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which inhibits DNA synthesis, and has shown potent cytocidal
activity against solid tumors (4-8).

Docetaxel, an antineoplastic agent that acts on microtubules
to promote formation of abnormal microtubule bundles, has
also shown cytotoxicity (9—11). Gemcitabine and docetaxel
have different mechanisms of action, but by combining them,
there is the potential of synergistic antitumor activity (12).

Several studies have been conducted to evaluate the thera-
peutic benefits of gemcitabine and docetaxel (13~15). The
efficacy of gemcitabine~docetaxel is similar to platinum-
based regimens, but due to each drug’s non-overlapping
toxicities, their combination produces toxicities more tolerable
than platinum-based regimens. Georgoulias et al. (16) com-
pared gemcitabine 1100 mg/m? on days 1 and 8 plus docetaxel
100 mg/m? on day 8 with cisplatin 80 mg/m? on day 2 plus
docetaxel 100 mg/m? on day 1 in 441 patients with NSCLC.
They reported that the two regimens were equivalent in effi-
cacy, but toxicities were more severe for the combination of
docetaxel and cisplatin.

There has been no published report considering both admin-
istering dose and schedule for the combination of gemcitabine
and docetaxel. Therefore, we conducted a phase I/11 study to
compare two schedules of gemcitabine—docetaxel in patients
with NSCLC and determine the recommended regimen in
phase II. We assessed the efficacy and safety in all 59 patients:
the efficacy and detailed safety profile were also evaluated in
40 patients who were given the recommended regimen,

SUBJECTS AND METHODS

ELIGIBILITY CRITERIA

Japanese patients with histologically or cytologically con-
firmed unresectable TNM stage HIB or IV NSCLC who met
the following criteria were eligible for the study: suitable for
first-line chemotherapy with no prior chemotherapy; measur-
able lesions that can be accurately measured in at least one
dimension; aged 20~74 years; Eastern Cooperative Oncology
Group (ECOG) performance status of 0—1; a life expectancy of
at least 3 months; and adequate organ functions as indicated by
white blood cell count 4.0 x 10°/1, absolute neutrophil count
=2.0 % 1071, platelets =100 x 10%1, hemoglobin =9.5 g/dI,
aspartate  aminotransferase/alanine aminotransferase <2.5
times the upper limit of normal, total bilirubin =<1.5 times
the upper limit of normal, serum creatinine < the upper limit
of normal, PaO, in arterial blood =60 torr. If a patient had
received radiotherapy during the 3 weeks before enrollment,
the measurable disease had to be outside of the radiation port.

Patients were excluded from the study if they had radio-
logically and clinically apparent interstitial pneumonia or
pulmonary fibrosis, intracavitary fluid retention requiring
treatment, or grade 2-4 peripheral neuropathy or edema.
Additional exclusion criteria included: superior vena cava syn-
drome; symptomatic brain metastasis; pregnancy or breast-
feeding; active concurrent malignancy; any serious concurrent
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illness (e.g. uncontrolled diabetes mellitus, hepatopathy.
angina pectoris, myocardial infarction within 3 months after
onset, severe infection, or fever suggestive of severe infection):
history of serious drug allergy; or any condition that. in the
opinion of the investigator, disqualified the paticnt based on
safety.

This study was conducted in accordance with the Declara-
tion of Helsinki, Japanese Guidelines for Clinical Evaluation
of Antineoplastic Agents (promulgated in February 1991) and
good clinical practice. All patients who entered into this study
were required to give written informed consent.

STUDY DESIGN AND TREATMENT

This was a multicenter, open-label, phase I/Il study of gem-
citabine and docetaxel in Japanese patients with advanced
NSCLC.

In the phase I portion of this study, patients were randomized
into two arms, each with a different treatment schedule. In
both arms (Arm I and Arm 2), gemcitabine was administered
in a 30-min infusion on days | and 8, every 21 days. In Arm 1.
docetaxel was administered intravenously over al least 1 h on
day 1; in Arm 2, docetaxel was given on day 8. The admin-
istration of docetaxel followed an intravenous infusion of
dexamethasone 4 mg, and gemcitabine was given immediately
after the docetaxel infusion,

Patients were discontinued from the study due to progressive
disease; inability to initiate a treatment cycle even at 6 weeks
after the start of the previous cycle; recurrence of a dose-
limiting toxicity (DLT) after resumption of the study treatment
at a reduced dose; occurrence of a serious adverse event or
aggravation of a concomitant illness (e.g. interstitial pneumo-
nia, pulmonary fibrosis, or severe infection) which caused
rapid aggravation of disease and precluded continuation of
the study treatment; patient’s request to withdraw from the
study: or any event that required discontinuation in the opinion
of the investigator,

During study enrollment, the current approved maximum
dosage of gemcitabine and docetaxel as single agents in
Japan was 1000 mg/m? and 60 mg/m?, respectively. In
phase I, the sample size was determined to be six per cohort
based on the conventional design of phase I clinical studies of
antineoplastic agents. In this study, both arms were random-
ized according to a predetermined schedule. enrolled patients
in cohorts of six, and were initially treated at dose level |
(gemcitabine 1000 mg/m” and docetaxel 50 mg/m-). For the
first cycle of treatment, patients were treated on an inpatient
basis; if their condition permitted, patients were treated on an
outpatient basis thereafter. If fewer than 50% of the patients in
dose level 1 experienced DLTs, patients were enrolled at dose
level 2 (gemcitabine 1000 mg/m* and docetaxel 60 me/m?). If
50% or more of the patients in dose level | experienced DLTs.
patients were enrolled at dose level 0 (gemcitabine 800 mg/m*
and docetaxel 50 mg/mz) (Fig. ). The maximum tolerated dose
(MTD) was defined as the dose level that produced any of the
following DLTs (per the National Cancer Institute~Common
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Figure 1. Recommended dosages in each arm. DLT, dose-limiting toxicity;
RD, recommended dosage; MTD, maximum tolerated dose.

Toxicity Criteria scale) in 50% or more of patients during
the first treatment cycle: grade 4 leukopenia or neutropenia
persisting for at least 4 days; grade 3/4 neutropenia associated
with a fever =38.0°C or infection; thrombocytopenia
(<20 x 109/1) or need of a platelet transfusion; or grade 3/4
non-hematological toxicities (excluding nausea/vomiting,
anorexia, fatigue and hypersensitivity). G-CSFs were admin-
istrated for the treatment of grade 4 neutropenia or grade
3 neutropenic fever. A DLT was also reported if any
day-8 doses were omitted and dosing requirements were not
satisfied until after day 15, or if the second cycle was delayed
until after day 29 because the dosing requirements were not
satisfied.

The recommended dose for phase II had to be determined
from the arm that reached the highest dose level. If at dose
level 2 the incidence of DLTs was less than 50%, the recom-
mended dose was defined as dose level 2. The arm that reached
the higher dose level reflected the recommended regimen for
phase IL. If the recommended dose level for the two arms was
identical, the recommended regimen would be decided accord-
ing to the following steps: (1) if frequency of DLTs was 0% in
one arm and 33.3% or more in the other arm, the former was
selected. If this did not occur, then (ii) if the dose intensity for
evaluable patients in one arm was higher by 10% or more than
the other arm, the arm with the higher dose intensity was
selected. If this did not occur, then (iii) the arm with the
fewer day-8 dose omissions in first and second cycles was
selected. If the recommended dosage regimen still could not
be decided, the sponsor (Aventis Pharma Japan and Eli Lilly
Japan K.K.) and the coordinating investigator determined the
recommended phase I regimen. If the MTD was dose level O
in both arms, the study was terminated (Fig. ).

The sample size for the recommended regimen was determ-
ined as follows. The response rate of this regimen and gem-
citabine single agent was assumed to be 35 and 20%,
respectively, in view of the response rates previously achieved
(9.10,17,18). If the sample size of the recommended regimen
was set as 40 patients, the probability for the one-sided 90%
lower limit of response rate to exceed 20% was 82%. Thus, the
targel sample size in the recommended regimen including
six patients in phase | was set at 40 patients.
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The phase II study was conducted with 34 patients. Forty
patients who were given the recommended regimen were
evaluated for the efficacy and detailed safety profile: these
patients consisted of six and 34 patients who entered into
the study at phase I and II, respectively.

In this phase I/II study, patients received a minimum of two
cycles of gemcitabine-docetaxel and up to four additional
cycles.

