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Review of the Comparative Pharmacology and Clinical Activity
of Cisplatin and Carboplatin

By Ronald S. Go and Alex A. Adjei

Purpose: To review the pharmacodynamics, pharma-
cokinetics, toxicities, and relative clinical activities of
cisplatin and carboplatin. Through a search of the MED-
LINE database, we identified phase Il clinical trials and
pharmacologic studies comparing cisplatin and carbo-
platin published in the English language medical litera-
ture from January 1966 to December 1997.

Results: Prospective randomized trials comparing cis-
platin to carboplatin were identified for ovarian (n =
12), germ cell (n = 4), non-small-cell lung (n = 1),
small-cell lung (n = 3), and head and neck (n = 4)
cancers. Carboplatin and cisplatin were equally effec-
tive in suboptimally debulked ovarian cancer and exten-
sive-stage small-cell lung cancer. One study each showed
a trend toward better survival in favor of cisplatin for
patients with optimally debulked ovarian and limited-
stage small-cell lung cancers. These results were, how-
ever, based on subset analyses. In germ cell tumors,
carboplatin was inferior because of lower relapse-free

rates and survival in head and neck cancers. There are
no published randomized phase Il studies of bladder,
cervical, endometrial, and esophageal cancers.

Conclusion: Carboplatin does not possess equivalent
activity to cisplatin in all platinum-sensitive tumors.
Carboplatin can replace cisplatin in chemotherapy regi-
mens for suboptimally debulked ovarian cancer. Two
ongoing studies will address the same question in opti-
mally debulked disease. Carboplatin can also be substi-
tuted for cisplatin in the treatment of non-small-cell and
extensive-stage small-cell lung cancers. Its role in lim-
ited-stage small-cell lung cancer needs to be investi-
gated further. Carboplatin is inferior to cisplatin in germ
cell, head and neck, and esophageal cancers. Random-
ized studies are needed to determine whether carbopla-
tin has equivalent efficacy to cisplatin in bladder, cervi-
cal, and endometrial cancers.

J Clin Oncol 17:409-422. © 1999 by American Society
of Clinical Oncology.

survival rates. Cisplatin produced superior response

OSENBERG AND CO-WORKERY observed in 1965 ogy, and clinical activity of these two platinum agents and
that a current delivered between platinum electrodesgive special attention to randomized trials investigating their
inhibited Escherichia coliproliferation. These inhibitory ~comparative efficacies.
effects were later found to be related to the formation of
. . . . S MECHANISM OF ACTION
inorganic platinum-containing moieties in the presence of _ . _ .
ammonium and chloride ions. Cisplatitigdiamminedichlo- Both cisplatin and carboplatin are platinum(ll) complexes

roplatinum(ll)) was the most active of these platinum with two ammonia groups in thas position. While cisplatin

complexes in experimental tumor systems and was introhas two chloride “leaving” groups, carboplatin possesses a

duced into clinical practice in the early 1970s. cyclobutane moiety (Fig 1). A large body of data suggests

Cisplatin has a broad spectrum of activity against epithe_that the major cytotoxic target of cisplatin and carboplatin is

lial cancers and has become the foundation of curative ’ . . . o .
. . ) . The pharmacologic behavior of cisplatin is determined
regimens in testicular and ovarian cancers. It also demon-

L . ) largely by an initial aquation reaction in which the chloride
strates significant activity against cancers of the lung, hea roups are replaced by water molecules (Fig 2). This
and neck, es_o_phagus,_bladFier, cenvix, a”?' endometr'un?eaction is driven by the high concentration of water and low
However, toxicities of cisplatin are substantial and include 4 centration of chloride in the tissues. The aquated plati-
severe renal, neurologic, and emetogenic effects. Carbo-
platin (cis-diammine(1,1-cyclobutanedicarboxylato)plati- o _ -
num(ll)), an analog of cisplatin, was introduced into clinical _ From the Division of Medical Oncology, Mayo Clinic and Founda-
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H,;N cl the Chinese hamsteprt gene after exposure to cisplatin
\ / and carboplatin was found to be identiéal.
Pt In support of these data, although the cytotoxic aquated
HaN / \ cl species of cisplatin apd carboplatin grg the same, the rate
. . constant for the aquation of carboplatin in phosphate buffer
Cisplatin with a pH of 7 and at 37°C is a 100-fold slower than that for
cisplatin. Antibodies reacting with DNA-platinum adducts
O formed by cisplatin recognized adducts formed by carbopla-
HAN Il H, tin with similar affinity.14.15
N NP2
/Pt\ /C\ /CHZ MECHANISMS OF RESISTANCE
HaN ) C C In vitro studies of cisplatin-resistant cell lines have
Il H, provided some insights into the mechanisms of resistance to
0 this drug. These mechanisms include reduced cellular drug
Carboplatin accumulation, cytosolic inactivation of drug, and enhance-
ment of DNA repair. More recent evidence implicates the
Fig 1. Structure of cisplatin and carboplatin. role of certain genes and proteins in determining the

sensitivity of cells to cisplatin.

