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Abstract
Aim: to evaluate the therapeutic efficacy of oxaliplatin 

and to analyze the pharmacokinetics of both ultrafiltrable 
(free) and protein–bound platinum in patients with 
metastatic colon cancer. Method: 60 patients with stage 
IV colon carcinoma received 4-6 (mean 4.5) cycles of 
oxaliplatin based combination chemotherapy. Response 
rate, progression-free survival (PFS) and toxicity were 
evaluated. The pharmacokinetics of oxaliplatin was 
evaluated in 8 patients who were given 85 mg/m2 or 130 
mg/m2 using an infusion time of 2-4 h. Pharmacokinetic 
analysis was performed on blood, plasma and plasma 
ultrafiltrable by ICP-MS (Inductively Coupled Plasma Mass 
Spectrometry). Results: Overall response rate (complete 
and partial) occurred in 33 (55%) patients. The median time 
of progression was 9.3 months. Cumulative neurotoxicity, 
vomiting and diarrhea, myelosuppression appeared in 32.3%, 
21.3%, and 39.4% patients, respectively. The mean Cmax 
and AUC 0-24 of oxaliplatin increased in a dose-related 
manner. The pharmacokinetics of platinum after oxaliplatin 
administration was triphasic characterized by a short initial 
distribution phase and a long terminal elimination phase.
The clearance of ultrafiltrable platinum was relatively high 
and the clearance of platinum from plasma and blood cells 
was relatively low, which is probably a reflection of the 
covalent binding of platinum to these matrices. Conclusion: 
Oxaliplatin is active and well tolerated in patients with 
advanced colon cancer. With a relatively low interpatient 
variability, it is eliminated triphasically and the mean Cmax 
and AUC 0-24 increases in a dose-related manner. These 
results provide a scientific basis for the safe and effective 
use of oxaliplatin in the clinic.
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Introduction
Colorectal cancer is the second leading cause of cancer-

related death in the Western world. Platinum compounds are 
widely used in the treatment of many cancers. Cisplatin [cis-
diamine-dichloroplatinum (II), CDDP], the first compound 
of this group represents the first-line therapeutic agent for 
several solid tumors. Its nephrotoxicity and ototoxicity are the 
two factors limiting its clinical use. To increase anti-cancer 
efficacy and to minimize the side effects, second and third 
generation platinum compounds have been developed.

Oxaliplatin is a third generation platinum analog with 
1,2-diaminocyclohexane (DACH) substituting the amine 
groups of cisplatin. It is more potent than cisplatin in vitro, 
requiring fewer inter and intra DNA strands adducts to 
achieve the same cytotocixity and has demonstrated activity 
in preclinical studies against a broad variety of cellular 
lines, some of them cisplatin resistant [1-3]. Oxaliplatin is 
widely used in the treatment of colorectal carcinoma and in 
combination with 5-fluoro-uracil plus leucovorin represents 
the first-line treatment for metastatic colorectal cancer [4, 
5]. Neurotoxicity is its main side effect [6].

The response and the toxicity to therapy depend on many 
complex factors including drug pharmacokinetic parameters. 
Oxaliplatin undergoes biotransformation into aquated 
forms in the blood, where three species can be found: total 
platinum, ultrafiltrable or “free” platinum and erythrocyte 
platinum [7, 8]. 

This study evaluated the benefits and side effects of 
oxaliplatin chemotherapy in 60 patients with stage IV colon 
cancer. 

Patients and methods
Phase II study design
This is a phase II study which involved patients with 

metastatic colon cancer in treatment at the Cancer Institute 
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“Ion Chiricuta” Cluj-Napoca, Romania from January 2003 
to November 2007. The primary end point was the overall 
response rate. Secondary end points included TTP (time to 
progression) and safety. The pharmacokinetics parameters of 
oxaliplatin were determined in two groups of patients who 
received different schemes of oxaliplatin-based combination 
chemotherapy. The number of patients included in the 
study was chosen according to the scientific research data 
[9, 10]. 

Patients
Patients aged 30 to 70 years with histologically 

proven colorectal cancer and measurable metastatic or 
locally advanced colorectal cancer were eligible for the 
study. Pleural effusion and ascites were not accepted as 
measurable criteria. Other inclusion criteria were adequate 
haematological, hepatic and renal functions. Exclusion 
criteria included prior therapy with oxaliplatin and history 
of previous malignancy within 5 years. Tumor response was 
assessed according to the WHO criteria. 

