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INTRODUCTION

Non-small cell lung carcinoma (NSCLC) is 

the leading cause of cancer-related death world-

wide. The majority of patients have metastatic or 

locally advanced disease at the time of diagno-

sis. For these patients, standard treatments have 

been systemic platinum-based chemotherapies, 

which have been proved to palliate symptoms, 

improve quality of life, and prolong survival1,2). 

New chemotherapeutic agents were introduced 

in the last decade of the 20th century, and plat-

inum-based doublets employing one of these 

third generation drugs have yielded improved 

response rates and survival times compared to 

the old regimens3,4).

Gemcitabine, a nucleoside anti-metabolite 

prodrug, is a third generation chemotherapeu-
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tic agent, and a combination of carboplatin with 

gemcitabine has become one of the standard 

regimens. In early trials, gemcitabine was ad-

ministered on days 1, 8, and 15, and monthly 

carboplatin was administered on day 1 or 2 of a 

28-day schedule5,6). However, this regimen was 

found to be associated with severe myelosup-

pression, especially thrombocytopenia, and fre-

quently led to omission of gemcitabine on day 

15. To circumvent these toxicities, investigations 

have been undertaken to determine appropriate 

dosing schedules. Currently, a 21-day schedule 

where carboplatin is administered on day 1 and 

gemcitabine on days 1 and 8 is widely used, but 

hematologic toxicities are still signifi cant7–12). An 

attractive alternative 28-day regimen adminis-

tering gemcitabine on days 1 and 8 and carbo-

platin on day 8 has been proposed13,14) but has 

not been fully evaluated.

We conducted a multicenter phase I/II study 

to further investigate the effi cacy and feasibil-

ity of the 28-day schedule, using a fi xed dose 

of gemcitabine (1,000 mg/m2) on days 1 and 8 

and an escalating dose of carboplatin on day 8 

in chemotherapy-naïve, stage IIIB/IV NSCLC 

patients.

PATIENTS AND METHODS

Patient selection

Patients with stage IIIB or IV (based on the 

6th edition of the Union Internationale Contre 

le Cancer-TNM staging system) NSCLC who ful-

fi lled the following criteria were considered eli-

gible: (1) histologic or cytologic documentation 

of non-small-cell lung carcinoma; (2) measurable 

disease; (3) no prior chemotherapy or radiother-

apy; (4) Eastern Cooperative Oncology Group 

(ECOG) performance status of 0-2; (5) age 20 to 

75 years; (6) adequate baseline organ function 

defi ned as white blood cell (WBC) count of ≧ 

4,000/µL, neutrophil count of ≧ 2,000/µL, Hb 

level of ≧ 9.5 g/dL, serum transaminase levels 

of < 2.5 times the upper limit of normal, serum 

creatinine value of < upper limit of normal, 

PaO2 of ≧ 70 torr or SpO2 level of ≧ 92%; (7) 

life expectancy of ≧ 3 months; and (8) written 

informed consent.

Patients were excluded from the trial for any 

of the following reasons: (1) symptomatic inter-

stitial pneumonia or pulmonary fi brosis identi-

fi ed by chest X-ray; (2) malignant pleural or 

pericardial effusion; (3) superior vena cava syn-

drome; (4) uncontrolled diabetes mellitus, liver 

dysfunction, angina pectoris, recent acute myo-

cardial infarction; (5) severe infectious disease; 

(6) symptomatic brain metastasis; (7) pregnant 

or lactating; (8) active second malignancy; or (9) 

any other serious morbidity incompatible with 

this trial. This was a multicenter study, and the 

protocol was approved by the ethics committees 

of participating institutions.

Treatment schedule

Gemcitabine at a dose of 1,000 mg/m2 was ad-

ministered intravenously over 30 min on days 1 

and 8, and carboplatin was administered over 

60 min or more immediately after the gemcit-

abine infusion on day 8 of a 28-day schedule. 

The carboplatin dose was calculated using the 

Calvert formula (total dose [mg] = target AUC 

x [glomerular fi ltration rate+25]). In the phase 

I study, the dose of carboplatin was initially set 

at AUC 4 mg/ml·min (level 1), subsequently in-

creased to AUC 5 (level 2) and then to 6 (level 

3). The glomerular fi ltration rate was calculated 

using the Cockcroft and Gault equation.

