inhibition by fludarabine 
of the activity of the DNA excision repair pathways 
activated by oxaliplatin adducts appears to be the 

mechanism of synergy of the two drugs studied in 
lymphocytes from patients with chronic lymphocytic 
leukemia (Moufarij et al, 2006).  

 

 

 

Figure 3. DNA adducts formed by oxaliplatin. 
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Oxaliplatin is active against colorectal tumors with 

an improved therapeutic index compared to cisplatin and 
carboplatin. The mechanisms for this tumor specificity 
could be related to differences in uptake. It was shown 
that the human organic cation transporters (OCT) 1 and 
2 (SLC22A1 and SLC22A2) markedly increased 
oxaliplatin, but not cisplatin or carboplatin, 
accumulation and cytotoxicity in six transfected colon 
cancer cell lines, indicating that oxaliplatin is an 

excellent substrate of these transporters. These results 
indicated that OCT1 and OCT2 are major determinants 
of the anticancer activity of oxaliplatin and may 
contribute to its antitumor specificity (Zhang et al, 
2006). In order to investigate the mechanisms of 
resistance to oxaliplatin, an oxaliplatin-resistant colon 
cell line was established that exhibited a 30.99-fold 
greater resistance to oxaliplatin compared to the parental 
line; proapoptotic genes such as STK17A and BNIP3 

were significantly down regulated, whereas the genes 
PSAP and GDIA1, which were involved in 
antiapoptosis, were overexpressed in the oxaliplatin-
resistant cell line (Tang et al, 2007).  A similar study 
used the human gastric adenocarcinoma cell line that 
was made resistant to oxaliplatin by continuous selection 
against increasing drug concentrations; the mechanism 
responsible for oxaliplatin and cisplatin resistance in 

these cells was the combination of increased DNA repair 
and overexpression of ATP7A (Chen et al, 2007). 

The neurological symptoms of oxaliplatin include 
(i) an initial transient peripheral sensory neuropathy 
manifesting as paresthesias and dysesthesia in the 

extremities sometimes accompanied by muscular 
contractions of the extremities or the jaw and (ii) a long-
term neuropathy presenting with deep sensory loss, 
sensory ataxia and functional impairment (similar to 
those observed with cisplatin), of late-onset, correlated 
with the cumulative-dose of oxaliplatin (Pasetto et al, 
2006). The peripheral neuropathy of oxaliplatin might be 
result from its ability to decrease both Na+ and K+ 

currents in a dose-dependent manner in single frog 
myelinated axons; it was found that oxaliplatin can 
modify the voltage-dependent ionic channels mainly by 
altering the external surface membrane potential (Benoit 
et al, 2006).  

The anticancer effects of oxaliplatin are optimized 

when it is administered in combination with other 
anticancer agents, such as 5-fluorouracil, gemcitabine, 
cisplatin, carboplatin, topoisomerase I inhibitors, and 
taxanes (reviewed by Ranson and Thatcher, 1999; 
Raymond et al, 2002). Oxaliplatin has a unique pattern 
of side effects and besides neurotoxicity they include 
hematological toxicity and gastrointestinal tract toxicity. 

Grade 3/4 neutropenia occurred in 41.7% of patients in a 
phase III clinical trial. Nausea and vomiting is usually 
mild to moderate and readily controlled with standard 
antiemetics. Nephrotoxicity is mild allowing 
administration of oxaliplatin without hydration (Cassidy 
and Misset, 2002). Sporadically, severe side effects may 
be observed such as tubular necrosis (Pinotti and 

Martinelli, 2002). Oxaliplatin in combination with 5-
fluorouracil, has been recently approved in Europe, Asia, 
Latin America and later in USA (2003) for the treatment of 
metastatic colorectal cancer. 

The chemotherapeutic treatment of colorectal cancer 

(CRC) has undergone somewhat of a revolution in the past 
5-10 years, with a variety of new drugs and regimens being 
either approved or under investigation. Worldwide, there is 
no consensus on the optimal treatment of CRC; this is 

particularly apparent with respect to advanced or metastatic 
disease. 5-fluorouracil (5-FU) has been used to treat CRC 
for about 50 years. In the 1980s, studies showed that the 
addition of leucovorin (LV; also known as folinic acid) 
improved the efficacy of 5-FU without a large increase in 
toxicity, thus 5-FU/LV became the standard of treatment for 
CRC. Several 5-FU/LV regimens have been developed, with 
infusional regimens favored in European countries over 
bolus administration, which was common practice in the 

USA. Today, however, the chemotherapy for CRC is more 
likely to consist of 5-FU/LV in combination with oxaliplatin 
or irinotecan (i.e. FOLFOX or FOLFIRI). Cetuximab 
(Erbitux), a human-mouse chimeric monoclonal antibody, 
which competitively binds to the accessible extracellular 
domain of EGFR to inhibit dimerization and, subsequently, 
inhibit tumour growth and metastasis, can be combined with 
oxaliplatin regimens against metastatic colorectal cancer 

(Blick and Scott, 2007). 

 

VII. Lipoplatin 

The Lipoplatin™ nanoparticle (Figure 4, left) is based 

on the formation of reverse micelles between cisplatin and 
DPPG under special conditions of pH, ethanol, ionic 
strength and other parameters.  Cisplatin-DPPG reverse 
micelles are subsequently converted into liposomes by 
interaction with neutral lipids. Lipoplatin and the platform 
encapsulation technology applied to its manufacturing 

procedure adds a strong tool in molecular oncology to wrap 
up preexisting anticancer drugs into nanoparticle 
formulations that alter the biodistribution, lower the side 
effects, minimize the toxic exposure to normal tissues while 
maximizing tumor uptake and penetration of the drug. The 
shell of the liposome in the Lipoplatin formulation has a 
number of patented features that differentiates it from 
previous drug formulations. The negatively charged DPPG 

molecule on the surface gives to the nanoparticles their 
fusogenic properties, an important feature for cell entry 
across the nuclear membrane barrier. In addition, their small 
size results in passive extravasation to tumors whereas a 
more avid phagocytosis characteristic of tumor cells further 
enhances the intracellular and nuclear uptake of the drug. A 
PEG-coating also gives to the particles long circulation 
properties in body fluids essential for tumor accumulation 
(Boulikas, 2004, 2007).  

One important issue contributing to the therapeutic 
efficacy of Lipoplatin™ results from its ability to target 
primary tumors and metastases and to cause a greater 
damage to tumor tissue compared to normal tissue. During 

tumor growth neo-angiogenesis is needed to develop tumor  
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Figure 4 Left. Cut through a nanoparticle of Lipoplatin. The model shows the lipid bilayer and the cisplatin molecules in its lumen 

(yellow spheres) with the PEG molecules on its surface (red hair-like structures) coating the particle with a hydrophilic inert polymer 

giving the ability to escape detection from macrophages and evade immune surveillance.  

Figure 4 Right. Lipoplatin nanoparticles evade immune surveillance because of their PEG coating and extravasate preferentially into 

primary tumors and metastases through the compromised endothelium of their vasculature due to their small size (100 nm) and long 
circulation. Even tiny tumors of a size of a pinhead, often invisible in CT scans of x-rays, sprout new vasculature in a process known as 
neoangiogenesis; these lesions are accessible to Lipoplatin. Thus, Lipoplatin nanoparticles can target primary tumors and micro metastases, 

which was shown in animal and human studies. In addition, Lipoplatin nanoparticles were proposed to be able to target the endothelium of 
the tumor vasculature causing apoptosis, thus, endowed with antiangiogenesis properties (Boulikas, 2007).  The Figure depicts the 
extravasation process (right). 

 

 

 

Figure 5. Activation of signalling pathways by cisplatin and Lipoplatin including the mitochondrial, DNA damage, ERK, PI3K/AKT1 

and death receptor leading to caspase activation and apoptosis; however, Lipoplatin has been proposed to be taken up by phagocytosis by 
tumor cells and direct fusion of the liposomes with the cell membrane because of the fusogenic DPPG lipid in its bilayer. Whereas Ctr1, the 
major copper influx transporter, imports cisplatin and its efflux is regulated at least by two copper efflux transporters, ATP7A and ATP7B, 

Lipoplatin is proposed to bypass this process. Thus, Lipoplatin might have applications in previously platinum drug-treated patients who 
have developed resistant tumors.  
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vasculature to enable supply with nutrients for growth 

and expansion in a process known as neoangiogenesis. 
The tumor uptake of Lipoplatin™ results from the 
preferential extravasation of the 100-nm liposome 
nanoparticles through the leaky vasculature of tumors 
(Figure 4, right). Indeed, the endothelium of the 
vascular walls during angiogenesis has imperfections 
that need a certain period for maturation; nanoparticles 
cross the compromised endothelium of vascular walls 

and extravasate preferentially into tumors. Lipoplatin 
then delivers the nanoparticles inside the tumor cell 
inducing signaling and DNA damage (Figure 5). 

Intravenous infusion of Lipoplatin resulted in 

targeting of primary tumors and metastases in four 
independent patient cases (one with hepatocellular 
adenocarcinoma, two with gastric cancer, and one with 
colon cancer) who underwent Lipoplatin infusion 
followed by a prescheduled surgery ~20h later. Direct 
measurement of platinum levels in specimens from the 
excised tumors and normal tissues showed that total 
platinum levels were on the average from 2 to 200 times 
higher in malignant tissue compared to the adjacent 

normal tissue specimens (Boulikas et al, 2005). Most 
effective targeting was observed in colon cancer with an 
accumulation up to 200-fold higher in colon tumors 
compared to normal colon tissue. Of the several surgical 
specimens, gastric tumors displayed the highest levels of 
total platinum suggesting Lipoplatin as a candidate 
anticancer agent for gastric tumors; gastric tumor 
specimens had up to 260 micrograms platinum /g tissue 
that was higher than any tissue level even in kidney tissue 

in animals treated at 10-fold to 20-fold the human dose 
and sacrificed to determine platinum levels in tissues at 20 
min postinjection that gives the highest readings of 
platinum (Boulikas, 2004). Fat tissue displayed a high 
accumulation of total platinum in surgical specimens in 
three different patients correlating to the lipid capsule of 
cisplatin in its Lipoplatin formulation. It was also inferred 
that normal tissue had more platinum trapped in the tissue 

but not reacted with macromolecules whereas tumor tissue 
displayed platinum that reacted with cellular 
macromolecules; the data were consistent with a model 
where Lipoplatin damages more tumor compared to 
normal cells.  

Lipoplatin formulation uses several advancements 

in its liposome encapsulation: (i) the anionic lipid DPPG 
gives Lipoplatin its fusogenic properties presumably 

acting at the level of entry of the drug through the cell 
membrane after reaching the target tissue; (ii) the total 
lipid to cisplatin ratio is low (10:1 mg lipid/mg cisplatin) 
in Lipoplatin which means that less lipid is injected into 
the patient. For comparison, the ratio of lipids to 

cisplatin in the liposomal formulation SPI-77 is 71:1 
(Veal et al, 2001) which corresponds to ~7-fold higher 
lipid mass per mg cisplatin compared to Lipoplatin; and 
(iii) The PEG polymer coating used on Lipoplatin is 
meant to give the drug particles the ability to pass 
undetected by the macrophages and immune cells, to 
remain in circulation in body fluids for long periods and 

tissues and to extravasate preferentially and infiltrate solid 
tumors and metastases through the altered and often 
compromised tumor vasculature. 

A phase I study on 27 patients at stage IV Lipoplatin 

was administered as a second- or third-line treatment when 
the disease was refractory to standard treatment. Lipoplatin 
was administered as an 8 h infusion diluted in 1 L 5% 
dextrose, repeated every two weeks. The highlights of this 
study were that Lipoplatin had a mild hematological and 

gastrointestinal toxicity but does not show any nephro- and 
neurotoxicity, has no ototoxicity, does not cause hair loss 
and is void of most other side effects (Stathopoulos at al, 
2005). A preliminary Phase II study using 100 mg/m2 

Lipoplatin as an 8 h i.v. infusion on days 1 and 15 and 1 
g/m2 gemcitabine given on days 1 and 15 in a 28-day 
schedule for 2 to 10 cycles, has been reported before 
(Stathopoulos et al, 2002). Patients included 19 with 
pancreatic cancer, 7 with NSCLC as well as with head and 

neck cancer and bladder cancer; all patients were resistant to 
previous first or second line chemotherapy. No renal toxicity 
was detected in any patient. No neuropathy, ototoxicity, 
hepatotoxicity, cardiotoxicity or allergic reaction was 
observed. Nausea and vomiting grade I-II was seen in 4 
patients (15,3%) and myelotoxicity of grade III was seen in 
1 patient and of grade I-II in 15 patients (57.6%). Mild 
asthenia was common. 6 patients (23%) showed partial 

response. Stable disease was seen in 65.3% of the patients 
and clinical benefit in 42.3%. Lipoplatin at 125 mg/m2 and 1 
g/m2 gemcitabine induced grade III and IV neutropenia and 
grade III nausea and vomiting. 

A phase I/II dose escalation study of Lipoplatin and 

gemcitabine has been completed in advanced stage 
pretreated pancreatic cancer patients. The primary objectives 
were to determine toxicity and the maximum tolerated dose 
(MTD) and the secondary aims, to determine the response 
rate and clinical benefit (Stathopoulos et al, 2006a). Twenty-
four patients were enrolled in the study. The great majority 
of the patients (79.2%) were at stage IV of their disease. All 
patients had undergone prior chemotherapy: 11 patients with 

gemcitabine monotherapy and 13 with gemcitabine 
combined with irinotecan. Lipoplatin was administered as 
an 8 h i.v. infusion on days 1 and 15 with dose escalation 
and for most cycles it was at 100 mg/m2. Gemcitabine was 
given on days 1 and 15 at a dose of 1000 mg/m2 and cycles 
were repeated every 4 weeks. Treatment was administered 
for at least three cycles or until disease progression. Since 
both Lipoplatin and gemcitabine are myelotoxic, it was not 
surprising to observe that the main side effect of the 

combination treatment was myelotoxicity. Myelotoxicity of 
grades 3 and 4 was observed at 125 mg/m2 of Lipoplatin™ 
and 1000 mg/m2 of gemcitabine and therefore this dose 
scheme was considered as DLT whereas the dose of 100 

mg/m2 of Lipoplatin™ and 1000 mg/m2 of gemcitabine on 
days 1,15 in a 28-day cycle for 3 cycles as the MTD. No 
neurotoxicity, renal toxicity or febrile neutropenia was 
observed. PR (>50% reduction in all measurable lesions) 
was achieved in 2 patients (8.3%) with durations of 6 and 5 

months. Stable disease (50% reduction to a 25% increase in 
all measurable lesions) was seen in 14 patients (58.3%) with 
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a median duration of 3 months (range 2-7 months). 
Clinical benefit mainly due to pain reduction was seen in 
8 patients (33.3%). At the end of the study 7 patients 
(29.2%) were still alive. Median survival from the 
beginning of second-line treatment was 4 months (range 

2 to over 8 months). Taking into account that all of the 
patients were refractory or in disease progression while 
on a prior treatment including gemcitabine, the response 
rate was attributed to the addition of Lipoplatin™ 
(Stathopoulos et al, 2006a). 

There are several ongoing Phase II studies the 

results of which will be reported including: Lipoplatin 
monotherapy against NSCLC, Lipoplatin plus 
gemcitabine against NSCLC, Lipoplatin plus 
intravenous navelbine against metastatic breast cancer, 
Lipoplatin plus 5-FU plus radiation against gastric 
cancer, Lipoplatin plus doxetaxel against metastatic 
breast cancer, Lipoplatin, Lipoxal (liposomal oxaliplatin) 

plus docetaxel against NSCLC and finally, Lipoplatin 
plus radiation against head and neck cancers. A Phase II 
multicenter clinical study on 47 patients used 120 mg/m2 
Lipoplatin™ on days 1,8,15 in combination with 1 g/m2 
gemcitabine on days 1,8 as first line treatment against 
non-small cell lung cancer (NSCLC). The toxicities were 
mild. Among 41 evaluable patients, 15/41 (36.6%) had 
PR, 14/41 (34.1%) had SD and 12/41 (29.3%) had PD 

(Boulikas et al, 2008). 

Lipoplatin™ is currently under three Phase III 

evaluations. The first Phase III multicenter clinical trial 
uses 120 mg/m2 Lipoplatin™ on days 1,8,15 in 
combination with 1 g/m2 gemcitabine on days 1,8 as first 

line treatment against NSCLC and is being compared to 
cisplatin plus gemcitabine; this study shows that 
Lipoplatin™ appears to have a better safety profile and 
equivalent or slightly improved therapeutic profile than 
cisplatin, when combined with gemcitabine. 32 patients 
had been assessed for response to treatment, 16 in each 
Arm; 4 partial responses (PR) have been reported in each 
Arm. However, difference has been observed in stable 

disease (SD, 7/31 or 23% in Lipoplatin™ versus 3/26 or 
12% in cisplatin) as well as progressive disease (PD, 5/31 or 
16% in Lipoplatin™ versus 9/26 or 35% in cisplatin).  Thus, 
the therapeutic profile in the Lipoplatin arm is superior to 
that of the cisplatin arm (Boulikas et al, 2007). 

