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after platinum-containing chemotherapy: a phase I/II trial
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Abstract Purpose: In a randomized trial, docetaxel
monotherapy yielded longer survival than the best sup-
portive care in patients with non-small-cell lung cancer
(NSCLC) previously treated with platinum-based che-
motherapy, and combination chemotherapy regimens
containing docetaxel have been assessed to enhance the
efficacy of second-line chemotherapy. We conducted a
phase I/II trial of gemcitabine and docetaxel in patients
with recurrent NSCLC after platinum-based chemo-
therapy and with an ECOG performance status (PS) of 0
or 1. Patients and methods: Docetaxel administration
was fixed at a dosage of 60 mg/m2 on day 8, and gem-
citabine was administered on days 1 and 8. The starting
dose level of gemcitabine was 800 mg/m2 (level 0), and
the subsequent dose level of gemcitabine was 1000 mg/
m2 (level +1). Treatment was repeated every 3 weeks.
Results: In the phase I study, 13 patients were enrolled,
and in the phase II study, 29 patients were enrolled.
Neutropenic fever and omission of treatment on day 8
due to leukopenia (leukocyte count less than 3000/mm3)
were dose-limiting toxicities (DLTs). Three of six pa-
tients experienced DLTs at level +1, which was the
maximum tolerated dose. Gemcitabine 800 mg/m2 on
days 1 and 8 plus docetaxel 60 mg/m2 on day 8 (level 0)
was recommended for the phase II study. An objective
response was observed in 8 (28%) of the 29 patients. The
median time to disease progression was 4.2 months
(95% CI 0.9–7.7 months). The median survival time was
11.1 months (95% CI 9.9–12.4 months), and the 1-year
survival rate was 41%. The most common toxicity,
though mild, was hematologic, and consisted of grade 4
neutropenia (18%), grade 3 febrile neutropenia (11%),
and grade 3 thrombocytopenia (11%). There were no

toxic deaths. Grade 3 non-hematologic toxicities in-
cluded nausea (4%) and rash (4%). Conclusions: The
combination chemotherapy of gemcitabine and docet-
axel is active and well tolerated in patients with recurrent
NSCLC after platinum-based chemotherapy and with a
good PS.
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Introduction

Previous meta-analyses have demonstrated that cis-
platin-based chemotherapy produces a modest but sig-
nificant survival benefit in advanced non-small-cell lung
cancer (NSCLC) [6, 14, 17, 24]. Several randomized
trials have recently been conducted to compare plati-
num-based combination regimens containing vinorel-
bine, gemcitabine, paclitaxel, and docetaxel [11, 20], and
since no significant differences were found in survival
between them, platinum plus any one of those new
agents has become the standard regimen for advanced
NSCLC. Initial chemotherapy, however, rarely results in
long-term tumor control.

For a long time, second-line chemotherapy for ad-
vanced NSCLC has not been considered because of the
poor outcome with old cytotoxic agents. Docetaxel,
however, has been found to be active against advanced
NSCLC in second-line settings. In two randomized tri-
als, docetaxel provided a survival benefit over best
supportive care or single-agent chemotherapy with
vinorelbine or ifosfamide [2, 22]. A docetaxel dose of
100 mg/m2 was not well tolerated, and seemed to pro-
vide poorer survival than a dose of 75 mg/m2, and do-
cetaxel 75 mg/m2 every 3 weeks is now recommended
for second-line chemotherapy. Docetaxel monotherapy
for recurrent NSCLC after platinum-based chemother-
apy has several limitations, however, including low
response rates (7–11%), brief duration of disease
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control, and minimal survival advantage (especially
compared with vinorelbine or ifosfamide).

Gemcitabine is also active against recurrent NSCLC
after platinum-based chemotherapy [1, 5, 21, 28]. Gem-
citabine 1000 mg/m2 once a week for 3 weeks every
28 days produced a 19% response rate in a phase II trial
[1], and it shows significant activity mainly in patients
previously responsive to chemotherapy. Single-agent
gemcitabine has a low toxicity profile and iswell tolerated.