num complex can then react with a variety of macromol- Areduction in the intracellular accumulation of a drug can
ecules. Cisplatin binds to RNA more extensively than tobe due to either impaired influx through the cell membrane
DNA and to DNA more extensively than to protéirn or enhanced efflux. A relationship between the amount of
intact DNA, cisplatin seems to bind preferentially to the N-7 cellular cisplatin and sensitivity has been established in
position of guanine and adenifé&his may be due to the Various cell lined8 The fundamental mechanism of cisplatin
high nucleophilicity at this position. The cytotoxicity of transportis, however, not completely understood because of
cisplatin against cultured neoplastic cells correlates closelgonflicting data in the literature. Gately and Howeéll
with platinum DNA interstrand cross-links and to the proposed a working model in which cisplatin can enter the
formation of intrastrand bifunctional N-7 adducts at d(GpG) cell by way of either passive diffusion or a gated channel.
and d(ApG)>7 The influx through this channel can be affected by various
Despite the above data, the types of DNA lesions responagents, including amphotericin B, dipyridamole, aldehydes,
sible for the cytotoxicity of cisplatin have not been clearly and sodium-potassium adenosine triphosphatase inhibitors,
established. Various other effects of cisplatin in culture cellsuch as ouabain. Thus, these agents could be explored to
lines have been described. These effects include inhibition ofeverse cisplatin resistance conferred by reduced drug
sodium-potassium adenosine triphosphatase, transport #fflux. Enhanced efflux of cisplatin has also been observed
essential amino acids, calcium channel function, and mitoin some cell lineg81°
chondrial functiorf- 11 Thiol-containing compounds, notably glutathione and
Carboplatin has a mechanism of action similar to that ofmetallothioneins, can react with cisplatin intracellularly to
cisplatin. Hongo and co-workéfsused the pUC18 plasmid inactivate it and prevent binding to DNA. There is ample
DNA to demonstrate that carboplatin induced the sameevidence for this cytosolic inactivatidi?! Increased intra-
platinum-DNA adducts as those induced by cisplatin. Theycellular levels of glutathione and metallothionein are present
also showed that carboplatin required a 10 times higher drugn different cisplatin-resistant human carcinoma cell lines.
concentration and 7.5 times longer incubation time thanHowever, not all studies have found the same correla#idns.
cisplatin to induce the same degree of conformationalTwo recent clinical studies demonstrated that tumor cell
change on plasmid DNA. Also, the mutational outcome inoverexpression of metallothionein correlates with chemore-

(0] + ++ . - .

H-:N | H,O H:N OH H,O H-N H Fig 2. Cellular activation of cis-
3 \Pt/C —_— 3 \Pt/ 2 _2; 3 \Pt/o 2 platin. The presumed active plati-
HsN 7 (I v H3;N 7 N\C] ] H;zN VAN OH, num species is the positively charged
diagquo compound, which is identi-

cal for both carboplatin and cis-

Dichloro Chloro-aquo Diaquo platin.
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sistance and prognosis in esophageal and urothelial carliminated from the body during the first 24 hours, with
cers?3.24 renal clearance accounting for more than 90%. Carboplatin
Preclinical studies have shown that some resistant tumois excreted primarily in the urine as unchanged drug, with
cell lines exhibit an enhanced ability to repair damagedapproximately 90% clearance after 24 hotirsUnlike
DNA and that agents that inhibit DNA repair may reverse cisplatin, carboplatin is not significantly secreted by renal
resistancé® This augmented capacity for repair is made tubules; thus, renal clearance is similar to the glomerular
possible either by platinum-DNA adduct removal, unschediltration rate (GFR).
uled DNA synthesis, repair synthesis, or host cell reactiva- A drug’s area under the concentration-time curve (AUC)
tion of cisplatin-damaged plasmid DNA. is the ratio of the amount of a drug that reaches the systemic
Several pharmacologic agents that inhibit DNA repair circulation and the clearance of the drug. The AUC of a
mechanisms have been studied, including DNA polymeraselrug, therefore, typically correlates with its toxicity and
inhibitors (zidovudine, ganciclovir, and aphidicolin), topoi- clinical efficacy. Carboplatin has relatively simple pharmaco-
somerase |l inhibitors (etoposide and novobiocin), andkinetics, with GFR accounting for almost all drug elimina-
methylxanthines (caffeine and pentoxifylline). Other chemo-tion. The remainder of the drug binds to body proteins.
therapeutic agents that exhibit synergism with cisplatin in  Thus, the clearance of carboplatin is linearly related to the
experimental systems, including hydroxyurea, 5-FU, cy-GFR2 so that GFR is related to the AUC of this drug. A
tarabine, and pyrazoloacrididg2” have been shown to formula has been derived to calculate the dose of carboplatin
inhibit the repair of DNA-platinum adducts. necessary to achieve a particular AUC. This formula has
Overexpression of various protooncogenes, includingoeen validated in a prospective study and has been shown to
c-ras, cfos and cmyg confers cisplatin resistance in vitro predict AUCs with a margin of error of approximately 15%.
via modulation of one or more of the basic mechanismsThis “Calvert formula”is shown below?
described abovés-3 Recently, nonfunctional p53 protein
and loss of DNA mismatch repair were found to confer
resistance through a failure to induce apopt&sf3. X [GFR (ml/min) + 25]
Cellular resistance to carboplatin is less well studied.

. . ) - In the original study, GFR was measured by fR€r
Because carboplatin and cisplatin share a similar structur Lo L
. . . . EDTA method. Estimation of GFR by creatinine clearance,
undergo hydrolytic reaction leading to the same active

intermediates, lead to the same DNA lesions, and are\:NhICh is more convenient, is now widely used, although this

. . . o .. simplified approach has not been validated prospectively.
cross-resistant in most instances, it is assumed that simil : : .
. . . - . Iso, there is considerable controversy regarding the most
mechanisms are involved in carboplatin resistance.