DOSE MODIFICATIONS

During a cycle, dose modifications were not allowed. If not all
of the following requirements were satisfied on either the day
of treatment or the previous day, administrations of gemcit-
abine and docetaxel were delayed until the patient completely
recovered. For gemcitabine and docetaxel doses administered
on day 1 of Arm 1 or gemcitabine on day | of Arm 2, delays
occurred for patients with an absolute neutrophil count
<1.5 x 10°/1, a platelet count <70 X 10°/1, any grade 3/4
non-hematologic toxicities (except PaO,), or PaO, <60 torr.
When gemcitabine was given on day 8 of Arm 1, exceptions
included leukopenia <2.0 X 10°/1 and an absolute neutrophil
count <1.0 x 10%/1, a platelet count <70 x 10%/1, any grade 3/4
non-hematological toxicities. When gemcitabine was given on
day 8 of Arm 2, exceptions included an absolute neutrophil
count <1.5 x 10%/1, a platelet count <70 x 10%/1, any grade 3/4
non-hematological toxicities. If a patient developed a DLT, the
subsequent doses were cancelled, and in the next cycle the
patient could resume the study treatment at the next lower
dose level. If a patient developed a DLT at dose level 0,
gemcitabine 800 mg/m? and docetaxel 40 mg/m” were admin-
istered in the next cycle.

BASELINE AND TREATMENT ASSESSMENT

Assessments at baseline included tumor measurements by
X-ray and computed tomography (CT) scan within 4 weeks
before the day of starting the study treatment. Equally, grading
performance status and physical examination were performed
within a week; hematology, blood chemistries, urinalysis,
arterial blood gas analysis and electrocardiogram were
observed within 2 weeks.

After the start of treatment, tumor measurements were
obtained every 2 weeks via X-ray and 4 weeks via CT scan.
Tumor response was assessed with the World Health
Organization (WHO) criteria. Safety assessments, including
performance status, hematology, blood chemistries and urin-
alysis, were obtained weekly. Physical examination, arterial
blood gas analysis and electrocardiogram were performed
at any time. Adverse events were estimated according to
National Cancer Institute-Common Toxicity Criteria version
2.0. All patients were assessed for efficacy and safety. An
additional response rate was recorded for patients who
received the recommended regimen in phase I and all
phase II patients.
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RESULTS

PATIENT CHARACTERISTICS

Between July 2000 and July 2002, 59 chemonaive patients
(43 male, 16 female) with NSCLC were enrolled in phase I
and II portions from the five hospitals after approval by the
IRB. Twenty-five patients were enrolled in the phase I portion
of the study, and 34 patients were enrolled in phase II. Baseline
patient characteristics for all patients and patients who received
the recommended regimen are summarized in Table 1.

PHASE 1

Twenty-five patients were enrolled into the phase I portion
of the study. The number of patients treated and the DLTs
observed in the first cycle at each dose level of gemcitabine
and docetaxel are shown in Table 2.

In Arm 1, 50% of patients had DLT's at dose level I and dose
level O, therefore Arm 1 could not be the recommended regi-
men: there were 2/6 and 3/6 patients who achieved partial
response (PR) at dose level 1 and O in Arm 1, respectively.

Table 1. Baseline characteristics

Patients who received
the recommended
regimen (n = 40), n (%)

Patient characteristics All patients

(n=159), n (%)

Gender

Male 43 (72.9%) 26 (65.0%)

Female 16 (27.1%) 14 (35.0%)
Age

Median 62 64

Range 38-74 38-74
ECOG performance status

0 5 (8.5%) 2 (5.0%)

I 54 (91.5%) 38 (95.0%)
Stage

B 14 (23.7%) 8 (20.0%)

v 33 (55.9%) 23 (57.5%)
Postsurgical recurrence 12 (20.3%) 9 (22.5%)
Histological type

Adcnocarcinoma 34 (57.6%) 25 (62.5%)

Squamous cell carcinoma 19 (32.2%) 14 (35.0%)

Large cell carcinoma 5 (8.5%) 1 (2.5%)

Other 1 (1.7%) 0 (0%)
Prior therapy

None 45 (76.3%) 29 (72.5%)

Surgery 13 (22.0%) 11 (27.5%)

Radiotherapy 0 (0%) 0 (0%)

Radiotherapy and surgery 1 (1.7%) 0 (0%)

ECOG, Eastern Cooperative Oncology Group.
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In Arm 2, no DLT was observed at dose level 11 3/6 patients
achieved PR. At dose level 2, one patient discontinued due to
progressive disease; therefore, one patient was added. How-
ever, another patient discontinued due to grade 3 hypersens-
itivity (not a DLT). In this regimen, two DLTs had already
been observed in five other patients, but the sponsors (Aventis
Pharma Japan and Eli Lilly Japan K.K.) and investigators
decided not to add one more patient to dose level 2 in
Arm 2 in consideration of patients’ safety. PRs were observed
in 2/7 patients at dose level 2 of Arm 2.

Therefore, the recommended regimen was determined
as gemcitabine 1000 mg/m? on days I and 8§ plus docetaxel
50 mg/m* on day 8 due to the incidence of DLT.

DOSE ADMINISTRATION

In Arm 1, a total of 49 cycles were accomplished. One case
delayed the date of administration on day | (defined as more
than 8 days) as a matter of convenience; seven and four cases
delayed their dates of administration on day 8 (defined as more
than 1 day) because of adverse events and non-medical reas-
ons, respectively; and four cases could not be treated on day 8
because of adverse events. In Arm 2, including phase I and 11
portions, a total of 145 cycles were accomplished. Four and five
cases delayed their dates of administration on day 1 because
of adverse events and non-medical reasons, respectively; 21
and nine cases delayed their dates of administration on day 8
because of adverse events and non-medical reasons, respect-
ively; and two cases could not be treated on day 8 because of

Table 2. Phase | dose-limiting toxicitics

Dose GEM/DOC  Am 1
level (mg/mz)

0 800/50

Arm 2

3/6 patients: N/A
e G3 ALT increased

o Gl fever,
G3 neutropenia

e G2 infection,
G3 neutropenia

I 1000/50 3/6 patients: 0/6 patients

G3 infection,
G3 neutropenia

G4 neutropenia,
Gl fever,
G3 infection

e (3 neutropenia,
G2 infection,
G3 arrhythmia.
G3 diarrhea
2 1000/60 N/A 2/5 patients:
e G3 ALT increased

e G2 fever,
G3 ncutropenia

GEM, gemcitabine; DOC, docetaxel: G, grade: ALT. alanine aminotransferase;
N/A, not applicable.



adverse events. The most common adverse event for a dose
delay was neutropenia.

EFFICACY

All 59 patients were involved in the analysis for efficacy,
and 19 of 59 patients achieved PR for an overall response
rate of 32.2% [95% confidence interval (CI) 20.6-45.6%)].
Of the 40 patients who received the recommended regimen
in either phase I or phase II, 12 patients achieved PRs for a
response rate of 30.0% (95% ClI 16.6-46.5%).

The median time to progressive disease in all 59 patients
was 111 days (95% CI71-154 days). Median survival time was
11.9 months (95% CI 7.0-15.0 months), with 1-year survival
rate at 47.1% (95% CI 34.0-60.2%).

SAFETY

All 59 patients were evaluable for safety. Grade 3 and 4
drug-related toxicities observed in all 59 patients are shown
in Table 3. Grade 3 and 4 drug-related toxicities observed in
40 patients who received the recommended regimen are also
shown in Table 4.

In all 59 patients, grade 3 and 4 neutropenia were observed
in 19 (32.2%) and 20 (33.9%) patients, respectively. Grade 3
and 4 leukopenia were observed in 24 (40.7%) and four (6.8%)
patients, respectively. Grade 3 non-hematological toxicities
included infection in four patients (6.8%), anorexia in four
patients (6.8%), and nausea, diarrhea, rash and constipation
in three patients (5.1%) each. After starting docetaxel admin-
istration, grade 3 interstitial pneumonia was reported in three
patients (5.1%), all of whom recovered shortly after steroid
treatment; grade 4 anaphylaxis was reported in two patients
(3.4%). There were no toxic deaths.

