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The combination of carboplatin/paclitaxel is commonly

used as chemotherapy for advanced non-small cell

lung cancer. However, the relatively high incidence of

neurotoxicity remains a problem. This study was

undertaken to determine whether the fractionated

administration regimen can reduce the neurotoxicity.

Patients with stage III or IV non-small cell lung cancer were

randomized to the nonfractionated (NF) dose group, which

received paclitaxel (200 mg/m2) and carboplatin (area

under the concentration–time curve = 6) on day 1, or the

fractionated dose (F) group, which received paclitaxel

(100 mg/m2) and carboplatin (area under the

concentration–time curve = 3) on days 1 and 8. The cycle

was repeated every 3 weeks. Peripheral neuropathy was

objectively evaluated by measuring the current perception

threshold (CPT) in the median nerve using a neurometer.

Fourteen and 13 patients were assigned to the NF and

F groups, respectively. The incidence of subjective

numbness was significantly lower in the F group (15.4%)

than in the NF group (57.1%). The CPT value determined at

2000 Hz showed significant increases in the NF group

compared with the pretreatment baseline, but no

significant changes were observed in the F group. The

response rate was comparable in both groups. The

fractionated administration of carboplatin/paclitaxel

combination therapy showed a significant reduction in

neurotoxicity. Measurement of CPT by a neurometer

is a useful tool to evaluate the neurotoxicity of anticancer

drugs objectively. Anti-Cancer Drugs 22:926–932 �c 2011
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Introduction
A combination of two drugs, one from the platinum drugs,

such as cisplatin and carboplatin, and the other from

novel anticancer drugs, such as paclitaxel, docetaxel,

vinorelbine, and gemcitabine, has become a gold standard

in chemotherapy for advanced non-small cell lung cancer

(NSCLC). A four-arm comparison study [1], which

compared cisplatin/paclitaxel, docetaxel, or gemcitabine

and carboplatin/paclitaxel in patients with NSCLC,

showed no significant differences in the efficacy or

survival, but carboplatin/paclitaxel was found to be the

most recommendable for daily clinical use in terms of

tolerability and adverse reactions. On the basis of the

results of this and another study, the carboplatin/

paclitaxel combination is commonly used to treat NSCLC

at present. Recently, these two agents combined with

bevacizumab have been frequently used and have shown

higher efficacy [2,3].

In general, the carboplatin/paclitaxel combination ther-

apy is conducted every 3 weeks by administering the

drugs on day 1. This therapy has been found to be well

tolerated and can be completely managed on an

ambulatory basis with sparing effects on thrombopenia,

one of the typical dose-limiting toxicity due to carbopla-

tin [4]. However, the relatively high incidence of

characteristic toxicities such as peripheral neuropathy,

myalgia, and arthralgia remains a problem that needs

improvements [4].

Recently, attempts have been made to fractionate the

dose of carboplatin and paclitaxel to improve the

performance and tolerability of this combination therapy.

A study that compared a fractionated dose of carboplatin/

paclitaxel regimen and a nonfractionated dose of carbo-

platin/paclitaxel regimen at the same weekly dose

intensity in patients with recurrent ovarian cancer

showed that the fractionated-dose regimen produced a

response rate comparable with that produced by the

nonfractionated dose regimen with significant reductions

in adverse reactions, such as peripheral neuropathy, one of

the typical adverse reactions associated with paclitaxel [5].

Attempts of fractionated administration of paclitaxel

have also been made in patients with NSCLC, and
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fractionated administration was shown, although not in

head-on comparison studies [6,7], to produce an efficacy

similar to that of the conventional tri-weekly treatment

regimen with a reduced toxicity. However, some groups

reported no significant differences in either the efficacy

or the toxicity between the fractionated and nonfractio-

nated regimens [8].

This study was conducted to compare the efficacy and

safety of nonfractionated and fractionated dose regimens

of carboplatin/paclitaxel in patients with advanced

NSCLC. The two regimens were compared in terms of

factors, such as the incidence and severity of adverse

events, pharmacokinetic parameters, response rates, and

mean survival time. To date, peripheral neuropathy has

been subjectively evaluated based mainly on subjective

symptoms, and it has been difficult to evaluate peripheral

neuropathy objectively. In this study, we tried to evaluate

it objectively by measuring the perception threshold

using electric stimulation.