accurate formula for calculating creatinine clearance with
patients’ serum creatinine values. Target AUC values of 5
PHARMACOKINETICS and 7 mg/mL/min are recommended for single-agent carbo-
Measurable platinum compounds include ultrafiltrableplatin in previously treated and untreated patients, respec-
platinum, which consists of non—protein-bound intact drugtively. These doses have been shown to lead to acceptable
and metabolites, and total platinum, which represents althrombocytopenia (platelet nadirs of approximately 30% of
platinum species, both protein-bound or -unbound. Ultrafil-the pretreatment value). Moreover, the efficacy of carbopla-
trable platinum is responsible for the antitumor activity andtin is suboptimal at AUCs below 5 mg/mL/min and seems to
toxicity of both cisplatin and carboplatin. plateau above an AUC of 7.5 mg/mL/min.
After an intravenous bolus injection of 100 mg/m
cisplatin, a peak plasma level of approximately 6 pg/mL is
reached immediately and decreases to less than 2 pg/mL PRECLINICAL ACTIVITY
within 2 hours3® Similar administration of 375 mg/n Cisplatin is broadly active against various tumors in cell
carboplatin results in a peak plasma level of 39 pg/mL,culture, including ovarian, germ cell, lung, colon, pancre-
which declines to approximately 9 pg/mL by the secondatic, and mammary carcinomas. Carboplatin, in general,
hour34 shows a similar spectrum of in vitro activity, but it is
Clearance of platinum compounds is triphasic in natureconsistently four- to 10-fold less potent in various tumor cell
with a distribution half-life ({,, alpha) of 13 min, elimina- types. Tumor cell lines resistant to cisplatin are usually
tion half-life (ty, beta) of 43 min, and terminal half-lifei(4  cross-resistant to carboplafihThe comparative preclinical
gamma) of 5.4 days for total cisplatihThe corresponding activity of these two agents is shown in Tablé!1.
half-lives for carboplatin are 22 min, 116 min, and 5.8 days, The observation that cisplatin enhanced radiosensitivity
respectively’® Approximately 25% of the cisplatin dose is in bacterial spores led to preclinical studies of the use of

Dose(mg) = Target AUC(mg/ml X min)
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Table 1. Comparative In Vivo Antitumor Activities of Cisplatin

and Carboplatin*

GO AND ADJEI

pathway in the pathophysiology of chemotherapy-induced
emesis has led to the development of 5-hydroxytryptamine

Implantation Sitet Cisplatin Carboplatin (5-HT3) receptor antagonists. These agents have signifi-

Intraperitoneal cantly reduced cisplatin-related acute emesis. In one study,

ADJ/PC6 + ++ there was complete control of emesis (no episode) in almost

;21%9 " i o 50% and major responses (two or fewer episodes) in

112101 euﬁ emia it N approximately 75% of the treatmerttsThe effectiveness of

B16 melanoma + ¥ the 5-HT3 antagonists seems to be less marked for delayed

Lewis lung + + nausea and vomiting and diminishes across repeated days

M5076 sarcoma + + and sometimes after repeated chemotherapy cy¢Esere
Intravenous is significantly less control over nausea than there is over
Sufcv:;;f;?js o N emesis, with incomplete nausea control persisting in approxi-

Breast tumor xenograft + - mately half of patients receiving cisplatin. The effect of the

c26 + + 5-HT3 antagonists is enhanced by the concomitant adminis-

c38 + + tration of corticosteroids.

B16 melanoma * * In contrast to cisplatin-related nausea and vomiting,

CD8F, mammary + + . .. .

Colon tumor xenograft N N carboplatin-related nausea and vomiting is much less severe

Lung tumor xenograft - - and frequent. In a retrospective analysis of clinical toxicities

M109 lung - - of 1,893 patients previously treated with carboplatin alone

MS5076 sarcoma + + before the 5-HT3 receptor antagonist era, emesis was found
Intracerebral in 20% of patients, 20% did not have any emetogenic side

Ependymoblastoma + -

516 melanoma _ _ effects whatsoever, and 15% developed nausea only. Treat-
Subrenal capsule ment was interrupted in fewer than 1% of the courses

Colon tumor xenograft + - because of gastrointestinal intolerariée.

Lung tumor xenograft — -

Breast tumor xenograft +

Nephrotoxicity

Symbols: +, active; —, inactive; ++, more active.

*All nonxenografts are murine tumor models.

tDosages of platinum used in the tumor models (mg/kg/injection, route) at
different implantation sites: intraperitoneal, 12.5 to 200 IP X three to nine
doses or 25 to 200 IV X two to five doses; intravenous, six to 25 IP X nine
doses; subcutaneous, 12.5 to 200 IP X two to 30 doses; intracerebral, 32 IP X
five doses; subrenal capsule, 12.5to 50 SC X 10 doses or 12.5t0 50 IP X three
doses.

Nephrotoxicity was dose-limiting for cisplatin in early
clinical trials, with effects ranging from reversible azotemia
to irreversible renal failure requiring dialysis. It has been
shown that early proximal tubular damage causes decreased
reabsorption of sodium and watér.Subsequent events,
including impairment of distal tubular reabsorption, renal
blood flow, and glomerular filtration, result in enhanced

) ) ) - ) excretion of enzymes, proteins, and other electrolytes,
cisplatin as a radiosensitizer. Carboplatin has also beeﬁ\cluding magnesium and potassidn.

