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Figure 3 Progression-free survival according to treatment group,
calculated by Kaplan—Meier method. Median progression-free survival
times were 20 weeks for DC (docetaxel plus cisplatin) and |18 weeks for DI
(docetaxel plus irinotecan). P =033 between treatment groups.

Table 4 Haematologic toxicity: maximum toxicity grade in any course

Docetaxel/
irinotecan (% pts)

Docetaxel/
cisplatin (% pts)

Toxicity/grade 2 3 4 2 3 4

" Leucopenia” 31 43 4 26 40 16
Neutropenia” 10 31 43 4 23 61
Anaemia 47 10 2 46 7 0
Thrombocytopenia™ 10 4 0 0 0 0
Febrile neutropenia 20 28

pts = patients. 'P<00! for grade 4; "P< 00! for the sum of grades 2 and 3.

Second-line chemotherapy was administered to 61 patients
(24 DC and 37 DI patients). A total of 22 patients in the DI group
received cisplatin-based second-line chemotherapy and five had
partial responses to this treatment (overall response rate, 23%). In
particular, nine patients were subsequently treated with vinor-
elbine containing regimen and three patients had a partial
response. Only two patients in the DC group received an
irinotecan-containing regimen, one of whom had a partial
response. Concerning as second-line chest irradiation, 8 patients
in the DC group and 13 patients the DI group received.

Toxicity

Haematologic and nonhaematologic toxicities are listed in Tables 4
and 5, Grade 4 leucopenia and neutropenia occurred in a
significantly higher percentage of DI than DC patients (leucopenia
16 vs 4%, P<0.01; neutropenia 61 vs 43%, P<0.01). On the other
hand, there was a higher rate of grade >2 thrombocytopenia in
the DC than in the DI arm (14 vs 0%, P<0.01). Rates of anaemia
(decrease in haemoglobin) and febrile neutropenia were similar in
both groups.

Nonhaematologic toxicities including grade >2 nausea (88 vs
51%, P<0.01), vomiting (39 vs 14%, P<0.01), and renal toxicity
(increased serum creatinine; 12 vs 2%, P<0.01) were significantly
more prevalent in the DC than in the DI arm, respectively. On the
other hand, grade >2 diarrhoea occurred significantly more often
in DI than in DC patients (24 vs 42%, P=0.01). Other
nonhaematologic toxicities, such as hepatic toxicity and peripheral
neuropathy, were mild and occurred with similar frequency in
both groups.
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Table 5 Nonhaematologic toxicity: maximum toxicity grade in any
course

Docetaxel/
irinotecan (% pts)

Docetaxel/
cisplatin (% pts)

Toxicity/grade 2 3 4 2 3 4
Diarrhoea” 18 6 0 26 2 4
Nausea” 53 33 0 33 18 0
Vormiting” 33 2 4 14 0 0
Peripheral neuropathy 2 0 0 2 0 0
AST increase, 8 2 2 7 0 2
ALT increase 14 4 0 9 2 2
ALP increase 8 2 0 4 0 0
Creatinine increase” 10 0 2 0 0 2

pts=patients; AST =aspartate aminotransferase; ALT =alanine aminotransferase;
ALP = alkaline phosphatase. P <001 for the sum of grades 2,3, and 4; ~"P=001 for
the sum of grades 2, 3, and 4.

There were three treatment-related deaths in the DC arm, which
were due to febrile neutropenia and sepsis (one of these patients
also developed perforation of the oesophagus). No treatment-
related deaths occurred in the DI arm. The difference in incidence
of treatment-related deaths was not significant.

DISCUSSION

Results of this randomised phase II study showed that the doublet
chemotherapy regimens DC and DI had comparable activity in
patients with advanced NSCLC. A primary goal of this study was to
determine whether the DI combination should be studied in the
phase III setting. Although there were no differences between DI
and DC~a third-generation cisplatin-containing regimen-in over-
all and progression-free survival, patients who received DI tended
to have lower 1-year and 2-year survival rates. Furthermore,
overall toxicity was not reduced in the DI arm compared with the
DC arm. Leucopenia and neutropenia were the major toxicities in
both groups. As expected, emesis and renal toxicity were more
prevalent in patients receiving DC, and diarrhoea occurred more
frequently with DI,