Patients and methods
Patient eligibility

The eligibility criteria included histologically or cytologi-

cally confirmed diagnosis of stage IIIB or IV NSCLC,

Eastern Cooperative Oncology Group performance status

of 0–2, age of more than 20 years, and anticipated life

expectancy of more than 3 months. The stage classifica-

tion was performed using the sixth edition of the staging

system [9]. The following laboratory parameters were

required at registration: (a) leukocyte count Z3000/mm3,

(b) hemoglobin Z9.0 g/dl, (c) platelets Z100 000/mm3,

(d) total bilirubin r1.5 mg/dl, (e) AST and ALT r3�
institutional upper normal limit, (f) serum creatinine

r1.5 mg/dl, and (g) PaO2 Z70 Torr. Exclusion criteria

included previous chemotherapy for lung cancer, brain

metastasis, peripheral neuropathy, diabetes mellitus, and

serious medical or psychiatric illness.

This protocol was reviewed and approved by the

Institutional Review Boards of Dokkyo Medical Univer-

sity School of Medicine. All patients gave written

informed consent before study participation.

Treatment schedule

Enrolled eligible patients were randomly assigned to either

the nonfractionated (NF) dose group or the fractionated

dose (F) group by the secretariat. The F group received

paclitaxel (100 mg/m2, 1 h) and carboplatin [area under the

concentration–time curve (AUC) = 3, 1 h] by drip infusion

on days 1 and 8 after pretreatment with dexamethasone

(16 mg, intravenously), diphenhydramine (50 mg, orally),

and ranitidine hydrochloride (50 mg, intravenously). The

dose of carboplatin was calculated using the equation

of Calvert [dose (mg/body) = target AUC� (glomerular

filtration rate� (GFR + 25)]. The NF group received

paclitaxel (200 mg/ m2, 3 h) and carboplatin (AUC = 6,

2 h) by drip infusion after the same pretreatment on day 1.

Dose intensity was equal in the two groups. Both groups

received at least two cycles of treatment (3 weeks per

cycle).

Dose modification

Treatment was made after confirming that the WBC was

greater than or equal to 3000/mm3, the platelet count was

greater than or equal to 75 000/mm3, and biochemical

parameters were within the range of the eligibility

criteria, the day before treatment or the day of treatment.

Treatment was postponed in any of the following cases

until a recovery was achieved to the above-mentioned

criteria: (a) hematological/biochemical abnormality im-

mediately before treatment (until the day before treat-

ment): WBC of less than 3000/mm3, platelet counts of

less than 75 000/mm3, or biochemical parameters showing

deviations from the eligibility criteria; (b) fever of 381C

or higher; (c) performance status Z 3; (d) other grade 3

or severer nonhematological toxicity; and (e) other

abnormalities that make the treatment undesirable at

the discretion of the attending physician. As a rule, the

initial dose was continued in the second and subsequent

cycles. However, the dose of paclitaxel and carboplatin

was reduced by 25% in the subsequent cycle if the

following criteria were met as a result of the treatment in

the previous cycle: (a) leukopenia of grade 4 (WBC <

1000/mm3), (b) grade 3 or severer neutropenia (< 1000/

mm3) associated with fever (38.51C or higher), (c) grade

4 decrease in hemoglobin (Hb < 6.5 g/dl), (d) thrombo-

penia of less than 25 000/mm3; and (e) grade 3 or severer

nonhematologic toxicities (excluding nausea and vomit-

ing). The dosage was reduced by 50% or the treatment

was discontinued if the above-mentioned criteria were met

again after dosage reduction. Treatment was terminated if

no recovery was seen 4 weeks after the last administra-

tion. Treatment was also discontinued if a new lesion

occurred or if apparent progression of the disease was

noted.

Assessment of response

Response assessment was performed after two courses of

chemotherapy. Analysis of response was based on the

Response Evaluation Criteria in Solid Tumors system [10].