evaluated in this settintf. It is, however, unclear whether Hydration with normal saline, hypertonic saline infusion,

results observed with platinum-radiation combinations aré;nq mannitol- or furosemide-induced diuresis has been used

due to radiation potentiation by either of these platinumy, etectively decrease this toxici#):53It is believed that the
agents rather than to simple additive effects. D&witnvinc- o chanism of cisplatin-induced nephrotoxicity is similar to

ingly demonstrated marked synergistic cell killing in only a it tumor cytotoxicity, ie, formation of highly reactive

few tumor systems. aquated platinum species that cross-link DNA. This aqua-
tion reaction is dependent upon ambient chloride concentra-
tions. Hydration and diuresis can reduce urinary concentra-
tion of cisplatin whereas forced chloruresis provides high
Immediate & 24 hours after treatment) or delayed 24  chloride levels in the kidneys, thus minimizing the aquation
hours after treatment) nausea and vomiting are the mogif cisplatin in renal tubules. In the presence of pre-existing
common and most dreaded side effects of cisplatin-basetkenal insufficiency, cisplatin should not be used if the GFR is
chemotherapy. In one study, after a dose of 120 rg/mless than 30 mL/min. Full-dose cisplatin can be used if the
cisplatin, all patients who had not received premedicationGFR is above 50 mL/min. Dosage adjustment is required for
with antiemetics developed an average of 11 emetic epiGFRs between 30 mL/min and 50 mL/nfthDose reduction
sodest* The discovery of the role of the serotonergic should be proportional to the reduction in GFR (normal GFR

TOXICITY
Nausea and Vomiting
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is assumed to be 100 mL/min). Thus at a GFR of 40 mL/min, Different types of agents are currently being explored to
40% of the full dose of cisplatin should be given. reduce or protect patients from cisplatin-induced neurotox-
Thiol-containing compounds have also been used tacities. They include nucleophilic sulfur thiols, neurotropic
reduce cumulative renal toxicity. The most promising agentfactors, phosphonic acid antibiotics, and free oxygen radical
to date is amifostine (WR-2721, S-2 (3-amino-propylamino)scavenger&
ethylphosphorothioic acid). It is a pro-drug that is preferen- Neurotoxicity is infrequent as a result of carboplatin
tially taken up and metabolized by normal cells. The activetreatment. Peripheral neuropathies develop in approximately
thiol moiety acts as a nucleophile, which can inactivate3% of patients. In patients with existing cisplatin-induced
carbonium ions generated by alkylating agents and prevemeuropathy, symptoms did not worsen in two thirds of cases
DNA damagé? In various trials, pretreatment with amifos- after further treatment with carboplatin. The incidence of
tine conferred protection against cisplatin-induced nephro<linically evident ototoxicity resulting from carboplatin
toxicity without compromising antitumor efficacy. A reduc- treatment is approximately 1%6.
tion in other cisplatin-related toxicities, including
myelosuppression and neurotoxicity, was noted as ¥%ell. Myelosuppression
Renal impairment is rare with the administration of Myelosuppression, particularly thrombocytopenia, is the
carboplatin, except at extremely high doses. There seems té’ ’ ’

S . ose-limiting toxicity of carboplatin. It is cumulative in
be no significant cumulative damage after long-term follow- . X .
. . nature. Severe (grade 3 or 4) neutropenia occurs in approxi-
up, as seen in a series of treated germ cell tumor patiénts.

0, 1 -
Because it is excreted primarily as an unchanged drug in th‘r_ﬁnately 18% of treated patients, whereas severe thrombocyto

. . : 0
kidneys, carboplatin is not directly toxic to the renal tubules, PEM& occurs in approximately 25% of cases. Platelet count

. . s nadirs can be delayed up to 21 days after treatment with
However, the presence of renal impairment significantly

increases its plasma level, which leads to other systemic(::""rbolol""tln and may sometimes preclude dosing every 3

toxicities. Dosage according to the desired AUC is then\r’lvsviléié:n:g; ;J; _?_22 zfer(ilggofcrcl)qmsll(ljcsiuor;zszasri(e)nu(r:lgrsrléal,
modified using the Calvert formula. o g Y PP

lates strongly with carboplatin clearance by the kidneys.
Cisplatin-induced cytopenias are usually mild. All three
hematopoietic cell lines can be affected. These cytopenias
Neuropathy is now the major dose-limiting toxicity of are dose-related and reversible. The incidence of severe
cisplatin. This toxicity includes peripheral sensory neuropajeukopenia or thrombocytopenia is approximately 5% to
thy, which is the most common, hearing loss, autonomicgo 67
neuropathy, Lhermitte’s sign (electric shock-like sensation
transmitted down the spine upon neck flexion), sei;ures, anc_:l CLINICAL ACTIVITY
encephalopathy. It is dose-dependent and occurs in approxi-
mately 85% of patients with a cumulative dose greater tharPvVarian cancer
300 mg/m.%° In 30% to 50% of cases, neuropathy is Cisplatin is considered the most active chemotherapeutic
irreversible. agent, and it is an integral part of standard regimens for the
Platinum-DNA adducts are found in various tissues of thetreatment of advanced ovarian cancer. However, the major-
body, including the peripheral nerv&sThe highest levels of ity of patients who respond to cisplatin-based therapy will
platinum concentrations in nervous tissues are found in theelapse and ultimately die from their dise&&eBecause
dorsal root ganglia of autopsied patients. This is consistenturrent treatments are mostly noncurative, measures to
with the predominant presentation of sensory neuropathyminimize clinical toxicities are essential.
The amount of histopathologic changes and clinical neuro- At least 12 randomized trii%8have compared cisplatin
toxicity correlate closely with the concentration of cisplatin with carboplatin either as single agents or in combination
present in nervous tisstiéOtotoxicity, usually manifested chemotherapy in the treatment of ovarian cancer (Table 2).
as high-frequency hearing loss, is thought to be caused byen of the trials showed equivalent response rates (15% to
damage to the outer hair cells in the organ of Cditi. 30%) as well as median survival times (15 months to 35
Neuropathy is additive when cisplatin is administered withmonths) for both platinum analogs. The dosages of cisplatin
other neurotoxic agents, including paclitaxel and doce-used were between 50 mg/rand 100 mg/ry whereas the
taxel83.84 Interestingly, in a study involving non-small-cell dosages of carboplatin were between 300 ndgdmd 400
lung cancer, when cisplatin was added to vinorelbine, theng/n?. Both drugs were administered on the same schedule.
incidence of severe neuropathy was not increased above thitone of the trials calculated the dose of carboplatin on the
of vinorelbine aloné® basis of renal function. The majority of patients enrolled had

