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Abstract

Purpose To establish an appropriate administration

schedule for oxaliplatin in FOLFOX plus bevacizumab

therapy for a hemodialytic patient.

Methods A 50-year-old man on chronic hemodialysis was

treated for colon cancer and synchronous hepatic metas-

tasis with modified FOLFOX-6 plus bevacizumab therapy

every 3 weeks. The plasma concentration of free platinum

was measured at eight points, before and within the first

50 h after oxaliplatin administration. A dose escalation

study of oxaliplatin was performed at doses of 60, 70, and

85 mg/m2. A 4-h dialysis session was begun at the end of

the oxaliplatin treatment.

Results The pharmacokinetics of free platinum showed a

bimodal pattern at each dose: The serum concentration

decreased rapidly soon after dialysis, then increased, and

remained at a high level for 24 h. The areas under the

curves (AUC) for free platinum were 17.6, 23.6, and

32.6 lg h/mL after doses of 60, 70, and 85 mg/m2 oxa-

liplatin, respectively. These exceeded the AUC when

90 mg/m2 was given to a patient with normal renal

function (7.9 lg h/mL). Treatment was safely continued

for 6 months without severe toxicity.

Conclusion FOLFOX plus bevacizumab therapy can be

given safely to hemodialytic patients with no reduction in

the dose of oxaliplatin if hemodialysis is performed soon

after the administration of oxaliplatin and the dosing

interval is extended to 3 weeks.

Keywords Colorectal cancer � Renal failure �
Hemodialysis � FOLFOX plus bevacizumab � Oxaliplatin

Introduction

The number of long-lived hemodialytic patients has been

increasing with improvements in dialysis treatments.

However, hemodialytic patients are potentially at increased

risk of cancer for several reasons, including the presence of

chronic infection, a weakened immune system, nutritional

deficiencies, and altered DNA repair [1].

Colorectal cancer is the third leading cause of cancer

deaths, and its incidence is also increasing yearly in Japan

[2]. FOLFOX plus bevacizumab is a chemotherapeutic

regimen consisting of oxaliplatin and infusional 5-Fluoro-

uracil (5-FU)/levofolinate plus bevacizumab and is accep-

ted widely as an initial treatment for unresectable

colorectal cancer, with an objective response in up to 50%

of patients treated [3]. However, there have been few

reports of the use of oxaliplatin in hemodialytic patients

[4–6], and little is known about the safety/efficacy of

FOLFOX plus bevacizumab therapy or its optimum dosage

in this patient population. Here, we report the case of a

hemodialytic patient with metastatic colon cancer, suc-

cessfully treated with modified FOLFOX-6 plus bev-

acizumab therapy.
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Materials and methods

A 50-year-old Japanese man with gouty nephropathy had

been maintained on hemodialysis since 2006. A computed

tomography (CT) scan showed more than 20 metastases (up

to 3 cm in diameter) scattered throughout both lobes of his

liver. A colonoscopy showed a protuberant type of tumor

located on the sigmoid colon. After the surgical resection

of the primary tumor to prevent intestinal obstruction and

bleeding, the patient received systemic chemotherapy.

Chemotherapy was initiated with the modified FOLFOX-6

(mFOLFOX-6) regimen plus bevacizumab, given every

3 weeks. After bevacizumab was administered by infusion

over 90 min, oxaliplatin and levofolinate were administered

simultaneously for 2 h. 5-FU was then administered as a

bolus injection, followed by its continuous infusion for 46 h

with a pump after a 4-h dialysis session (Fig. 1). The

starting dose of oxaliplatin was 60 mg/m2 (70% of the

standard dose of 85 mg/m2) because oxaliplatin is known to

be primarily excreted in the urine and was expected to be

eliminated by hemodialysis alone in this patient [7]. The

dose of oxaliplatin was increased to 70 and 85 mg/m2,

while possible adverse events were monitored. The starting

dose of 5-FU was set at the standard dose, because 5-FU is

largely (80%) eliminated by the hepatic metabolism and

secreted into the bile [8]. Many previous reports have

shown that there is no need to adjust its dose in dialysis

patients [9]. During each course of mFOLFOX-6 plus

bevacizumab therapy, a 4-h dialysis session was begun

immediately after the administration of oxaliplatin, using a

polysulfonate hollow-fiber dialyzer (APS-21SA) and acetic

acid-free dialysate (Carbostar P). The blood flow rate was

set at 250 mL/min and the dialysate flow rate at 600 mL/

min. The patient’s free platinum levels were measured.