Assessment of toxicity

All patients who received at least one course of treatment

were included in the analysis of treatment-related toxicities,

which were recorded according to the National Cancer

Institute-Common Toxicity Criteria, version 2.0 [11].

Current perception threshold

In the first cycle, the current perception threshold (CPT)

was measured before the administration of paclitaxel and 3,

5, 7, 10, 12, and 14 days after administration at the same

time each day using a neurometer (Neurotron, Baltimore,

Maryland, USA). The device emits graded sinusoidal
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alternating current stimuli at 5, 250, and 2000 Hz at

digitally calibrated levels from 0 to 10 mA. Constant current

is maintained throughout the stimulation by feedback

circuits. The gold electrode was placed on the right middle

finger. CPT for median nerve was measured. At each

frequency, the current was increased over a variable time

interval until the patient perceived a sensation. Then, the

current was decreased and increased until the patient had a

sensation that could be identified as the minimal current

intensity.

Pharmacokinetic analysis

Blood concentrations were determined after administra-

tion of paclitaxel in some patients. Blood samples were

collected at 0, 1.5, 3, 12, 24, 48, and 72 h after infusion.

Plasma was immediately separated by centrifugation at

3000 rpm for 3 min and stored at –201C until analysis.

Plasma paclitaxel concentrations were determined by

high-performance liquid chromatography at SBS Inc.,

(Sagamihara, Japan).

Statistical consideration

This study compared two treatment regimens in terms of

the primary endpoint, adverse events, especially periph-

eral neuropathy (numbness). As previous studies re-

ported an incidence of peripheral neuropathy of 79%

when paclitaxel was administered without dividing the

dosage and 0–30% when it was administered in weekly

divided doses, the incidence of peripheral neuropathy

was assumed to be 25% in the F group and 75% in the NF

dose group. On the basis of this assumption, the number

of patients necessary in each group was calculated to be

11 at a= 0.05 and at a detection power (1–b) of 80%.

All data are expressed as mean ± standard error. To

evaluate treatment responses and toxicity, the two groups

were compared using Fisher’s exact test. Continuous data

were compared using Student’s t-test. Changes in CPT

values were analyzed using a two-way analysis of variance

for repeated measures. A P value of 0.05 was considered

significant. The overall survival time was estimated using

the method of Kaplan and Meier, and groups were

compared by the log-rank test.

Results
Patient characteristics

Between May 2003 and April 2004, a total of 27 patients

entered the study. Their characteristics are summarized

in Table 1. They were randomly assigned to either of the

two groups: 14 to the NF group and 13 to the F group.

The two arms were well balanced and there were no

statistically significant differences between the two

treatment groups at inclusion.

Efficacy

All 27 patients received at least two cycles and were

evaluated for the response after the second cycle (Table 2).

The objective response rate (partial response) was 28.6%

(four of 14 patients) in the NF group and 30.8% (four of 13

patients) in the F group. In 64.3% (nine patients) of the

NF group and 61.5% (nine patients) of the F group, stable

disease status was achieved. The progressive disease was

in one patient of each group. There was no significant

difference in the response rate between the two groups

(P = 0.901). The mean survival time was comparable in the

NF group (572.4 days) and the F group (517.1 days), and

there were no significant differences between the two

groups (P = 0.876).

Hematological toxicity

Grade 4 hematological toxicity was not seen in either

group (Table 3). Grade 3 leukopenia and neutropenia

were observed in six (42.9%) and five (35.7%) patients,

respectively, in the NF group, compared with seven

(53.8%) and six patients (46.2%), respectively, in the

F group. Thrombocytopenia was uncommon in both

groups. There was no difference in the incidence of

hematological toxicity between the two groups.