DISCUSSION

In this phase I/l study, we examined the activity and tolerability
of gemcitabine and docetaxel. In phase I, the recommended regi-
men was determined as gemc1tab1ne 1000 mg/m? ondays 1 and 8
plus docetaxel 50 mg/m? on day 8. The response rate of all 59
patients was 32.2% (95% CI 20. 6-45.6%). Whenre-evaluatedin
the 40 patients who received the recommended regimen, the
response rate was 30.0% (95% CI 16. 6-46.5%). Although the
number of patients was limited, Arm 1 (docetaxelonday 1)hada
numerically better response: for the 12 patients in Arm 1, five
PRs were recorded for a response rate of 42%. However, Arm 1
had more toxicities than the docetaxel on day-8 schedule.
Overall, the toxicity associated with the gemcitabine—
docetaxel regimen was manageable. In Arm 1, five patients
(42%) had grade 3/4 neutropenia supervened with infection or
fever, while only one patient (9%) had grade 3 neutropenia
with infection or fever in Arm 2. This indicated that docetaxel
was better tolerated on day 8 than on day 1 in a 21-day cycle. It
is speculated that the influence of time to nadir of neutropenia
is different in each agent: 14-20 days with gemcitabine and
9 days with docetaxel. The time to recover from nadir is
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Table 3. NCI-CTC grade 3/4 toxicities (n = 59)

Toxicities Grade 3 Grade 4
n %o n %

Hematological toxicities
Leukopenia 24 40.7 4 6.8
Neutropenia 19 322 20 33.9
Lymphopenia 10 16.9 0 0.0
Hemoglobin decreased 4 6.8 0 0.0
Thrombocytopenia 1 1.7 0 0.0
Thrombocytosis 1 1.7 0 0.0

Non-hematological toxicities
ALT increased 5 8.5 0 0.0
Infection 4 6.8 0 0.0
Anorexia 4 6.8 0 0.0
Nausea 4 6.8 0 0.0
Diarrhea 3 5.1 0 0.0
Interstitial pneumonia 3 5.1 0 0.0
Rash 3 5.1 0 0.0
Constipation 3 5.1 0 0.0
AST increased 2 34 0 0.0
Fatigue 2 34 0 0.0
Vomiting 2 34 0 0.0
Hyperglycemia 1 1.7 0 0.0
Hyponatremia 1 1.7 0 0.0
Allergic reaction 1 1.7 0 0.0
Vasovagal reaction I 1.7 0 0.0
Body temperature decrease 1 1.7 0 0.0
Weight increase 1 1.7 0 0.0
Hypotension 1 1.7 0 0.0
Pneumonia 1 1.7 0 0.0
Arrhythmia 1 1.7 0 0.0
Edema 1 1.7 0 0.0
Neuropathy péripheral 1 1.7 0 0.0
Anaphylaxis 0 0.0 2 3.4

NCI-CTC, National Cancer Institute~Common Toxicity Criteria version 2.0;
ALT, alanine aminotransferase; AST, aspartate aminotransferase.

7-8 days with gemcitabine and 8 days with Jocetaxel. This
could explain why docetaxel on day 8 was better tolerated.
Meta-analysis studies have reported that cisplatin-based regi-
mens produce a significant survival benefit in NSCLC (20-23),
improve median survival time by 6-8 weeks and l-year
survival rate from 15% to 25% when compared with the best
supportive care (24). But studies with platinum-based combina-
tions have also reported severe toxicities, so the deterioration of
patients’ quality of life is a major problem to be solved (3).
New effective non-platinum-based therapies have been used
in various combinations in recent years, and the combination of
gemcitabine and docetaxel has been established as one of the
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Table 4. NCI-CTC grade 3/4 toxicities (n = 40, recommended regimen)

Toxicities Grade 3 Grade 4
n % n %

Hematological toxicities
Leukopenia 13 32.5 2 5.0
Neutropenia 12 30.0 11 275
Lymphopenia 5 12.5 0 0.0
Hemoglobin decreased 2 5.0 0 0.0
Thrombocytopenia 1 2.5 0 0.0
Thrombocytosis 1 2.5 0 0.0

Non-hematological toxicities
ALT increased 2 5.0 0 0.0
Diarrhea 2 5.0 0 0.0
Infection 2 5.0 0 0.0
Interstitial pneumonia 2 5.0 0 0.0
Rash 2 5.0 0 0.0
Fatigue 2 5.0 0 0.0
Nausea 2 5.0 0 0.0
Vomiting 2 5.0 0 0.0
Hyperglycemia 1 2.5 0 0.0
Hyponatremia 1 2.5 0 0.0
AST increased 1 2.5 0 0.0
Allergic reaction 1 2.5 0 0.0
Vasovagal reaction 1 2.5 0 0.0
Anorexia 1 2.5 0 0.0
Body temperature decrease 1 2.5 0 0.0
Weight increase i 2.5 0 0.0
Hypotension i 25 0 0.0
Pneumonia t 2.5 0 0.0
Edema 1 2.5 0 0.0
Constipation 1 2.5 0 0.0
Peripheral neuropathy 1 2.5 0 0.0
Anaphylaxis 0 0.0 2 5.0

NCI-CTC, National Cancer Institute—-Common Toxicity Criteria version 2.0;
ALT, alanine aminotransferase; AST, aspartate aminotransferase.

well-examined regimens. In recent studies using gemcitabine—
docetaxel in NSCLC, response rates of 25-50% (19,25-29)
and time-to-progression of disease of 106-132 days (31,32)
have been reported. Georgoulias et al. (16) reported that the
gemcitabine—docetaxel and docetaxel-cisplatin regimens they
compared were equivalent in efficacy, but toxicity was severe
in the latter. While docetaxel-cisplatin regimens showed
severe toxicities of grade 3 anemia (5%), grade 3/4 neutropenia
(13%/21%), grade 3 nausea/vomiting (10%) and grade 3
diarrhea (8%), gemcitabine—docetaxel regimens had grade
3/4 anemia (1%/1%), grade 3/4 neutropenia (11%/11%),
grade 3 nausea/vomiting (2%) and grade 3/4 diarrhea
(2%/1%) in 441 patients. However, the difference of efficacy

and safety by the administration schedule and dosage of
gemcitabine and docetaxel has not been well documented.

There are some studies that have examined the efficacy and
safety of the same schedule as the recommended regimen in
our study, namely gemcitabine on days | and 8 plus docetaxel
on day 1. In these studies dosages were various: gemcitabine
was 800-1100 mg/m® and docetaxel was 60-100 mg/m?
(18,19,27-30). Response rates in these studies also varied
from 16 to 38%, which indicates that the response rate of
the recommended regimen in our study (30.0%) was clinically
meaningful because the dosage of docetaxel (50 mg/m?) in our
study is less than that in any other studies. This might have
contributed to the relatively mild toxicities of our recommen-
ded regimen.

In another study (26), a high response rate (50.0%) was
achieved in patients with another administering schedule:
gemcitabine 1000 mg/m? on days 1 and 10 plus docetaxel
80 mg/m? on day 1, administered every 21 days. The most
common (reatment-related toxicity was myelosuppression.
Grade 3/4 leukopoenia and neutropenia occurred in only six
(18%) and eight (24%) patients, respectively.

The median survival was 11.9 months in our study, being
slightly better than the result from the median survival of
the phase III study with gemcitabine and cisplatin, which
was 8.7-9.1 months (33,34). This result suggests that the
regimen we selected in the phase II portion of this study is
comparable in survival with the cisplatin-based regimen.

In conclusion, the combination of gemcitabine 1000 mg/m?
on days 1 and 8 plus docetaxel 50 mg/m® on day 8 is suggested
to be better tolerated and has equivalent efficacy to cisplatin-
based therapy. These results should be verified by a phase 111
study in Japanese patients.

CONCLUSION

In this phase I/II study, we studied the activity and tolerability
of gemcitabine and docetaxel in Japanese patients. The com-
bination of gemcitabine 1000 mg/m? on days I and 8 plus
docetaxel 50 mg/m? on day 8 is suggested to be well tolerated
and has equivalent efficacy to cisplatin-based therapy.
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Mutations of the Epidermal Growth Factor Receptor
Gene Predict Prolonged Survival After Gefitinib
Treatment in Patients With Non—Small-Cell Lung

Cancer With Postoperative Recurrence

Tetsuya Mitsudomi, Takayuki Kosaka, Hideki Endoh, Yoshitsugu Horio, Toyoaki Hida,
Shoichi Mori, Shunzo Hatooka, Masayuki Shinoda, Takashi Takahashi, and Yasushi Yatabe

Purpose

To evaluate the relationship between mutations of the epidermal growth factor receptor
(EGFR) gene and the effectiveness of gefitinib treatment in patients with recurrent lung can-
cer after pulmonary resection.

Patients and Methods
We sequenced exons 18-21 of the EGFR gene using total RNA extracted from 59 patients with

lung cancer who were treated with gefitinib for recurrent lung cancer. Gefitinib effectiveness was
evaluated by both imaging studies and change in serum carcinoembryonic antigen (CEA} levels.