Docetaxel and gemcitabine have distinct mechanisms
of action and non-overlapping toxicities except for
neutropenia. Combination chemotherapy generally en-
hances antitumor activity over single-agent chemother-
apy, and several phase I or II studies of the combination
of docetaxel and gemcitabine have been conducted in
first- and second-line settings [3, 4, 7, 8, 9, 12, 18, 19, 25,
26]. The following doses and schedule have been adop-
ted in most studies: docetaxel 80–100 mg/m2 on day 1 or
8 and gemcitabine 800–1000 mg/m2 on days 1 and 8 or
on days 1, 8, and 15. However, the recommended dose
of docetaxel in Japan is 60 mg/m2 [27]. We conducted a
phase I trial to determine the maximum tolerated dose
(MTD) and recommended dose of gemcitabine com-
bined with 60 mg/m2 of docetaxel. The objective of the
subsequent phase II trial was to determine the safety and
efficacy of the combination of these agents in recurrent
NSCLC after platinum-based chemotherapy.

Patients and methods

Phase I

Patients were required to have histologically or cytologically con-
firmed NSCLC and failure of a prior platinum-based chemotherapy
regimen. Previous exposure to gemcitabine or docetaxel was allowed
if the response was not progressive disease. The interval between
completion of prior chemotherapy or chemoradiotherapy and the
start of the combination chemotherapy had to be at least 4 weeks.All
patients had evaluable or measurable disease. Other requirements
were: (1) age 20 years or more and less than 76 years; (2) ECOG
performance status (PS) of 0 or 1; (3) evaluable or measurable dis-
ease; (4) adequate organ function (i.e., total bilirubin £ 1.1 mg/dl,
AST and ALT <60 IU/l, serum creatinine £ 1.1 mg/dl, leukocyte
count 3,500–12,000/mm3, neutrophil count ‡1500/mm3, hemoglobin
‡9.0 g/dl, and platelets ‡100,000/mm3); (5) no uncontrolled pleural
or pericardial effusion; (6) noprior irradiation to areas encompassing
more than a third of the pelvis plus spine; (7) neither severe heart
disease nor uncontrolled angina; (8) no cardiac infarction within the
previous 6 months; (9) no uncontrolled diabetes mellitus; (10) no
active infection; (11) no active concomitant malignancy; and (12) no
pregnancy or breast-feeding. All patients were required to provide
written informed consent. The institutional review board at the
National Cancer Center approved the protocol.

Treatment schedule

Docetaxel administration was fixed at a dose of 60 mg/m2 on day 8.
Gemcitabine was administered on days 1 and 8. The starting dose
level (level 0) of gemcitabine was 800 mg/m2, and the subsequent
dose levels were defined in advance as outlined in Table 1. Treatment
was started within a week of enrollment in the study. Patients re-
ceived docetaxel 60 mg/m2 diluted in 250 ml 5% glucose as a 1-h
intravenous infusionwith infusion of 8 mg dexamethasone and 3 mg

granisetron just before the docetaxel infusion. Immediately after
completion of the docetaxel infusion, patients were infused intrave-
nously over 30 minwith gemcitabine diluted in 100 ml normal saline.
Treatment was repeated every 3 weeks. Docetaxel and gemcitabine
were not administered on day 8 if the leukocyte count was <3000/
mm3 and/or the platelet count was <75,000/mm3. In the event of
grade 4 leukopenia or thrombocytopenia, grade 3 neutropenic fever,
and/or omission of treatment on day 8 due to leukopenia or
thrombocytopenia, gemcitabine was reduced to the next lower level
in the following course of chemotherapy. The next course of che-
motherapywas started if the leukocyte countwas 2,000–12,000/mm3,
the neutrophil count was ‡1000/mm3, platelets ‡75,000/mm3, total
bilirubin £ 2.0 mg/dl, AST and ALT <60 IU/l, serum creatinine
£ 1.5 mg/dl, and ECOG PS 0–1, and the patient was afebrile. Ther-
apy was continued for at least two courses unless the patient expe-
rienced unacceptable toxicity or had progressive disease. The
maximum number of courses of chemotherapy was six.