Nonhematological toxicity

Subjective numbness was reported by eight patients

(57.1%) in the NF group: grade 1 in three, grade 2 in four,

and grade 3 in one patient. The incidence of subjective

numbness was significantly lower in the F group (15.4%

with grade 1 numbness in two patients; Table 4). The

incidence of myalgia and arthralgia was 42.9 and 35.7%,

Table 1 Patient characteristics

Nonfractionated
dose group

Fractionated
dose group P value

Patients (n) 14 13
Sex

Female 2 4 0.303
Male 12 9

Age (years)
Median 63.4 64.0 0.900
Range 35–81 42–77

Histology
Squamous cell carcinoma 8 4 0.275
Adenocarcinoma 6 8
Large cell carcinoma 0 1

Stage
IIIB 6 7 0.568
IV 8 6

ECOG performance status
0 9 5
1 5 8 0.123
2 0 0

ECOG, Eastern Cooperative Oncology Group.

Table 2 Response rate

n CR (%) PR (%) SD (%) PD (%)

Nonfractionated dose group 14 0 (0) 4 (28.6) 9 (64.3) 1 (7.1)
Fractionated dose group 13 0 (0) 4 (30.8) 8 (61.5) 1 (7.7)

CR, complete response; PD, progressive disease; PR, partial response;
SD, stable disease.
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respectively, in the NF group and 15.4 and 23.1% in the

F group. The incidence was lower for both myalgia and

arthralgia in the F group, but it was not significant.

Nonhematological toxicities such as nausea/vomiting and

alopecia also showed a lower incidence in the F group.

Current perception threshold

There were no significant differences in the baseline

CPT values between two groups at any frequency. At

2000 Hz, the CPT value increased significantly in the NF

group from days 3 to 15 compared with the baseline

values (P < 0.05). The F group showed no significant

changes during the observation period (Fig. 1a). At 250

and 50 Hz, the CPT value showed no significant changes

with time in either group (Fig. 1b and c).

Pharmacokinetics

In the pharmacokinetic analysis, the peak blood concen-

tration (Cmax) was significantly lower in the F group than

in the NF group (2.91 ± 0.93 vs. 7.92 ± 0.90 mmol/l;

P < 0.001; Fig. 2). The length of simulated time during

which blood concentrations exceeded 0.05 mmol/l, above

which hematological adverse events are likely to occur,

was comparable in the NF group (40.5 ± 2.5 h) and in the

F group (43.8 ± 3.4 h or 21.9 ± 1.7 h� 2), but the length

of simulated time during which blood concentrations

exceeded 0.01 mmol/l, above which antitumor effects are

seen, was significantly longer in the NF group

(109.0 ± 17.6 h) than in the F group (141.0 ± 3.8 h;

P < 0.05).

Discussion
This study compared the nonfractionated and fractio-

nated dose regimens of carboplatin/paclitaxel. Adverse

reactions such as peripheral neuropathy, one of the typical

adverse reactions associated with paclitaxel were sig-

nificantly reduced in the F group. This finding was

objectively corroborated by the measurement of CPT

values using a neurometer. Meanwhile, no significant

differences were noted between the two groups in the

incidence of hematological adverse events.

A combination of carboplatin and paclitaxel is the most

commonly used chemotherapy for NSCLC, and its

usefulness has been established. In general, paclitaxel

(175–225 mg/m2) and carboplatin (AUC: 5–6) are admi-

nistered on day 1, and this treatment is repeated every 3

weeks. It is reported to be effective with response rates of

17–55% and median survival time (MST) of 8–12.8

months [1,12–15]. However, this therapy is character-

istically associated with peripheral neuropathy, which is

associated with subjective symptoms such as burning

distal paresthesia, often associated with myalgia, arthral-

gia, and restless legs syndrome. Both sensory and motor

fibers seem to be involved in this neuropathy [16]. The

toxicity is related to alteration in axonal transport due to

the activity of the drug on microtubule kinetics and

a subsequent alteration in the axoplasmic cytoskele-

ton [17]. Paclitaxel leads to microtubule aggregation in

cultured mouse dorsal root-ganglion cells and in rat

Schwann cells and axons, with subsequent demyelination

and loss of axoplasmic transport [18,19]. However, in

humans, it is not clear whether the primary site of

paclitaxel toxicity is the nerve cell body or the axon.