Results

EGFR mutations were found in 33 patients {56%). Of these mutations, 17 were deletions
around codons 746-750 and 15 were point mutations (12 at codon 858, three at other codons),
and one was an insertion. EGFR mutations were significantly more prevalent in females,
adenocarcinoma, and never-smokers. Gefitinib treatment resulted in tumor shrinkage and/or
CEA decrease to less than half of the baseline level in 26 patients, tumor growth and/or
CEA elevation in 24 patients, and gefitinib effect was not assessable in nine patients. Female,
never-smoking patients with adenocarcinoma tended to respond better to gefitinib treatment.
Gefitinib was effective in 24 of 29 patients with EGFR mutations, compared with two of 21
patients without mutations (P < .0001). Of note, del746-750 might be superior to L858R muta-
tions for prediction of gefitinib response. Patients with EGFR mutations survived for a longer
period than those without the mutations after initiation of gefitinib treatment (P = .0053).

Conclusion
EGFR mutations were a good predictor of clinical benefit of gefitinib in this setting.

J Clin Oncol 23:2513-2520. © 2005 by American Society of Clinical Oncology

cinoma is the predominant histologic
subtype, and is increasing among patients
with lung cancer who are candidates for sur-
gical treatment in Japan. In our institution,
adenocarcinoma accounted for 76% of 407
patients who were operated on from 2001
through 2003. Adenocarcinomas are charac-

INTRODUCTION

Lung cancer has long been the leading cause
of cancer death in North America. In 1998, it
became the leading cause of cancer death in
Japan, and now claims more than 55,000
lives annually.! Lung cancer is divided into
two morphologic types: small-cell lung

cancer and non-small-cell lung cancer
(NSCLC). NSCLCs are further subdivided
into adenocarcinoma, squamous cell carci-
noma, and large-cell carcinoma. Adenocar-
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terized by a high degree of morphologic
heterogeneity. Analyses of various cancer-
associated genes, including K-ras,? ‘1::53,3’4
cyclin D1,? p275%' 8 and cyclooxygenase-2,”
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suggests a different molecular pathway for carcinogenesis
in lung adenocarcinomas at least partly accounts for this
heterogeneity. In addition, the NSCLC frequently over-
expresses receptors of the ErbB family, including the
epidermal growth factor receptor (EGFR) encoded by
ErbB1 (HER-1).%?

EGEFR is a 170 kd receptor tyrosine kinases (TK) that
dimerizes and phosphorylates several tyrosine residues
upon binding of several specific ligands including epider-
mal growth factor and transforming growth factor alpha.®
These phosphorylated tyrosines serve as the binding sites
for several signal transducers that initiate multiple signal-
ing pathways resulting in cell proliferation, migration and
metastasis, evasion from apoptosis, or angiogenesis, all of
which are associated with cancer phenotypes.® Down-
streamn pathways include ras-raf-MEK-ERK, phosphatidyl-
inositol-3 kinase-Akt, and PAK-JNKK-]NK.®

Gefitinib is an orally bioavailable small molecule that
specifically inhibits EGFR tyrosine phosphorylation.!° Clin-
ical trials revealed that there is significant variability in
response to gefitinib. Good clinical responses have been
observed most frequently in women, in nonsmokers, in pa-
tients with adenocarcinomas, and in Japanese patients.' '
However, it was not possible to predict gefitinib sensitivity
by levels of EGFR overexpression as determined by immu-
nohistochemistry'® or immunoblotting.'® The factors that
determine gefitinib sensitivity have long been an enigma.
Recently, it has been reported that activating mutations
of EGFR are present in a subset of pulmonary adenocar-
cinomas and that tumors with EGFR mutations are highly
sensitive to gefitinib'>7 or erlotinib, another EGFR TK
inhibitor. Furthermore, the incidence of EGFR mutations
is significantly higher in female, never-smoking, Japanese
patients with adenocarcinoma.’® These features coincide
with those of good responders to gefitinib.

In this study, we studied patients who had recurrent
disease after pulmonary resection for NSCLC and who
were subsequently treated with gefitinib. We searched for
mutations of the EGFR gene in tumor specimens taken at
the time of surgery and we correlated EGFR mutations
with gefitinib effectiveness, including tumor response and
patient survival.

Patients

Seventy-five patients were treated with gefitinib for their re-
current diseases after they had undergone surgery between 1999
and 2003. We studied 59 patients whose tumors were available
for RNA extraction, which was a sole determinant of inclusion
into the present study. There were 32 men and 27 women with
ages ranging from 48 to 79 years. Fifty patients had adenocarcino-
mas, five had squamous cell carcinomas, three had large-cell car-
cinomas, and one had adenosquamous carcinoma. Eight patients
had stage 1A disease; seven stage IB; three stage IIA; five stage 11B; 24
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stage II1A; eight stage ITIB; and three stage IV at the time of surgery.
Lobectomy had been performed in 57, and pneumonectomy and
partial resection in one patient each. Four patients received post-
operative adjuvant chemotherapy (two with oral uracil/tegafur
and two with gemcitabine monotherapy). Forty patients had
had chemotherapy before gefitinib treatment (23 patients, plati-
num doublet; 16 patients, monotherapy with vinorelbine or gem-
citabine, one patient, oral uracil/tegafur). Gefitinib treatment with
a daily dose of 250 mg was initiated between July 2002 and May
2004, with the median interval between operation and gefitinib
treatment being 778 days (range, 107 to 1,931 days). Fifty patients
had distant metastatic tumors, eight patients had pleural dissem-
ination and malignant effusion, and one patient had hilar lymph-
node metastasis at initiation of gefitinib treatment.

Molecular Analysis of Lung Cancer Specimens

After we obtained appropriate approval from the institution
and written informed consent for comprehensive use of molec-
ular and pathologic analysis from the patients, tumor samples
were collected during surgery, rapidly frozen in liquid nitrogen
and stored at —80°C. A surgical pathologist (Y.Y.) grossly dis-
sected the frozen tumor specimens to enrich the tumor cell pop-
ulation as much as possible. Total RNA was isolated using the
RNeasy kit (Qiagen, Valencia, CA).

The first four exons (exons 18-21) of the seven exons (exons
18-24) that code for TK domain of the EGFR gene (which
includes all the mutations reported so far'>'’) was amplified
with primers F1 (5'-AGCTTGTGGAGCCTCTTACACC-3")
and Rl (5'-TAAAATTGATTCCAATGCCATCC-3') in a one-
step reverse transcription polymerase chain reaction (RT-PCR)
using the QIAGEN OneStep RT-PCR Kit (Qiagen). The ¢cDNA
sequence of the EGFR gene was obtained from GenBank (acces-
sion number NM 005228). The RT-PCR conditions were: one cy-
cle of 50°C for 30 minutes, 95°C for 15 minutes, 40 cycles of 94°C
for 50 seconds, 62°C for 50 seconds, and 72°C for 60 seconds,
followed by one cycle of 72°C for 10 minutes.

RT-PCR products were diluted and cycle-sequenced using
the Big Dye Terminator v3.1/1.1 cycle sequencing kit (Applied
Biosystems, Foster City, CA) according to the manufacturer’s in-
structions. Sequencing products were electrophoresed on an ABI
PRISM 3100 (Applied Biosystems). Both the forward and reverse
sequences obtained were analyzed by BLAST (basic local align-
ment search tool) and chromatograms by manual review.
High-quality sequence variations found in both directions
were scored as candidate mutations.

Definition of Effectiveness of Gefitinib

Because this study was a retrospective analysis of the daily
clinical practice of oncology, the evaluation of tumor response
could not be performed strictly according to predefined cri-
teria, such as Response Evaluation Criteria in Solid Tumors
(RECIST)."™ RECIST are not necessarily applicable or complete in
such a context and the evaluation may instead be based on a sub-
jective medical judgment that results from clinical and laboratory
data.'® Therefore, gefitinib treatment was judged as effective
when the tumors showed at least a 30% decrease in tumor diam-
eter in imaging studies. However, because of the nature of the
study, confirmation of tumor response no less than 4 weeks
apart, as in RECIST,'® was not necessarily required.

As patients with recurrent lung cancer often do not have mea-
surable disease, we also included change in serum carcinoem-
bryonic antigen (CEA) level (cut off, 5 ng/mL) as an evaluation
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criterion to'avoid underestimating gefitinib effectiveness. CEA has
been reported as a useful clinical therapeutic marker.'” When the
elevated CEA level decreased to a level less than half of the baseline
level, gefitinib treatment was judged as effective. On the other hand,
gefitinib treatment was judged as ineffective when the tumors
showed any growth ora newlesion appeared in the imaging studies,
or when the serum CEA level increased. Any patient who did not fit
either of these criteria was classified as not assessable. All these eval-
. uations were done before the EGFR gene analysis, without knowl-
edge of mutational status of the EGFR gene.