At least three patients were entered at each dose level. If dose-
limiting toxicity (DLT) occurred during the first course, up to six
patients were treated at that dose level. DLT was defined as follows:
(1) grade 4 leukopenia and/or thrombocytopenia, (2) grade 4 neu-
tropenia that lasted for more than 4 days, (3) grade 3 neutropenic
fever, (4) grade 3 or 4 non-hematologic toxicity excluding nausea/
vomiting, and (5) omission of the treatment on day 8. Dose escala-
tionwas stopped if at least two-thirds of the patients in a given cohort
hadDLT.MTDwas defined as the dose level immediately below that
causing DLT in two-thirds of the patients or more.

Study evaluations

Pretreatment evaluations consisted of a complete medical history,
determination of PS, physical examination, hematologic and bio-
chemical profiles, electrocardiogram, chest radiograph, bone scan,
and CT scan of the chest, ultrasound or CT scan of the abdomen,
and MRI or CT scan of the whole brain. Evaluations performed
weekly were biochemistry studies, complete blood, platelet, and
differential counts, physical examination, determination of PS, and
toxicity assessment. Imaging studies were performed to assess
objective response after every two treatment courses.

Response and toxicity criteria

WHO response criteria were used [15]. Measurable lesions were
defined as ‡2 cm in at least one diameter on a CT scan. A complete
response (CR) was defined as the complete disappearance of all
clinically detectable tumors for at least 4 weeks. A partial response
(PR) was defined as at least 50% reduction in the product of the
largest perpendicular diameters of one or more clearly measurable

Table 1 Dose escalation and toxicity (phase I)

Level )1 Level 0 Level +1

Gemcitabine (mg/m2) 600 800 1000
Docetaxel (mg/m2) 60 60 60
Number of evaluable patients 0 6 6a

Grade 0/1/2/3
Leukopenia 2/0/2/2 1/0/2/3
Neutropenia 2/0/2/2 2/1/1/2
Thrombocytopenia 3/3/0/0 3/2/0/1
Neutropenic fever 6/–/–/0 5/–/–/1

Omission of treatment on day
8 due to leukopenia

1 2

aOne patient developed a bleeding gastric ulcer on day 6 of the first
course. He had been treated for a bleeding gastric ulcer 5 months
previously. We concluded that the bleeding gastric ulcer was
unassociated with the chemotherapy. The case could not be
evaluated.
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lesions or as a greater than 50% reduction in evaluable malignant
disease lasting for more than 4 weeks with no new area of malig-
nant disease. No change (NC) was defined as regression of indi-
cator lesions insufficient to meet the response criteria, a less than
25% increase in any measurable lesion, and no new malignant le-
sions. Progressive disease (PD) was defined as an increase in any
measurable lesion by more than 25% or a new malignant lesion.
Toxicity was graded using the National Cancer Institute Common
Toxicity Criteria (NCI-CTC) version 2.0.

Phase II

The recommended dose for the phase II study was determined with
the toxicities of all courses in the phase I study taken into account.
The eligibility criteria were the same as in the phase I study, but
measurable lesions were required. The response and toxicity criteria
were also the same as in the phase I study.

According to the minimax two-stage phase II study design of
Simon [23], the treatment program was designed to refuse response
rates of 5% (P0) and to provide a significance level of 0.05 with a
statistical power of 80% in assessing the activity of the regimen as a
20% response rate (P1). The upper limit for first-stage drug rejection
was no response in the 13 evaluable patients; the upper limit of sec-
ond-stage rejection was three responses in the 27 evaluable patients.
Overall survival time was defined as the interval between enrollment
in this study anddeath or last follow-up visit.Median overall survival
was estimated using the Kaplan-Meier analysis method [10].