Chemotherapy
Each patient received a combination of chemotherapy 

containing oxaliplatin 85 mg/m2 by continuous intravenous 
infusion for 2 h on day 1, and bolus FU 400 mg/m2 plus 
leucovorin 200 mg/m2 , followed by FU 600 mg/m2 as 22-
hour infusion on days 1 and 2 every 2 weeks (FOLFOX4). 

The toxic effects were evaluated using the National 
Cancer Institute common toxicity criteria. Neurosensory 
toxicity was graded as follows: grade 0 - no symptoms; 
grade 1 - paresthesias or dysesthesias of short duration 
with complete resolution before the next cycle; grade 2, 
paresthesias or dysesthesias persisting between two cycles 
without functional impairment; grade 3 - paresthesias or 
dysesthesias with functional impairment.

Blood sampling
The pharmacokinetics of oxaliplatin was evaluated 

in 8 patients given 85 mg/m2 oxaliplatin (FOLFOX4, 4 
patients) or 130 mg/m2 (XELOX in 3- week treatment cycles 
- oxaliplatin day 1 followed by oral capecitabine 1000 mg/m2 
twice daily day 1 to day 15, 4 patients) using an infusion 
time of 2 and 4 h respectively. Blood samples were collected 
into NH4-heparinized tubes during the infusion every 30 
min for 2h, and every hour until up to 4h after the end of 
infusion and at three time-points after the end of infusion 
(12, 15, 24 h). The plasma was separated immediately and an 
aliquot was ultrafiltrated using Amicon ultrafiltration filters, 
Millipore, at 3000 rot/min for 30 min. The ultrafiltrate and 
total plasma samples were immediately stored at -2000C for 
a maximum of 2 weeks. Fractionated urine was collected in 
glass containers before infusion and up to 24 h after drug 
administration.

Determination of platinum levels
Pharmacokinetic analysis was performed on blood, 

plasma and plasma ultrafiltrable. Platinum content of 
biological samples was analyzed using a quadrupole mass 
spectrometer (Perkin Elmer SCIEX, Elan DRC II, Toronto, 
Canada). Samples were diluted 10 times. High purity 

platinum monoelement standard solution was used for 
calibrating the system prior to any analysis and the resulted 
calibration curve had 5 points: blanks, 0.1ppb, 1 ppb, 5 ppb 
and 10 pbb. Pulse mode was used during determination for 
best detector sensitivity and the whole system was checked 
daily for optimum running parameters, being the whole time 
within producer’s specification. After each day of analysis, 
to avoid any clogging of the cones and the plasma injector, 
the system was cleaned. All reagents used were purchased 
from Merck.

Pharmacokinetic evaluation 
The pharmacokinetic analysis of oxaliplatin during 

a constant rate infusion was performed by analysing the 
platinum [Pt+] concentrations in plasma, plasma ultrafiltrate 
[UFT], whole blood using Inductively Coupled Plasma 
Mass Spectrometry (ICP-MS) in patients with metastatic 
colon cancer. 

The plasma concentration-time data following the 
administration was analyzed by a noncompartmental method 
using the computer software Winnonlin, Pharsight, USA.
The peak plasma concentration, Cmax, and the time to reach 
the peak concentration, Tmax, were obtained directly from 
the experimental observation. The area under the plasma 
concentration - time curve (AUC) from time 0 to T, AUCO-T 
where T is the time of the last measurable concentration, 
was calculated by the trapezoidal method. 

The statistical analysis for the pharmacokinetic 
evaluation was made according to the number of patients 
chosen using the Statistical Package for Social Sciences 
(SPSS), with Mann-Whitney test. P < 0.05 was considered 
statistically significant.

Ethics
Prior to therapy all patients gave their informed consent 

to participate in the study after having been informed about 
the purpose of this evaluation.

Results
A total of 60 patients (age 30 to 66; 27 males and 

33 females) with metastatic colorectal cancer were 
included into the study. Of 60 patients, 30 had well 
differentiated adenocarcinoma, 16 had poorly differentiated 
adenocarcinoma, and 14 had signet ring cell carcinoma. 
Patients characteristics are shown in Table I.

The overall response rate (complete and partial) occurred 
in 33 (55%) patients including 10 complete responses and 
23 partial responses.

Time to progression was 9.3 months.
Concerning the toxicity, cumulative neurotoxicity, 

vomiting and diarrhea, myelosuppression appeared in 32.2%, 
21.3%, and 39.4% patients, respectively (Table II).

Most cases were grades 1 or 2. Hepatotoxicity was 
observed in 10 patients (5.46%). One patient died possibly 
of renal failure. The platinum concentration was high and 
the renal clearance low.