Statistical Analysis

For comparisons of proportions, the x* test or Fisher’s exact
test was used. The Kaplan-Meier method was used to estimate the
probability of survival as a function of time, and survival differ-
ences were analyzed by the log-rank test. The two-sided signifi-
cance level was set at P < .05. To identify which independent
factors had a joint significant influence on gefitinib effectiveness,
the logistic regression modeling technique was used, and for mul-

tivariate analysis of the overall survival, the Cox proportional
hazards modeling technique was applied. All analyses were per-
formed using StatView version 5 (SAS institute Inc, Cary, NC)
software on a Macintosh computer.

EGFR Mutations

Mutations of the EGFR gene were detected in 33
(56%) of 59 patients. Seventeen were deletions, 15 were
point mutations, and one was an insertion. Details of
these mutations are shown in Figure 1. As previously
reported,’®!” EGFR mutations were significantly associ-
ated with adenocarcinoma histology, female sex, and
never-smoking status (Table 1). However, the mutations
were not associated with the age or stage of the patients.
Furthermore, median time from the original surgery to
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Table 1. incidence of EGFR Mutations and Clinical and
Pathologic Features

EGFR
Mutation
Variable No. of Patients % Wild-Type P
All cases. 77 U T TR IT  B6. 26 T T
Sex

Male

44 .0402

Hisiologic type

Adenocarcinoma 32 .0033
Nonadenocarcinoma 1
Squamous cell carcinoma 0
Large-cell carcinoma 0
1

12
21

50
60

Abbreviation: EGFR, epidermal growth factor receptor.

recurrence was almost identical in patients with EGFR
mutations (362 days) and in those without EGFR muta-
tions (363 days; P = .8265).

Clinical Improvement After Gefitinib Treatment

Forty-one of 59 patients had measurable disease at re-
currence with imaging studies. Of these, 20 showed appre-
ciable tumor shrinkage after gefitinib treatment, whereas 17
tumors increased in size, and there was no change in tumor
size in four patients. All of these 20 tumors (pulmonary me-
tastases in 11, pleural disseminated nodules in two, hepatic
metastases in two, mediastinal lymph node swelling in two,
brain metastases in two, and chest wall tumor in one)
showed at least a 30% decrease in diameter. Figure 2 shows
representative imaging studies. A computed tomography
scan of the chest in patient L703 (73-year-old woman, ade-
nocarcinoma) showed masses in the right-lower lobe and
marked improvement 8 weeks after gefitinib initiation. A
computed tomography scan of the liver in patient 11492
(52-year-old woman, adenocarcinoma) showed masses in
the right lobe of the liver and dramatic improvement 10 days
after gefitinib initiation. A large chest-wall mass in the left
back of patient L1362 (62-year-old man, adenosquamous
carcinoma) before gefitinib treatment almost disappeared
13 weeks after gefitinib initiation. A left-lung tumor in pa-
tient L1171 (70-year-old woman, adenocarcinoma) was
smaller 6 weeks after gefitinib initiation.

CEA was above the upper normal limit (5 ng/mL) at
baseline in 32 patients. Serum CEA level decreased to
< 10%, < 50%, and to > 50% of the baseline level in
three, 12, and five patients, respectively, whereas CEA level
increased in 12 patients. When we combined the results of
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imaging studies with CEA and judged according to our
criteria, gefitinib treatment was effective in 26 (52%),
not effective in 24 (48%), and not assessable in nine pa-
tients (Table 2). There was a good correlation between
these two examinations. The imaging studies and change
in CEA levels did not conflict in any patients. In 17 pa-
tients with measurable diseases and whose baseline CEA
level was elevated, the CEA level decreased in all 11 pa-
tients showing tumor shrinkage and increased in all five
patients showing tumor growth, except for one patient
whose tumors showed no change in size (P < .001, Fisher’s
exact test), supporting the validity of our criteria,

We searched for a relation between gefitinib effective-
ness and various clinical and pathologic features (Table 2).
Never-smokers and patients with adenocarcinoma had
a significantly higher incidence of gefitinib effect. How-
ever, we could not detect significant difference in gefitinib
sensitivity by sex or presence of prior chemotherapy, prob-
ably because of the small sample size, although there was
a trend that female and chemotherapy-naive patients were
more responsive.

Relationship Between Clinical Response to
Gefitinib Treatment and EGFR Mutations

The incidence of EGFR mutations in terms of response
to gefitinib treatment as judged by imaging studies and CEA
levels is shown in Table 3. Of 20 patients who showed tumor
shrinkage, 19 (95%) had mutations of the EGFR gene. On
the other hand, two (12%) of 17 patients whose tumors
grew after gefitinib treatment harbored EGFR mutations
(P < .001, Fisher’s exact test). In Figure 2, patient L703,
L1492, and L1362 had EGFR mutations (delE746-A750,
L858R, and E746-S752insA, respectively). Of three, 12,
and five patients whose CEA level decreased to less than
10%, less than 50%, and to more than 50% of the baseline
level after gefitinib treatment, three (100%), 10 (83%), and
four (80%) had EGFR mutations, respectively. On the other
hand, of 12 patients whose CEA level increased, three (25%)
had EGFR mutations (P = .004, Fisher’s exact test).

When we used our criteria combining the results of im-
aging studies with CEA, gefitinib was effective in 24 (83%) of
29 patients with EGFR mutations, whereas it was effective
only in two (10%) of 21 patients without EGFR mutations
(P < .0001; Table 2). There were three patients with EGER
mutations (two with L858R and one with G719A) whose
CEA level increased after gefitinib treatment but did not
have measurable diseases. There were also two patients
with EGFR mutations, one with L858R+E709H and one
with 1744-K745 ins KIPVAI whose tumor progressed.

Logistic regression analysis (Table 4) showed that
EGFR mutation was the only significant factor contribut-
ing to gefitinib sensitivity.

On the other hand, patient L1171, who showed a de-
crease in size of multiple pulmonary metastatic nodules
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Fig 2. Examples of the response to gefitinib in representative four patients with recurrent non-small-cell lung cancer. Computed tomography (CT) scans before
gefitinib treatment (A, C, E, G) and after the gefitinib was initisted (B, D, F, H) are shown. CT scans of patient L703 (A, B), patient L1492 (C, D}, patient L1362 (E, F),

and patient L1171 (G, H).
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Table 2. Relation Between Gefitinib EHectiveness and Various
Clinical and Pathologic Features

Effective
No. of Not Not
Variable Patients %* Effective Assessable Pt

Al patients ™" S B2 24T N
Sex
Male 5 .0842

Female
. Sroking status

Mutation 24 83 5 4 < .0001
Deletion 16 100 0 1 .0108%
Insertion 0 0 1 0

Point mutation 8 67 4 3

Wild-type 2 10 19 5

Abbreviation: EGFR, epidermal growth factor receptor.

“Percentages were calculsted excluding patients who were not
assessable,

tPvalues were calculated excluding patients who were not assessable.
¥P value for Fisher's exact test comparing deletion mutants with the
other mutants.

(Figs 2G and H) and a decrease in CEA level from 16.8 to
4.3 ng/ml, did not have EGFR mutations. In this patient,
we extended our search for mutations to exons 22 and 23
of the EGFR gene, and still found none. Another patient
without EGFR mutation in whom gefitinib was effective
was a 59-year-old man who showed a decrease in serum
CEA level from 10.6 to 1.5 ng/mL after 2 weeks of gefitinib
treatment; this low level of CEA was maintained at least for
7 months.

When we further analyzed gefitinib response by clas-
ses of EGFR mutation, we found that there was a difference
of response between patients with deletion mutations and
those with the other types of mutations. Gefitinib was ef-
fective in all 16 patients with deletions, and effective in
eight of 13 with other types of mutation (P = .0108).

Effect of EGFR Mutation on Patient Survival
After -Gefitinib Treatment

Patients with EGFR mutations survived for a signifi-
cantly longer time calculated from the day of gefitinib initi-
ation than those without EGFR mutations (P = .0053, log-
rank test; Fig 3). Likewise, 26 gefitinib responders survived
for a longer time than 24 nonresponders (P = .0320, log-
rank test; not shown). Multivariate analysis revealed that
EGFR mutation was the only factor that significantly and in-
dependently affected overall survival (Table 5). EGFR mu-
tation class did not affect overall survival (not shown).