Dose-limiting toxicity (DLT) was defi ned us-

ing the National Cancer Institute-Common Tox-

icity Criteria (NCI-CTC, version 2.0) as follows: 

(1) grade 4 leukopenia or neutropenia lasting 3 

days or more; (2) neutropenia of grade 3 with 
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fever higher than 38˚C or infection; (3) platelet 

count < 20,000/µL or platelet infusion; (4) any 

non-hematologic grade 3 or 4 toxicities except 

for nausea, vomiting, or fatigue; and (5) omis-

sion of treatment on day 8. 

For the phase I study, 3 patients were initially 

to be treated at each of the 3 dose levels. If no 

DLT was seen among all 3 patients, the dose 

level was to be escalated. If DLT was seen in 1 or 

2 patients, 3 more patients were to be enrolled 

at this cohort level. If DLT was observed in ≦ 2 

of these 6 patients, the dose level was to be es-

calated. If DLT was observed in ≧ 3 patients, 

the study was to be withdrawn and this level was 

considered to be the MTD, and the preceding 

dose level was defi ned as the recommended 

dose (RD). If DLT was not observed at dose level 

3, this level was defi ned as the RD.

During the study, patients were not allowed 

to receive any other chemotherapy, hormone 

therapy, biological response modifi er, radiother-

apy, or any surgical treatment. Granulocyte col-

ony-stimulating factor (G-CSF) was not allowed 

prophylactically, but was allowed to be used 

therapeutically at the discretion of the treating 

investigator. Platelet infusions were allowed for 

patients with hemorrhagic tendencies or plate-

let counts < 20,000 /µL. No prophylactic treat-

ments for possible adverse effects were allowed 

except for antiemetic agents such as 5-HT3 re-

ceptor antagonists.

Day 8 chemotherapy infusions were admin-

istered if the patient’s neutrophil count was ≧ 

2,000 /µL, platelet count ≧ 100,000 /µL, and 

non-hematologic toxicities were grade 0-2. The 

second chemotherapy cycle was initiated if the 

PS was 0-2, WBC count ≧ 3,000 /µL, neutrophil 

count ≧ 1,500 /µL, platelet count ≧ 100,000 /µL, 

serum creatinine value < upper limit of nor-

mal, creatinine clearance ≧ 60 mL/min, serum 

transaminase levels < 100 IU/L, total bilirubin 

< 2.0 mg/dL, and non-hematologic toxicities of 

grade 0-1. Patients were withdrawn from the 

study if scheduled infusions were delayed more 

than 2 weeks because of incomplete recovery 

from hematologic and non-hematologic toxici-

ties, or for patients’ refusal.

In the phase II study, patients were treated 

with the carboplatin dose established in the 

phase I study. Responses and toxicities were as-

sessed after 2 cycles of treatment. The primary 

endpoints were tumor response and develop-

ment of toxicity, and the secondary endpoint was 

survival. The study patients usually underwent 

the fi rst course of treatment as in-patients, and 

underwent subsequent courses as out-patients. 

Dose modifi cation was carried out according to 

hematologic and non-hematologic toxicities oc-

curring during the preceding course of treat-

ment. Gemcitabine was to be reduced to 80% 

of the protocol dose if the leukocyte count was 

< 1,000 /µL or grade 3 neutropenia and fever 

higher than 38˚C or infection occurred. Car-

boplatin was to be reduced from AUC 6 to 5 if 

grade 2 or higher serum creatinine elevation 

occurred. Both drugs were to be reduced to 

their respective levels if the platelet count was 

< 20,000 /µL or any non-hematologic toxicity of 

grade > 3 occurred, except for nausea, vomit-

ing, and alopecia.

RESULTS

Phase I study

The phase I study was begun in October 2000. 

Eleven patients were enrolled and their charac-

teristics are summarized in Table 1. In level 1 

grade 4 thrombocytopenia was observed in 1 

of the initial 3 patients, but there were no seri-

ous sequelae or need for platelet infusions in 

that patient. Two additional patients underwent 

treatment at level 1, and because no other DLT 
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developed, the 3 subsequent patients underwent 

treatment at level 2. Of these patients, 2 devel-

oped grade 3 neutropenia and 1 developed 

grade 3 thrombocytopenia. Among level 3 pa-

tients, 2 developed grade 2 neutropenia and 1 

developed grade 2 thrombocytopenia.