Blood samples were collected at the following eight points:

before the start of oxaliplatin administration, 2 (just before

dialysis), 2.25, 2.5, 3, 6, 26, and 50 h after oxaliplatin

administration (the last collection was just before the sec-

ond dialysis session). The blood samples were immediately

centrifuged at 1,7009g for 10 min, and the serum thus

obtained was further centrifuged at 1,7009g for 20 min in

an ultrafiltration tube. The ultrafiltrate sample was then

stored in a freezer until the platinum concentration was

assayed by flameless atomic absorption spectrometry (NAC

Co., Ltd, Tokyo, Japan). The area under the curve (AUC)

for platinum in the ultrafiltrate was calculated from time 0

to 50 h after the start of oxaliplatin administration, using the

trapezoidal method.

Results

Table 1 shows the Cmax and AUC data for free platinum in

the serum of a hemodialytic patient receiving mFOLFOX-6

plus bevacizumab therapy. Figure 2 shows the time course

of the free platinum concentration. The level of free plati-

num, which is related to the antitumor activity and toxicity

of oxaliplatin, decreased soon after dialysis. It subsequently

increased for 26 h after the administration of oxaliplatin and

thereafter remained at the same level for 24 h. These find-

ings differ considerably from those previously reported for

patients with normal renal function who received 90 mg/m2

Fig. 1 Treatment schedule

Table 1 Pharmacokinetic parameters of platinum in plasma

ultrafiltrate

60 mg/m2 70 mg/m2 85 mg/m2 90 mg/m2

n = 1 n = 1 n = 3 (n = 3*)

Cmax (ng/mL) 500 600 863 963.3

AUC0–50 (lg h/mL) 17.6 23.6 32.6 7.9

AUC area under the plasma concentration–time curve

* Shirao et al. [10]
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oxaliplatin (free platinum Cmax was 963.3 ng/mL and AUC

was 7.9 lg h/mL) [10]. The tolerability data and pharma-

cokinetic profiles obtained during each cycle were used to

optimize the dose of each drug and the dosing intervals for

the subsequent cycles. The free platinum AUCs were 17.6,

23.6, and 32.6 lg h/mL at doses of 60, 70, and 85 mg/m2,

respectively, which are about 2–4 times greater than that

obtained with 90 mg/m2 oxaliplatin in patients with normal

renal function [11]. Therefore, a longer dose interval of

3 weeks was set for the subsequent cycles, instead of the

standard interval of 2 weeks for mFOLFOX-6 plus bev-

acizumab therapy. The free platinum Cmax values measured

in this patient were 500, 600, and 863 ng/mL at oxaliplatin

doses of 60, 70, and 85 mg/m2, respectively, which are

about 50–90% of that obtained with a dose of 90 mg/m2

oxaliplatin in patients with normal renal function [10].

Therefore, a standard dose of 85 mg/m2 was given during

the subsequent five cycles. In all, eight courses of mFOL-

FOX-6 plus bevacizumab therapy (a total of 815 mg/m2

oxaliplatin) were completed, although grade 1 peripheral

neuropathy by National Cancer Institute Common Termi-

nology Criteria for Adverse Events (NCI CTCAE; version

3) criteria was observed. A CT scan showed no changes in

the number or sizes of the metastatic liver tumors.

Discussion

To the best of our knowledge, this is the first report of a

hemodialytic patient with metastatic colon cancer suc-

cessfully treated with mFOLFOX-6 plus bevacizumab

therapy. In the patient reported here, the free platinum level

showed a bimodal pattern, with peaks appearing at 2 and

26 h after the start of oxaliplatin administration. The sec-

ond peak was as high as the first peak. In patients treated

with oxaliplatin, the serum-free platinum concentration

reflects the biological activity of the drug, i.e., it deter-

mines both its antitumor activity and its toxicity [11, 12].