Recurrence after complete resection of NSCLC often
presents as a form of distant metastases.® In clinical prac-
tice, chemotherapy is given to these patients except for
a small number in whom re-resection of the tumor is indi-
cated. Many studies have shown that chemotherapy pro-
longs survival and improves quality of life in unresectable
stage IV tumors.*! However, patients with unresectable tu-
mors and patients with recurrent diseases may not be the
same. There have been no large-scale randomized clinical
trials addressing whether chemotherapy improves survival
of patients with recurrence. Yoshino et al*? found that
chemotherapy for recurrence only tended to prolong sur-
vival in 118 of 468 consecutive patients who had recurrence
after pulmonary resections. After introduction of gefitinib
to clinical practice in 2002 in Japan, some patients with re-
current disease showed dramatic responses to gefitinib
treatment, but many others did not respond. It has been
unclear which patients respond to gefitinib and also whether
gefitinib treatment prolongs survival in these patients.
Recent studies have showed striking correlation
between gefitinib sensitivity and EGFR mutations both
in vitro and in clinical studies.'>"” Because this study was
a retrospective analysis of response to gefitinib prescribed
as routine care, judgment of gefitinib effectiveness tended
to be less strict than that in a prospective clinical trial. Yet,
changes in serum CEA level never conflicted with imaging
studies. We were able to confirm a relation between EGER

Table 3. Response to Gefitinib Treatment in 59 Patients With Recurrent Disease

Imaging Results

CEA Level Shrinkage No Change Not Measurable Growth Total
Decreased .. 0 B o T : T
<10% of the baseline 3(3) . SR . 3(3)
<50% of the baseline; . - “6(5). " 1{1) - 5 (4) DR DR 12 (10)
>50% of the baseline * 22y 32 LRI . 5{4)..
Not assessable 7 9{9) 3(1) 3(1) o ) 12 {2) 27 (13)
Elevated. = - . ' . . 78 AT B0 F1243) -
Total 20 (19) 4{2) 18 (10) 17 (2) 59 (33}

indicate that gefitinib treatment could not be assessed.

NOTE. Numbers in bold indicate that gefitinib treatment resulted in clinical improvement in these patients; numbers with underlines indicate the treatment
resulted in progression of the disease; numbers in parentheses show number of patients with EGFR mutations in each category; and italicized numbers

Abbreviations: EGFR, epidermal growth factor receptor; CEA, carcinoembryonic antigen.
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Tabie 4. Logistic Regression Analysis of Various Factors
That Predict EGFR Effectiveness

Variable Odds Ratio 95% Cl! P
CSeX L 5 RO At IR TR
. Maleffemale - 2013010 9.953 ., . -.9063.
Smoking status
Never/former/cu 0.165 to 13.535 7202
“Histologic type; ; DA gy

denocarcinoma,
-+, x> nonadenocarcinoma
Prior chemotherapy
Yes/no

;! EGFR mutation -
- Mutant/wild-type

0.091 to 33:33

0.080 10 3.027

Abbreviation: EGFR, epidermal growth factor receptor.

mutations and gefitinib sensitivity in a slightly different
clinical setting. We correlated EGFR mutations found in
specimens taken at the time of surgery with response to
gefitinib, often after several courses of cytotoxic chemo-
therapy for recurrent disease. Multivariate analysis revealed
that EGFR mutation was the only independent predictor for
gefitinib response among several allegedly contributing fac-
tors. As in previous studies, EGFR mutation was not a per-
fect predictor of gefitinib effectiveness.” !’ Two patients
without EGFR mutations showed response to gefitinib. It
is not clear at this time whether EGFR mutations are present
in other parts of the gene or whether mechanisms other
than EGFR mutations govern sensitivity in these patients.

We found a significant difference in gefitinib sensitiv-
ity according to classes of EGFR mutations. All 16 patients
with deletion mutants responded to gefitinib, compared
with eight of 12 patients with other mutations (P =
.0108). It is not clear whether this difference is based on
differences in biologic activity of these mutant proteins.
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Fig 3. Effect of epidermal growth factor receptor mutations on survival,
calculated from the day of initiating gefitinib treatment in patients who had
recurrent disease after surgery (P = .0053, log-rank test).
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Table 5. Cox Proportional Hazards Model for Sutvival Analysis
95% Ci P

Variable Hazard Ratio

Sex- x
- Female/male
Smoking status
Never/former/current
Histologic type - 7"
- Adenocarcinoma
. -1 nonadenocarcinoma, .
Prior chemotherapy
Yes/no

"+ 0.068 10 1:900 -

0092102854

0.095 10 1.184-

conLdE e

0.22210 1.923

i~'|_|;/”'|:. 0322102232 - 3

Age, years
> B4/= 64 0.342102.717 9457
‘EGFR mutation* SR e
-« Mutant/wild-type - 320.117.t0 0.998 " .0496

Abbreviation: EGFR, epidermal growth factor receptor.

Gefitinib sensitivity was essentially the same in COS cells
transfected with L858R and in cells transfected with del
L747-P753insS.’® A more recent study showed that the ty-
rosine residue at codon 845 is highly phosphorylated in
L858R mutants, but not in deletion mutants after epider-
mal growth factor binding.”” This might explain the differ-
ence in gefitinib response between tumors with L858R and
those with deletions.

Although our criteria for tumor response are soft,
these are merely a surrogate marker for the effect on sur-
vival. We were able to show, for the first time, that EGFR
mutation was the only significant and independent predic-
tor for a prolonged survival after gefitinib treatment. In
a previous study, we showed that EGFR mutation itself
is not a predictor. for better postoperative survival in
236 unselected patients with adenocarcinoma,” and in
the present study, median disease-free interval was almost
identical in patients with or without EGFR mutations. A
recent placebo-controlled clinical trial showed that treat-
ment with erlotinib, another oral EGFR TK inhibitor,
significantly prolongs survival after first and second
chemotherapy for NSCLC,? although EGFR mutation fre-
quency is reported to be around 10% in Western coun-
tries.">”!” This result is interpreted to mean that a subset
of patients without mutations have also benefited from er-
lotinib therapy. The present study suggests that if patients
were selected by presence of EGFR mutations, it would be
possible to concentrate patients with benefits from gefiti-
nib treatment, avoiding unnecessary adverse reactions
such as fatal interstitial lung disease, which is relatively
common in Japanese patients.”® Furthermore, our results
provide a basis for postoperative adjuvant gefitinib treat-
ment in NSCLC patients with EGFR mutations, as adju-
vant treatment is considered the earliest treatment of
metastatic disease. These possibilities should be tested in
future clinical trials.

It is common for patients to show progressive dis-
ease soon after presenting an initial striking response to
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gefitinib. However, we could not detect any evidence that
differences in classes of EGFR mutations are associated
with duration of response (data not shown).

In conclusion, tumors with EGFR mutations showed
good, but not perfect, correlation with clinical response
in patients with postoperative recurrence of NSCLC.
Furthermore, patients with EGFR mutations survived for
a significantly longer period than those without EGFR muta-
tions. Future clinical trials using gefitinib should examine
EGFR mutations for effective selection of patients who are
most likely to benefit from this molecular-targeted drug,
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Abstract

Background: To evaluate the efficacy and safety of com-
bination chemotherapy of cisplatin (5-day continuous in-
fusion) and docetaxel for the treatment of previously un-
treated patients with advanced non-small-cell lung
cancer (NSCLC). Materials and Methods: Eligible pa-
tients had an ECOG performance status of 0-2 with mea-
surable NSCLC. Patients received continuous infusion
cisplatin 20 mg/m?/day on 5 days and bolus docetaxel
60 mg/m?/day (day 1; PiD therapy) at a 4-week interval.
Results: Forty-three patients were enrolled. The mean
number of cycles administered per patient was 2, and
ranged from 1 to 4. The response rate was 49% (95%
confidence interval, 33.9-63.8%). The median survival
time was 47 weeks and the 1-year survival rate was 47%.
The major toxic effects were grade 3 or 4, neutropenia
(88%), leukopenia (81%), thrombocytopenia (14%) and
anemia {42%). There were no treatment-related deaths.
Conclusion: PiD therapy was a well-tolerated and active
regimen for patients with advanced NSCLC. The major
toxicity was neutropenia.

Copyright © 2005 S. Karger AG, Basel

Iintroduction

Unresectable non-small-cell lung cancer (NSCLC) is
known to have an extremely poor prognosis, and its stan-
dard treatment remains to be established. The most com-
mon chemotherapy for NSCLC is a combination treat-
ment consistingof 2 or 3 drugs includingcisplatin (CDDP)
as a key drug. The combination treatments have response
rates of 30~50%, and have been proven to prolong sur-
vival time in clinical stages III [1] and I'V [2, 3]; however,
the response is only limited.