Neurotoxicity
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Table 2. Randomized Trials in Ovarian Cancer

First Author No. of Patients Regimen Platinum Dose cOR (%) cCR (%) MS (months)
Kato®? 42 CyAP 50 mg/m? 35 1 —*
v g 28d NS NS
CyAC 250 mg/m? 42 0 —*
g 28d
ten Bokkel Huinink™® 264 CyAHP 20 mg/m2/d d1-5 49 29 25
v q35d X 6 NS NS NS
CyAHC 350 mg/m3/d 47 28 25
q35d X 6
Adams’* 80 P 100 mg/m2/d 48 15t —*
v q28d X 5 NS NS NS
C 400 mg/m3/d 66 201 —*
q28d X 5
Mangioni”2 163 P 100 mg/m2/d 73 NA —*
v q28d x5 NS NS
C 400 mg/m2/d 61 NA —*
q28d X5
Edmonson73 103 CyP 60 mg/m2/d NA% NA 27
v q28d x 12 S
cyC 150 mg/m2/d NA NA 20
q28d x 12
Gurney™ 74 CyP 100 mg/m2/d 73 23 19
v q28d X 6 NS NS NS
CyC 300 mg/m3/d 67 46 24
v gq28d X 6
Cyl 240 mg/m?/d 64 21 18
q28d X 6
Conte™ 144 CyAP 50 mg/m2/d 67 28 23
v q28d X 6 NS NS NS
CyAC 200 mg/m2/d 63 21 23
gq28d X 6
Swenerton’® 417 CyP 75 mg/m2/d 57 36 25
v q28d X 6 NS NS NS
cyC 300 mg/m2/d 59 27 28
q28d X 6
Alberts™ 291 CyP 100 mg/m2/d 52 30 17
v q28d X 6 NS NS NS
CyC 300 mg/m?/d 61 33 20
q28d X 6
Belpomme?® 144 CyAP 75 mg/m2/d 73 —t 28
% q28d X 6 S S S
CyAC 300 mg/m2/d a7 —t 21
gq28d X 6
Taylor™ 104 P 100 mg/m2/d 54 —t 20
v g28d x 10 NS NS NS
C 400 mg/m2/d 38 —t 13
g28d x 10
Meerpohl&® 158 CyP 80 mg/m2/d 63 50 37
v q28d X 6 NS NS NS
CyC 350 mg/m?/d 73 55 35
q28d X 6

NOTE. In most studies, carboplatin showed more hematologic toxicity and cisplatin showed more nonhematologic toxicities.

Abbreviations: cOR, clinical overall response; cCR, clinical complate response; MS, median survival; Cy, cyclophosphamide; A, doxorubicin; P, cisplatin; C,
carboplatin; H, hexamethylmelamine; |, iproplatin; NS, not significant; S, significant.

*Actual figures not provided by authors.

tComplete pathologic response.

FTrial terminated because of superior progression-free survival in cisplatin arm at interim analysis.
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suboptimal residual disease (tumor sizel cm). Five trials  tion. The most frequently used classifications are those
had at least 4 years of follow-up. developed by Memorial Sloan Kettering Cancer Center,

The largest study was conducted by Swenerton ét al. Indiana University, and the European Organization for
This study compared the regimen of cyclophosphamide 60QResearch and Treatment of Cancer. Recently, the Interna-
mg/n? in combination with either cisplatin 75 mgfnor  tional Germ Cell Cancer Collaborative Group put together a
carboplatin 300 mg/Agiven every 4 weeks for six cyclesin new consensus classificati The good-prognosis cat-
417 women with postoperative macroscopic residual dis-egory includes seminomatous tumors of any primary site
ease. Most patients had stage lll, grade 3 tumors and bulkwithout extrapulmonary visceral metastases and nonsemino-
residual disease. The results in both arms were similamatous tumors of testicular or retroperitoneal primary
including clinical and pathologic response rates and mediatumors, without nonpulmonary visceral metastases and low
survival times. Only two trials concluded that carboplatin levels of tumor markers. The 5-year overall survival rates
was inferior to cisplatin. The study by Edmonson éalas  are 86% and 92% for seminoma and nonseminoma tumors,
terminated before full accrual because interim analysigespectively. One focus in current germ cell tumor research
showed superior progression-free survival for the cisplatinis to modify the standard chemotherapeutic regimens to
arm. Both platinum agents were given in combination with minimize toxicities in these good-prognosis patients without
cyclophosphamide. Although both regimens produced equatompromising efficacy.
myelosuppression, the dosage ratio of carboplatin to cis- Four trial$5-8have compared cisplatin and carboplatin in
platin was less than the optimal 4:1 (150 mg§/m 60  good-risk germ cell tumors (Table 3). Bajorin et’adnrolled
mg/n¥). Areport in abstract form by Belpomme et’dwho 270 patients with good-risk germ cell tumors (seminoma and
investigated a combination of cyclophosphamide, doxorubinonseminoma) by using Memorial Sloan Kettering Cancer
cin, and either 75 mg/&cisplatin per cycle or 300 mghAn  Center criteria. Two hundred sixty-five patients were assess-
carboplatin per cycle, showed a significantly higher patho-able and were randomized to receive four cycles of either
logic complete response rate and median survival time iretoposide/cisplatin or etoposide/carboplatin. Cisplatin was
favor of the cisplatin arm. given at a dose of 20 mghtd for 5 days, carboplatin at 500