Cisplatin has played a prominent role in the treatment of
NSCLC, despite a relatively unimpressive single-agent response
rate and a relatively severe toxicity profile. In 1995, the Non-Small
Cell Lung Cancer Collaborative Group published a pivotal meta-
analysis of chemotherapy in lung cancer and demonstrated the
advantage of cisplatin-based regimens over best supportive care
(Non-Small Cell Lung Cancer Collaborative Group, 1995). In the
1990s, third-generation chemotherapeutic agents, including pacli-
taxel, docetaxel, vinorelbine, gemcitabine and irinotecan, were
shown to have higher response rates often coupled with fewer
adverse effects (no renal toxicity, no massive dehydration, less
emesis, etc.) than cisplatin. For example, single-agent paclitaxel
(Ranson et al, 2000), docetaxel (Roszkowski et al, 2000), or
vinorelbine (The Elderly Lung Cancer Vinorelbine Italian Study
Group, 1999) significantly improved survival compared with best
supportive care in patients with advanced NSCLC. Studies of
single-agent gemcitabine (Perng et al, 1997) or irinotecan (Negoro
et al, 2003) demonstrated a survival benefit comparable to that of
second-generation chemotherapy regimens (cisplatin plus vinde-
sine, cisplatin plus etoposide). Based on the above results, we
thought that combination chemotherapy consisting of third-
generation agents might improve outcome for patients with
advanced NSCLC. -

Only one published study compared cisplatin-based and
noncisplatin-based regimens that included third-generation
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agents. Georgoulias et gl (2001) conducted a randomised study of
cisplatin plus docetaxel (CD) vs gemcitabine plus docetaxel (GD)
in 441 advanced NSCLC patients, The noncisplatin regimen
provided a comparable response rate (CD 32.4%, GD 30.2%) and
median survival time (CD 10 months, GD 9.5 months) but with less
toxicity. The authors stated that the non-cisplatin GD regimen
would likely be more acceptable to patients based on convenience
of administration. However, several randomized trials reported at
recent international meetings showed slightly shorter survival
times with noncisplatin compared with cisplatin-based combina-
tions. Preliminary results of the EORTC-Lung Cancer Group phase
IIT study of cisplatin plus paclitaxel vs cisplatin plus gemcitabine vs
paclitaxel plus gemcitabine in 480 patients with advanced NSCLC
revealed superior overall survival and progression-free survival
with the cisplatin-based regimens (Van Meerbeeck et al, 2001).
Moreover, in a recent Italian-Canadian intergroup study of 501
patients comparing gemcitabine plus vinorelbine with cisplatin
plus vinorelbine or gemcitabine, the noncisplatin regimen
provided only short-term and sporadic advantages in some
quality-of-life components, but there were no significant differ-
ences in overall and progression-free survival (Gridelli et al, 2002).

The best known noncisplatin platinum-based chemotherapy
regimen is the paclitaxel plus carboplatin doublet. A Southwest
Oncology Group study compared vinorelbine plus cisplatin with
paclitaxel plus carboplatin. No differences in the overall survival or
quality of life were noted between the two treatment groups, but
toxicity rates were significantly lower in patients who received
paclitaxel plus carboplatin (Chen et al, 2002). Results of a recent
ECOG randomised phase III trial evaluating four platinum-based
chemotherapy regimens showed no significant differences in the
overall survival, while the paclitaxel plus carboplatin combination
was less toxic than cisplatin-based chemotherapy (Schiller et al,
2002). Based on these findings, the paclitaxel plus carboplatin
regimen is considered a standard therapy for previously untreated
patients with advanced NSCLC, with activity comparable to that of
cisplatin-based regimens and better tolerability.

The utility of doublet regimens containing third-generation
chemotherapeutic agents for advanced NSCLC thus needs to be
evaluated against the paclitaxel plus carboplatin combination, and
several such studies were reported or are ongoing. The Hellenic
Cooperative Oncology Group is conducting a phase III randomised
study of paclitaxel plus carboplatin vs paclitaxel plus gemcitabine,
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and final results indicate comparable activity, toxicity and total
cost of the two regimens in patients with inoperable NSCLC
(Kosmidis et al, 2002), The Taiwan group conducted a similar
study and found that paclitaxel plus carboplatin and paclitaxel plus
gemcitabine had similar efficacy in the treatment of NSCLC, but
that paclitaxel plus carboplatin was more cost-effective (Chen et al,
2002). .

As mentioned in the introductory paragraphs, we conducted a
phase I study of docetaxel plus irinotecan (DI) in patients with
advanced NSCLC, and had a promising response rate of 48% and
median survival time of 48 weeks (Masuda et al, 2000). Although
we recommended docetaxel 50mgm™ on day 1 plus irinotecan
50 mgm™> on days 1, 8, and 15 in the phase I study, more than half
of patients could not receive irinotecan on day 15 because of
haematologic toxicities. Accordingly, the day-15 irinotecan dose
was omitted and the day-2 docetaxel dose moved to day 8 and
increased from 50 to 60 mgm™ in this randomised phase II trial.