Results

Phase I study

Between October 1999 and May 2000, 13 patients were
enrolled in the phase I portion. One patient at level +1
developed a bleeding gastric ulcer on day 6 of the first
course. He had also been treated for bleeding gastric
ulcer 5 months previously. We concluded that the
bleeding gastric ulcer was not associated with the che-
motherapy and that the case was not evaluable. There-
fore, 12 patients were assessable for toxicity. The
baseline characteristics of these patients are listed in
Table 2. Ten patients received prior chemotherapy and
thoracic radiotherapy.

One of the three patients was unable to receive che-
motherapy on day 8 of the first course because of leu-
kopenia (WBC 2800/mm3) at level 0, and we added three
patients at level 0. No DLT was observed in the three
additional patients. One of the three patients was unable
to receive chemotherapy on day 8 of the first course
because of leukopenia (WBC 2700/mm3) at level +1,
and we added four patients at level +1. As described
above, one patient developed a bleeding gastric ulcer on
day 6 of the first course and was not evaluable. One
patient was unable to receive chemotherapy on day 8 of
the first course because of leukopenia (WBC 1900/mm3),
and another patient developed grade 3 neutropenic fe-
ver. Three out of six patients at level +1 experienced
DLTs. We therefore considered level +1 to be the
MTD. All four patients with DLTs had received prior
chemoradiotherapy. No grade 4 leukopenia, neutrope-
nia, or thrombocytopenia was observed in any of the

level 0 or +1 courses. We chose level 0 (gemcitabine
800 mg/m2 and docetaxel 60 mg/m2) as the recom-
mended dose for the phase II study.

Phase II study

Between August 2000 and July 2001, 29 patients were
enrolled in the phase II study, and the patient charac-
teristics are listed in Table 2. The majority of the pa-
tients were male (69%), and the median age was
63 years. The most common histologic subtype was
adenocarcinoma (76%). A minority of patients had re-
ceived prior chemotherapy plus thoracic radiotherapy
(17%), and the median number of courses of prior
chemotherapy was three (range one to six). Prior che-
motherapy regimens contained cisplatin plus vinorelbine
(n=10), cisplatin, vinorelbine, plus gemcitabine (n=9),
cisplatin plus docetaxel (n=5), cisplatin plus vindesine
with or without mitomycin C (n=3), cisplatin plus iri-
notecan (n=1), and cisplatin, docetaxel, plus mitomycin
C (n=1). The response to prior chemotherapy was 1
CR, 12 PR, 14 NC, and 2 PD.

In total, 78 courses were administered. The median
number of treatment courses was two (range one to six).
Only two patients experienced dose reduction, one be-
cause of omission of treatment on day 8 and one be-
cause of grade 3 neutropenic fever.

All 29 patients enrolled were eligible. The objective
responses included PR in 8 of the 29 patients (28%; 95%
CI 11–44%), NC in 12, and PD in 8. There were no CRs.

Table 2 Patient characteristics (values are number of patients,
except as indicated)

Phase I Phase II

Patients enrolled 13 29
Sex
Male 9 20
Female 4 9

Age (years)
Median 57 63
Range 37–74 42–73

PS
0 0 11
1 13 18

Histologic type
Adenocarcinoma 10 22
Squamous cell carcinoma 2 6
Large-cell carcinoma 1 1

Stage
IIIB 4 7
IV 9 22

Prior treatment
Chemotherapy 3 24
Chemoradiotherapy 10 5

Prior chemotherapy (no. of courses)
Median 2 3
Range 1–4 1–6
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The median number and range of the treatment courses
in PR, NC, and PD patients were five (two to six), two
(one to five), and two (one to two), respectively. Among
the PR or NC patients, 20 received the median three
courses of chemotherapy. The prior chemotherapy reg-
imens of eight responders contained cisplatin plus
vinorelbine (n=2), cisplatin, vinorelbine, plus gemcita-
bine (n=2), cisplatin plus docetaxel (n=2), and cisplatin
plus vindesine with or without mitomycin C (n=2). The
response rate in patients who experienced a CR or PR in
response to prior chemotherapy was 31% (4/13),
whereas the response rate in the NC patients was 29%
(4/14). Two patients whose response to prior chemo-
therapy was PD did not respond to gemcitabine plus
docetaxel. One patient could not be evaluated for re-
sponse because he developed acute interstitial pneumo-
nia after enrollment and did not receive the protocol
treatment.