A meta-analysis by the Advanced Ovarian Cancer Trialistmg/n? on day 1, and etoposide 100 mg/chfor 5 days.
Group! concluded that cisplatin and carboplatin were Complete response rates were equivalent. However, after a
equally effective when used as single agents or in combinamedian follow-up of 22 months, more patients in the
tion with other drugs. Interim analysis of a phase lll trial etoposide/carboplatin arm relapsed (1288%). Overall
comparing regimens of paclitaxel with either cisplatin or

carboplatin revealed no significant difference in efficécy. Table 3. Randomized Trials in Germ Cell Tumors
From the above data, it is evident that carboplatin is Overall

H H H H H First No. of  Platinum CR Relapse Survival
equivalent to (_:lsplatm in the treatment gf suboptimally > Pationts  Regimen bose o 00
debulked ovarian cancer. Its use in optimally debulked- -

. . . L Tjulandin®> 62 EP 20 mg/m?/d d1-5 87 9 —
residual disease, where cure is a realistic goal, has bee v q21d x 4 NS S NS
questioned. In a subset analysis of patients with less than 1 EC 350 mg/m? 87 30 _
cm of residual tumor in the trial by ten Bokkel Huinink et q28d X 4
al,’® both overall survival and progression-free survival Bajorin® 265  EP 20 mg/m2/d d1-5 90 3 -
separated in favor of the cisplatin arm. This did not reach v Qq2ldx4 NS S NS

- - . EC 500 mg/m2 80 12 —
statistical significance, however, and further analysis was q28d x 4

limited by the small number of patients in this subgroup. goxemeyers” 54  pEB 20 mg/m?/ddi-5 81 13 _

Two ongoing studies, one from the Gynecologic Oncology v g21d x 3 NS S NS
Group (GOG) and another from a German gréugmpar- CEB  AUCS5 76 32 —
q21d X 4

ing paclitaxel/cisplatin versus paclitaxel/carboplatin combi-

. . - Horwichsé 598 PEB 100 mg/m? 94 5 97*
nations, will address this issue. y q21d x 4 S s S
CEB AUC 5 87 15 90*
Germ Cell Tumors q21d x 4

Since the introduction of Cisp|atin’ 70% to 80% of patients NOTE. There was significantly more hematologic toxicity in the carboplatin
with advanced germ cell tumors can now be cured Prognosa_rm and more nonhematologic toxicities in the cisplatin arm.
. . . . ; e . Abbreviations: CR, complete response; E, etoposide; P, cisplatin; C, carbopla-
tic factors have been identified that are useful in classifying, . o o A
X i A i . 4 in; B, bleomycin; AUC, area under the concentration-time curve; S, significant;
different risk groups, thus making it possible for appropriates, not significant.

treatment decisions to be made on the basis of risk stratifica- *Three-year survival.
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survival was not different. A similar study was conducted in Table 4. Randomized Trials in Small-Cell Lung Cancer

Russia by Tijulandin et &, using the same eligibility First No. of Platinum OR/CR Ms

criteria. Carboplatin was given at a lower dose of 350 Aufor  Patens  Regimen Pose (6 (months)

mg/n?. Results were similar: the etoposide/cisplatin arm hadwolf* 350  AIO/EP 90 mg/m? 60/17 10

a better relapse-free survival rate. v q56d x 2 NS NS
AIO/EC 300 mg/m? 65/18 10

Two European studies used the triple-drug regimens of q56d x 2
etoposide, bleomycin, and either cisplatin or carboplatingyarioss 143 P+ RT  50mg/m2/ddi-2  69/31 13

The total cisplatin dose used per cycle was 100 Mg/m v q21d X 6 NS NS
whereas carboplatin was given to achieve an AUC of 5 EC +RT 300 mg/m? 78/29 12
mg/mL/min. Only nonseminomatous tumors were included g21d x 6

. .. . . L?ssen92 475 Parmt 35 mg/m?/d d2, 3 63/31 12
in the study. Response rates were similar in both studies, bu v q28d x 5 NS NS
the etoposide/bleomycin/carboplatin regimen was inferior Carmt 150 mg/m?/dd2,3  72/37 10
because of more treatment failures in this arm, including v q28d X5

relapse and treatment-related deaths. In the study by Hor- arm Il
wich et al®8 which enrolled almost 600 patients, complete NOTE. There was a similar incidence of myelosuppression but significantly
response to chemotherapy and overall survival were alsgore nonhematologic toxicities in the cisplatin arm.

significantly better in the cisplatin arm after a median Abbreviations: OR, overall response; CR, complete response; MS, median
follow—up of 36 months survival; A, doxorubicin; I, ifosfamide; E, etoposide; P, cisplatin; C, carboplatin;

. . . RT, radiotherapy; NS, not significant.
On the basis of the consistent results of these randomized «geger syrvival in limited-stage disease.

trials, one can firmly conclude that cisplatin is superior t0 +tFour alternating regimens.
carboplatin in the treatment of germ cell tumors. #Three alternating regimens.