Myelosuppression is the principal dose-limiting toxicity at a 
dose of 120 mg/m2 Lipoplatin every week in combination 
with standard doses of gemcitabine, where the two drugs 
have additive myelotoxic effects. The dose limiting 
myelotoxicity is manifested as neutropenia and 
thrombocytopenia. Nausea and vomiting are commonly 
reported (69% of patients) but are usually of mild to 
moderate severity (WHO grades 1 and 2). Severe nausea 

and vomiting (WHO grade 3) occurs in <5% of patients. 
Mild diarrheas are reported in 20% of patients (Boulikas et 
al, 2007). 

A second Phase III uses 200 mg/m2 Lipoplatin™ on 
Day 1 in combination with paclitaxel in a 14-day schedule 

as first line treatment against NSCLC and is being compared 
to cisplatin plus paclitaxel; the response rate was similar but 
toxicity and in particular nephrotoxicity, neurotoxicity, and 
myelotoxicity was significantly lower in the Lipoplatin arm 
(Stathopoulos et al, 2007). A different Phase III study 
compares weekly Lipoplatin plus 5-fluorodeoxyuridine (5-
FU) versus cisplatin plus 5-FU against head and neck 
cancers; Lipoplatin seems to reduce both the renal and 

hematological toxicity as compared to conventional cisplatin 
to a clinically relevant extent. This reduction of side effects 
will influence the chance to preserve the dose density of 
chemotherapy, and thereby, the efficacy of treatment (Jehn 
et al, 2007). 

The introduction of Lipoplatin™ has been an 

advancement in the field of platinum drugs mainly because 
of its ability to circulate with a half-life of ~100 h compared 
to 6h for cisplatin, to have substantially reduced the 
nephrotoxicity, ototoxicity and neurotoxicity, to concentrate 
in tumors and to have activity against solid tumors (Figure 

6).  

 

 
 

Figure 6. Disappearance of a metastatic lesion from pancreatic cancer in the lung lobe with concomitant disappearance of pleural 
effusion after 5 treatments with Lipoplatin plus gemcitabine. Left: before; Right: after treatment.  
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Lipoplatin™ at its recommended dose of 120 

mg/m2 as a 4-6h intravenous infusion has also reduced 
the myelotoxicity and nausea/vomiting of cisplatin. The 
drug does not require pre- or post-hydration and can be 
administered on an outpatient basis. Lipoplatin 
nanovehicles accumulate in cancer tissue with altered 
vascularization about 40 times more than in normal 
tissue thereby reducing the potential toxic effects in 
normal tissue.  

In conclusion, Lipoplatin has the ability to 
preferentially concentrate in malignant tissue both of 
primary and metastatic origin following intravenous 
infusion to patients. The preliminary Phase III studies, as 

well as additional planned Phase III studies against 
pancreatic, gastric and breast cancers are expected to 
establish Lipoplatin as an important chemotherapy drug 
with a broad spectrum of activity against epithelial 
malignancies, tumor targeting, lower side effects and 
with an improved quality of life and overall survival. In 
this respect, Lipoplatin emerges as a very promising 
drug in the arsenal of chemotherapeutics. 

Liposomal drugs are able to cross the blood brain 

barrier (BBB) at a higher extent than free drugs 
(Yamashita et al, 2007) and, thus, offer hope for the 
treatment of brain tumors. Lipoplatin can be tested either 
in primary brain tumors or in brain metastases from 

other sites such as lung cancer in combination with 
radiation therapy in a Phase II study. In addition, 
liposomal drugs containing sterically-stabilized 
(PEGylated) liposomes, such as Doxil, have been shown 
to target liver, bone marrow, spleen and tumors (Martin 
and Boulikas, 1998); bone marrow targeting, also 
suspected for Lipoplatin because of its myelotoxicity, 
could be exploited in the application of the drug in acute 
myelogenous leukemia or other leukemias; in this 

respect, lobaplatin has shown efficacy against chronic 
myelogenous leukemia and received approval in China 
(see lobaplatin). A number of cell lines can be selected 
in increasing concentrations of Lipoplatin in the culture 
medium in order to establish Lipoplatin-resistant cell 
lines to study the molecular mechanisms responsible for 
resistance to the drug from differences in gene 
expression profile between parent and resistant cells.  

 

VIII. Lipoxal 

Liposomal encapsulation of oxaliplatin was 
achieved using Regulon’s platform technology into a 
new formulation, Lipoxal. The drug finished stability 
test and preclinical studies and was approved for Phase I 

evaluation to determine its DLT and MTD. Twenty-
seven patients with advanced disease of the 
gastrointestinal system (stage IV gastrointestinal cancers 
including colorectal, gastric and pancreatic) who had 
failed previous standard chemotherapy were treated with 
escalating doses of Lipoxal once weekly for 8 weeks. No 
serious side effects were observed at 100-250 mg/m2 
whereas at doses of 300 and 350 mg/m2 of Lipoxal 
monotherapy mild myelotoxicity, nausea and peripheral 

neuropathy were observed. GI tract toxicity with Lipoxal 
was negligible. Nausea or mild vomiting was observed, but 
it was eliminated with ondansetron administration. No 
diarrhea was observed. Mild, grade 1 myelotoxicity 
(neutropenia) was only seen in 2 patients (7.4%) at the 

highest dose level (350 mg/m2). There was no 
hepatotoxicity, renal toxicity, cardiotoxicity or alopecia. 
Mild asthenia was observed in 3 patients. Neurotoxicity is 
the major side effect of oxaliplatin; neurotoxicity from 
Lipoxal was observed after at least 3 infusions of Lipoxal; 
grade 1 neurotoxicity was seen at doses of 200 and 250 
mg/m2, and grade 2 at 300 mg/m2. Grade 2-3 peripheral 
neuropathy was observed in all 4 patients treated at 350 

mg/m2 and this dose level was, therefore, considered as DLT 
and the 300 mg/m2 level as the MTD (Stathopoulos et al, 
2006b).  Of the 27 patients, three patients (11.1%) achieved 
partial response and 18 had stable disease for 4 months 
(range 2-9 months).  

Of the 27 patients, three patients (11.1%) achieved 

partial response; two of them had gastric cancer, one with 
pleural effusion and the other with bone metastases. 
Reduction in bone metastases in this patient was observed 
after Lipoxal monotherapy that coincided with pain 
reduction (Figure 7). The third case of partial response was 
a patient with liver metastases from colon carcinoma. The 
determination of a partial response was based on a CT scan 

for the first patient, a bone scan for the second patient and a 
CT-scan and a bilirubin serum level value for the third 
patient. 

 

 

 

Figure 7.  Improvement in bone metastases after Lipoxal 

monotherapy.  
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The third patient was treated while the serum 
bilirubin level was 51 mg/dl and after 2 courses of 
treatment the level dropped to 8 mg/dl and lasted for 5 
weeks. The duration of response was 4, 7 and 2 months 
for each of the above patients, respectively. In all 3 

responders there was also a reduction of 50% or more of 
the marker CA-19-9 and PS improved from 2 to 1. With 
respect to effectiveness, the 11% response rate observed 
in pretreated patients refractory to previously established 
tumors could be meaningful in future trials in a 
combined chemotherapy modality. It is also important to 
point out that the cancer types selected for this trial are 
the most insensitive to chemotherapy. Eighteen patients 

(66.7%) achieved stable disease with a median duration 
of 4 6 months (range 2-9 months). Six of 27 patients 
showed disease progression (Stathopoulos et al, 2006b).  

Liposomal oxaliplatin (Lipoxal) is a well-tolerated 
agent. Whereas the main adverse reactions of oxaliplatin 

are neurotoxicity, hematological and gastrointestinal 
toxicity its liposomal encapsulation (Lipoxal) has 
reduced the hematological and gastrointestinal toxicity; 
the main side effect of Lipoxal was neurotoxicity. The 
dose of 300 mg/m2 was established as the MTD but 
further investigation is needed, particularly in 
combination with other agents. GI tract and bone 
marrow toxicities are very much reduced, compared to 

the standard form of oxaliplatin. The only adverse 
reaction was neurotoxicity, which defined DLT. Thus, 
Lipoxal is a liposomal oxaliplatin, which reduces the 
cytotoxic agent’s adverse reactions without reducing 
effectiveness. Future studies are aimed at demonstrating 
the anticipated tumor targeting properties of the drug 
based on the fact the liposome shell is similar to that of 
Lipoplatin.  

 

IX. SPI-77 

SPI-77 is a sterically stabilized liposomal cisplatin 

formulation developed by Liposome Technology, Inc. 
(Menlo Park, California, renamed SEQUUS). The 
formulation uses long circulating, PEGylated, 100 nm 
liposomes which accumulate in tumors after systemic 
administration to animals and humans. SEQUUS was 
acquired by Alza (Mountain View, California); 
subsequently, Alza was acquired by J&J for $12 billion 

in 2001. It is the same commercial source that has 
developed the successful liposomally-encapsulated 
doxorubicin (Doxil, Caelyx). After failures in clinical 
trials (see below) SEQUUS/Alza derived an improved 
formulation of the drug, SPI-077 B103. A multinuclear 
NMR study combined with atomic absorption indicated 
that almost all of cisplatin remained intact during the 
loading process, and that the entire liposomal drug was 
present in a soluble form in the internal aqueous phase of 

the liposomes (Peleg-Shulman et al, 2001).  

SPI-077™ (ALZA) has the following lipid 
composition (% molar ratio): hydrogenated soybean 
phosphatidylcholine (HSPC) 51%, cholesterol 44% and 

N-(carbamoyl-methoxypolyethylene glycol 2000)-l.2-

distearoyl-i/7-glycero-3-phospho-ethanolamine sodium salt 
(mPEG-DSPE) 5%. It contains 0.014 mg cisplatin/mg of 
lipid in 110 nm particles. The total lipid content is 71 
mg/ml. SPI-077™ is diluted in 0.9% NaCl and 10 mM 
histidine (pH 6.5) to 0.2 mg/ml and infused intravenously. 

Prophylactic antiemetic medication is not used. The ratio of 
lipids to cisplatin in the liposomal formulation SPI-77 is 
71:1 (Veal et al, 2001) that is 7 times more lipids per mg 
cisplatin compared to Lipoplatin (see above). The 
mechanism of cisplatin loading in SPI-77 is passive and the 
formulation uses only neutral lipids. Because of the 
similarity in the shell structure between SPI-77 and a 
liposomal formulation of doxorubicin, Doxil (Caelyx in 

Europe), it can be inferred that SPI-77 nanoparticles are 
unable to cross the cell membrane barrier and that 
extracellular lipases degrade the particles over the period of 
several days, leading to the release of cisplatin outside the 
tumor cell (see Martin and Boulikas, 1998). On the contrary, 
Lipoplatin is suggested to fuse with cell membrane in 
tumors after extravasation because of the presence of the 
fusogenic DPPG lipid on the liposome. 

Preclinical studies (reviewed by Martin and Boulikas, 

1998) have shown less acute toxicity when SPI-077 was 
used, with antitumor effects equivalent to those of 
intravenously administered free cisplatin. SPI-77 showed 
activity in animal models of NSCLC. Low-dose TNF-! 

prolonged the antitumor activity of SPI-077 in rats with soft-
tissue sarcoma. For comparison, free cisplatin showed a 
better tumor response, but with a rapid outgrowth a few days 
after the end of therapy in soft-tissue sarcoma. In 
osteosarcoma, free cisplatin did not have an antitumor 
effect, whereas SPI-077 alone resulted in a tumor growth 
delay; however, combination with TNF-! showed a better 

profile for the cisplatin group in osteosarcoma-bearing rats 

(Hoving et al, 2005). Cisplatin (10 mg/kg), SPI-077 (10 
mg/kg), and SPI-077 B103 (5 mg/kg) were administered i.v. 
to mice bearing B16 murine melanoma tumors; micro 
dialysis probes at the flanks of the tumor and collection of 
serial samples from tumor extracellular fluid showed 3.2 µg 

total Pt / g tumor tissue after cisplatin, 11.9 µg total Pt / g 

tumor tissue after SPI-077 and 3.5 µg total Pt / g tumor 

tissue after SPI-077 B103. Intrastrand GG and AG Pt-DNA 

adducts were also measured via 32P-postlabeling and showed 
13.1, 3.5, and 2.1 fmol Pt/microg DNA after cisplatin, SPI-
077, and SPI-077 B-103, respectively. Thus, the sterically 
stabilized liposomal formulations distribute at higher levels 
into tumors, but release less Pt into tumor extracellular fluid, 
and form fewer Pt-DNA adducts than cisplatin (Zamboni et 
al, 2004). A long-term median disease-free survival in dogs 
with spontaneously arising osteosarcoma was noted after 
four treatments with SPI-77 at 350 mg/m2 i.v. every 3 weeks 

(Vail et al, 2002). 

A phase I study was conducted to determine the 
toxicity and pharmacokinetics of SPI-77 administered to 
children with advanced cancer not amenable to other 

treatment. Pediatric patients were treated at doses ranging 
from 40 to 320 mg/m2 every 4 weeks. No responses to 
treatment were seen. Cisplatin was retained in the 
circulation with a half-life of up to 134 h, with maximum 
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plasma concentrations approximately 100-fold higher 
than those reported for cisplatin; cisplatin was retained 
in the liposomes and there was no free platinum 
measurable in the ultrafiltrate (Veal et al, 2001). A phase 
I dose escalation of SPI-77 from 40 to 420 mg/m2 on 

patients with histologically proven malignancies not 
amenable to other treatment was completed; the drug 
was administered every 4 weeks in a 2-h infusion. High 
cholesterol levels were observed in the plasma of 
patients treated at the high doses because of the 
cholesterol in the liposomal formulation. The main 
toxicities observed were anemia and infusion-related 
reactions, which could be prevented by lowering the 

initial infusion rate. The pharmacokinetics of SPI-77-
derived platinum were strikingly different from standard 
cisplatin. The total body clearance of SPI-77 varied from 
14 to 30 ml/h and was significantly lower than reported 
clearance values for cisplatin of 20 Lit/m2 per h. Pt-DNA 
adduct levels in WBC ranged from 0.02 to 4.13 
fmol/microg DNA for intrastrand Pt-GG (guanine-
guanine) adducts and from 0.02 to 1.27 fmol/microg 
DNA for intrastrand Pt-AG (adenosine-guanine) 

adducts, which is more than tenfold lower than after 
administration of a comparable dose of non-liposomal 
cisplatin; however, relatively low levels of Pt-DNA 
adducts were observed in tumour samples obtained from 
two patients treated at the highest dose-levels (Meerum 
Terwogt et al, 2002).  

A phase I study used SPI-77 at 20, 40, 80, 100, 

120, and 140 mg/m2 administered in combination with a 
fixed dose of vinorelbine of 25 mg/m2 on days 1 and 8 of 
a 3-week treatment cycle; twenty patients were included 
at stage IIIB or IV NSCLC refractory to previous 
chemotherapy. Neutropenia was dose limiting at a SPI-
77 dose of 140 mg/m2. Neuropathy and nephrotoxicity 

were minimal and not dose related. A partial response 
was observed in three of 17 patients (Vokes et al, 2000). 
A phase I study of SPI-077, escalated from 20-200 
mg/m2 in six dose levels, concurrent with radiation 
therapy for locally advanced head and neck cancer at 
stage IVa/b has been published. SPI-077 was given 
intravenously every two weeks, concurrent with RT (60-
72 Gy in 6-7 weeks). Liver toxicity, rash, infusion 
reactions were observed whereas transiently elevated 

transaminases and neutropenia were mild; there was no 
ototoxicity, neurotoxicity, or nephrotoxicity. Ten of 17 
patients (59%) who finished treatment achieved initial 
complete response. Further dose escalation was stopped 
in the absence of dose-limiting toxicity to address the 
reformulation of the liposomally bound cisplatin 
(Rosenthal et al, 2002). A Phase I-II study using SPI-077 
with concomitant radiotherapy in 18 treatment-naive 

patients with locally advanced, inoperable SCCHN was 
completed. The first 10 patients received 2 cycles of 200 
mg/m2, and the next 8 received 260 mg/m2, every 3 
weeks before commencing radical radiotherapy. Only 2 
of 18 (11%) patients had partial responses to SPI-077 
with 2 responses in 29 (6.9%) evaluable sites. It was 
concluded that SPI-077 was essentially inactive against 

SCCHN and did not merit further evaluation as induction 
chemotherapy (Harrington et al, 2001). 