The most frequent non-hematologic toxicities 

were nausea in 8, anorexia in 5, and elevated 

transaminases in 3 patients. Elevated serum total 

bilirubin, hiccoughs, headache, alopecia, were 

each observed in 2 patients. Skin rash, constipa-

tion, numbness, insomnia, abnormal taste, fever 

were each observed in 1 patient. All of these tox-

icities were ≦ grade 2. Accordingly, the MTD 

was not achieved, and the recommended dose of 

carboplatin was chosen to be AUC 6. One patient 

at each of these 3 dose levels achieved a partial 

response, for a response rate of 27.3%.

Phase II study

The phase II study was begun in March 2003. 

Twenty-seven patients were enrolled and their 

characteristics are summarized in Table 2. Drug 

doses were reduced in 3 patients for the second 

cycle of chemotherapy in accordance with the 

protocol as follows: in 1 patient, gemcitabine was 

reduced because of grade 4 leukopenia; and in 2 

patients, both carboplatin and gemcitabine were 

reduced because of platelet counts < 20,000 /µL. 

For the fi rst cycle, all patients were treated as in-

patients, and for the second cycle, 14 patients 

(51.9%) were treated as out-patients.

Hematologic toxicities are shown in Table 3. 

Grade 3 or 4 neutropenia occurred in 18 of 54 

chemotherapy cycles (33.3%) and neutropenic 

fever occurred in 1 cycle (1.9%). Grade 3 throm-

bocytopenia occurred in 12 cycles (22.2%) but 

grade 4 thrombocytopenia was not seen. Grade 

3 anemia occurred in 4 cycles (7.4%). Grade 3 or 

4 non-hematologic toxicities consisting of nausea 

and anorexia occurred during 6 cycles (11.1%).

All 27 patients were evaluated for response ac-

Table 1.   Patient characteristics (phase I study, 
n = 11)

Characteristics No. of patients
Age (years)
 Mean 63.2
 Range 43-75
Gender
 Male 9
 Female 2
Performance status*
 0 6
 1 5
 2 0
Histology
 Adenocarcinoma 8
 Squamous cell carcinoma 2
 Large cell carcinoma 1
Clinical stage
 IIIB 5
 IV 6

*Eastern Cooperative Oncology Group

Table 2.   Patient characteristics (phase II study, 
n = 27)

Characteristics No. of patients
Age (years)
 Mean 64.6
 Range 35-75
Gender
 Male 18
 Female 9
Performance status*
 0 24
 1 3
 2 0
Histology
 Adenocarcinoma 21
 Squamous cell carcinoma 6
 Large cell carcinoma 0
Clinical stage
 IIIB 12
 IV 15

*Eastern Cooperative Oncology Group
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cording to the Response Evaluation Criteria in 

Solid Tumor. None of the patients achieved com-

plete response. There were 9 patients (33.3%) 

who achieved partial response, 16 (59.3%) with 

stable disease and 2 (7.4%) who developed pro-

gressive disease. The overall response rate was 

33.3% and the disease control rate was 92.6%. 

By Kaplan-Meier analysis, the median survival 

time was 54.0 weeks (Fig. 1).

DISCUSSSION

Gemcitabine/carboplatin is a standard regimen 

for the treatment of advanced-stage NSCLC, but 

its hematologic toxicities are signifi cant. Several 

dosing schedules for reducing those toxicities 

have been investigated. We evaluated a 28-day 

schedule, in which carboplatin was administered 

on day 8 and gemcitabine on days 1 and 8, for 

effi cacy and feasibility in a phase I/II study. The 

results demonstrated that carboplatin was safely 

increased to AUC of 6 mg/ml·min in combina-

tion with 1,000 mg/m2 of gemcitabine. This 

regimen yielded a response rate of 33.3% and 

median survival time of 54.0 weeks with mild he-

matologic and non-hematologic toxicities.

Because gemcitabine as a single agent was 

originally administered on days 1, 8, and 15 of 

a 28-days cycle in the phase II study15,16), it was 

also administered according to the same sched-

ule when combined with monthly cisplatin in 

the early trials17–19). When cisplatin was admin-

istered on day 2, severe myelosuppression fre-

quently occurred, resulting in dose-reduction 

or omission of gemcitabine on day 15 in at least 

50% of patients17). Administering cisplatin on 

day 15 of a 28-day schedule18,19) or by using a 

21-day schedule in which gemcitabine on day 15 

was omitted and cisplatin was given on day 120), 

reduced the occurrence of myelosuppression 

and improved compliance, while providing an 

almost similar response rate.