Pharmacokinetic analysis of oxaliplatin
In eight patients, the pharmacokinetic analysis was 
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Table I. Patients characteristics
No. of patients

Sex Males 27

Females 33

Age (years) 30-45 13

46-55 22

56-65 19

>66 6

ECOG 0 48

1 12

Primary  cancer rectal 18

colon 42

Prior treatment surgery 33

RT/CT adj 29

no treatment 27

ECOG : Eastern Cooperative Oncology Group; RT/CT adj.: 
Radiotherapy/Chemotherapy post-surgery (5FU+leucovorin:FUFOL).

Table II. The main side effects of chemotherapy
Side effects Anemia Neutropenia Thpenia Digestive Allergical Neurotox Hepatic

Gr.I 28 18 9 18 1 36 2

Gr.II 7 6 4 17 1 18 6

Gr.III 0 0 0 4 1 3 2

Gr.IV 0 0 0 0 0 0

incidence % 19.2% 13.11% 7.10% 21.31% 1.63% 32.25% 5.46%

Tabel III. Comparison of mean (SD) pharmacokinetic parameters of platinum in blood, plasma and 
ultrafilterable plasma (UFT)
Dose Cmax 

(ug/ml)
AUCtot 
(ug/ml*hr)

T1/2 (h) Cl (liters/h) Vss (liters)

blood 1.89 (0.19) 54.2 (3.27) 23.5 (3.47) 2.71 (0.84) 94.87 (30.1)

85mg/mp plasma 1.61 (0.21) 51.4 (6.32) 26.1 (7.60) 2.77 (0.61) 108 (38.5)

UFT 0.38 (0.17) 4.8 (0.72) 12.1 (1.83) 30.17 (7.75) 567 (20)

130mg/mp blood 3.39 (1.89) 53.43 (5.4) 16.9 (3.22) 3.87 (0.168) 96.34 (16.1)

plasma 2.35 (0.75) 54.81 (6.68) 24.2 (3.65) 3.81 (0.554) 132.6 (4.51)

UFT 0.86 (0.63) 5.87 (0.25) 9.32 (2.17) 35.24 (3.18) 469.25 (17.71)

Fig 2. The pharmacokinetics of platinum [Pt+] in 
plasma at 85 mg/m2 and 130 mg/m2.

performed during the first cycles of oxaliplatin, whereas in 
two of them, two cycles were analyzed. The pharmacokinetic 
parameters are summarized in Table III. 

After a dose of 130 mg/m2, mean platinum Cmax values 
were 3.39μg/ml in blood, 2.35 μg/ml in plasma and 0.86 
μg/ml in plasma ultrafiltrate. Mean AUC0-24 values were 
53.43 μg/ml٠h in blood, 54.8 μg/ml٠h in plasma and 5.87 
μg/ml٠h in plasma ultrafiltrate. For a 85 mg/m2 dose, the 
mean platinum Cmax and AUC values were lower than these 
for 130 mg/m2 dose. 

The clearance of ultrafiltrable platinum was relatively 
high, ranging from 30.17l/h at 85 mg/m2 to 35.24 l/h at 
130 mg/m2. Clearance of platinum from plasma and blood 
cells was relatively low, from 2.71 to 3.87 both in plasma 
and blood. 

Concerning the volume of distribution (Vss), platinum 
had a high volume of distribution from plasma ultrafiltrate 

Fig 1. The rate of response to chemotherapy. CR: 
complete response; PR: partial response; SD: stable 
disease; ED: evolutive disease.
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Fig 3. The pharmacokinetics of platinum [Pt+] in 
plasma ultrafiltrate at 85 mg/m2 and 130 mg/m2

ranging from 469.25 to 567 liters. In plasma and blood, the 
volume of distribution was lower.

The platinum half-times in the ultrafiltrate were 
triexponential, characterized by short initial α and β 
distribution phases followed by a long terminal γ phase 
(Table IV). 

No accumulation was observed in plasma ultrafiltrate or 
plasma after 130 mg/m2 every 3 weeks or 85 mg/m2 every 
2 weeks.

Discussion
Colon cancer is one of the major causes of cancer 

morbidity and mortality in the Western world. Approximately 
half of the patients are diagnosed with local stages and 
undergo potentially curative surgery. The remaining patients 
present metastatic disease and only systemic chemotherapy 

Table IV. Pharmacokinetic evaluation for blood, plasma and ultrafiltrate plasma for different doses of oxaliplatin.