A phase II study of SPI-77 at the MD Anderson 

Cancer Center, Houston, in patients with stage IIIB and IV 
NSCLC who failed previous treatment has been completed 
using SPI-77 administered at a dose of 260 mg/m2 every 3 
weeks. Side effects included moderate anemia (46% of 
cycles, grade 1,2; 3% of cycles, grade 3,4) with minimal 
granulocytopenia and thrombocytopenia. Grade 3 

nonhematological toxicities included dyspnea (8%), fatigue 
(8%), and pain (8%). The drug did not have appreciable 
activity; two of the patients out of twelve (17%) had stable 
disease and ten of twelve (83%) had progressive disease. 
The median survival was 24.3 weeks, and the median 
follow-up was 43.9 weeks (Kim et al, 2001). In a Phase II 
study SPI-77 was administered at three dose levels (100, 
200 and 260 mg/m2) in chemo-naïve, stage IIIB or IV, 
patients with advanced NSCLC with no antiemetics or 

hydration. The primary end points of this study were 
response and toxicity, and the secondary end points were 
survival. Of 22 evaluable patients one response occurred at 
the 200 mg/m2 dose level for an overall response rate of 
4.5%. No significant toxicity was noted including 
nephrotoxicity or ototoxicity aside from two patients with 
Grade 3 nausea (White et al, 2006). Subsequently, J&J has 
abandoned further clinical development of SPI-77. In 

August 2007 J&J announced that it is shutting down Alza's 
Mountain View, California facility and laying off 600 
workers (http://www.fiercepharma.com/tags/biotech-
company-news). 

 

X. Nedaplatin  

Nedaplatin is the third platinum drug that has entered 
widespread clinical use. It is currently registered for the 
treatment of various cancers (head and neck, testicular, lung, 
ovarian, cervical, non-small-cell lung) in Japan. It has not 

demonstrated superiority over cisplatin or carboplatin, but it 
exhibits less nephrotoxicity, neurotoxicity, and 
gastrointestinal toxicity than cisplatin. Nedaplatin can cause 
thrombocytopenia; it also has the potential risk to cause 
nephrotoxicity at its therapeutic dose without hydration and, 
therefore, pre- and post-hydration are being recommended 
(Uehara et al, 2007a).  

Wistar rats received a single dose of 10 mg/kg 

intravenous nedaplatin exhibited renal lesions, such as 
necrosis, single cell necrosis and regeneration/hyperplasia of 
the epithelial cells and several genes involved in apoptosis, 
cell cycle regulation, DNA metabolism, cell 

migration/adhesion, cytoskeleton organization, oxidative 
status and calcium homeostasis were deregulated as assessed 
by microarray analysis (Uehara et al, 2007b). The renal 
accumulation of cisplatin was much greater than that of 
carboplatin, oxaliplatin, and nedaplatin in rats. The 
nephrotoxicity of platinum agents was closely associated 
with their renal accumulation, which is determined by the 
substrate specificity of the OCT (organic cation transporters) 
and MATE (multidrug and toxin extrusion) families. The 

cellular accumulation of cisplatin and oxaliplatin was 
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stimulated by the expression of rat OCT2. Rat OCT3 
also transported oxaliplatin. A luminal H+/organic cation 
antiporter, rat MATE1 as well as human MATE1 and 
human MATE2-K, stimulated the H+-gradient-dependent 
antiport of oxaliplatin, but not of cisplatin. Carboplatin 

and nedaplatin were not transported by these transporters 
(Yonezawa et al, 2006; Yokoo et al, 2007). Nedaplatin 
showed a significantly better antitumor activity in 
resected gynecological carcinomas in comparison with 
cisplatin (Koshiyama et al, 2005).  

A number of clinical studies using nedaplatin and 

various combinations against different cancer indications 
are in progress or have been completed, especially in 
Japan. The most recent clinical trials include a number 
of regimens against NSCLC, cervical, esophageal, 
testicular and head and neck cancers. Several regimens 
used concurrent radiation therapy demonstrated to have a 
synergy with platinum drugs.   

A Phase I study of the combination of nedaplatin 
and weekly paclitaxel in patients with previously 
untreated NSCLC, either stage IIIB with pleural 
effusion or stage IV showed that the regimen was active 

and well tolerated; the dose-limiting toxicities at the 
MTD were neutropenic fever and hepatic dysfunction; 
the recommend doses for a phase II study were 80 
mg/m2 of nedaplatin on day-1 and 90 mg/m2 of 
paclitaxel on days 1,8,15 in a 28-day cycle (Yoshiike et 
al, 2005). A similar phase I study used nedaplatin (80 
mg/m2) and paclitaxel dose escalation from 120 to 150 
mg/m2 on day 1 every 4 weeks for 3-4 cycles and 
concurrent thoracic radiotherapy (60 Gy/30 fractions for 

6 weeks) starting on day 1 in unresectable stage III 
NSCLC; the maximum tolerated dose was determined to 
be paclitaxel 120 mg/m2 as a result of severe pulmonary 
toxicity (Sekine et al, 2007). Low-dose nedaplatin 
combined with paclitaxel and radiation therapy has also 
been used in NSCLC patients (Niioka et al, 2007). A 
phase I/II study using weekly paclitaxel and nedaplatin 
with concurrent thoracic radiotherapy (a single daily 

dose of 2 Gy for 5 days per week) for locally advanced 
NSCLC could be safely administered and this regimen 
was effective (Hasegawa et al, 2004). A Phase II study 
of gemcitabine (1,000 mg/m2 on days 1 and 8) and 
nedaplatin (100 mg/m2 on day 1) was found to be an 
acceptable treatment for patients with previously 
untreated advanced NSCLC with hematological 
toxicities (Shirai et al, 2006). A Phase II study of 
nedaplatin and irinotecan followed by gefitinib for 

elderly patients with unresectable NSCLC gave an 
overall response rate of 42.9%, a median survival of 8.7 
months, and 1- and 2-year survival rates of 42.9 and 
32.1%, respectively (Oshita et al, 2004; 2007). 

Irinotecan (CPT-11) plus nedaplatin with 

recombinant human granulocyte colony-stimulating 
factor support has been used in patients with advanced or 
recurrent cervical cancer with promising results (Tsuda 
et al, 2004). Nedaplatin at a dose of 30 mg/m2 was safely 
administered for eight weekly cycles with concurrent 
pelvic radiotherapy as adjuvant therapy after radical 

surgery for cervical cancer (Kodama et al, 2007). Weekly 
escalating dose of nedaplatin with concurrent radiation in 
patients with squamous cell carcinoma of the uterine cervix 
has established a recommended dose of 35 mg/m2 for 
nedaplatin (Yoshinaga et al, 2007). A Phase II evaluation of 

radiation therapy combined with weekly 30 mg/m2 
nedaplatin for locally advanced uterine cervical carcinoma is 
in progress (Niibe et al, 2007). Intraarterial 
cisplatin/nedaplatin and intravenous 5-fluorouracil with 
concurrent radiation therapy has been evaluated in 45 
patients with cervical cancer (Kawase et al, 2006). A 
salvage chemotherapy with paclitaxel, ifosfamide, and 
nedaplatin was found to be highly active and tolerable in 

previously treated patients with urothelial cancer (Shinohara 
et al, 2006).  

Docetaxel 30 mg/m2 and nedaplatin 40 mg/m2 every 2 
weeks as a second-line regimen for advanced esophageal 
cancer showed that 3 of the 27 patients (11%) achieved 

partial responses and 41% stable disease. Severe 
hematological adverse events (grade 3-4) were 37% 
neutropenia and 19% anemia (Kanai et al, 2007; see also 
Yoshioka et al, 2006). Alternating chemoradiotherapy with 
5-FU and nedaplatin (thoracic irradiation of 63 Gy in 35 
fractions over 7 weeks) for esophageal carcinoma has also 
been used albeit with toxicities of leucopenia, 
thrombocytopenia, radiation esophagitis, and radiation 

pneumonitis (Kodaira et al, 2006; see also Sato et al, 2006).  

Paclitaxel, ifosfamide, and nedaplatin as salvage 
therapy for patients with advanced testicular germ cell 
tumors was efficacious and well-tolerated (Nonomura et al, 
2007). Nedaplatin and irinotecan has also been evaluated for 

testicular cancer (Takaoka et al, 2006). Administration of 
nedaplatin with 5-fluorouracil in combination with 
alternating radiotherapy in 52 head and neck cancer 
patients at stage II-IV showed 5-year overall survival rates 
of 77%.  5FU was administered at 700 mg/m2/24 h for 5 
days (days 1-5) and nedaplatin was administered on day 6 at 
120, 140 or 150 mg/m2 (Fuwa et al, 2007). Docetaxel and 
nedaplatin has also been used for oral squamous cell 

carcinoma (Kurita et al, 2004).  

 

XI. New platinum compounds classified 

by their structure 

The clinical success of cisplatin has been the main 
impetus for the evolution of the family of platinum 

compounds, which currently holds a vital role in metal-
based cancer chemotherapy. The medicinal use and 
application of metals and metal complexes are of increasing 
clinical and commercial importance. Specifically metal-
based drugs, imaging agents and radionuclides have over the 
years claimed for an increased portion of an annual US$5 
billion budget for the entire field. Cisplatin has a low 
therapeutic index and renal toxicity and neurotoxicity are 

the principal limitation of its use (Speer et al, 1975); 
nevertheless, cisplatin still is one of the most successful 
anticancer drugs to date. The success of cisplatin has 
triggered intensive work for discovery of new platinum-
based anticancer drugs. Carboplatin and oxaliplatin are in 
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routine clinical use today, whereas nedaplatin, 
lobaplatin, and heptaplatin (SKI2053R) are only 
approved in Japan, China, and South Korea, 
respectively. However, from over 3000 compounds 
tested in vitro only about 35 platinum complexes entered 

clinical trials in order to circumvent the side-effects and 
the problem of tumor resistance to cisplatin.  

One effort in designing platinum compounds has 
been toward modulation of their interaction with DNA in 

a manner different from cisplatin and carboplatin, with 
the desire of finding new structures with a superior or 
wider spectrum of antitumor efficacy. Oxaliplatin, 
ormaplatin, enloplatin, lobaplatin, JM-216 DWA2114R, 
CI-973, 254-S, and liposomal neodecanoato-
diaminocyclohexane platinum (II) (L-NDDP, aroplatin, 
structure 31 below) were of the first new platinum drugs 
to enter into clinical trials in early 90s representing 
attempts to reduce cisplatin toxicity and limit cross-

resistance with cisplatin. Most of these compounds 
contain either the diaminocyclohexane (DACH) 
substituent or the cyclobutanedicarboxylato leaving 
group. While these agents share certain key structural 
similarities, there are important differences in their 
toxicity profiles; most were less nephrotoxic than 
cisplatin in preclinical evaluations. Neuropathy has been 
a troubling toxicity with two of the three 

diaminocyclohexane compounds but not with the 
cyclobutanedicarboxylato compounds that instead, show 
myelotoxicity (neutropenia). Additional issues include 
unexpected chronic neurotoxicity with ormaplatin, 
formulation and stability problems with L-NDDP, and 
problematic nephrotoxicity with zeniplatin (reviewed by 
Christian, 1992; Weiss and Christian, 1993). 

Since then the landscape of platinum drugs has 

changed dramatically with oxaliplatin approved world-
wide, with lobaplatin approved in China, with the 
introduction of heptaplatin and its approval in South 
Korea, with the introduction and failure of liposomal 
cisplatin SPI-077 and BBR3464 and with a huge number 

of new platinum drugs introduced at the preclinical 
stage. The platinum drug field remains exciting and 
effervescent and promises new exciting developments 
especially with the advent of biological drugs to be 
combined with in future clinical trials and the resistance 
of the chemotherapeutic field to time as one of the 
mainstay treatments of cancer. 

The side effects of platinum drugs include 

nausea/emesis from gastrointestinal toxicity, 
myelotoxicity, nephrotoxicity and neurotoxicity. The 
quest has focused in novel platinum compounds with 
lower side effects or improved efficacy. Although it is 
difficult to predict the clinical performance of a new 

platinum compound on the sole basis of its structure, 
nevertheless, structural features can provide important 
clues on its performance. One of the scopes of this 
article is to provide some clues on the molecular 
mechanisms of already synthesized and tested platinum 
compounds from which important features on biological 
functions and side effects can arise. However, even those 

that can give enthusiastic results in animal studies may fail 
in clinical trials. For example, although PAD displayed 
marked activity against several tumors in vivo and found to 
be less toxic than cisplatin (LD50 565 mg/Kg for PAD 
compared to 13 mg/Kg for cisplatin), it did not proceed past 

phase I clinical trials. The drug was administered to only 8 
patients and abandoned because of water insolubility. 
Innovative analytical tools can be used to gain insight on 
biological function including biodistribution in animal tissue 
after intravenous or intraperitoneal injection, urine 
clearance, detoxification, side-effects by biochemical and 
hematological analyses in blood specimens from animals 
drawn at different time points postinjection, tumor 

specificity in tumor animal models, cellular uptake, 
platinum-DNA adduct removal and finally acquired or 
intrinsic resistance in established cell lines (Galanski et al, 
2005).  

We have selected the most important platinum drugs 

out of a huge list of platinum compounds synthesized; these 
were grouped according to their structural similarities and 
are shown in Figures 8-14. The common and chemical 
names of selected platinum drugs whose structure is shown 
are listed in the figure legends. 

 

XII. Cisplatin analogues with two 

chloride groups  

Figure 8 shows cisplatin analogues that maintain the 

two chloride groups.  
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Figure 8.  Cisplatin analogues with general formula cis-

(PtA2Cl2) where A is ammine or amine. 
1. Cisplatin, cis-diamminedichloro platinum (II). Approved 

world-wide. 

2. JM-11, cis-dichlorobiscyclopropanamine platinum (II)  
3. PAD, cis-dichlorobiscyclopentylamine platinum (II) 
4. ZD0473 (AMD473, JM473, picoplatin) cis-

amminedichloro(2-methylpyridine) platinum (II), or cis-(2-
methylpyridine)(ammine)dichloroplatinum(II) 
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A. JM-11 

JM-11 or cis-dichlorobiscyclopropylamine 
platinum (II) (Figure 8.2) was first synthesized by 
Connors et al (1972) by the same method used for PAD 

preparation (see below). JM-11 was initially screened for 
antitumor activity against several animal models. 
Specifically, it proved active against the plasma cell 
ADJ/PC6A tumor in BALB/c mice demonstrating lower 
toxicity and higher therapeutic index (24.6) than 
cisplatin. Contrary to PAD, JM-11 showed comparable 
to cisplatin effectiveness against L1210 leukemia cells 
since it is more water soluble (1.6mM) (Connors et al, 

1972, 1975; Braddock et al, 1975). Detailed animal 
toxicology tests showed that the complex was less toxic 
to cisplatin since it induced lower weight loss (12.4% at 
a dose of 20mg/Kg for JM-11 compared to 23.2% at a 
dose of 8mg/Kg for cisplatin) and induced markedly less 
blood urea and urinary protein elevations. Contrary to 
cisplatin, early lymphopenia was not observed; however 
anemia became apparent. In addition, JM-11 produced 
less liver capsular thickening and no kidney damage 

although erosion of the epithelial lining of the ileum was 
detected (Harrap et al, 1980). JM-11 entered clinical 
studies in 1982. Initial pharmacokinetic studies using 
labeled complex with a radioactive isotope, was carried 
out at the Christie Hospital and Holt Radium Institute in 
Manchester, U.K. The drug was administered to only 4 
patients and compared to cisplatin no advantages in 
blood and urinary clearances were observed (Thatcher et 
al, 1982, Owens et al, 1985). JM-11 was abandoned.  

 

B. PAD  

PAD [cis-dichlorobiscyclopentylamine platinum 
(II)] was first synthesized by Connors et al (1972) by 
direct reaction of cyclopentylamine and potassium 

tetrachloroplatinate(II) in aqueous solution at room 
temperature for several hours following filtering of the 
yellow crystalline precipitate and washing with 
concentrated HCI water, methanol, acetone and diethyl 
ether. PAD was tested for inhibitory activity against 
various cancer cell lines and tumor models. PAD showed 
marked activity against plasma cell ADJ/PC6A tumor in 
BALB/c mice (2.4 mg/Kg). In addition the drug proved 
to be less toxic than cisplatin (LD50 565 mg/Kg for PAD 

compared to 13 mg/Kg for cisplatin). In fact, PAD 
proved to be one of the most active platinum complexes 
of exceptionally high therapeutic index (Connors et al, 
1972; Braddock et al, 1975). However, the complex did 
not show the expected activity against L1210 leukemia 
cells mainly due to drug low water solubility since this 
particularly tumor model responds better to hydrophilic 
compounds (Connors, 1975). PAD was clinically studied 

in the late 1970s at the Wadley Institute; however, it did 
not go past phase I clinical trials. The drug was 
administered to 8 patients only and was then abandoned 
because of water insolubility (Hill and Speer, 1982).  