Previous studies have shown that most circulating platinum

molecules derived from oxaliplatin are immediately bound

to plasma proteins (primarily albumin) and irreversibly

inactivated [13, 14]. The free platinum in the blood is

serially excreted by the kidneys, and its excretion is

delayed in patients with impaired renal function [15]. A

second peak in the free platinum concentration between

hemodialyses has also been observed in hemodialytic

patients treated with cisplatin [16]. This might be caused

by the dissociation of the platinum bound to plasma pro-

teins and blood cells or by platinum in the tissues returning

to the blood [17]. In patients with normal renal function, it

is likely that free platinum is rapidly eliminated by renal

excretion, so no second peak is observed [10].

In our patient, who was given 60 mg/m2 oxaliplatin, the

AUC of free platinum was about twofold greater than that

observed after an oxaliplatin dose of 90 mg/m2 in patients

with normal renal function. Although the relationship

between the AUC of free platinum and the antitumor

activity of oxaliplatin is poorly understood, it has been

reported that the antitumor activities of cisplatin and car-

boplatin correlate with the AUC of free platinum [12].

Takimoto et al. [9] reported that reductions in the dose of

single-agent oxaliplatin are unnecessary, even in patients

with impaired renal function, suggesting that the AUC of

free platinum does not correlate with the toxicity of oxa-

liplatin, regardless of the patient’s renal function. They

proposed the hypothesis that after the administration of

oxaliplatin, the majority of free platinum is in the inactive

form in low molecular weight conjugates, which are

cleared by glomerular filtration. Therefore, the increase in

systemic platinum exposure associated with renal impair-

ment does not increase the drug-related toxicity [18].

Giacchetti et al. [19] compared the antitumor activity

and hematological toxicity of oxaliplatin in two regimens:

four daily doses versus continuous infusion for 48 h. They

reported that hematological toxicity was three times more

frequent with the former regimen than with the latter reg-

imen, whereas a similar tumor response was achieved with

both regimens. These findings suggest that the antitumor

activity of oxaliplatin does not correlate with the AUC of

free platinum, whereas its hematological toxicity correlates

with its Cmax.

In our patient, treatment with the standard dose of ox-

aliplatin in the mFOLFOX-6 plus bevacizumab regimen

resulted in a larger AUC with a lower Cmax for free

platinum than those observed with the standard dose of

oxaliplatin in patients with normal renal function. This

pharmacokinetic profile might explain the significant tumor

response achieved with relatively mild toxicity.

Recently, Kawazoe et al. reported that long-term FOL-

FOX-6 therapy given every 2 weeks with the standard dose

of oxaliplatin in patients with mild renal dysfunction led to

Fig. 2 Concentration of platinum in plasma ultrafiltrate
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accumulated renal toxicity, and the patients were forced to

undergo dialysis [20]. However, in the patient reported

here, the concentration of free platinum before the

administration of oxaliplatin increased gradually (\30, 40,

50, and 80 ng/mL in the second, third, fifth, and seventh

courses, respectively). The 3-week dosing interval set for

this patient may have been optimal, but it is essential to

monitor the serum concentration of free platinum before

the administration of oxaliplatin in each course.

In contrast, it has been reported that the clearance rate

of bevacizumab by hemodialysis was 0 mL/min and that

the pharmacokinetic parameters in hemodialytic patients

were similar to those in patients with normal renal

function [21].

In conclusion, mFOLFOX6 plus bevacizumab therapy

can be used safely for hemodialytic patients, with no dose

reduction in oxaliplatin, if hemodialysis is performed soon

after the administration of oxaliplatin and the dosing

interval is extended to 3 weeks. The cumulative toxicities

and long-term outcomes remain to be established. Larger

studies of hemodialytic patients with longer follow-up

periods are required.
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