Toxicity by higher doses of paclitaxel may involve the

neuronal cell body as well as the axon [20]. Clinical and

neurophysiological data suggest that both small (painful

sensitivity) and large fibers (vibratory sensitivity) are

involved [16]. Nerve biopsy conducted in patients with

neuropathy due to paclitaxel showed demyelination and

secondary remyelination in the axon [21,22]. Paclitaxel-

induced neuropathy occurs in a dose-dependent manner.

Neuropathic symptoms were observed in 50, 79, and 100%

of patients treated with 135, 175, and 250–300 mg/m2 of

Table 3 Hematological toxicity

Nonfractionated group (n = 14) Fractionated dose group (n = 13)

Grade 1/2/3/4 (n) Grade 3 (%) Grade 1/2/3/4 (n) Grade 3 (%)

Leukopenia 1/2/6/0 42.9 0/2/7/0 53.8
Neutropenia 1/2/5/0 35.7 0/3/6/0 46.2
Thrombopenia 0/0/0/0 0 0/1/0/0 0
Anemia 6/4/1/0 0 5/3/0/0 0

Table 4 Nonhematological toxicity

Nonfractionated dose group (n = 14) Fractionated dose group (n = 13)

Grade 1/2/3 (n) Grade 1 + 2 + 3 (%) Grade 1/2/3 (n) Grade 1 + 2 + 3 (%) P value

Numbness 3/4/1 57.1 2/0/0 15.4 0.03
Arthralgia 4/2/0 42.9 2/0/0 15.4 0.13
Myalgia 3/1/1 35.7 2/1/0 23.1 0.38
Nausea/vomiting 3/6/0 64.3 2/2/0 30.8 0.09
Alopecia 3/2/0 35.7 1/1/0 15.4 0.22
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paclitaxel, respectively [20]. Neurotoxicity was more

pronounced when the administration was made for more

than 3 h than when the same dose was administered for

more than 24 h, suggesting that the adverse event is related

to the AUC [23]. In general, dose-limiting neurotoxicity is

believed to be unlikely to occur at 250 mg/m2 or smaller

doses, but mild sensorimotor neuropathy was reported to

be seen in 84% of cases [24–26]. The incidence of grade 3

or severer neuropathy due to triweekly administration of

carboplatin/ paclitaxel, the most commonly used regimen

for NSCLC, is reported to be 5–13%, but the incidence

rises to 40–60% including mild cases [1,4,12,14,15,27].

In recent years, various attempts have been made to

reduce toxicity of paclitaxel by administering it in divided

doses. The incidence of paclitaxel-related hematotoxicity

is reported to be related to how long its blood

concentrations remain above 0.05–0.1 mmol/l [28],

whereas its antitumor efficacy depends on how long its

blood concentrations exceed 0.01mmol/l [29]. Fractio-

nated dose treatment regimens are expected to shorten

the time during which hematotoxic blood concentrations

are maintained while prolonging the duration of anti-

tumor blood concentrations. Rosenberg et al. [5] com-

pared biweekly administration of paclitaxel alone at

67 mg/m2 and triweekly administration of 200 mg/m2 in

patients with ovarian cancer, and reported that although

response rates were comparable, adverse events such as

hematotoxicity, arthralgia, myalgia, neuropathy, and alo-

pecia were significantly reduced in the F group. Ichiki

et al. [7] conducted a phase II study in patients with an

advanced NSCLC by bi-weekly fractionated dose admin-

istration of paclitaxel and carboplatin and reported a

response rate of 35.1%, a rate comparable with that

reported with the conventional tri-weekly carboplatin/

paclitaxel therapy, with reduced hemotoxicity and non-

hemotoxicity such as neuropathy. In this study, fractio-

nated administration significantly reduced neuropathy

and alopecia, although hematotoxicity showed no sig-

nificant reduction. This finding may be explained by the

Fig. 1

220(a)

(b)

(c)

200

∗ ∗ ∗
∗

∗

∗

180

160

140

120

C
P

T 
(m

A
×1

0−2
)

100

60

50

40

30

20

10

35

30

25

20

15

10

5

0

0

0 3 5 7 9 12 15

0 3 5 7 9 12 15

Days
0 3 5 7 9 12 15

Nonfractionated dose group

Fractionated dose group

Changes of current perception threshold (CPT) values at 2000 Hz (a),
250 Hz (b), and 50 Hz (c) after chemotherapy with carboplatin and
paclitaxel in the nonfractionated dose group or in the fractionated dose
group. The CPT was measured before administration of paclitaxel and
3, 5, 7, 10, 12, and 14 days after administration in the first cycle.
*P < 0.005 vs. baseline value.