 

C. ZD0473 (AMD473, picoplatin)  

Picoplatin (owned by Poniard, South San Francisco, 
CA) arose from an academic & pharmaceutical 
collaboration between the Institute of Cancer Research & 

Johnson Matthey/AnorMed (reviewed by Kelland, 2007b) in 
an effort to insert a sterically-hindered bulky group at the 
platinum center in order to reduce the kinetics of 
substitution and avoid the reaction with glutathione (Holford 
et al, 1998).  

 In addition to overcoming detoxification by 

glutathione, an additional rationale for synthesis and testing 
of picoplatin was to circumvent acquired resistance 
mediated by changes in uptake retention, and DNA repair. 
Picoplatin contains a 2-methylpyridine group (Figure 8-4) 
and is considered a successful sterically hindered platinum 
drug; hindrance is caused by the methyl group situated in 
the 2-position of the pyridine ring perpendicular to the 

platinum square plane that inhibits ligand exchange (Battle 
et al, 2006). Like cisplatin, picoplatin forms mainly 
intrastrand adducts that induce a local kink in the DNA 
lesion. In vitro and in vivo studies suggested that it 
possesses a different spectrum of antitumor activity than 
cisplatin and carboplatin. Myelosuppression was the 
predominant toxicity in single-agent clinical studies of 
ZD0473.  

 In vitro, the drug showed reduced reactivity compared 
to cisplatin towards sulfur donor molecules such as 
methionine appearing to circumvent thiol-mediated 
resistance mechanisms and additionally was able to 
effectively overcome other major mechanisms of 

biochemical resistance to cisplatin. ZD0473 appeared to be a 
more effective radiosensitizer than cisplatin in a human lung 
cancer cell line (Raaphorst et al, 2004). 

A phase I monotherapy study defined the maximum 

tolerated dose of AMD473 at 150 mg/m2 with neutropenia 
and thrombocytopenia as dose limiting and with moderate 
nausea, vomiting, anorexia, a transient metallic taste and 
little alopecia. A dose of 120 mg/m2 every 21 days was 
recommended for Phase II. Two patients with heavily 
pretreated ovarian cancer showed partial response. Five 
patients (mesothelioma, ovary, non-small cell lung, and 
melanoma) showed prolonged stable disease (Beale et al, 
2003).  

A phase I study of escalating doses of AMD473 and 
docetaxel every 3 weeks in advanced cancer was initiated by 
the National Cancer Institute of Canada. The maximum 
tolerated dose was 120 mg/m2 for AMD473 combined with 

75 mg/m2 for docetaxel and the DLT was grade 4 
neutropenia; vomiting, fatigue and diarrhea were also 
observed. Out of the 33 patients enrolled, 25 patients were 
evaluable for response and gave one partial response in one 
patient and stable disease in 15 patients (Gelmon et al, 
2004). A phase I study of ZD0473 combined with paclitaxel 
on day 1 every 3 weeks gave also thrombocytopenia as 
dose-limiting toxicity which occurred in two of six patients 

at the highest dose level (150 mg/m2 ZD0473, 175 mg/m2 
paclitaxel); this was defined as MTD. Grade 3/4 anemia 
(21.7%), neutropenia (39.1%), thrombocytopenia (34.8%), 
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and leucopenia (34.8%) were also observed. Of the 23 
patients, 11 (47.8%) had disease stabilization, including 
4 with NSCLC (Twelves et al, 2003). 

A dose escalation study of ZD0473 in combination 

with gemcitabine on 36 patients with advanced cancer 
has also been completed; ZD0473 was administered on 
day 1 and gemcitabine was given on days 1 and 8 in a 
21-day cycle. Grade 3 and 4 thrombocytopenia and 
neutropenia occurred during 60% and 41% of all cycles. 

Nonhematologic toxicities were mild and reversible. The 
recommended doses for a phase II were 90 mg/m2 
ZD0473 and 750 mg/m2 gemcitabine.  Two partial 
responses and 19 stable diseases were observed (Flaherty 
et al, 2004).  

Women with metastatic breast cancer were treated 

at 120 mg/m2 every 3 weeks and the dose was increased 
to 150 mg/m2 on the basis of emergent data from studies 
ongoing at the time; toxicity was mainly hematological 
with grade 3/4 thrombocytopenia in 12 of 20 patients 
(60%) treated at 150 mg/m2 and grade 3 
thrombocytopenia in three of 13 patients (23%) at 120 
mg/m2. There was one partial response (3.8%) and stable 

disease in 15 patients (Gelmon et al, 2003). A Phase II 
trial of ZD0473 as second-line therapy in mesothelioma 
demonstrated a manageable tolerability profile but no 
complete or partial responses. Of the 43 patients 
evaluable for response, 12% had a minor response, 44% 
had stable disease, and 40% had disease progression 
(Giaccone et al, 2002).  

Poniard (http://www.poniard.com) is developing 

picoplatin as second-line therapy in patients with 
platinum-refractory disease or disease that has 
progressed within six months following first-line 
treatment with a platinum-based chemotherapy, such as 
cisplatin or carboplatin. Poniard announced positive 

interim median overall survival data from its ongoing 
Phase II clinical trial of picoplatin in patients with small 
cell lung cancer in November 2007. Poniard plans to 
initiate a pivotal Phase III trial of picoplatin in SCLC 
with overall survival as the primary endpoint and file a 
New Drug Application for this indication in 2009. In a 
different phase II trial, intravenous picoplatin in 
combination with 5-FU and leucovorin is evaluated as a 
first-line chemotherapeutic agent in metastatic colorectal 

cancer with a favorable toxicity profile compared to 
oxaliplatin; this trial is expected to generate data to 
support advancement to a Phase III registrational trial for 
this indication. Finally picoplatin, in combination with 
the docetaxel and prednisone, is being evaluated in a 
phase II trial, in patients with metastatic HRPC. 

 

XIII. Analogues with a bidentate 

carboxy ligand 

Figure 9 shows the structures of nedaplatin and 

carboplatin that differ from the cisplatin prototype 
molecule in that the two chloride groups of cisplatin are 

replaced by a bidentate carboxy ligand. Since the reactive 
groups of cisplatin are the chloride groups, these molecules 
display different kinetics, for example in their interaction 
with DNA. Carboplatin possesses a soluble leaving ligand; 
the cyclobutanedicarboxylato leaving group also facilitates a 

slower reaction with glutathione and metallotheonines 
compared to cisplatin; this may result in a higher nuclear 
concentration than cisplatin. Also slower is supposed to be 
its reaction toward DNA. Carboplatin proved markedly less 
toxic to the kidneys and nervous system than cisplatin and 
caused less nausea and vomiting with slightly less antitumor 
activity than cisplatin. Carboplatin resistance mechanisms 
may also differ from those identified in cisplatin (Stewart, 

2007).  

Nedaplatin has not demonstrated superiority over 
cisplatin or carboplatin, but it exhibits less nephrotoxicity, 
neurotoxicity, and gastrointestinal toxicity than cisplatin. 
Like carboplatin, nedaplatin is also expected to react to a 

lesser extent with glutathione and metallotheonines in the 
cytoplasm, to have a higher nuclear uptake compared to the 
cisplatin prototype and to display slower reactions with 
DNA. Whether carboplatin and nedaplatin provoke a higher 
percentage of crosslinks between the two strands of DNA 
compared to intrastrand crosslinks, the extent of RNA 
damage and its effect on splicing, the preference for 
damaging regulatory DNA regions such as those at the 

attachment points of chromatin loops to the nuclear matrix 
enriched in promoters, enhancers, origins of replication 
because of their non-B DNA structures and where 
replication, transcription, repair, recombination take place 
(Boulikas, 1992) need further investigation.  
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Figure 9.  Cisplatin analogues with general formula cis-

[Pt(NH3)2A] where A is bidentate carboxy ligand. 

5. Nedaplatin, cis-diammineglycolatoplatinum (II). Approved 
in Japan. 

6. Carboplatin, cis-diammine(1,1-cyclobutanedicarboxylato) 
platinum (II). Approved world-wide. 
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Figure 10.  Platinum complexes with general formula cis-[Pt(DACH)A2] where DACH is cyclohexane-1,2-diamine and A2 is 
bidentate carboxy or sulfate ligand or two monodentate carboxy ligands. 

7. MBA, (trans-1,2-diaminocyclohexane) bisbromoacetato platinum (II) 
8. PHM, (1,2-Cyclohexanediamine) malonato platinum (II) 
9. SHP, (1,2-Cyclohexanediamine) sulphato platinum (II) 

10. neo-PHM, (trans-R,R-1,2-Cyclohexanediamine) malonato platinum (II) 
11. neo-SHP, (trans-R,R-1,2-Cyclohexanediamine)sulphato platinum (II) 
12. JM-82, (1,2-Cyclohexanediamine) 4-Carboxyphthalato platinum (II), 
13. PYP, (1,2-Cyclohexanediamine) bispyruvato platinum (II) 

14. PHIC, (1,2-Cyclohexanediamine) isocitrato platinum (II) 
15. Oxaliplatin, (trans-R,R-1,2-diaminocyclohexane)oxalate platinum (II). Approved world-wide. 
16. TRK-710, (trans-R,R-1,2-cyclohexanediamine) [3-Acetyl-5-methyl-2,4(3H,5H)-furandionato] platinum (II) 

 
 

 

XIV. Platinum drugs with 

cyclohexane-1,2-diamine and bidentate 

ligands 

Using the oxaliplatin molecule as archetype, 

several platinum complexes with a carbohydrate moiety 
resembling the cyclohexane-1,2-diamine ligand of 
oxaliplatin were prepared (Figure 10); the anionic 
ligands iodide, oxalate, malonate and chloro were used; 
the chloro complex showed the highest reactivity, 
followed by the iodo complex, that of the dicarboxylato 
complexes were slower, and the malonato complex was 

the least reactive toward dGMP. The reactivity of platinum 
compounds toward dGMP has been used as a model for 
DNA reactivity and as a means to predict cytotoxicity in 
human cancer cell lines. Indeed, the cytotoxicity of the 
chloro complex was one to two orders of magnitude lower 

than that of oxaliplatin in specific cancer cells  as predicted 
from reactivity with dGMP (Berger et al, 2007).  
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A. Lobaplatin (ASTA D-19466)  

Lobaplatin (Figure 11, structure 22) is a 
diastereometric mixture of platinum(II) complexes 
containing a 1,2-bis(aminomethyl)cyclobutane stable 

ligand and lactic acid as the leaving group. The two 
diastereoisomers can be separated in plasma ultrafiltrate 
samples from cancer patients by HPLC linked to an 

ultraviolet detector after solid-phase extraction (Welink et 
al, 1996). Lobaplatin was developed by ASTA Pharma AG 
(Frankfurt, Germany) that subsequently discontinued 
development of the drug, undertaken then by Zentaris AG. 
In 2003, Zentaris AG and Hainan Tianwang International 

Pharmaceutical signed a contract for the manufacture and 
marketing of lobaplatin in China (Voegeli et al, 1990).  
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Figure 11.  Platinum complexes with general formula cis-[PtA2B2] or where A2 are bidentate diamine or ammine/amine or 

amine/amine ligands and B2 is bidentate carboxy or sulphate ligand. 

17. BOP, (1,2-Cyclooctanediamine) bisbromoacetato platinum (II)  
18. JM-40, (ethane-1,2-diamine) malonatoplatinum (II) 
19. Enloplatin, (tetrahydro-4H-pyran-4,4-dimethanamine) cyclobutane dicarbolxylato platinum (II)  

20. Zeniplatin, [2,2-bis(aminomethyl)-1,3-propanediol] cyclobutanedicarbolxylato platinum (II)  
21. CI-973, (2-methyl-1,4-butanediamine) cyclobutane dicarbolxylato platinum(II) 
22. Lobaplatin, (1,2-cyclobutanedimethanamine)[(2S)-2-hydroxypropanoato(2-)-O1,O2] platinum (II). A different name is: 1,2-

diaminomethyl-cyclobutane-platinum(II)-lactate. Approved in China for chronic myeloid leukemia. 
23. Cycloplatam, ammine[cyclopentylamine-S-(-)-]malato platinum (II) 
24. WA2114R (miboplatin), (1R,2R-pyrrolidinemethanamine) cyclobutanedicarbolxylato platinum(II) 
25. Heptaplatin or SKI2053R, cis-[(4R,5R)-4,5-bis(aminomethyl)-2-isopropyl-1,3-dioxolane] malonate platinum (II). Approved in 

South Korea 
26. TNO-6, Spiroplatin, (1,1-diaminomethyl cyclohexane) sulphato platinum (II)  
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Lobaplatin has been approved in China for the 

treatment of chronic myelogenous leukemia (CML) and 
inoperable, metastatic breast and small cell lung cancer. 
Lobaplatin has also completed phase II clinical trials in 
the US, Australia, EU, Brazil and South Africa for the 
treatment of various cancers, including breast, 
esophageal, lung and ovarian cancers as well as CML. 
The main toxicity of lobaplatin is thrombocytopenia and 
its dose should be corrected according to renal function 

(Gietema et al, 1995). Lobaplatin monotherapy showed 
marginal activity against SCCHN with a 7% response 
rate and thrombocytopenia of Grade 3/4 in 26% of the 
patients (Degardin et al, 1995). The drug is heat-labile 
and does not require protection against normal daylight 
like cisplatin does (Guchelaar et al, 1992). According to 
the claims of Zentaris the mechanism of action involves 
inhibition of DNA polymerase and RNA polymerase. 

Lobaplatin has activity in a wide range of 

preclinical tumour models and appears to overcome 
tumour resistance to cisplatin and carboplatin (reviewed 
by McKeage, 2001). Lobaplatin showed significant 
activity against cisplatin-resistant human ovarian and 

testicular carcinoma xenografts in vivo (Harstrick et al, 
1993). The antitumour activity of lobaplatin is thought to 
result from the formation of DNA-drug adducts, mainly 
as GG and AG intra-strand cross-links. The major 
adducts formed in vitro by cisplatin, lobaplatin and 
oxaliplatin in calf thymus DNA in vitro were the Pt-GG 
and Pt-AG intrastrand crosslinks but the rate of adduct 
formation by cisplatin was substantially higher, 
compared with lobaplatin and oxaliplatin; this difference 

between the three drugs was smaller in A2780 cells 
suggesting modulation of adduct formation by certain 
cellular mechanisms (Saris et al, 1996). Lobaplatin 
influences the expression of the c-myc gene, which is 
involved in oncogenesis, apoptosis and cell proliferation. 
Cisplatin and lobaplatin showed a similar pattern of 
cytotoxicity and activation of c-myc promoter-driven cat 
gene expression while the less cytotoxic D17872 

platinum drug activated c-myc promoter to a much lower 
extent (Eliopoulos et al, 1995). 

The cytotoxicity of cisplatin and cisplatin-DNA 
adduct formation in vitro and in vivo was enhanced by 
hyperthermia; SW 1573 cells were incubated with 

cisplatin, lobaplatin or oxaliplatin at different 
concentrations for 1 h at 37, 41 and 43 oC and the 
reproductive capacity of cells was determined by 
cloning. At 37 oC, cisplatin was the most cytotoxic, 
followed by oxaliplatin and lobaplatin. Hyperthermia 
clearly enhanced the cytotoxicity of cisplatin, lobaplatin 
and oxaliplatin. There was no further increase in 
cytotoxicity from 41 to 43 oC for cisplatin and 

oxaliplatin except for lobaplatin. Adduct formation was 
enhanced at 43 oC for cisplatin, lobaplatin and 
oxaliplatin with a relative increase of 410%, 170% and 
180% respectively compared to adduct formation at 37 
oC confirming that an increase in platinum-DNA adduct 
formation is involved in thermal enhancement of 
cytotoxicity (Rietbroek et al, 1997). A resistant subline 

(H209/CP), derived from the drug sensitive human SCLC 
line NCI-H209 by in vitro selection in cisplatin was 11.5-
fold resistant to cisplatin and displayed a low level of cross-
resistance to other platinum compounds including 
carboplatin, tetraplatin, iproplatin, and lobaplatin. The 

accumulation of cisplatin was reduced in this cell line, and 
there were fewer DNA-interstrand cross links formed in the 
presence of cisplatin in H209/CP, compared with the parent 
line. This experiment provides evidence that carboplatin, 
tetraplatin, iproplatin, and lobaplatin use other transporters 
than cisplatin to enter across the cell membrane in H209 
small cell lung cancer cells. There were neither alterations in 
metallothionein and glutathione levels nor in levels of 

glutathione-S-transferase, glutathione peroxidase, and 
glutathione reductase, between the resistant and sensitive 
cell lines. The same cell line was used to derive a VP-16-
resistant cell line and the molecular mechanism involved in 
this case was a reduction of topoisomerase II-! activity to 

8% of that in the parent cell line (Jain et al, 1996). Thus, the 
same cell line can use different mechanisms to develop 
resistance to etoposide and cisplatin. 