Small-Cell Lung Cancer that analyzed response rates and survival according to

Although cisplatin is the mainstay of treatment in small- disease extent and treatment.
cell lung cancer, clinical studies have demonstrated that On the basis of the results presented here, carboplatin can
carboplatin is a very active drug in this disease as well. Inreplace cisplatin in extensive-stage disease regimens with
phase Il trials, an average overall response rate of 34% wasquivalent efficacy. Cisplatin should still be used in limited-
observed (59% in patients without prior chemotherapy andstage disease until future studies prove the equivalence of
17% in patients with prior treatment). The carboplatin andcarboplatin to cisplatin in this subset of potentially curable
etoposide combination has produced overall response ratgsmtients.
of 87% and 61%, as well as complete response rates of 49%
and 13%, in limited and extensive stages of small-cell lungNon—Small-Cell Lung Cancer
cancer, respectivefy. Primary chemotherapy in advanced non-small-cell lung

Three trial§%-°2compared the use of both platinum agentscancer remains a big challenge. Response rates with stan-
(Table 4). Skarlos et &l used the combinations of cisplatin/ dard cisplatin-based regimens in large trials are in the range
etoposide and carboplatin/etoposide. Additional thoracicof 30%, with few complete responses and only a modest
and prophylactic cranial irradiation was given only to impact on overall survival. A meta-analysis of 52 random-
complete responders. Lassen e¥?alsed an alternating ized clinical trials showed a benefit of cisplatin-based
chemotherapy regimen of nine different drugs and replaced¢hemotherapy over supportive care alone, with an absolute
cisplatin with carboplatin in one of the study arms. Both improvement in survival of 10% at 1 year and a modest
trials showed equal rates of overall and complete responsdacrease in median survival of 1.5 monfisBecause of
as well as equal median survival times. A German multicen-significant treatment-related toxicities, it is general practice
ter trial conducted by Wolf et & evaluated 350 patients that chemotherapy be offered only to patients with good
randomized to receive doxorubicin, ifosfamide, and vincris-performance status, with improvement in quality of life as
tine alternating with either cisplatin/etoposide or carboplatin/one of the major goals.
etoposide. Preliminary analysis revealed an advantage of the Only one randomized trigd has addressed the substitu-
cisplatin regimen in limited disease, with a median survivaltion of carboplatin for cisplatin in combination chemother-
time of 14 months versus 12 months, but there was napy (Table 5). Two hundred twenty-eight patients were
difference in extensive disease. This study had the largesandomized by Klatersky et ¥l to receive 120 mg/fh
number of patients per treatment arm and is the only studgisplatin per cycle or 325 mgfrcarboplatin per cycle in
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Table 5. Randomized Trial in Non-small-Cell Lung Cancer with carboplatin in phase Il studies produced response rates
First No. of Platinum OR/CR MS between 20% and 85%.
Author Patients _ Regimen Pose 0 (months) There are three randomized studfe§° reported in the
Klatersky®* 228 EP* 120 mg/m? 2772 8 literature (Table 6). Welkoborsky et®@istudied 60 patients
v q21-28dt NS NS

with advanced carcinomas of the oropharynx and hypophar-
ynx. Fluorouracil was given with either cisplatin 100 mg/m
or carboplatin 400 mg/tevery 3 to 4 weeks for three
imi 0,
survival; E, etoposide; P, platinum; C, carboplatin; NS, not significant. cycles. Overall response rates were Slml!ar (6/7@'3/)), b.Ut
*Hematologic and nonhematologic toxicities were significantly increased in there were morg complgte responses in the C|splat|n arm
the cisplatin arm. (20%yvV 3%). Median survival was not reported.
TUntil progression or no further response. Two other studies compared 5-FU/cisplatin and 5-FU/
carboplatin in the neoadjuvant setting. In the trial by Ebeling

100 i i
combination with etoposide in locally advanced unresecta® ali® who used 100 mg/fncisplatin per cycle and 360

ble or metastatic non—small-cell lung cancer. There was gng/m? carboplatin per cycle, overall and complete response

27% objective response in the cisplatin arm and a 1604ates and median survival times were higher in the cisplatin

objective response in the carboplatin arm. This reache@™m but did not reach statistical significance. De Andres et
borderline statistical significanc® (= .07). Survival was aP?enrolled a larger number of patients but used 400 rg/m

equivalent. There were fewer toxicities, including treatment-cf"“b,o_platIn pgr cycle. The cisplatin arm not only showed a
significantly higher rate of overall response (92046%)

related deaths, in the carboplatin group. However, the p | 2720%). b ival
dosage of carboplatin used was not equitoxic to the dose gjnd complete response (27 %), but S-year survival

A ) 0 0,
cisplatin and may account for the lower response rate. (49%y 25%) was bett_er as well. S
Paclitaxel-based combinations have now become com- Overall, these studies, although small in size, suggest that

monly used regimens in advanced lung cancer in the Unite&arboplatln is inferior to cisplatin in the systemic treatment

States. An Eastern Cooperative Oncology Group phase II?f head and neck cancer.
trial was completed recently comparing cisplatin/etoposid
with two paclitaxel/cisplatin regimer8. Both paclitaxel
regimens produced better response rates (31% andw26% Currently, there are no published phase Il randomized
12%) and superior survival in a preliminary analysis. In trials comparing the substitution of cisplatin by carboplatin
phase Il studies, paclitaxel/carboplatin combinations havén established combination regimens in bladder, cervical,
yielded response rates of 12% to 6284t is hoped thattwo ~ endometrial, and esophageal cancers.

ongoing Eastern Cooperative Oncology Group and Euro-
pean Organization for Research and Treatment of Cancer
trials incorporating both paclitaxel/cisplatin and paclitaxel/
carboplatin regimens in the treatment arms will provide the

nswer to whether th two regimens ar ivalent i
answer o whether these two regimens are equivalent I, - oo™ 60  5FU/P  100mg/m?  67/20  NA