It has been reported that second-line chemotherapy compared
with best supportive care may increase the overall survival in
patients with advanced NSCLC, and more studies in this regard are
needed. In a recent study in which patients received cisplatin-
based chemotherapy followed by docetaxel or supportive care
alone, the median survival was significantly longer in the
docetaxel-treated patients (Shepherd et al, 2000). In our study,
52% of patients were treated with second-line chemotherapy. Of
these, 19 (33%) DI patients received cisplatin-based second-line
chemotherapy, five of whom (26%) responded. Thus, cisplatin-
based chemotherapy is capable of exerting antitumour activity in
patients who have relapsed after having received noncisplatin-
containing regimens.

Only two patients in the DC group received an irinotecan-
containing regimen, one of whom had a partial response. As there
were only two patients, we cannot judge whether irinotecan-
containing regimen is effective for the patients after having
received cisplatin-containing regimen.

In conclusion, docetaxel plus irinotecan combinations may be
reasonable treatment options for NSCLC patients who cannot
tolerate cisplatin. However, as there was no significant difference
in the overall survival and no reduction in overall toxicity, DI has
not improved on results obtained with DC. Thus, we will not select
docetaxel/irinotecan as the experimental regimen in the next phase
I study of first-line treatment of advanced NSCLC.
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Figure 1. A 70-year-old man with adenocarcinoma of the lung. CT scan before treatment of gefitinib (A), after initiation of treatment (B), before re-treatment
(C) and after initiation of re-treatment (D).
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Based on the results of a meta-analysis (Non-Small Cell Lung
Cancer Collaborative Group, 1995), cisplatin-based chemotherapy
is considered the best available therapy for patients with locally
advanced or metastatic non-small-cell lung cancer (NSCLC).
Although several new agents with novel mechanisms and
significant activity against NSCLC have been introduced, such as
taxanes, gemcitabine and vinorelbine, any of these agents used in
combination with a platinum agent provide equivalent survival
improvement (Kelly et al, 2001; Schiller et al, 2002; Fossella et al,
2003). The prognosis of advanced NSCLC patients who receive
cisplatin-based chemotherapy is still poor, and the renal and
gastrointestinal toxicities caused by cisplatin often limit its clinical
use. Therefore, development of different treatment strategies is
necessary.

Nedaplatin is a second-generation platinum derivative that has
shown equivalent antitumour activity and lower toxicity - less
nausea, and lower nephrotoxicity and neurotoxicity - than
cisplatin (Kameyama et al, 1990; Ota et al, 1992). A phase I study
demonstrated the maximum tolerated dose (MTD) and the
recommended dose (RD) for phase II studies of nedaplatin was
120 and 100mgm™2 respectively, and the dose-limiting toxicity
(DLT) was thrombocytopenia (Ota et al, 1992). Two independent
phase II studies of nedaplatin for NSCLC showed response rates of
14.7 and 20.5%, respectively, and 16.7 and 12.5% with the patients
who had received chemotherapy previously (Fukuda et al, 1990;
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2004
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To establish the toxicities and maximum tolerated dose (MTD) of nedaplatin with gemcitabine, and to observe their antitumour
activity, we conducted a combination phase | study in advanced non-small-cell lung cancer (NSCLC). Patients received nedaplatin
(60— 100mgm™2 given intravenously over 90 min) on day |, and gemcitabine (8001000 mgm™2 given intravenously over 30 min)
on days |, 8, every 3 weeks. In total, 20 patients with locally advanced or metastatic NSCLC who received no prior chemotherapy or
one previous chemotherapy regimen were enrolled. The most frequent toxicities were neutropenia and thrombocytopenia;
nonhaematological toxicities were generally mild. Three out of six patients experienced dose-limiting toxicities (neutropenia,
thrombocytopenia and delayed anaemia) at dose level 4, [00mgm
as the MTD. There were three partial responses, for an overall response rate of 16.7%. The median survival time and |-year survival
rate were 9.1 months and 34.1%, respectively. This combination is well tolerated and active for advanced NSCLC. The
recommended dose is 80 mgm™2 nedaplatin with {000 mgm™2 gemcitabine. This combination chemotherapy warrants a phase I
study and further evaluation in prospective randomised trials with cisplatin- or carboplatin-based combinations as first-line

nedaplatin with 1000 mgm™2 gemcitabine, which was regarded
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Furuse et al, 1992a). Based on these promising results, a
randomised study of nedaplatin-vindesine vs cisplatin-vindesine
was conducted for previously untreated NSCLC patients in Japan
and indicated that nedaplatin-based chemotherapy yielded similar
response rates and overall survival (Furuse et al, 1992b).
Leucopenia, renal toxicities and gastrointestinal toxicities were
more frequent in the cisplatin-vindesine arm, while thrombocy-
topenia was more frequent in the nedaplatin-vindesine arm.