In recent years, new anticancer drugs have been devel-
oped and used for the treatment of NSCLC. Docetaxel is
anew hemisynthetic anticancer agent originating from its
precursor, 10-deacytylbaccatin III, extracted from the
needle leaves of the European yew tree, Taxus baccata L.
Docetaxel affects microtubules, and shows its cytotoxic-
ity by prematurely stabilizing mitotic microtubules. In
phase II clinical studies for the treatment of NSCLC car-
ried out in Europe and the USA, docetaxel showed a re-
sponse rate of about 30% in previously untreated patients
with a better survival time [4, 5]. A major side effect of
docetaxel is dose-dependent edema that is proportional
to bone marrow suppression. Since hypersensitivity is
particularly limiting, it is worth noting that docetaxel can
be given by intravenous infusion in a short period of time
without any pretreatment.
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In the Japan phase I study, dose-limiting toxicity of
docetaxel was found to be leukopenia (neutropenia), and
its recommended dose was set at 60 mg/m? [6]. In the
multicenter phase II clinical study for the treatment of
NSCLC carried out in Japan, a response rate of 19% was
shown in untreated patients with predominant toxicities
of leukopenia and neutropenia [7].

- Currently, cisplatin is the active agent for treating
NSCLC, and combination chemotherapy consisting of 2
or 3 drugs based on CDDP is a major strategy [8]. CDDP
can be administered by short-term intravenous infusion,
a divided dosage method, continuous administration,
and other methods [9, 10]. CDDP cytotoxicity is en-
hanced by prolonged exposure to low doses of this drug
in in vitro studies [11, 12]. Belliveau et al. [13] reported
that the area under the concentration-time curve (AUC)
achieved for non-protein-bound CDDP was twice as high
after 5-day continuous infusion than that observed when
an equivalent dose of CDDP was given by short-term bo-
lus infusion. These findings suggest that continuous infu-
sion of CDDP might improve the therapeutic efficacy as
compared with that resulting from conventional short-
term bolus infusion. However, compared with short-term
intravenous infusion, 5-day continuous infusion makes
inpatient hospitalization for at least 5 days necessary, and
the duration of confinement for the purpose of infusion
is lengthy and therefore onerous for the patient. The ef-
ficacy and safety of a continuous infusion lasting 5 days
(24 h a day) were confirmed in our facility and some oth-
er facilities [10, 14-16]. In addition, combination chemo-
therapy of infusional CDDP with vindesine or CPT-11
was found to have high response rates in treating NSCLC
[17, 18].

Cisplatin and docetaxel show nonsynergistic and ad-
ditive effects in vitro, no cross-resistance and have a rel-
atively nonoverlapping toxicity profile [19]. Therefore,
the development of docetaxel in combination with cis-
platin is warranted. We conducted a phase II study of
docetaxel and infusional cisplatin, in patients with previ-
ously untreated advanced NSCLC, and evaluated antitu-
mor activity and the safety of this therapy.

Patients and Methods

Patient Selection

All patients with histologically or cytologically confirmed ad-
vanced NSCLC were eligible for this phase I trial. The subjects of
this study were patients in clinical stage IV or in stage III with un-
resectable disease or in whom radiotherapy with curative intent is
not possible. Patients with unresectable disease or in whom radio-

Docetaxel plus Infusional CDDP for
Non-Small-Cell Lung Cancer

therapy with curative intent is not possible include those with pleu-
ral effusion and dissemination, those with intrapulmonary metas-
tasis within the ipsilateral lobe, those in whom the irradiation field
exceeds one half of one lung, those with metastasis to the contra-
lateral hilar lymph nodes, and those with reduced lung function.
None of the patients had received prior therapy. Other eligibility
criteria included an expected survival of 12 weeks, age <75 years,
Eastern Cooperative Oncology Group performance score of 0-2,
measurable lesions, adequate hematological function (WBC
=4,000/mm?, platelet count = 100,000/mm?, hemoglobin =10 g/
dl), renal function (serum creatinine < 1.5 mg/dl, creatinine clear-
ance =60 ml/min), and hepatic function (total serum bilirubin
=1.5 mg/dl, glutamic oxaloacetic transaminase and glutamic py-
ruvic transaminase less than twice the normal range). The ethical
committee of the Tochigi Cancer Center approved the protocols.
Written informed consent was obtained in every case stating that
the patient was aware of the investigational nature of this treatment
regimen. Pretreatment evaluation included medical history, physi-
cal examination, complete blood count, bone marrow examination,
serum biochemical analyses, chest roentgenogram, electrocardio-
gram, and urinalysis. All patients underwent a radionuclide bone
scan, and computerized tomography of the brain, thorax and abdo-
men. Complete blood count, biochemical tests, serum electrolytes,
urinalysis, and chest roentgenograms were obtained weekly during
this phase I trial. Tests of measurable disease parameters such as
computerized tomography were repeated every 4 weeks. Staging
was according to the 4th edition of the UICC TNM classification.

Treatment

All patients were admitted to the Tochigi Cancer Center Hos-
pital during this trial. The anticancer drug regimen consisted of a
combined administration of docetaxel plus infusional cisplatin.
Docetaxel was supplied, in concentrated form, in a sterile vial that
contained 80 mg of the drug in 2 ml of polysorbate 80. Docetaxel
(Taxotere; Aventis) 60 mg/m? was diluted in 250 ml of 5% glucose,
and was infused over a 1-hour period on day 1. Three hours after
completion of the docetaxel infusion, 20 mg/m? of cisplatin was
given daily for 5 days by continuous intravenous infusion. One
third of the daily dose was administered every 8 h dissolved in
800 ml of physiological saline [14]. The course was repeated every
4 weeks. Antiemetic drugs used were granisetron (3 mg/body/day,
bolus infusion for 5 days), metoclopramide (3 mg/kg/day, continu-
ous infusion for 5 days), methylprednisolone (125 mg bolus infu-
sion every 8 h, days 1-5), diphenhydramine (30 mg orally, days
1-7) and alprazolam (1.2 mg orally, days 1-7) [15, 16]. In the first
course, no routine premedication was given for hypersensitivity
reactions or fluid retention. The reason for this was that the inci-
dence of these events was low at the dose of docetaxel (60 mg/m?)
administered in the present study [7]. However, if hypersensitivity
reactions or fluid retention occurred, premedications such as cor-
ticosteroids or antiallergic agents were allowed in the subsequent
courses. Recombinant human granulocyte colony-stimulating fac-
tor was administered when leukopenia/neutropenia of grade 4 oc-
curred.

Patients were treated with at least two cycles of therapy unless
disease progression or unacceptable toxicity was encountered or the
patients did not wish to continue. Patients who experienced grade
4 leukopenia or neutropenia that lasted for 3 or more days, or who
experienced grade 4 thrombocytopenia or reversible grade 2 neu-
rotoxicity or grade 3 liver dysfunction, received reduced doses of
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both docetaxel and cisplatin (75% of the previous dose) for the next
cycle. Patients who experienced stomatitis of grade 3 or more or
renal dysfunction of grade 2 or more received a reduced dose of
cisplatin (75% of the previous dose) for the next cycle. If neurotox-
icity of grade 3 or more occurred, treatment was stopped. Subse-
quent courses of chemotherapy were started after day 28 when the
leukocyte count was 4,000/mm? or more, the neutrophil count was
2,000/mm? or more, the platelet count was 100,000/mm? or more,
serum creatinine was less than the upper limit of the normal range,
creatinine clearance was 60 ml/min or more, GOT and GPT were
less than twice the upper limit of the normal range, and neurotoxic-
ity was grade 1 or less. If these variables did not return to adequate
levels by the first day of the next course of chemotherapy, treatment
was withheld until full recovery. If more than 6 weeks passed from
the time of the last treatment before these criteria were satisfied,
the patient was taken off the study, but still included in the analysis.
In the case of stable or progressive disease after two courses of treat-
ment, subsequent therapy was left to the discretion of the physician
in charge of the patient.

Assessment of Response to Treatment and Toxicity

The response to treatment was evaluated with WHO criteria.
The criteria for response were as follows. Complete response was
defined as the complete disappearance of all evidence of tumor for
at least 4 weeks. Partial response was defined as a = 50% reduction
in the sum of the product of the two greatest perpendicular diam-
eters of all indicator lesions for at least 4 weeks and no appearance
of new lesions or progression of any lesion. Progressive disease was
defined as a =25% increase in the tumor area or the appearance of
new lesions. All other circumstances were classified as no change.
Toxicity was graded according to the common toxicity criteria (ver-
sion 2).