Lobaplatin has been evaluated as adjuvant 

chemotherapy to surgery in canine appendicular 
osteosarcoma and was recommended at a dose of 35 mg/m2 
once every three weeks, for a maximum of 4 doses; 
vomiting and depression were observed as well as 

thrombocytopenia, leucopenia and neutropenia (Kirpensteijn 
et al, 2002). Lobaplatin showed basically the same 
interaction pattern when combined with 5-FU as cisplatin in 
established human cancer cell lines (Harstrick et al, 1997).  

Germ-cell tumours, rare tumours of testicular, ovarian 

and extra-gonadal origins, are curable by cisplatin-based 
chemotherapy and surgery. There is a dose-response 
relationship for cisplatin, up to standard 33 mg/m2/week; 
further dose escalation has failed to demonstrate an 
increased response. Carboplatin has been shown to be less 
active than cisplatin whereas oxaliplatin and lobaplatin have 
a questionable activity in germ-cell tumours (Droz and 
Culine, 1998).  

Phase I clinical trials of three quite different 
administration schedules found the same dose-limiting 
toxicity (thrombocytopenia) and similar maximum tolerated 
doses of 60 mg/m2 per 3 - 4 weeks. A Phase I clinical study 

on 25 patients with advanced solid tumors with a starting 
dose of lobaplatin of 50 mg/m2 given every 3 weeks no 
objective responses were recorded; thrombocytopenia was 
the major side effect; the half-life of ultrafilterable platinum 
was 131 min whereas that of total platinum was 6.8 days 
(Welink et al, 1999). A phase I study of lobaplatin 
administered from 30 to 60 mg/m2/72 h every 4 weeks did 
not give any renal, neuro- or ototoxicity; thrombocytopenia 
is the dose-limiting toxicity; the recommended phase II dose 

was 45 mg/m2/72 h every 4 weeks (Gietema et al, 1993). In 
a different phase I trial lobaplatin was administered daily for 
5 days every 4 weeks. Toxicity appeared to be related to 
renal function, therefore the individual dose (total dose 20-
100 mg m2 over 5 days) of lobaplatin was modified 
according to creatinine clearance. Twenty-seven patients 
with refractory solid tumours received 72 courses. 
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Thrombocytopenia was dose-limiting; the maximum 
tolerated dose was 40, 70 or 85 mg/m2 according to 
creatinine clearance and the recommended doses for 
phase II studies were 30, 55 and 70 mg/m2 according to 
creatinine clearance (Gietema et al, 1993). 

In a Phase II study, conducted in China and 
including 284 patients with a broad range of solid and 
non-solid tumors, safety and particularly good 
therapeutic efficacy was demonstrated in patients with 

breast cancer, SCLC (small cell lung cancer), and CML 
(chronic myelogenous leukemia). Primary endpoint in 
solid tumor patients was the remission rate according to 
WHO criteria. The favorable results of this study 
comprised the basis for approval of the product in China 
(http://www.aeternazentaris.com). 

In Phase II trials, lobaplatin showed activity in 

patients with a variety of tumour types. Many of the 
patients who responded to lobaplatin may also have 
responded to cisplatin and carboplatin because they had 
had no prior chemotherapy or had a prolonged remission 
after earlier treatment. A phase II evaluation of 
lobaplatin at a dose of 50 mg/m2 every 4 weeks, in 49 

patients with advanced and/or metastatic squamous cell 
carcinoma of the head and neck (SCCHN) of whom 43 
eligible, gave one complete and 2 partial responses for 
an overall response rate of 7%; Toxicities of WHO grade 
> or = 3 were thrombocytopenia in 26%, 
granulocytopenia in 12% and anemia in 12% of patients 
whereas nausea/vomiting, diarrhea and paresthesia were 
mild and rare (Degardin et al, 1995). 

Lobaplatin has a lower activity than cisplatin in 

various clinical studies compared to historic controls and 
its approval was mainly based on reduction of side 
effects. Although one of the claims for its development 
was its effectiveness against cisplatin-resistant tumors 

with a potential application in patients who relapse after 
first-line platinum-based treatment the results have been 
disappointing at least for ovarian cancer. Lobaplatin was 
given to 17 assessable patients with platinum-refractory 
ovarian cancer and no objective responses were 
observed. The drug was initially administered at a dose 
of 50 mg/m2 but was later reduced to 40 mg/m2 because 
of excessive thrombocytopenia. Nine patients required 
red cell transfusions during therapy. Cycles were 

repeated every 21-35 days (Kavanagh et al, 1995). 

In a phase II trial in patients with refractory or 
relapsed ovarian cancer 22 patients were treated with 
lobaplatin monotherapy using 30 or 50 mg m2 every 4 

weeks as the starting dose. Patients received 78 courses 
(median 3, range 1-6) and in eight patients total platinum 
in plasma and urine, free platinum in plasma ultrafiltrate 
and lobaplatin in plasma ultrafiltrate were measured by 
HPLC to study pharmacokinetics. The free platinum 
fraction was initially very high, indicating low protein 
binding; 4h after infusion 54% of the lobaplatin dose 
was excreted in the urine reaching 74% in 24 h. Toxicity 
was mild nausea and vomiting, mild leucocytopenia 

(WHO grade 3 in 18% of the courses), and renal 
function-related thrombocytopenia (WHO grade 3/4 in 

53% of the courses) but no renal toxicity occurred. Five of 
21 evaluable patients (24%) achieved a response (four 
complete remissions and one partial remission) and the 
median survival from start of lobaplatin treatment was 8 
months (Gietema et al, 1995). 

 

B. Heptaplatin (SKI2053R) 

Heptaplatin, (Figure 11, structure 25) (SK Chemicals, 

Kyungki-Do, South Korea) has been approved for the 
treatment of gastric cancers in South Korea. Preclinical 
studies suggested that heptaplatin might have a greater 
antitumor activity and a lower toxicity than cisplatin. The 

molecular mechanisms of heptaplatin in cisplatin-resistant 
cancer cell lines and the involvement of metallothionein 
were investigated. Altered expression of the antioxidant and 
transporter genes (metallothionein, catalase, superoxide 
dismutases, P-glycoprotein, and the breast cancer resistance 
protein) are involved in maintaining the cisplatin-resistant 
phenotypes in gastric cancer cell lines (Xu et al, 2005). 
Various gastric cancer cell lines differ in their levels of 
metallothionein with SNU-638 having the highest and SNU-

601 having the lowest levels of metallothionein mRNA of 
those examined (80-fold difference). The IC50 values of 
SNU-638 to cisplatin, carboplatin and heptaplatin were 
11.2-fold, 5.1-fold and 2.0-fold greater than those of SNU-
601, respectively. It was concluded that metallothionein 
cellular levels have a lower involvement in heptaplatin 
resistance (Choi et al, 2004).  

The embryotoxicity of heptaplatin was investigated in 

rats; it was administered intravenously to pregnant rats from 
Days 6 to 16 of gestation at dose levels of 0, 0.75, 1.5, and 
3.0 mg/kg/d. At 3 mg/kg it reduced food intake, body weight 
and liver weight of the pregnant mothers as well as weight 
of fetuses. All dams were subjected to caesarean section on 

Day 20 of gestation; visceral and skeletal malformations 
occurred at an incidence of 18.5 and 6.0% whereas other 
characteristic malformations included dilated cerebral 
ventricle, anophthalmia, microphthalmia, fused or absent 
cervical arch, fused thoracic arch, fused thoracic centrum, 
and fused ribs. There were no signs of embryotoxicity at 
doses of 0.75 and 1.5 mg/kg (Chung et al, 1998). The rat 
dose of 1.5 mg/kg is roughly equivalent to a human dose of 
60 mg/m2 per day for 10 consecutive days or roughly to a 

single dose of 600 mg/m2. Animal studies with radioactive 
14C-labelled heptaplatin injected to pregnant rats showed 
that the drug scarcely passes the blood-placenta barrier (Cho 
et al, 1996a). After a single intravenous administration of 
14C-heptaplatin in male rats the radioactivity of blood 
declined in a biexponential fashion with an initial half-life of 
0.42 h and a terminal half- life of 68.67 h. Radioactivity was 
distributed very rapidly and extensively into all tissues 

except the central nervous system. The 0-7 days cumulative 
excretions of total radioactivity were 83.0 in urine and 
11.3% in feces whereas the 0-24 h cumulative excretions in 
bile was 8.7% of the dose (Cho et al, 1996b). Dog studies 
with 14C-heptaplatin showed that total radioactivity in the 
plasma and ultrafiltrable plasma declined in a biexponential 
fashion with the initial half-lives of 0.63 hr and 0.53 hr, and 
with the terminal half-lives of 51.08 hr and 15.19 hr, 
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respectively. A large portion of 14C-heptaplatin was 
distributed into the cellular fraction of mouse or rat 
blood, but not into that of dog or human blood in vitro 
(Cho et al, 1995). The mean IC50 values (µg/ml) of 

heptaplatin, cisplatin and carboplatin were 6.4, 1.8 and 

20.6, respectively whereas the relative antitumor 
activities were 1.6, 2.0 and 1.2, respectively against 
human lung and stomach cancer cell lines (Hong et al, 
1995). 

 Heptaplatin is less nephrotoxic than cisplatin with 

additive cytotoxic effects with low dose ionizing 
radiation that correlated with induction of apoptosis in 
squamous carcinoma cell lines (Ryu et al, 2005). 
Heptaplatin in combination with 5-fluorouracil or 
paclitaxel has been studied against human head and neck 
cancer cells; also, in order to evaluate the transport of 
heptaplatin into tumor tissue, its penetration through 

multicell layers of cancer cells was measured. 
Heptaplatin, but not cisplatin or oxaliplatin, maintained 
its anti-proliferative activity after penetration through 
multicell layers, which can be attributed to its lower 
protein binding; furthermore, this study has shown that 
paclitaxel may sensitize tumor cells to heptaplatin (Lee 
et al, 2006). Preclinical studies suggest that it may have 
greater antitumor activity and lower toxicity than 
cisplatin. 

A Phase I study of heptaplatin on twenty-one 
patients with advanced, refractory malignancies using 
dose escalation from 40 to 480 mg/m2 every 4 weeks; 
two of three patients developed Grade 4 hepatotoxicity, 

Grade 3 leucopenia and thrombocytopenia, and Grade 2 
azotemia and proteinuria at 480 mg/m2 defined as MTD. 
Other toxicities included nausea and emesis, but it was 
controlled with antiemetics but heptaplatin did not cause 
significant neurotoxicity or mucositis. There were 4 
patients with stable disease among the 21 patients. The 
terminal plasma half-life of the total platinum after SKI 
2053R administration ranged from 63.4 hours to 114.1 
hours and renal excretion ranged from 49% to 75% of 

the administered dose. The recommended starting dose 
for a subsequent Phase II study was 360 mg/m2 in a 4 
week cycle (Kim et al, 2001). The combination of 5-FU 
and heptaplatin 400 mg/m2 every 4 weeks in patients 
with advanced gastric cancer gave a response rate of 
21%, a median progression-free survival of 1.9 months, 
a median overall survival of 6.2 months and a 1-yr 
survival rate of 29% with proteinuria (Min et al, 2004). 

Ninety nine previously untreated patients with 

advanced gastric cancer and with normal renal function 
were randomly assigned into either group I (heptaplatin 
400 mg/m2 on Day 1 plus 5-FU 1000 mg/m2 per day 
continuous day 1 - 5), or group II (cisplatin 60 mg/m2 on 

day 1 plus same 5-FU), with the cycles repeated every 4 
weeks; creatinine clearance showed a greater decrease in 
group I and differences between the two groups were 
statistically significant throughout the subsequent cycles. 
Thus, nephrotoxicity was more severe in patients treated 
with heptaplatin 400 mg/m2 than with cisplatin 60 mg/m2 
when combined with 5-FU (Ahn et al, 2002). Patients 

with gastric cancer who show disease progression after 
cisplatin or heptaplatin plus 5-FU have received paclitaxel 
and carboplatin in a Phase II study. Of the 32 patients 
previously treated with cisplatin, four (13%) achieved 
partial response, whereas, of the 13 patients previously 

treated with heptaplatin, six (46%) achieved partial response 
(Chang et al, 2005). 

A phase II trial of heptaplatin 400 mg/m2 every 3 to 4 
weeks in 38 patients with previously untreated extensive-

stage small-cell lung cancer (SCLC) was performed. After 
the first cycle, the dose was escalated to 440 mg/m2 based 
on toxicity. Six of 37 evaluable patients achieved a partial 
response (16.2%) and the durations of response were 1.1, 
1.5, 1.7, 1.9, 3.4, and 4.6 months. The estimated median 
survival time was 7.4 months. Thus, heptaplatin showed a 
modest antitumor activity but the toxicities were limited 
(Zang et al, 1999). A Phase II clinical trial of heptaplatin 
360 mg/m2 on Day 1 in 28 day cycles was completed on 37 

patients with unresectable or metastatic gastric 
adenocarcinoma and with no prior chemotherapy or 
radiotherapy. Of thirty-five patients who were evaluable for 
response and toxicity six (17%) achieved a major response 
(2 complete and 4 partial) with a median duration of 
response of 7.2 months and with a range of 1-20 months. No 
patients developed Grade 3 or 4 toxicity. The most frequent 
toxicity was Grade 1 or 2 proteinuria (26% of cycles), but it 

was mild and transient. Leukopenia, thrombocytopenia, 
azotemia, nausea and vomiting, and neurotoxicity were not 
frequent (Kim et al, 1999). In conclusion, the activity of 
heptaplatin is clearly lower than that of cisplatin; its 
registration was based on its lower toxicity profile. 

 

C. Spiroplatin (TNO-6)  

TNO-6, Spiroplatin, (1,1-diaminomethyl 

cyclohexane) sulphato platinum (II) (Figure 11-26) was 
synthesized at the Institute of Organic Chemistry TNO, 
Utrecht, the Netherlands. TNO-6 was the most promising 
compound displaying favorable toxicity and antitumour 
profile among several cisplatin analogs in which the ammine 
groups were substituted by a diaminomethylcyclohexane 
moiety. The structure-activity relationship of TNO-6 has not 
been fully elucidated. It was suggested that the activity of 
the drug was arising from platinum-DNA intrastrand and 

interstrand adducts; however, comparative studies on the 
cytotoxic mutagenic and recombinogenic effects of TNO-6 
and cisplatin in Saccharomyces cerevisiae showed an 
increased mutagenic activity of TNO-6 suggesting 
differences in the mechanism of DNA damaging between 
TNO-6 and cisplatin (Hannan, 1988). However, spiroplatin 
(also iproplatin, structure 29) are less mutagenic than either 
cisplatin or carboplatin (Sanderson et al, 1996). In addition, 

the drug toxicity and antitumor activity could be modified 
by the enhanced hydrolysis of the sulfate moiety yielding 
several mono- or bis-aquated species; the equilibrium of the 
hydrolysis reaction was affected by platinum concentration, 
pH and sulphate concentration. High platinum concentration 
and sodium sulfate limited the process of hydrolysis. In vivo 
pharmacokinetic studies employing rats treated with TNO-6 
solubilized in isoosmotic sodium sulfate (impaired 
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hydrolysis), showed less toxicity as measured by 
proteinuria, platinum excretion and body weight, than 
the group treated with spiroplatin solubilized in 5% 
glucose (Elferink et al, 1984).  

TNO-6 underwent extensive antitumor screening in 

various tumor cell lines in vitro and experimental tumor 
models in vivo as well as xenografts of human ovarian 
carcinomas (Lelieveld et al, 1984; De Jong et al, 1983). 
TNO-6 proved to be less active than cisplatin displaying 

only growth delay activities (Boven et al, 1985); 
however, in a more recent study employing human 
tumor clonogenic assays, it was reported that the drug 
was efficient against ovarian cancer in specimens 
originating from cisplatin-naive patients (Schroyens et 
al, 1990). Contrarily to JM-8, JM-9 and JM-82, TNO-6 
displayed marked cytotoxic activity against several 
human colon carcinoma cell lines (SW48, 620, 480, 
1116, LoVo and SW403), although at about 2 to 5-fold 

lower than cisplatin. Nevertheless the drug proved to be 
slightly more active than cisplatin against LoVo and 
SW403 cell lines (Drewinko et al, 1985).  

The LD50 of TNO-6 in mice, when administered 

intravenously, was 8.9 mg/kg while the LD50 for 
intraperitoneal administration ranged from 11 mg/kg to 
20 mg/kg (Lelieveld et al, 1984; Rose et al 1982). 
Contrarily to cisplatin, blood urea nitrogen or serum 
creatinine level increases were not observed at LD10 
(Bradner, 1980). At dose 1.0 mg/kg twice a week for 7 
weeks TNO-6 caused less decrease of body weight than 
did cisplatin while as expected no nephrotoxicity was 
observed on histological examination of kidney (De 

Jong, et al, 1983). Further preclinical studies performed 
in mice, rats and dogs revealed that TNO-6 produced no 
renal toxicity in mice and rats after a single dose while 
using fractionated doses did cause nephrotoxic side 
effects however less than cisplatin. In dogs, TNO-6 at 
dose of 1.5 mg/kg induced severe although reversible 
kidney damage. Drug kinetic data showed that half-lives 
of distribution were 4.0-5.1 min (9.7 min for cisplatin), 

while half-lives of elimination were 3.6-6.6 days (5.9 
min for cisplatin) Plasma levels were at least two times 
higher after TNO-6 than after cisplatin, whereas twelve 
weeks after drug administration, plasma levels were 
undetectable while tissue concentrations could still be 
measured (Lelieveld et al, 1984). 