Gemcitabine, an analogue of deoxycytidine, is a pyrimidine
antimetabolite, that shows a reproducible response rates of >20%
with a median survival time of 9 months, offering a quality of life
benefit in comparison with best supportive care (Abratt et al, 1994;
Anderson et al, 1994; Gatzemeier et al, 1996; Anderson et al, 2000).
The main toxicity of gemcitabine is mild-to-moderate myelosup-
pression. The combination of gemcitabine and cisplatin showed
synergistic effects in preclinical studies because gemcitabine
inhibited the repair of DNA damage caused by cisplatin (Bergman
et al, 1996), and achieved high response rates along with
improvements in median survival time in clinical setting (Sandler
et al, 2000; Schiller et'al, 2002; Alberola et al, 2003).

Recently, carboplatin has attracted attention ahead of nedaplatin
because it has similar activity to cisplatin with fewer nonhaema-
tological toxicities. The available data suggest that carboplatin-
paclitaxel or carboplatin-gemcitabine should be considered
among standard regimen for advanced NSCLC (Kelly et al, 2001;
Grigorescu et al, 2002; Rudd et al, 2002; Schiller et al, 2002).

It seems that nedaplatin has activity and toxicity profiles similar
to those of carboplatin, although no randomised trial has not been
done to allow direct comparison (Fukuda et al, 1990; Furuse et al,
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1992a; Ota et al, 1992). Moreover, Matsumoto et al() demonstrated
that the combination of nedaplatin and gemcitabine resulted in
enhanced inhibition of tumour growth in vive and the antitumour
efficacy of the combination was superior to that of cisplatin-
gemcitabine or carboplatin - gemcitabine. Based on the results of a
preclinical study, we designed the present phase I study of the
efficacy of the combination of nedaplatin and gemcitabine for
advanced NSCLC. The purpose of this study was to establish the
toxicities and MTD of this combination, to determine the RD for
phase II studies, and to observe their antitumour activity.

PATIENTS AND METHODS
Patient eligibility

Patients with histologic or cytologic confirmation of locally
advanced or metastatic NSCLC who received either no prior
chemotherapy or one previous chemotherapy regimen were
eligible. The eligibility criteria were as follows; (1) measurable
lesions; (2) age <75 years; (3) Eastern Cooperative Oncology
Group (ECOG) performance status (PS) 0-1; (4) adequate organ
function (a white blood count (WBC) >4000ul7?, a neutrophil
count 32000 ul™’, a platelet count 100000 u1™", a haemoglobin
count >9.5gdl™!, serum total bilirubin <1.5mgdl™, serum
transaminase <2 X upper normal limits, a serum creatinine <
upper normal limits, blood urea nitrogen (BUN) <25 mgdl‘l,
Pa0, >60 mmHg or SpO, >90%]; and (5) normal electrocardio-
gram (ECG). At least 4 weeks must have passed after the
completion of previous therapy and the patients had to have
recovered from the toxic effects of previous therapy. The exclusion
criteria consisted of pulmonary fibrosis or interstitial pneumonitis
with symptoms or apparent abnormalities on chest X-ray, massive
pleural effusion or ascites, acute inflammation, pregnancy,
lactation, symptomatic brain metastases, active concurrent malig-
nancies, severe drug allergies, severe heart disease, cerebrovascular
disease, uncontrollable diabetes mellitus or hypertension, severe
infection, active peptic ulcer, ileus, paralysis intestinal, diarrhoea
and jaundice. This study was performed at Kinki University School
of Medicine and was approved by the Institutional Review Board.
Written informed consent was obtained from all patients. This
study was conducted in accordance with Declaration of Helsinki.