EC 325 mg/m? 16/1 7
q21-28dt

Abbreviations: OR, overall response; CR, complete response; MS, median

e
Other Cancers

Table 6. Randomized Trials in Head and Neck Cancer

First No. of Platinum OR/CR MS
Author Patients Regimen Dose (%) (months)

activity. v q21-28dx3  NS/S
As the role of chemotherapy in non-small-cell lung 5.FU/C 400 mg/m? 63/3 NA
cancer is mostly palliative, substitution of cisplatin by q21-28d x 3
carboplatin is reasonable based on the very limited dat&beling'® 73 5FU/P 100mg/m?  83/29 27
available. v axs3 NS NS
5-FU/C 360 mg/m? 77722 24*
Head and Neck Cancer ax3
De Andres® 95 5-FU/P 100 mg/m? 92/27 —
Advanced-stage, recurrent, or metastatic head and neck v g21d x 3 S S
cancers have a poor prognosis, with a median survival time 5-FU/C 40:1;“9/ 22 76/20 -
q X

of approximately 6 months. A meta-analysis has shown that
combination Chemotherapy provides higher response ratesAbbreviations: OR, overall response; CR, complete response; MS, median
than single agents do. with improvement in survival survival; 5-FU, fluorouracil; P, cisplatin; C, carboplatin; RT, radiotherapy; NS,
. ’ . . . ' ot significant; S, significant; NA, not available.
However, this improved survival is at the cost of increased’ N 9 g
o X i . Disease-free survival.
t0X|C|tY- The most W|de|y used combination chemotherapy TThere was significantly more hematologic toxicity in the carboplatin arm

is the fluorouracil (5-FU)/cisplatin regimen. Fluorouracil and more nonhematologic toxicities, including mucositis, in the cisplatin arm.
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Bladder cancer. In bladder cancer, cisplatin-containing three phase Il trials testing carboplatin. These results are
chemotherapeutic regimens have produced encouraging reomparable to those obtained for cispldfiti!'2However,
sults, with overall response rates between 50% and 70%he role of carboplatin in combination chemotherapy is still
complete responses in 10% to 20% of patients, mediamundefined.
survival times of approximately a year, and long-term Esophageal cancer. The combination of cisplatin and
survival in 10% of patients with metastatic dise&®eThe  5-FU is the most active chemotherapeutic regimen in
methotrexate, vinblastine, doxorubicin, and cisplatin regi-esophageal cancer producing response rates of 25% to 35%
men (M-VAC) remains the only regimen that has beenin metastatic disease and 50% to 60% in locally advanced
shown to be superior to single-agent cispldffiNeverthe-  stages. Carboplatin, either as a single agent or in combina-
less, toxicities are considerable. Bellmunt é0%leported a  tion therapy, has been tested in squamous cell carcinoma and
randomized phased Il trial comparing M-VAC with a adenocarcinoma of the esophagus with poor results. Re-
carboplatin-containing three-drug regimen of methotrexatesponse rates have been less than 9%hus, carboplatin
carboplatin, and vinblastine (M-CAVI). The latter regimen should not be used in this disease. It is unlikely that future
is, however, different because in addition to the substitutiorcomparative studies will be performed.
of cisplatin by carboplatin, doxorubicin has been dropped.

Forty-seven patients were evaluated. The overall response CONCLUSION

rate was higher in patients treated with M-VAC (52%9%) Cisplatin is one of the most active drugs in the treatment
but did not reach statistical significance. Three completesf solid tumors. Its narrow therapeutic index has led to the
responses were observed in the M-VAC group and nongjevelopment of the less toxic analog carboplatin, which has
were seen among patients in the methotrexate/carboplatifhe additional advantage of easier administration and indi-
vinblastine group. The M-VAC regimen was more toxic but vidualized dosing. Although carboplatin has a similar mech-
produced a significantly longer median disease-related sufanism of action and preclinical spectrum of activity as
vival time (16 months/ 9 months). A randomized phase Il cisplatin, it does not have the same clinical efficacy in all
study'%* compared a similar regimen, methotrexate, vinblas-platinum-sensitive tumors. Carboplatin can substitute for
tine, epirubicin, and cisplatin (M-VEC), with carboplatin- cisplatin in the treatment of suboptimally debulked ovarian
substituted M-VECa in 57 patients with recurrent or meta-cancer. Studies are ongoing to determine whether this also
static bladder cancer. The overall response (V&%) and  holds true for optimally debulked disease. In germ cell
complete response (25%11%) were significantly in favor  tumors, carboplatin therapy results in more relapses and,
of M-VEC. These results have to be confirmed in a phase lllthus, should not be used. Cisplatin is still the agent of choice
trial. in head and neck cancer. On the basis of limited comparative

Cervical cancer. Surgery and radiotherapy are used asrandomized trials, carboplatin can probably substitute for
the primary modalities in the treatment of cervical cancer,cisplatin in non—small-cell and extensive-stage small-cell
even in the locally advanced setting. Chemotherapy hatung cancer. Its use in limited-stage small-cell lung cancer
mostly been used in recurrent or disseminated diseasegequires further investigation. As phase Il esophageal cancer
Duration of response is usually shorter than 6 months, andtudies generally showed poor responses, carboplatin should
impact on overall survival is not significant. Cisplatin is the not be substituted for cisplatin in the treatment of this
most commonly used single agent. There is no firm evidencelisease. Future studies are needed to determine whether
that cisplatin-based regimens are better than cisplatin alonearboplatin is as effective as cisplatin in advanced bladder,
In a phase Il GOG trial?® single-agent cisplatin resulted in cervical, and endometrial cancers.
an 18% overall response. Although the cisplatin/ifosfamide
combination regimen had a better response rate (31%), it did ACKNOWLEDGMENT
not result in a better survival. Carboplatin used alone in e thank Gail Prechel for her expert secretarial assistance.
phase Il studies has generally shown response rates between
15% and 30% at a dose of 400 mg/avery 4 week396-108 REFERENCES
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