Statistical Analyses

The primary end point was the objective response rate. The du-
ration of each response was defined as the number of days from the
documentation of the response until tumor progression. Survival
curves from registration until death were generated by the method
of Kaplan and Meier. We chose a 40% response rate as a desirable
target level, and a 20% response rate as undesirable. The study de-
sign had the power to detect a response of greater than 90%, with
less than 5% error. Therefore, we needed 23 assessable patients in
first stage and 20 in second stage, according to the mini-max design
of Simon. We decided to stop the study if fewer than 5 patients re-
sponded in the first stage.

Results

Patient Characteristics

Forty-three patients were enrolled in this study from
July 1997 to June 1999 and received 105 cycles of the
regimen. Table 1 shows the patient characteristics. There
were 14 women and 29 men with a median age of 61 years
(range 34-75). One patient had stage I1IA, 7 patients stage
IT1IB, and 35 patients stage IV disease. In stage IIIA, 1
patient classified as ¢-T3N2MO had lung cancer with a
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Table 1. Patient characteristics

Patients 43

Sex (M/F) 29/14
Age!, years 61 (34-75)
Performance status: 0/1/2 9/30/4
Stage: HIA/IIB/IV 1/7/35
Histology: Ad/Sq/Other 2711472

Ad = Adenocarcinoma; Sq = squamous
cell carcinoma.

Value represents median with the range
given in parentheses.

bulky tumor (10 cm), associated with extranodal and N2
involvement. Among the 7 stage IIIB patients, there were
three T4 cases in which pleural effusion and pleural dis-
semination were present, two T4 cases of intrapulmonary
metastasis in the ipsilateral lobe, and two T4N3 cases
with mediastinal infiltration and supraclavicular fossa
lymph node metastasis.

Treatments Administered

The mean number of cycles administered per patient
was 2, and ranged from 1 to 4. In 99 of 105 cycles (94%),
PiD was administered at 4-week intervals. In 5 of 6 cycles,
in which cisplatin could not be administered at a 4-week
interval, it was given a week later. As for the remaining
cycle, it was administered 6 weeks later. The reason for
the delay of the administration was the patient’s request
for 1 cycle and neutropenia in 5 cycles. Dosage was re-
duced in 7 cycles (7%). Reductions in dosage of docetax-
el and cisplatin were made, respectively, in 6 cycles (6%)
and 7 cycles (7%). The former reduction was made be-
cause 6 cycles showed neutropenia grade 4, and the latter
reduction was made because 5 cycles showed neutropenia
grade 4, and 1 cycle showed both neutropenia grade 4
and creatinine grade 3, and 1 cycle showed creatinine
grade 2.

Response to Treatment and Survival

The response rate was 49% (95% confidence interval,
CI, 33.9-63.8%); a complete response was observed in 1
and partial response in 20 patients (table 2). The median
duration of the response was 39.2 weeks (range 5-147
weeks). The median survival time was 47 weeks (95% CI,
6-152 weeks)and the 1-year survival rate was 47% (fig. 1).
Two patients are still alive.
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Fig. 1. Kaplan-Meier estimated overall sur-
vival curves. Median survival time was 47
weeks; 1-year survival rate was 47%.

Table 2. Chemotherapeutic evaluation (n =

43)
Cycles! 2 (1-4)
Response: CR/PR/NC/PD 1/20/20/2
Response rate, % 49
Response duration, weeks
Average 39.2
Range 5-147
1-year survival rate, % 47

CR = Complete response; PR = partial
response; NC=no change; PD = progressive
disease.

VWalue represents average withthe range
in parentheses.

Toxicity

Table 3 shows the types and grades of toxicities result-
ing from the treatment, using the common toxicity crite-
ria. All 43 patients could be evaluated for toxic reactions.
The major toxicity was myelosuppression. Leukopenia
<2,000/mm? (grade 3 or 4) was observed in 35 patients
(81%), of whom 6 patients showed grade 4. Neutropenia
<1,000/mm? (grade 3 or 4) was observed in 38 patients
(88%), of whom 25 patients showed grade 4. Eight pa-

Docetaxel plus Infusional CDDP for
Non-Small-Cell Lung Cancer

Leukopenia 1 1 6 29 6 81
Neutropenia 1 0 4 13 25 88
Anemia 1 6 18 18 - 42
Thrombocytopenia 25 5 7 6 0 14
Creatinine 23 18 1 1 0 2
SGOT/SGPT 30 12 1 0 0 0
Vomiting 5 7 31 0 - 0
Diarrhea 20 16 7 0 0 0
Alopecia 20 22 1 - -

Edema 36 6 1 0 - 0
Neuropathy 40 3 0 0 0 0

Figures represent number of patients. CTC = Common toxici-
ty criteria; SGOT = serum glutamic oxaloacetic transaminase;
SGPT = serum glutamic pyruvic transaminase.

tients developed febrile neutropenia. Thrombocytopenia
<5 x 10%mm?3 (grade 3 or 4) was observed in 6 patients
(14%), and a hemoglobin nadir (grade 3) in 18 patients
(42%). There were no episodes of bleeding or fluid over-
load.

Chemotherapy 2005;51:120-125 123

196



Vomiting grade =2 occurred in 31 patients (72%). Di-
arrhea grade =2 was observed in 7 patients (16%). Grade
1 or 2 alopecia and edema were observed in 23 and 7 pa-
tients, respectively. In the first cycle, creatinine showed
grade =2 in 2 patients, resulting in transient rises. In the
following cycle, the creatinine level was kept at grade 1
by reducing the dosage of cisplatin. Grade 1 or 2 skin rash
was observed in 3 patients. Finally, there were no treat-
ment-related deaths.

Discussion

Cisplatin is one of the key drugs for the treatment of
NSCLC. Its high response rate of 40% and safety when it
was given alone by continuous infusion over 5 days [14]
are confirmed.

Docetaxel is also an active agent to treat NSCLC, and
docetaxel of 60 mg/m?/day (day 1), a recommended dose
in Japan, showed a response rate of 19% [7]. Docetaxel
has no cross-resistance with cisplatin, and in clinical prac-
tice, docetaxel was effective in some patients who were
resistant to cisplatin [19]. In addition, additive effects are
confirmed between cisplatin and docetaxel, and major
side effects of the two drugs are different.

This was a phase II study to determine the usefulness
and safety of combination chemotherapy of cisplatin (5-
day continuous infusion) and docetaxel for the treatment
of advanced NSCLC. The response rate in this study was
- 49%, which is higher than with docetaxel alone. In com-
parison with other combination therapies, response rates
were 39-42% for cisplatin (bolus) and docetaxel [20, 21],
and 58.5% for cisplatin (infusion) and irinotecan with G-
CSF. In combination with cisplatin (bolus) and newly
developed anticancer agents, the response rates were 44%
with paclitaxel [22], 31% with gemcitabine [23], and 26%
with vinorelbine [24]. Although these studies differed as

References

| Dillman RO, Seagren SL, Propert KJ, et al: A

3 Pronzato P, Landucci M, Vaira A, Bertelli G:

regards patients’ backgrounds, generally, combination
therapies showed better response rates than docetaxel
alone.

In our study, side effects predominantly involved he-
matological toxicity (leukopenia, neutropenia, and ane-
mia). Fever associated with neutropenia was observed in
8 (23%) of 43 patients, and they were treated by admin-
istering antibiotics. Hematological toxicities were similar
to those in other combination therapies [20, 21]. Nonhe-
matological toxicities were mild, with only 1 patient
showing an increased creatinine level of grade 3. The in-
crease was transient, and soon returned to normal. Pe-
ripheral edema was observed in only 16%, which was
markedly lower than the 24-46% found in other studies
[5,25, 26]. When accumulated doses of docetaxel exceed-
ed 500 mg/m?, the incidence of edema increased, and at
a dose of 85 mg/m? or less, eruption was not observed
[27]. The dosage was 60 mg/m? in our study, and no pa-
tients received 500 mg/m?. There were no side effects
concerning hypersensitivity or treatment-related deaths.

We carried out a phase II study of combination treat-
ment of cisplatin (5-day continuousinfusion)and docetax-
elin 43 patients with NSCLC. The response rate was 49%,
and median survival time was 47 weeks. A major side ef-
fect was neutropenia. A combination treatment of infu-
sional cisplatin and docetaxel is a tolerable and active
regimen for patients with advanced NSCLC. It is to be
recommended as a candidate regimen in planning a phase
M1 clinical study in advanced NSCLC, and this regimen
will ultimately be evaluated in a phase III clinical study.
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