Mann-Whitney Test
Blood 

 
Plasma Plasma ultrafiltrate

z Exact Sig.
2*(1-tailed Sig.)

z Exact Sig.
2*(1-tailed Sig.)

z Exact Sig
2*(1-tailed Sig.)

Cmax (80/mp)/
Cmax (130/mp)

-2.309 .029* -2.021 .057 -1.732 .114

AUCfin (80/mp)/ 
AUCfin (130/mp)

-2.309 .029* -2.309 .029* -2.309 .029*

AUCtot (80/mp)/ 
AUCtot (130/mp)

-.289 .,886 -1.443 .200 -2.309 .029*

Cl (80/mp)/ 
Cl (130/mp)

-1.155 .343 -.866 .486 .000 1.000

Vss (80/mp)/ 
Vss (130/mp)

.000 1.000 -.866 .486 -1.155 .343

*p<0.05; Vss = volume of distribution

with palliative intention is available. Chemotherapy has been 
shown to have a favorable impact on survival and quality of 
life of patients with colorectal cancer. Oxaliplatin represents 
one of the most active drugs for the treatment of colorectal 
cancer and, in particular, the FOLFOX regimen of oxaliplatin 
and infusional fluorouracil plus leucovorin is the standard 
therapy for patients with metastatic colorectal cancer [4]. 

Combination chemotherapy studies using oxaliplatin 
and 5FU showed a response rate of 40-55% with a median 
survival of approximately 18 months, therefore oxaliplatin 
is indicated as a first line therapy for metastatic colorectal 
cancer [11-13]. Dose-limiting toxicities include a cumulative 
peripheral sensory neuropathy that is reversible following 
withdrawal of oxaliplatin but at high doses can become 
irreversible and with an impact on the quality of life of these 
patients. Typical symptoms include paresthesias (presenting 
as cold related dysesthesia), and laryngopharyngeal 
dysesthesia [14, 15].

Our results demonstrate that oxaliplatin is effective and 
well tolerated in treating colorectal cancer. Overall response 
rate (complete and partial) occurred in 33 (55%) patients 
including 10 complete response and 23 partial response. The 
median time of progression was 9.3 months. These results 
do not differ much from those of other phase II studies. 
Using the same chemotherapy, Goldberg et al [4] obtained 
a median time to progression of 8.7 months, a response rate 
of 45% and a median survival of 19.5 months. 

Concerning the pharmacokinetics of oxaliplatin, our 
results have showed that the mean Cmax and AUC0-24 
increased in a dose related manner. For a 85 mg/m2 dose, the 
mean platinum Cmax and AUC values were lower than those 
for 130 mg/m2 dose. Our results are concordant with those of 
other phase II studies of oxaliplatin in human colon cancer 
regarding the pharmacokinetic evaluation [16, 17].

The platinum half-time in ultrafiltrate was triexponential 
characterized by short initial α and β distribution phases 
followed by a long terminal γ phase. The short initial half-
life of platinum may represent the rapid clearance of intact 
oxaliplatin and its metabolites into tissue and removal 
from the systemic circulation via glomerular filtration. 
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The long terminal half-time of unbound platinum in 
plasma ultrafiltrate may represent the slow release of low 
molecular weight platinum aminoacid conjugates after the 
degradation of cellular macromolecules, such as proteins.
This pharmacokinetic behaviour was also reported [18].

Concerning the volume of distribution (Vss), platinum 
has a high Vss from plasma ultrafiltrate ranging from 268 to 
750 liters. It may be due to the lipophilic nature of DACH 
platinum complexes and the irreversible binding of platinum 
to proteins, DNA, and other cellular macromolecules [18].

The clearance of ultrafiltrable platinum was relatively 
high and the clearance of platinum from plasma and blood 
cells was relatively low. An explanation for these values is 
the covalent binding of platinum to these matrices.

No accumulation was observed in the plasma ultrafiltrate 
or plasma after 130 mg/m2 every three weeks or 85 mg/m2 
every two weeks.

To summarize, this study shows that FOLFOX4 is an 
effective therapy for patients with metastatic colon cancer 
and our results are congruent with others studies regarding 
the overall response rate, the time to progression and toxicity. 
Concerning the oxaliplatin pharmacokinetics, our results 
have shown that the mean Cmax and AUC 0-24 increased 
in a dose related manner.

In conclusion, these results, in line with those of other 
phase II oxaliplatin studies in human colon cancer with 
regard to pharmacokinetics and safety, provide a scientific 
basis for the effective use of oxaliplatin in clinical therapy.
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