The median follow-up time was 22.7 months. Eight
patients were still alive. The median time to disease
progression was 4.2 months (95% CI 0.9–7.7 months).

The median survival time was 11.1 months (95% CI 9.9–
12.4 months), and the 1-year survival rate was 41%
(Fig. 1).

Toxicity was evaluated in all 28 patients treated and
in all courses. The most common toxicity was hemato-
logic (Table 3). Grade 3 and 4 neutropenia occurred in
43% and 18% of the patients, respectively. Febrile
neutropenia occurred in 11% of the patients. There were
no toxic deaths. Grade 3 thrombocytopenia occurred in
11% of the patients. Non-hematologic toxicity was
generally mild (Table 3). One patient developed a
grade 3 rash on day 5 of the first course, and it was
concluded that it was gemcitabine-induced dermatitis.
The protocol chemotherapy was terminated at the first
course. Mild hepatic toxicity was common, but im-
proved immediately.

Discussion

Second-line chemotherapy for recurrent NSCLC after
platinum-based chemotherapy has been attracting the
attention of investigators. Traditional cytotoxic agents
have not been active in a second-line setting after plat-
inum-containing chemotherapy. In a randomized trial,
however, docetaxel monotherapy yielded longer survival
than the best supportive care in patients with NSCLC
previously treated with platinum-based chemotherapy
[22], and combination chemotherapy regimens contain-
ing docetaxel have been assessed with the aim of
enhancing the efficacy of second-line chemotherapy. We
conducted a phase I/II trial of gemcitabine and docet-
axel in patients with recurrent NSCLC after platinum-
based chemotherapy, and the response rate in our phase
II trial was 28%, which seemed to be higher than with
docetaxel monotherapy. The median survival time was
11.1 months, and the 1-year survival rate was 41% in
our phase II trial. The selection criteria such as ECOG
PS 0 or 1 could have contributed to this favorable out-
come.

Fig. 1 Overall survival of all patients (n=29) in the phase II study
was calculated according to the Kaplan-Meier method. The median
survival time was 11.1 months, and the 1-year survival rate was
41%. The median follow-up time was 22.7 months

Table 3 Maximum toxicity
grades (phase II) (n=29) Toxicity Grade 1 Grade 2 Grade 3 Grade 4

No. % No. % No. % No. %

Leukopenia 4 14 13 46 10 36 1 4
Neutropenia 6 21 5 18 12 43 5 18
Anemia 8 29 15 54 4 14 0 0
Thrombocytopenia 11 39 6 21 3 11 0 0
Nausea 8 29 3 11 1 4 – –
Vomiting 6 21 1 4 0 0 0 0
Diarrhea 2 7 2 7 0 0 0 0
Infection 2 7 4 14 0 0 0 0
Neutropenic fever – – – – 3 11 0 0
Fever (no infection) 5 18 3 11 0 0 0 0
Rash 5 18 0 0 1 4 0 0
Neurotoxicity 4 14 0 0 0 0 0 0
AST 12 43 0 0 0 0 0 0
ALT 8 29 2 7 0 0 0 0
Serum creatinine 7 25 0 0 0 0 0 0
Hyponatremia 15 53 – – 2 7 0 0
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We considered gemcitabine 800 mg/m2 on days 1 and
8 and docetaxel 60 mg/m2 on day 8 to be the recom-
mended dose for the phase II trial. The standard dose of
docetaxel in Japan is 60 mg/m2 [27], lower than in
American and European countries (100 mg/m2). A pre-
vious assessment of docetaxel 60 mg/m2 as second-line
chemotherapy in patients with advanced NSCLC
showed a response rate of 18% [16], which was compa-
rable with the response rate to the higher docetaxel dose
of 100 mg/m2 found in several phase II trials. Two ran-
domized trials, however, have demonstrated that 75 mg/
m2 of docetaxel yields superior survival to 100 mg/m2 of
docetaxel [2, 22], and that 100 mg/m2 of docetaxel is not
tolerated well. Docetaxel 75 mg/m2 has been the stan-
dard regimen in American and European countries. In a
recent Japanese randomized trial, 60 mg/m2 of docetaxel
and 80 mg/m2 of cisplatin on day 1 every 3 weeks has
been shown to yield longer survival and a higher response
rate in chemonaive metastatic NSCLC patients than
vindesine and cisplatin [13]. Docetaxel 75 mg/m2 and
cisplatin have been used in an ECOG trial [20], and
60 mg/m2 docetaxel might be as active as 75 mg/m2.