Fig. 2

0.001
0 12 24

P
la

sm
a 

pa
cl

ita
xe

l c
on

ce
nt

ra
tio

n
(μ

m
ol

/l)

Time after paclitaxel administration (h)
36 48 60 72

0.05
μmol/l

Nonfractionated dose group
Fractionated dose group

0.01
μmol/l

0.01

0.1

1

10

Time versus concentration curves of paclitaxel. Blood samples were
collected at 0, 1.5, 3, 12, 24, 48, and 72 h after infusion. (n = 4 in each
group).

930 Anti-Cancer Drugs 2011, Vol 22 No 9

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



fact that blood concentrations of paclitaxel exceeded

0.05 mmol/l, the threshold above which hematological

adverse events are likely to occur, for an average of about

40 h per cycle in both the NF and F groups. Cmax

decreased significantly from 7.92 ± 0.90 mmol/l in the NF

group to 2.91 ± 0.93 mmol/l in the F group, resulting in

the reduction in neurotoxicity in the F group. This

finding is consistent with the report that neurotoxicity

depends on Cmax [30]. Blood concentrations remained

above the antitumor effect concentration of 0.01 mmol/l,

for a significantly longer period of time in the F group

(141 h/cycle) than in the NF group (109 h/cycle). As

continued exposure to paclitaxel is expected to result in

the induction of apoptosis of cancer cells and the

manifestation of antitumor effects through inhibition of

neoangiogenesis, the F group was expected to show a

better response rate and MST than the NF group.

However, no significant differences were noted between

the two groups in this respect in this study.

This study used a neurometer to determine CPT to more

objectively evaluate neuropathy. CPT measurement has

been shown to be useful in evaluating peripheral

neuropathy associated with diseases such as dia-

betes [31,32], but it has seldom been used to evaluate

peripheral neuropathy caused by anticancer drugs. The

neurometer makes it possible to detect disorders of the

C-unmyelinated fibers, Ad small myelinated fibers, and

Ab large myelinated fibers by stimulation of three

wavelengths (5, 250, and 2000 Hz).

In this study, neither the NF group nor the F group

showed any significant changes in CPT until day 15 after

treatment at 5 or 250 Hz, whereas at 2000 Hz, CPT

increased in only the NF group from day 3 after

treatment. This finding suggests that neuropathy due

to paclitaxel is most likely to be associated with injury of

Ab large-myelinated fibers.

In general, mild neurological symptoms improve or re-

solve completely within several months after discontinua-

tion of therapy [33]. Meanwhile, the symptoms and deficits

persist longer in patients who develop severe neuropa-

thy [33]. In this study, we evaluated only the early phase of

neuropathy at the first course, because when patients

complain of neurological symptom at the first course, we

have to use antisymptomatic or preventive medication,

which makes it difficult to evaluate neurotoxicity precisely

thereafter. As evaluation of the duration and reversibility of

neuropathy and cumulative effect of drugs are very

important, further studies will be required.

Although it is difficult to affirm because of a small

number of cases in this study, the response rate was

comparable in the two groups: 28.6% in the NFgroup and

30.8% in the F group. MST also did not show any

significant difference between the two groups: 572.4 days

in the NF group and 517.1 days in the F group. These

therapeutic results are comparable or superior to those

reported for the carboplatin/paclitaxel therapy so far.

In conclusion, administration of carboplatin/paclitaxel in

divided doses may be useful because the dose division is

expected to reduce neurotoxicity without reducing the

antitumor effects of the combination therapy. The mea-

surement of CPT by a neurometer is a helpful tool to

evaluate the neurotoxicity of anticancer drugs objectively.
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