With the increasing need for ambulatory chem-

otherapy and in order to avoid the gastrointesti-

nal and renal toxicities associated with cisplatin, 

carboplatin has been widely used as the partner 

of third generation chemotherapeutic agents. 

In parallel with gemcitabine/cisplatin, gemcitab-

ine was initially given on days 1, 8, and 15 with 

monthly carboplatin administered on day1 or 2 

of a 28-day schedule5,6). In spite of reduced non-

hematologic toxicities, carboplatin has increased 

hematologic toxicities. Combinations of carbopl-

Table 3.  Hematologic toxicities occurring in 54 chemotherapy cycles (phase II study)

Grade 3 (%) Grade 4 (%) Grade 3 + 4 (%)
Neutropenia 17 (31.6) 1 (1.9) 18 (33.3)
Thrombocytopenia 12 (22.2) 0 (0) 12 (22.2)
Anemia 4 (7.4) 0 (0) 4 (7.4)

Fig. 1.  Kaplan Meier estimate of overall survival.
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atin and gemcitabine in these schedules resulted 

in considerable myelosuppression, in particular, 

thrombocytopenia, leading to frequent omission 

of gemcitabine on day 15.

Therefore, alternative schedules for reduc-

ing these toxicities have been investigated. One 

regimen consisted of a 21-day schedule in which 

carboplatin was administered on day 1 or 2 and 

gemcitabine on days 1 and 8. The results of 

phase I7,8) and phase II9) studies indicated that 

this schedule tended to produce lower rates of 

thrombocytopenia, and currently it seems to be 

one of the standard regimens, but reports from 

subsequent studies showed that it was associ-

ated with signifi cant myelosuppression10–12). My-

elotoxicities were not signifi cantly improved by 

another 21-day schedule, in which carboplatin 

was administered on day 8 and gemcitabine on 

days 1 and 821–23). A 28-day schedule employed 

by Iaffaioli et al., in which gemcitabine was ad-

ministered on days 1 and 8 and carboplatin was 

administered on day 8, resulted in reduced my-

elotoxicities, and neutropenia instead of throm-

bocytopenia was observed as the DLT13). Mott 

et al. confi rmed the mild hematologic toxicities 

of that schedule, but the response rate was re-

ported to be 10%, which was inferior to other 

schedules14). This 28-day schedule has not been 

further evaluated until recently.

Because the maximum dose of gemcitabine 

has been restricted to 1,000 mg/m2 in Japan, we 

planned this phase I/II trial using a fi xed dose 

of gemcitabine (1,000 mg/m2) on days 1 and 8 

and an escalating dose of carboplatin on day 8 

of a 28-day schedule. We confi rmed that this 

schedule had mild hematologic toxicities, espe-

cially reduced occurrence of thrombocytopenia, 

as previously demonstrated by Iaffaioli et al.13) 

and Mott et al.14), and observed anticancer activ-

ity similar to that demonstrated in the 21-day 

schedule7–9) or the original 28-day schedule6).

After our trial was completed, results of 2 ran-

domized phase II trials comparing this same 28-

day schedule with a 21-day schedule in which 

carboplatin was given on day 1 and gemcitabine 

on days 1 and 8 were published24,25). Although 

survival times tended to be longer in the 21-day 

schedule and toxicities were milder in the 28-

day schedule, the differences were not statisti-

cally signifi cant.

Anticancer molecular targeting agents such 

as bevacizumab and bortezomib have been re-

cently introduced for the treatment of NSCLC, 

and some have been used in combination with 

gemcitabine /carboplatin26–28). To the best of 

our knowledge, a targeting agent has not been 

evaluated in this 28-day schedule. Because some 

molecular agents have been reported to increase 

hematologic toxicities29), evaluation of the addi-

tion of a molecular targeting agent to this 28-day 

schedule warrants consideration because of the 

reduced myelotoxicity seen with this regimen.

In conclusion, with the administration of 1,000 

mg/m2 of gemcitabine on days 1 and 8, day-8 

carboplatin could be safely increased to AUC 6 

mg/ml·min in a 28-day schedule. This regimen 

provided response rate and survival time simi-

lar to those in previously reported trials, and re-

duced hematologic and non-hematologic toxici-

ties, especially thrombocytopenia. This schedule 

of gemcitabine/carboplatin should be considered 

for the treatment of NSCLC, in addition to its 

combination with molecular targeting agents.
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