The findings of several phase II or III trials of com-
bination chemotherapy consisting of gemcitabine and
docetaxel in a first- or second-line setting have already
been reported (Table 4) [3, 4, 7, 8, 9, 12, 18, 26]. In
Greek trials, 100 mg/m2 of docetaxel with G-CSF sup-
port was adopted, but there was no evidence that a
higher dose (100 mg/m2) of docetaxel was more effica-
cious than lower doses (60–75 mg/m2). Moreover,
G-CSF support was not appropriate in terms of cost.
The 800 mg/m2 dose of gemcitabine on days 1 and 8 in
our phase II trial was lower than in previous trials. In
our phase I trials, 10 of 13 patients had undergone prior
chemotherapy and thoracic radiotherapy. This popula-
tion had higher hematologic toxicity, which may have
resulted in more frequent omission of treatment on
day 8 due to leukopenia. Gemcitabine 1000 mg/m2 on
days 1 and 8 (level +1) may be feasible in patients who
have never undergone radiotherapy.

A previous phase I trial has demonstrated that gem-
citabine 800 mg/m2 on days 1, 8, and 15 can be safely
combined with docetaxel 100 mg/m2 day 1 of a 28-day
cycle [25]. A schedule in which docetaxel was adminis-
tered on day 15 was also explored but proved not to be

feasible because of thrombocytopenia and hepatic dys-
function. In the subsequent phase II trial, gemcitabine
dose reductions or omissions were necessary on day 8 in
60% of the courses, and on day 15 in 45% of the
courses, mainly because of neutropenia [26]. Since do-
cetaxel-induced neutropenia generally occurs 5 to 8 days
after administration, a schedule of docetaxel on day 8
and gemcitabine on days 1 and 8 every 3 weeks has been
adopted in most previous trials [3, 4, 9, 12, 18], including
our own. Only one patient required omission of gem-
citabine on day 8 in our trial, and thrombocytopenia
and hepatic dysfunction were also mild. We consider
docetaxel on day 8 appropriate.

We allowed previous exposure to gemcitabine or
docetaxel if the response was not PD because it was
possible that these patients could respond to the com-
bination chemotherapy with gemcitabine and docetaxel.
In fact, 4 out of 15 patients who received prior gemcit-
abine or docetaxel-containing regimens responded to the
two-drug combination. There was no correlation be-
tween prior chemotherapy regimens and the response to
the combination chemotherapy with gemcitabine and
docetaxel.

In conclusion, combination chemotherapy consisting
of gemcitabine and docetaxel is active and well tolerated
in patients with recurrent NSCLC after platinum-based
chemotherapy and good PS. The selection criteria could
have contributed to the favorable outcome in our trial,
and a phase III trial by the Japan Clinical Oncology
Group randomizing platinum-treated patients to gem-
citabine plus docetaxel or docetaxel is under way.
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