Spiroplatin has been evaluated in a Phase II clinical 

study; 64 patients with nine different solid tumors 
received 141 cycles of spiroplatin at a dose of 30 mg/m2 
every 3 weeks. Side effects included nausea, vomiting, 
myelosuppression, and renal toxicity; however, only 3 
patients showed a response. Based on the absence of 
striking antitumor activity and on the presence of severe 

unpredictable renal toxicity, the study was stopped 
prematurely (Tanis et al, 1992).  

 

XV. Tetravalent platinum complexes  

Tetravalent platinum complexes (Figure 12) 

abbreviated Pt (IV) complexes (tetraplatin, iproplatin, Pt 

(IV)(dach)Cl4),  with different reduction potentials showed 
reactivity toward 5'-guanosine monophosphate (5'-GMP). 
Pt(IV)(dach)Cl4 was the most reactive complex proceeding 
via an initial substitution of one Pt(IV)/ligand by a 5'-GMP 
molecule (Choi et al, 1999). Such studies have important 

implications to our understanding of the molecular 
mechanisms of platinum compounds that appear to be 
pleitropic and multitalented. We propose that platinum 
compounds might also interact with the phosphate groups on 
tyrosine, serine and threonine molecules implicated in 
cancer modulating signaling in cancer cells. Studies on 
murine leukemia L1210 cells and platinum(IV) 
ammine/cycloalkylamine compounds differing in ring size 

(cyclopropane, cyclobutane, cyclopentane, or cyclohexane), 
showed that cytotoxicity increased with increasing ring size 
(Yoshida et al, 1994). 

An octahedral Pt(IV) complex, K104, with a malonato 
leaving group and seven-member ring structure between the 

central platinum and amine carrier ligands showed more 
effective anticancer activities than carboplatin in most 
cancer cell lines examined, about the same efficacy 
compared with cisplatin and carboplatin against colorectal 
cancer patient tissues, and did not cause nephrotoxic effects 
in mice (Kwon et al, 2007).  
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Figure 12.  Pt(IV) complexes.  
27. Ormaplatin (tetraplatin), tetrachloro(trans-1,2-diamino 

cyclohexane)platinum(IV).  
28. JM-216 (Satraplatin), cis-dichloro trans-bisacetato 

ammine (cyclohexylamine) platinum(IV).  

29. JM-9 (Iproplatin), cis-dichloro-trans-dihydroxy 
bis(isopropylamine) platinum (IV) 
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A. Satraplatin (JM-216) 

Satraplatin (GPC, Germany, Figure 12-28) arose 
from an academic & pharmaceutical collaboration 
between the Institute of Cancer Research & Johnson 

Matthey/AnorMed and has been developed as an orally 
administrated drug against in hormone-refractory 
prostate cancer (reviewed by Kelland, 2007b). A human 
ovarian carcinoma cell line, selected by repeated 
exposure to JM118, was cross-resistant at varying levels 
to satraplatin, cisplatin, carboplatin, and oxaliplatin. 
Parental and resistant cells did not differ in their uptake 
or efflux of 64Cu, expression of Cu efflux transporters 

ATP7A or ATP7B or their glutathione content. JM118-
resistant cells accumulated more rather than less Pt and 
an intracellular detoxification mechanism different from 
that involved in cisplatin resistance was thought to be 
involved in JM118-resistance (Samimi et al, 2007). GPC 

and its partner, Pharmion, announced on Oct 31, 2007 
that they were withdrawing their FDA application after 
satraplatin failed to show an increase in overall survival 
in patients with hormone-refractory prostate cancer. In 

the trial, patients taking the therapy in combination with 
prednisone lived an average of 61.3 weeks compared to 
61.4 weeks for the control group. As a result the stock 
price of the publicly trading GPC fell dramatically. 

 

B. Tetraplatin (ormaplatin) 

Tetraplatin (Figure 12-27, NSC 363812, 
ormaplatin), (tetrachloro-(dl-trans)-1, 2-
diamminocyclohexaneplatinum) (IV) containing trans-

R,R- and trans-S,S-DACH in racemic mixture, has been 
the only platinum(IV) complex among the DACH-
containing platinum compounds that entered clinical 
trials; it is a stable platinum (IV) analog which has 
exhibited activity against cisplatin-resistant cell lines and 
may be less nephrotoxic than cisplatin. Contrary to 
cisplatin, tetraplatin proved to bind to human proteins 
via a direct nucleophilic attack while prior aquation was 

not required (LeRoy et al, 1989). Tetraplatin incubated 
with glutathione was reduced chemically to the DACH-
Pt(II) species rapidly and this chemical reduction of 
tetraplatin appeared to be a prerequisite for its biological 
activity (Kido et al, 1994). Tetraplatin showed marked 
antitumor activity both in vitro and vivo. Tetraplatin 
showed activity against the P388/cisplatin resistant cell 
line (Anderson et al, 1986) and equal or even higher 
activity to cisplatin against human ovarian carcinoma 

cell lines (Perez et al, 1991, Mistry et al 1992) mainly 
due to its increased intracellular accumulation. 

 Tetraplatin displayed slightly better activity than 
cisplatin against the intraperitoneally implanted murine 

L1210 leukemia cells (Rahman et al, 1988). In addition, 
tetraplatin displayed marked and reproducible activity 
against the intraperitoneal implanted B16 melanoma, 
M5076 sarcoma and P388 leukemia, and also against 
MX-1 human breast xenograft implanted under the renal 
capsule (Anderson et al, 1986). The in vitro cellular 
uptake of platinum by L1210 cells at 37°C was about 4-

fold higher after exposure to tetraplatin compared to 
cisplatin (Rahman et al, 1988).  Further studies in rats 
showed that the drug displayed less neurotoxicity than 
cisplatin at equimolar doses. Specifically, tetraplatin 
induced alterations in renal function. Tetraplatin lesions 

were localized in the mid-and outer cortex and, even at the 
highest dose, were less severe than those observed with 
cisplatin. There were other prominent toxic effects of 
tetraplatin, such as gastrointestinal toxicity and 
myelosuppression (Smith et al, 1988; Engineer et al, 1989). 
The platinum sensitive A2780 ovarian cancer cell line was 
used to derive a subline with a significantly reduced ability 
to accumulate cisplatin; this subline was also specifically 

cross-resistant to carboplatin, tetraplatin and oxaliplatin in a 
mechanism associated with a reduced cellular platinum 
accumulation and without cross-resistance with other 
anticancer agents; these results suggest that tetraplatin uses 
similar cellular uptake mechanisms to cisplatin and that an 
inward transporter was impaired in resistant cells (Helleman 
et al, 2006). The gene expression profiles have identified 
genes whose expression was positively or negatively 
correlated to the sensitivity to cisplatin, carboplatin, 

oxaliplatin and tetraplatin. Important similarities were found 
between cisplatin and carboplatin on one hand, and 
tetraplatin and oxaliplatin on the other hand (Vekris et al, 
2004). 

Toxicities and maximum tolerated dose of tetraplatin 

was examined in phase I studies. In the first study, a total of 
35 patients with refractory solid tumors were treated with 
the drug for five consecutive days with dose escalation at 
nine dose levels ranging from 1.0 to 15.0 mg/m2 per day for 
70 cycles of therapy. Side effects included nausea and 
vomiting and hematological toxicity. However, these side 
effects were moderate and not dose limiting. Neurotoxicity 
was the dose-limiting toxicity, consisting of a sensory 

peripheral neuropathy and was observed in all five patients 
who received cumulative doses greater than 165 mg/m2. A 
phase II dose could not be determined due to the onset of 
peripheral neuropathy at low cumulative doses (O'Rourke et 
al, 1994). In the second phase I study, a schedule previously 
shown to be active and well tolerated for cisplatin, was 
evaluated in 26 patients. Tetraplatin was administered 
intravenously at dose levels that ranged of 4.4 to 60.8 mg/m2 
on days 1 and 8 every 28 days. With repeated drug 

administration severe neurotoxicity was observed in 4 of 28 
patients, manifested as a sensory polyneuropathy in 3 
patients and a possible autonomic neuropathy in one. 
Patients who received cumulative doses above 200 mg/m2 
were at increased risk for developing renal side effects. 
Pharmacokinetic studies revealed that plasma elimination of 
ultrafilterable platinum was biphasic with a harmonic mean 
terminal half-life of 15.8 h (Schilder et al, 1994). In a 

different phase I clinical trial on 28 patients with refractory 
metastatic cancer, ormaplatin plasma concentrations were 
found to be more accurately described by a two-
compartment model; the distribution half-life (t1/2 alpha) was 
0.3 h and the terminal half-life (t1/2 beta) was 39.1 h. The 
pharmacokinetics were, in general, similar to those of other 
clinically used platinum compounds (Figg et al, 1997). A 
phase I trial of ormaplatin administered as a 1-h infusion 
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every 4 weeks showed that the dose-limiting toxicity 
was reversible thrombocytopenia and granulocytopenia. 
Neurotoxicity was observed in 5/41 patients and the 
incidence appeared related to cumulative dose rather 
than to dose level or drug clearance; the mean 

elimination half-life (t1/2 beta) was 13.6 h. Based on 
these results a phase II dose of 98 mg/m2 was 
recommended for testing in patients with cisplatin-
refractory disease (Tutsch et al, 1999). 

The severe, cumulative and irreversible peripheral 

neurotoxicity observed in phase I studies resulted in 
termination of further clinical development of 
ormaplatin.  

 

XVI. Multinuclear platinum drugs 

A. BBR3464 

1. Structure and features 

The structure of BBR3464 is best described as two 
trans-[PtCl(NH3)2] units linked by a tetra-amine [trans-
Pt(NH3)2{H2N(CH2)6NH2}2]

2+ unit. BBR3464 has a +4 
charge and at least two Pt coordination units capable of 
binding to DNA. The high charge on BBR3464 

facilitates rapid binding to DNA with a t1/2 of 
approximately 40 min, significantly faster than the 
neutral cisplatin (Brabec et al, 1999). Although so far the 
drug appears to be failing to show adequate response 
rates in patients in Phase II clinical trials to warrant 
registration, nevertheless its study has provided 
invaluable information on the mode of action of 
platinum compounds. BBR3464 is known to activate a 

different pathway of cell response than cisplatin 
(Righetti et al, 2006).  

 

2. Crosslinks with DNA, recognition and repair 

The bifunctional DNA binding of BBR3464 is 

characterized by the rapid formation of long range intra- 
and interstrand cross-links but also formation of 
monoadducts. Binding of BBR3464 causes unwinding of 

supercoiled DNA circles and has a preference for the 
formation of interstrand rather than intrastrand DNA 
crosslinks (McGregor et al, 2002). The chemical structure of 
BBR3464 is distinct from that of cisplatin and oxaliplatin; as 
a consequence, the modes of DNA binding and the 

structures of BBR3464 DNA adducts are also structurally 
distinct from those formed by cisplatin and oxaliplatin. The 
adducts with DNA are, to some extent, affected by its pre-
covalent association explaining its increased cytotoxicity. 
Multi-nuclear platinum DNA adducts are broadly defined as 
flexible, non-directional and mainly interstrand cross-links. 
Interstrand crosslinks are preferentially formed between 
guanine residues separated by 2 base pairs in both the 3' # 

3' and 5' # 5' directions which bend and unwind the duplex; 

high mobility group proteins, known to bind to cisplatin 
intrastrand crosslinks, do not recognize 1,4-interstrand 
crosslinks of BBR3464. In contrast to intrastrand adducts of 
BBR3464, 1,4-interstrand crosslinks are not removed by 
nucleotide excision repair and could persist considerably 
longer explaining the higher toxicity of BBR3464 over 
cisplatin (Kasparkova et al, 2002). In addition, intrastrand 

cross-links of BBR3464 are not recognized by HMG 1 class 
proteins (Zehnulova et al, 2001). Loss of mismatch repair 
proteins (hMLH1, hPMS2) or overexpression of nucleotide 
excision repair proteins (ERCC1) was not detrimental for 
the cellular sensitivity to BBR3464 (Colella et al, 2001). 

BBR3464 forms a 1,4-interstrand cross-linked adduct 

with the self-complementary DNA octamer 5'-
d(ATG*TACAT)2-3' with the two platinum atoms 
coordinated in the major groove at N7 positions of guanines 
four base pairs apart on opposite DNA strands. The 
significant characteristic of the structure is the lack of severe 
DNA distortion such as a kink, directed bend or significant 
unwinding of the helices which are characteristic for DNA 

adducts of mononuclear complexes. This may contribute to 
the lack of protein recognition of the cross-link by HMG-
domain proteins, a biological consequence significantly 
different from that of mononuclear complexes such as 
cisplatin; structural perturbations induced by BBR3464 
crosslinks are related to its increased cytotoxicity and 
antitumor activity as compared to cisplatin (Qu et al, 2003).  
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Figure 13.  BBR 3464  

30. BBR3464, trans-{bis[trans-diamminechloroplatinum(II) (!-1,6-hexanediamine)]} diammineplatinum(II) tetranitrate.  
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3. Interaction of BBR3464 with lipids, import 

and unraveling of mechanisms 

In order to gain insight on the mode of import 
across the cell membrane of polynuclear platinum 
complexes the interaction of BBR3464 or of BBR3571 

with the negatively charged phospholipids DPPS, DPPA, 
and DPPG was studied; biophysical analyses suggested 
both covalent and electrostatic / hydrogen bonding 
interactions between the negatively charged 
phospholipids with the highly positively charged 
platinum complexes. In contrast, few interactions were 
suggested between the same polynuclear platinum 
complexes and the zwitterionic phospholipids DPPC and 

DPPE. The binding of BBR3464 and BBR3571 with 
DPPA- or DPPS-containing liposomes was significantly 
stronger compared to cisplatin. 31P NMR spectra 
confirmed that the site of binding for DPPA was the 
phosphate oxygen, whereas for DPPS, a binding site of 
the nitrogen of the serine side chain was indicated (Liu 
et al, 2006).  

Both cisplatin and BBR3464 use the copper 

transporter hCTR1 to enter cells and to a lesser extent, 
the ATP7B transporter to exit cells. Copper increased 
cisplatin and BBR3464 uptake in ovarian and colorectal 
carcinoma cell lines. However, copper decreased 
cisplatin-induced apoptosis, caspase-3/7 activation, p53 

induction and PARP cleavage in cancer cell lines. In 
contrast, copper increased BBR3464-induced apoptosis, 
and had little effect on caspase activation, PARP 
cleavage, and p53 induction (Kabolizadeh et al, 2007). 
DNase I footprinting was used to map the sites of 
sequence-specific binding of BBR3464 and cisplatin on 
specific DNA oligos; conformational perturbations 
induced by platinum binding in the major groove 
translated into the minor groove, allowing their detection 

by DNase I probing (Chválová et al, 2006).  

BBR compounds (BBR3464, BBR3571, and 
BBR3610) induced G2/M arrest in the absence of cell 
death, while cisplatin predominantly induced apoptosis 

in glioma cells in culture and animal models. BBR 
compounds and cisplatin both induced extracellular 
signal-regulated kinase 1/2 phosphorylation, and 
inhibition of this pathway at the level of MEK 
antagonized the induction of G2/M arrest or apoptosis, 
respectively (Billecke et al, 2006). Acquisition of 
resistance to BBR3464 by ovarian carcinoma A2780 
cells was associated with upregulation of the major 
substrate of protein kinase C (PKC), the myristoylated 

alanine-rich C kinase substrate (MARCKS); PKC!-

overexpressing resistant cells exhibited a decrease in 
sensitivity to cisplatin, whereas no significant change in 
sensitivity to BBR3464 was observed. Thus mechanisms 
determining resistance to cisplatin and BBR3464 are 
different in these cells (Righetti et al, 2006). 

 

4. Preclinical studies  

Di- and tri-nuclear compounds linked by aliphatic 
ligands, many with hydrogen bonding functionality, are 

able to overcome cisplatin and carboplatin resistance in 
cancer cell lines. In neuroblastoma xenografts BBR 3464 
showed an MTD of 0.35 mg/kg compared to 4 mg/kg for 
cisplatin and the efficacy of BBR 3464 was superior to that 
of cisplatin (Riccardi et al, 2001). BBR3464 may be a 

promising agent in the treatment of tumours unresponsive to 
cisplatin and with a non-functional p53 suggested from 
studies in cisplatin-resistant neuroblastoma and astrocytoma 
cells (Servidei et al, 2001). BBR3464 was able to induce a 
persistent block in the G2M phase, whereas cisplatin caused 
an initial accumulation of cells in the S phase (Orlandi et al, 
2001). BBR 3464 showed a superior activity against p53-
mutant tumours as compared to those carrying the wild-type 

gene (Pratesi et al, 1999). BBR3464 has exhibited antitumor 
activity in both cisplatin-sensitive and cisplatin-resistant, as 
well as in p53 mutant tumor models. Whereas cells with 
mutant p53 are more resistant to cisplatin, BBR3464 retains 
significant activity in human tumor cell lines and xenografts 
that are refractory or poorly responsive to cisplatin including 
cell lines with either wild-type or mutant p53 gene (Di Blasi 
et al, 1998; Kasparkova et al, 2004). 

 

5. Clinical development of BBR3464 

Phase I & II clinical studies gave preliminary 

indications of activity in melanoma, pancreatic, lung and 
ovarian cancers. The clinical development of BBR3464 was 
undertaken by Novuspharma (Manzotti et al, 2000); 
Novuspharma was acquired by Cell Therapeutics, Inc. in 
2004 (http://www.cticseattle.com).  

In phase I testing, the dose-limiting toxicities have 

included myelosuppression and diarrhea. Both an 
intermittent (day 1 every 21-28 days) and a continuous 
(dailyx5 days) schedule have been studied, and the 
intermittent schedule has been chosen for further 
development. The maximum tolerated doses range from 

0.006 to 1.1 mg/m2 which is 10 to 100 fold lower than 
cisplatin. In daily administrations the higher than expected 
incidence of neutropenia and GI toxicity might be related to 
the prolonged half-life and accumulation of total and free Pt; 
approximately 10% of the dose of BBR3464 (2.2%-13.4%) 
was recovered in a 24-hour urine collection (Sessa et al, 
2000). BBR3464 has shown in vivo activity at its MTD in 
several pre-clinical and clinical trials; however, recent phase 

II trials have shown that BBR3464, and other multi-nuclear 
platinum drugs, did not yield results substantially different 
from cisplatin, possibly due to their binding and degradation 
by human plasma proteins (Wheate and Collins, 2005). A 
phase I study of BBR3464 (0.6 mg/m2 escalated to 0.75 
mg/m2) in combination with 5-fluorouracil 200 mg/m2 per 
day in patients with locally advanced and/or metastatic 
cancer gave nausea, neutropenia, fatigue and diarrhea. a 
partial response in one patient (7%) and stable disease in 

three patients (21%) was confirmed (Gourley et al, 2004). 

BBR3464 has undergone phase II clinical trials for the 
treatment of ovarian and lung cancers. BBR3464 when 
given either as first- or second-line treatment for advanced 

disease in patients with gastric and gastro-esophageal 
adenocarcinoma. Nineteen first-line and 26 second-line 
patients were enrolled. A dose of 1.1 mg/m2 every 4 weeks 
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resulted in dose-limiting grade 3 or 4 febrile neutropenia 
and dose was modified to 0.9 mg/m2 every 21 days. 
Neutropenia was the main toxicity seen (Grade 3 in 
40%, Grade 4 in 40% of the patients). Febrile 
neutropenia was observed in six patients (15%) treated 

with 0.9 mg/m2 compared with five patients (71%) 
treated with 1.1 mg/m2 BBR3464. Other drug-related 
toxicities (G3/4) included: anemia, thrombocytopenia, 
nausea, vomiting, diarrhea, mucositis and fatigue. A 
poor response rate (1/17 evaluable, 6%) was noted 
(Jodrell et al, 2004). 

The efficacy of BBR 3464 was studied in a Phase 

II administered at a dose of 0.9 mg/m2 over 1 h every 21 
days on 37 patients with SCLC as second-line treatment; 
most common grade 3/4 hematological toxicities 
included neutropenia (62%), febrile neutropenia (16%), 
anemia (10%), fatigue (5%) and hypokalemia (5%). 
Among 34 evaluable patients, 11 patients (32%) had 

disease stabilization and 23 patients (68%) experiencing 
continued disease progression; The lack of activity in 
either patient subgroup, however, does not support 
further evaluation of this drug as a single agent in this 
disease (Hensing et al, 2006).  

In conclusion, BBR3464 (Figure 13) exhibited 

significant activities against cancer cell lines that can be 
about 10-100 times higher compared to cisplatin; 
unfortunately, this enhanced activity is also linked with 
increased toxicity that led to failure in clinical trials. A 
liposomal encapsulation of such platinum compounds 
would result in tumor targeting (see Lipoplatin) and 
might reduce toxicity while maintaining or even 

enhancing tumor uptake making BBR3464 clinically 
useful.  

B. BBR3610 

Another multinuclear platinum chemotherapeutic drug 
is BBR3610. Novuspharma, the owner of BBR3464 was 
acquired by Cell Therapeutics, Inc. that is currently 

developing the dinuclear-platinum complex, CT-3610 
(BBR3610) in nanoparticle formulations. This results in a 
decrease of the rate and extent of irreversible interaction 
with plasma proteins and potentially higher free drug 
concentrations in the tumor.  

The multinuclear platinum BBR3610 promotes cell 

killing via a caspase 8-dependent mechanism, which can be 
enhanced by ERBB1/PI3K inhibitors; furthermore, 
activation of BAX and caspase 9 promote additional 
BBR3610-dependent cell killing (Mitchell et al, 2007). 
BBR3610, was the most potent compound and displayed an 
IC90 dose (achieving 90% colony formation inhibition) that 
was 250 times lower than that of cisplatin for both LNZ308 

and LN443 glioma cells; these findings support the 
development of BBR3610 for clinical use against glioma 
(Billecke et al, 2006). 

 

C. Other multinuclear platinum drugs  

A number of multinuclear platinum drugs have been 
synthesized including BBR3005, BBR3535, BBR3571, and 

BBR3537 (McGregor et al, 2002).  

[[trans-PtCl(NH3)2]2[NH2 (CH2)6NH2]]
2+ (BBR3005);  

[[trans-PtCl(NH3)2]2[ µ-spermine-N1,N12]]4+ (BBR3535);  

[[trans-PtCl(NH3)2]2[ µ-spermidine-N1,N8]]3+ (BBR3571);  

[[trans-PtCl(NH3)2]2[ µ-BOC-spermidine]]2+ (BBR3537);  
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Figure 14.  Structure of the trinuclear platinum compound BBR3610. 
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Cancer Therapy Vol 5, page 567 

567 

 

The dinuclear [[trans-PtCl(NH3)2]2-µ-

NH2CH2)6NH2](NO3)2 (BBR3005, 1,1/t,t, DPC) forms a 
1,4-interstrand cross-linked adduct with a DNA octamer 
double-stranded oligo with platination of the unique 
guanine residues and the structure resembles closely that 
formed by BBR3464 (Qu et al, 2004). A new dinuclear 
monofunctional platinum(II) complex with an aromatic 
linker shows low reactivity towards glutathione but high 

DNA binding ability; its hydrolysis was not essential for 
the formation of Pt- 5'-GMP or Pt-DNA adducts, a 
desired property to enhance cytotoxicity and lower side 
effects. It displayed a higher cytotoxicity than cisplatin 
in cell lines (Fan et al, 2009). Two BBR 3464 analogs 
have been studied that bind DNA only through 
noncovalent interactions and induce caspase-dependent 
apoptosis in both primary mast cells and transformed 

mastocytomas. These are: [[trans-PtL(NH3)2]2) µ-(trans-

Pt(NH3)2(H2N(CH2)6NH2)2)]
n+, with L = NH3, n = 6 for 

compound I, and L = H2N(CH2)6NH3, n = 8 for 
compound II. Cellular uptake was enhanced for 
compound II with the highest charge, resulting in 
significant (micromolar) cytotoxicity (Harris et al, 
2006). The 6+ cation trinuclear compound 

[{Pt(NH3)3}2µ-{trans-Pt(NH3)2(H2N(CH2)6NH2)}2
6+ 

(0,0,0/t,t,t) binds to DNA only through noncovalent 
hydrogen bonding and electrostatic interactions. The 
compound 0,0,0/t,t,t  exhibits cooperative binding with 
Hoechst 33258, a minor-groove agent, where dye-DNA 
interaction is enhanced whereas competitively inhibited 
intercalation by ethidium bromide (Harris et al, 2005). 

Unlike cisplatin and ZD0473 that form mainly 
intrastrand DNA adducts, the trinuclear complex CH25 
forms a range of interstrand GG adducts with duplex 
DNA; these adducts induce global changes and local 
kinks in the DNA conformation (Cheng et al, 2006). The 

trinuclear complex CH9 also forms a range of interstrand 
GG adducts with duplex DNA that induces permanent 
global changes in the DNA conformation; CH9 was 
found to be less active (about a half time as active as 
cisplatin) against a parent ovary cell line A2780, but was 
more active than cisplatin against resistant cell lines 
derived from A2780 (Cheng et al, 2005). The dinuclear 
complex DHD is able to overcome multiple mechanisms 

of resistance; DHD is believed to form a range of 
interstrand GG adducts (Huq et al, 2004).  

 

XVII. Aroplatin (L-NDDP) 

L-NDDP (Aroplatin™) is a liposomal formulation 

of cis-bis-neodecanoato-trans-R,R-1,2-diamino 
cyclohexane platinum (II), a structural analogue of 
oxaliplatin. It is a lipophilic non-cross-resistant platinum 
compound formulated in large (1-3 µm) multilamellar 

liposomes. The maximum tolerated dose (MTD) of 
liposomally-entrapped NDDP (L-NDDP) administered 
i.v. in humans is 300 mg/m2 with myelosuppression as 
the dose-limiting toxicity. Currently various clinical 
studies are being conducted in an effort to test the safety 
and efficacy of Aroplatin in a wide range of cancers, 

including colorectal (Dragovich et al, 2006) and kidney 
cancers. Initial results suggest that Aroplatin treatment 
appears to be associated with tumor response and may be a 
promising approach to therapy for a range of different 
cancers. To determine pathologic response rates to aroplatin 

in the context of Phase II studies, the drug was administered 
intrapleurally in patients with malignant pleural 
mesothelioma. Intrapleural aroplatin therapy in this patient 
population is feasible with significant but manageable 
toxicity. Although pathologic responses were highly 
encouraging, areas of mesothelioma that were not in direct 
communication with the pleural space evaded drug exposure 
and limited efficacy in some patients. The optimal role of 

intrapleural aroplatin therapy currently remains to be 
determined (Perez-Soler et al, 2005).  
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Figure 16. L-NDDP (Aroplatin), a lipophilic platinum complex 

for liposomal formulation.  
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In a Phase II trial of aroplatin monotherapy in patients 
with advanced colorectal cancer refractory to 5-fluorouracil 

/ leucovorin or capecitabine / irinotecan using 300 mg/m2 
every 28 days one of 18 patients showed a confirmed PR 
(5.6%) and three (16.7%) had stable disease. Hematological 
toxicities included mainly anemia (grades 1-4) in 20% of 
patients whereas nausea (75%), vomiting (60%), and fatigue 
(70%), reversible infusion reactions (chest/back pain or 
shortness of breath; 40%), transient transaminase elevations 
(35%) and hyperbilirubinemia (20%) were also observed 

(Dragovich et al, 2006). 

Antigenics recently reformulated aroplatin to enhance 
its pharmacological activity. The new version of aroplatin is 
currently being evaluated in a Phase I clinical trial involving 
28 patients with advanced solid tumors or B-cell lymphoma. 

The dose-ranging study will evaluate the safety and 
pharmacokinetic profile of Aroplatin, as well as assess its 
clinical activity. 

 

XVIII. Trans geometry platinum 

compounds 

The original empirical structure–activity relationships 

considered the trans isomer of cisplatin and other transplatin 
analogues to be inactive (Reedijk, 1996). However, several 
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groups have shown that some trans compounds are 
active in vitro and in vivo. A distinct difference between 
cisplatin and its trans isomer is that transplatin is 
chemically more reactive than cisplatin and more 
susceptible to deactivation. Several new analogues of 

transplatin, which exhibit a different spectrum of 
cytostatic activity, including activity in tumor cells 
resistant to cisplatin, have been identified (Natile and 
Coluccia, 2001). Examples are analogues containing 
iminoether groups, heterocyclic amine ligand or aliphatic 
ligands are shown (Figure 17).  

Replacement of both NH3 groups by an iminoether 

ligand produces a complex, which has exhibited 
enhanced cytotoxicity comparable to cisplatin, including 
activity in cDDP-resistant cells. Overall its action is 
thought to be mediated by its increased efficiency to 
form DNA-protein ternary crosslinks and an ability to 
circumvent resistance to cisplatin.  

Two distinct series of this class of agents have the 
general structure trans-PtCl2(NH3) (HL) where HL is 
either a planar ligand such as quinoline or thiazole or a 
non-planar ligands such as piperidine or piperazine 

(Figure 17). These compounds have been thoroughly 
studied and their mode of action is well documented. 
They form monofunctional and bifunctional intra- and 

inter-strand crosslinks with a markedly different way than 
the respective adducts of transplatin and in some cases with 
a striking similarity to those of cisplatin (Kasparkova et al, 
2003a,b; see also Brabec et al, 2007). Furthermore, the 
replacement of one amine ligand is also depicted in the 

processing of the formed adducts by the cellular repair 
mechanisms as these adducts are capable of evading such 
mechanisms thus, exerting their cytotoxic effects for a 
sufficiently long time. 

Platinum drugs in the cis conformation share resistance 

mechanisms; in other words, cell lines with resistance to 
cisplatin also show resistance to carboplatin, tetraplatin and 
oxaliplatin but not to transplatin in a mechanism involving 
reduced cellular platinum accumulation (Helleman et al, 
2006). This provides a rationale for the use of trans 
geometry platinum compounds against cisplatin-resistant 
tumors. As discussed under cisplatin the major mechanism 
of platinum resistance is born at the cell membrane gate; in 

this context, Lipoplatin, suggested to enter tumor cells by 
direct fusion and to bypass this resistance barrier, bears 
these advantages of trans platinum compounds. However, 
additional resistance mechanisms include deactivation by 
glutathione, faster repair of DNA lesions and escape from 
apoptosis by modulation of signaling pathways.  
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XIX. Pt-ACRAMTU 

Quite recently, a cytotoxic platinum-acridine 
conjugate {[Pt(en) Cl(ACRAMTU-S)](NO3)2 (en = 
ethane-1,2-diamine, ACRAMTU=1- [2-(acridin-9-

ylamino)ethyl]-1,3-dimethylthiourea)} (Figure 18) has 
been demonstrated to form adducts in the minor groove 
of DNA through platination of the adenine-N3 
endocyclic nitrogen (Barry et al, 2005; Guddneppanavar 
and Bierbach, 2007). This finding breaks a longstanding 
paradigm in platinum-DNA chemistry, namely the 
requirement for nucleophilic attack of guanine-N7 as the 
principal step in crosslink formation. Attachment of 
intercalating agents to platinum complexes has proven to 

enhance rates of DNA-platination while minimizing 
exposure of platinum to inactivating cellular agents such 
as thiols. These complexes bind covalently and 
intercalate to DNA to form novel adducts endowed with 
the capability of evading cellular DNA repair 
mechanisms. Pt-ACRAMTU reacts significantly faster 
with quadruplex DNA than with double-stranded DNA 
in human telomeric G-quadruplex; furthermore, adenine-

N7, and not guanine-N7, is the kinetically preferred 
target (Rao and Bierbach, 2007). The parental drug 

and Pt-ACRAMTU derivatives were studied for 
anticancer activity in cell lines; a tetraalkylated 
derivative generated the highest IC50 values in all cell 
lines examined, while a trialkylated derivative generated 
IC50 values similar to its isomer (Hess et al, 2005).  

 

XX. Platinum-conjugated 

compounds  

A significant number of polymer-bound antitumor 
agents have been developed so far including taxol, 

doxorubicin, camptothecin and cisplatin that have been 
conjugated to polymers such as PEG and hydroxy propyl 
methacrylamide (HPMA). PEG is a fully biocompatible 
molecule, deprived of toxicity and immunogenicity, which 
is able to solubilize and vehiculate amphipathic molecules 
into the bloodstream, exhibiting improved body distribution 
and prolonged blood circulation. Thus it has been used as 
carrier of platinum derivatives in an effort to exploit its 

beneficial properties and eventually improve the 
pharmacological profile of the resulting conjugate. Efforts 
towards the conjugation of established anticancer platinum 
compounds, such as cisplatin, carboplatin and oxaliplatin, 
with various simple or modified PEG carriers took place 
giving compounds such as those shown in Figure 19; 
however, the results were not as promising as expected 
(Aronov et al, 2003).  

Hydroxypropylmethacrylamide polymers had been 

originally developed as potential plasma expanders and have 
exhibited a long safety record in man (Sprincl et al, 1976). 
The first HPMA platinum conjugate that displayed 
promising properties was AP5280, a platinated polymer 

designed to remain inactive while in plasma but capable of 
being passively concentrated in the tumor extracellular 
volume via the enhanced permeability and retention (EPR) 
effect. Thus, AP5280 was activated to a cytotoxic form by 
either extracellular or intracellular proteases. AP5280 
consists of HPMA linked via the cleavable tetrapeptide 
GFLG to a diamine platinum moiety. In a phase I trial it was 
shown that AP5280 had a toxicity profile distinct from that 

of cisplatin and carboplatin, with minimal renal toxicity and 
myelosuppression and an MTD of 4.5mg/m2 (Rademaker-
Lakhai et al, 2004).  

A novel member of HPMA platinum conjugates is 
AP5346 (Figure 20), designed to target an oxaliplatin 

moiety to tumors through a pH-sensitive linkage to the 
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polymer. Its antitumor activity was assessed in mice 
bearing B16F10 melanoma and M5076 and 2008 ovarian 
carcinomas, where it proved superior to oxaliplatin 
against both cancer cell lines and furthermore it was 
more effective than cisplatin in both cisplatin-sensitive 

and cisplatin-resistant variants of the M5076 tumor 
whereas it produced a significant increase in the delivery 
of diaminocyclohexane Pt to the tumor (Rice at al, 
2006). In the initial phase I trial, MTD, dose limiting 
toxicities, recommended dose and PK parameters were 
defined. The most common side effects were nausea and 
vomiting and at does exceeding RD, severe 
hematological and renal toxicity were observed 

(Campone et al, 2007). The preliminary evidence of 
antitumor activity that was observed in the 
aforementioned study, prompted a phase II trial in 
potentially platinum-sensitive ovarian cancer patients 
which is still ongoing.  

 

XXI. Cisplatin nanoparticles and 

polymer micelles 

A variety of carriers including water-soluble 

polymers, dendrimers, polymeric micelles and 
nanoparticles have been introduced as promising drug 
vehicles enabling the efficient delivery of the drugs to 

cells. The low water solubility and low lipophilicity of 
cisplatin has been a main obstacle for its efficient 
encapsulation, therefore novel methods that would augment 
the encapsulation are being sought. Nanoparticles have 
emerged as an alternative approach with quite intriguing 

characteristics. Their stability and submicrometer sizes 
facilitate the internalization via endocytosis and delivery to 
endosomes and lysosomes where the pHs are about 5.5 and 
5, respectively (Brabec M et al, 2006; Bae et al, 2007). 
Moreover the resulting nanoparticles that encapsulate the 
drug exhibit an increased drug-to-lipid ratio, and thus, an 
enhanced cytotoxicity compared to the free drug.  

Cisplatin nanocapsules are nanoprecipitates or 

aggregates of cisplatin covered by a phospholipid bilayer 
coat consisting of an equimolar mixture of 
phosphatidylcholine and phosphatidylserine, formulated by 
several freeze-thawing cycles (Burger et al, 2002, Chupin et 
al, 2004). The properties of their structure were elucidated 

with various techniques and revealed bean-shaped 
nanocapsules of variable length. The diameter of the initial 
nanoprecipitate of cisplatin and its shape defined the lipid 
coating, the tightness and the overall diameter of the 
nanocapsule. Furthermore, carboplatin has also been 
efficiently encapsulated in a lipid formulation by a similar 
method and gave a very high cytotoxic formulation (de 
Kroon et al, 2006). 
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Micelles are self-assembling nanosized colloidal 

particles with a hydrophobic core and hydrophilic shell 
and are currently used as pharmaceutical carriers for 
water-insoluble drugs. Of increasing attention are the 
amphiphilic copolymers, that is polymers consisting of 
hydrophobic block and hydrophilic block. Lipid-core 
micelles are formed by conjugates of soluble copolymers 
with lipids (such as polyethylene glycol-phosphatidyl 
ethanolamine conjugate, PEG-PE) and constitute a 

special group of polymeric micelles. Polymeric micelles 
possess high stability both in vitro and in vivo and good 
biocompatibility and can solubilize a broad variety of 
poorly soluble pharmaceuticals. The targeting is thought 
to be achieved via the enhanced permeability and 
retention (EPR) effect into the areas with the 
compromised vasculature, by making micelles of 
stimuli-responsive amphiphilic block-copolymers, or by 
attaching specific targeting ligand molecules to the 

micelle surface (Brannon-Peppas and Blanchette, 2004; 
Panyam and Labhasetwar, 2003).  

Antitumor agents incorporated into such 
macromolecular carrier systems are under clinical 

testing. A macromolecular drug conjugate of paclitaxel 
with the biodegradable poly-L-glutamic acid (Paclitaxel 
poliglumex or XYOTAX, Cell Therapeutics, Seattle) is 
under Phase III evaluation (Singer et al, 2005; Albain et 
al, 2006). There has also been considerable attention for 
incorporation of cisplatin to suitable polymeric micelles. 
For that reason various block copolymers have been 
reported as potential tumor-selective carriers for 
cisplatin, including PEG-poly(aspartic acid) (Nishiyama 

et al, 1999) and PEG-poly(glutamic acid) for optimized 
stability and drug release properties (Nishiyama et al, 
2003) with intriguing results as far as their in vivo 
antitumor activity is concerned, thus prompting further 
development on the field. 

Recent advances in the area of polymeric 

formulation of the anticancer drug cisplatin include 

core-surface-crosslinked nanoparticles with poly($-

caprolactone) (PCL) cores and hydrophilic PEG or 
poly[2-(N,N-dimethylamino)ethyl methacrylate] 
(PDMA) shells with high loading efficiency and 

enhanced cytotoxicity to the cancer cells compared to 
free cisplatin (Xu et al, 2006a) and pH-sensitive 
nanoparticles of poly(L-histidine) (Lee et al, 2005) or 
block copolymers with poly(e-caprolactone) and 
poly(methacrylate) (Xu et al, 2006b) with the scope of 
efficient cytoplasmatic drug delivery in solid tumors. 
Cisplatin-containing nanogels of a size of 100-200 nm 
were formulated with carboxylic acid-functionalized 
poly(%-aminoester)graft-PEG copolymers and shown to 

have significantly lower cytotoxicity than free cisplatin 
to SKOV-3 ovarian cancer cells (Jin et al, 2007).  

In general, polymer micelles represent an emerging 
multifunctional pharmaceutical carrier, which bears a 

number of intriguing properties such as longevity, 
targeting ability, intracellular penetration and provides 
adequate options for engineering of its properties and the 
future prospects are quite optimistic 

XXII. Prospects 

Cisplatin has been shown to induce or modulate a 
number of signal transduction pathways including the 
mitochondrial, ERK, PI3K, death receptor, and several 
others; these mechanisms are important in induction of 

apoptosis and their contribution in tumor cell killing 
compared to cell killing by DNA damage merits further 
investigation (reviewed by Boulikas, 2007). It is anticipated 
that other platinum drugs such as the liposomal cisplatin 
(Lipoplatin), liposomal oxaliplatin (Lipoxal), lobaplatin, 
tetraplatin, nedaplatin might show important differences in 
signaling modulation in various cell lines and their study 
will unravel additional mechanisms for their cytotoxicity. 
Also important are the newly-discovered import-export 

mechanisms of cisplatin and other platinum drugs across the 
cell membrane that merit special attention and further study 
in the clinic. 

DNA is accepted to be the cellular target of cisplatin 

and the antitumor effects of platinum complexes are 
believed to result from their ability to form various types of 
adducts with DNA, which block replication, transcription, 
repair and most other nuclear functions and trigger the 
mechanism of sensing of DNA damage and induction of 
apoptosis. However, recent studies reveal a more complex 
mechanism of platinum drugs from their ability to interact 
with proteins and lipids at the cell surface and intracellularly 
and to modulate a number of signaling pathways including 

the ERK, the AKT, the mitochondrial and many others. 
Despite the success of platinum drugs in epithelial 
malignancies the major limitation in their use and success is 
an inherent or acquired resistance developed during 
treatment. Platinum drug resistance is a multifactorial 
process and can occur through several mechanisms such as 
decreased platinum drug uptake by resistance at the cell 
membrane, increased drug efflux, drug inactivation by 
glutathione and metallothioneins, evasion of apoptosis and 

enhancement of DNA repair in resistant tumors. Platinum 
drugs have been found to overcome resistance in cell lines 
but failed in the clinic.   

The mechanisms of platinum drug resistance are of 

paramount importance in deciphering the best protocols for 
second-line treatment in clinical trials or treatment protocols 
adopted by the FDA and EMEA after failure of first line 
treatment and relapse. Studies in a SCLC line with 
sensitivity to etoposide and cisplatin and its selection either 
in etoposide or in cisplatin into resistant sublines gave 
important clues on these mechanisms. In the case of 
cisplatin, resistance was developed from a reduced 

accumulation of cisplatin whereas in the case of etoposide 
the mechanism involved a reduction of topoisomerase II-! 

activity. There was a 11.5-fold resistance to cisplatin 
compared to the parent cell line, there were fewer DNA-
interstrand cross links formed in the presence of cisplatin in 
the resistant cell line and a low level of cross-resistance to 
carboplatin, tetraplatin, iproplatin, and lobaplatin (Jain et al, 
1996). In other studies using ovarian cancer cells resistance 
to cisplatin, also associated with a reduced cellular platinum 

accumulation, was linked to cross-resistance to carboplatin, 
tetraplatin and oxaliplatin but not to transplatin (Helleman et 



Boulikas et al: Platinum compounds in cancer  

572 

 

al, 2006). One of the main objectives for the 
development of novel platinum drugs is the reduction in 
side effects of cisplatin; a second objective is the 
effectiveness against cisplatin-resistant tumors with a 
potential application in patients who relapse after first-

line platinum-based treatment. In this respect, the 
clinical development of lobaplatin against platinum-
refractory ovarian cancer were disappointing; 
administration of the drug as monotherapy to 17 
assessable patients with platinum-refractory ovarian 
cancer did not result in objective responses and half of 
the patients required red cell transfusions during therapy 
because of thrombocytopenia (Kavanagh et al, 1995). 

A number of other agents can be combined with 
platinum drugs and clinical trials can be planned after 
preclinical studies show synergy or additive effects. 
These may include small molecules such as those 
inhibiting the epidermal growth factor receptor (EGFR). 

For example XL647, a novel spectrum-selective kinase 
inhibitor with potent activity against the EGF and 
vascular endothelial growth factor receptor (VEGFR) 
tyrosine kinase families has been developed by Exelixis 
(South San Francisco, California, USA) for a subset of 
NSCLC patients bearing tumors that are resistant to 
existing EGFR-targeted therapies (Gendreau et al, 2007). 

The databases of the National Cancer Institute 

(NCI; http://dtp.nci.nih.gov), which allow access to the 
gene expression profiles of 60 cell lines for which drug 
cytotoxicity patterns exist have been used to identify 
genes whose expression was positively or negatively 
correlated to the sensitivity to cisplatin, carboplatin, 

oxaliplatin and tetraplatin. Important similarities were 
found between cisplatin and carboplatin on one hand, 
and tetraplatin and oxaliplatin on the other hand. Among 
1416 genes and molecular markers, 204 markers were 
identified that significantly correlated with the 
cytotoxicity of at least one platinum compound. Eminent 
among these, the functionality of the p53-activated 
pathway appeared positively correlated with the 

cytotoxicity of all four platinum drugs. Positive 
correlations between RAS gene mutations and MYC 
expression and the cellular sensitivity to oxaliplatin were 
also found (Vekris et al, 2004). 

Phenanthroimidazole Pt(II) complexes able to bind 

with a preference to G-quadruplex DNA via a favorable 
&-stacking interactions with the large aromatic surface of 

the intermolecular G-quadruplex have been designed 
with a potential to inhibit telomerase and halt tumor cell 
proliferation; binding constants to quadruplex DNA 
were nearly two orders of magnitude greater than for 
duplex DNA (Kieltyka et al, 2007). An estradiol-
platinum(II) hybrid molecule (CD-37) has been 

synthesized and its binding to DNA has been studied 
(N'soukpoé-Kossi et al, 2007). Demethylcantharidin-
integrated platinum anticancer complexes akin to 
oxaliplatin or to carboplatin have been designed 
endowed with dual of anticancer mechanisms: that of the 
platinum drug and that of the demethylcantharidin ligand 

which was released and caused additional DNA lesions 
(Pang et al, 2007).  

A number of buffer components may determine the 

type of products between platinum drugs and DNA; in 
studies of binding of cisplatin, carboplatin and oxaliplatin to 
double-stranded DNA in phosphate or carbonate buffers it 
was found that carbonate reacts with platinum drugs to form 
activated carbonato complexes, which are able to react 
readily with DNA (Ravera et al, 2007).  

Platinum compounds find many other applications 
besides cancer. Platinum(II) complexes intercalated into 
zirconium phosphate-layered materials can serve as 
luminescent pillars and exhibit intense emissions at room 

temperature in X-ray photoelectron, infrared and 
luminescence spectroscopies (Rivera et al, 2007). 
Furthermore, the anticancer properties of platinum drugs 
have inspired synthesis and testing of other transition metal 
complexes including palladium(II), silver, gold(III), 
ruthenium(II, III, IV), iron(II) and vanadium(IV) for 
anticancer properties. Palladium complexes of 1-benzyl-3-
tert-butylimidazol-2-ylidene displayed potent anticancer 
activity and considerably stronger antiproliferative activity 

than that of cisplatin in human tumor cells preventing 
mitotic entry and causing apoptosis in a p53-dependent 
pathway (Ray et al, 2007). Palladium (II) complexes 
containing ligand derivatives of pyridine and imines in trans 
position have high antitumour activities; similarly to 
platinum drugs, palladium (II) complexes are able to react 
with proteins and peptides through terminal amine groups, 
carboxylate groups, imidazolic group of histidine and 
particularly with the thiol group of methionine (Caires, 

2007). A large range of titanocene derivatives in which the 
cyclopentadienyl rings have been substituted by both 
electron withdrawing and donating groups, including 
aromatic, alkyl and cyclic amines, have been prepared and 
tested for anticancer activity in order to come up with better 
versions of the titanocene dichloride which entered phase I 
and II clinical trials but was abandoned (Abeysinghe and 
Harding, 2007). Organotin(IV) derivatives have exhibited 

remarkable cytotoxicity against several types of cancer; 
cyanoxime-containing organotin(IV) complexes have been 
synthesized and dibutyltin(IV) cyanoximates showed 
cytotoxicity similar and greater to that of cisplatin 
(Gerasimchuk et al, 2007).  

A number of platinum drugs have failed because of 

toxicity issues in Phase I clinical trials. Novel drug delivery 
methods for example using nanotechnology are very 
promising in cancer treatment. Our group has focused on 
liposomal delivery of platinum compounds during the last 
ten years that culminated with the liposomal encapsulation 
of cisplatin and oxaliplatin into tumor targeted 
nanoparticles, an achievement that promises to add 

Lipoplatin and Lipoxal to the armamentarium of 
oncologists. During angiogenesis, Lipoplatin™ particles 
with long circulation properties evade immune surveillance 
and are able to pass through the leaky vasculature and 
infiltrate tumors reaching 2- to 200-fold higher 
concentrations compared to the adjacent normal tissue 
(Boulikas et al, 2005). One additional mechanism for the 
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higher accumulation of Lipoplatin™ in tumor tissue, 
compared to normal tissue, arises from the higher uptake 
of Lipoplatin™ nanoparticles by tumors presumably 
arising from a more avid phagocytosis by tumor cells. 
The second mechanism results to a average of 5- to 10-

fold higher uptake of Lipoplatin by tumor cells, 
compared to normal cells in human studies giving an 
overall 10 to 2,000-fold higher tumor cell internalization 
across the cell membrane and binding to 
macromolecules.  

Adverse effects and low anticancer activity in 

Phase I and II clinical studies has been the main reason 
of abandonment of platinum drugs; reformulation, for 
example via liposomal encapsulation into tumor targeted 
nanoparticles, could resurrect abandoned compounds. 
Among all platinum compounds reviewed here, none has 
attained the efficacy and broadness of cisplatin. It is 
concluded that successful formulations of cisplatin into 

nanoparticles might prove of the highest therapeutic 
index, lower side effects and tumor targeting. Of the two 
formulations tested in the clinic SPI-77 has shown 5% 
response rate in NSCLC and has failed whereas 
Lipoplatin progresses successfully through Phase III 
clinical trials in NSCLC with a response rate and stable 
disease of 70%. Obviously, differences in the 
formulation are of vast importance for a successful 

platinum drug.  Formulations of a number of platinum 
drugs described here into liposome and other type of 
nanoparticles will retest their potential as novel 
anticancer drugs opening new windows in molecular 
oncology.  
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