Pretreatment and follow-up studies

Prior to entry, a complete history was taken and physical
examination including age, height, weight, performance status,
histological diagnosis, tumour stage, contents of previous treat-
ment and presence of a complication was performed. The
pretreatment laboratory investigations included a complete blood
cell count, differential WBC count, platelet count, serum electro-
Iytes, total protein, albumin, total bilirubin, transaminase, alkaline
phosphatase, lactate dehydrogenase, BUN, creatinine, creatinine
clearance and urinalysis. After the initiation of therapy, a complete
blood cell count with a differential WBC count was performed at
least twice a week. Blood chemistry profiles and chest X-ray films
were obtained weekly. The lesion measurements were performed
during at least every second course. Toxicities were evaluated
according to the National Cancer Institute Common Toxicity
Criteria (NCI-CTC) version 2 and tumour responses were assessed
using the Response Evaluation Criteria in Solid Tumors (RECIST)
guidelines (Therasse et al, 2000). Time to progression was
measured from the date of registration to the date of first
progression or death from any cause. Survival time was also
measured from the date of registration to the date of death or latest
follow-up, and was calculated using the Kaplan-Meier method
(Kaplan and Meier, 1958).
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Drug administration and dose escalation

The treatment schedule included nedaplatin, diluted with 500 ml of
normal saline, given intravenously over 90min on day 1, and
gemcitabine with 100 ml of normal saline, given intravenously over
30 min after the completion of nedaplatin infusion on days 1 and 8,
every 3 weeks. All patients were allowed to receive antiemetics with
dexamethasone and granisetron, and post-therapy hydration with
1000ml of normal saline. Granulocyte colony-stimulating factor
(G-CSF) prophylaxis was not administered. Doses of gemcitabine
on day 8 were given if the WBC count was >2000 ul~" and/or the
platelet count was >750000 ul™", and/or allergic reaction, fever,
elevation of transaminase and pneumonitis were less than grade 2,
and/or the other nonhaematological toxicities were less than grade
3. The subsequent courses were withheld until the toxic levels
returned to those specified in the eligibility criteria. The doses of
both drugs were decreased by one dose level if DLTs occurred. In
the case of the initial dose level, the doses of nedaplatin and
gemcitabine were reduced by 20 and 200 mgm™?, respectively.

Dose escalations were performed as listed in Table 1. Intrapa-
tient dose escalation was not allowed. At least three patients were
treated at each dose level, and three additional patients were
entered at the same dose level if DLT was observed in one of the
first three patients. The MTD was defined as the dose level at which
more than two of three patients, or three of six patients
experienced DLT. The definition of DLT was as follows: (1) grade
4 leukopenia, (2) grade 4 neutropenia for more than 4 days, (3)
thrombocytopenia <20000 u1™", (4) grade 3 febrile neutropenia,
(5) grade 3 nonhaematologic toxicity except for nausea/vomiting,
(6) delay of administration of gemcitabine on day 8 over a week for
toxicities.

RESULTS

Between August 2001 and February 2003, 20 patients were enrolled
in this study. The total and the median number of courses were 56
and 3 (range 1-6), respectively. The patients’ characteristics are
shown in Table 2. The majority of patients had a PS of 1. There
were five previously untreated patients (level 3, two patients; level

Table | Dose-escalation schema
Nedaplatin dose Gemcitabine dose  No. of patients
Dose level (mgm™?) (mgm™?) (courses)
I 60 800 3(8)
2 80 800 3 (10)
3 80 1000 2 X8
4 100 1000 £ X0
Table 2 Patients' characteristics
No. of patients 20
Age, years Median 63.5
Range 36-74
Sex Male/fernale 1713
Performance status 0/1 5/15
Histology Adeno/squamous 137
Stage HB/AV 4/16
Prior therapy None 5
Surgery 5
Radiation 6
Chemotherapy 14
CDDP-based 3
CBDCA-based 4
Nonplatinum 4
UFT 2
Gefitinin |
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4, three patients) and 15 (75%) previously treated patients. Of the
previously treated patients, five had received prior surgery, five
had prior radiotherapy, and 14 had prior chemotherapy. Seven had
received platinum-based chemotherapy (cisplatin, three patients;
carboplatin, four patients), and four a nonplatinum regimen.
Responses to previous chemotherapy included partial response in
five patients, stable disease in seven, progressive disease in one,
and not evaluable in one. The median interval from previous
treatment was 16 weeks (range 4~92.5 weeks). Out of 20 patients,
18 were assessable for toxicity and response. Two patients at level 3
were excluded from the toxicity and response evaluation because
they had refused this study after registration.

Toxicities

The haematological and nonhaematological toxicities observed
during the first course are shown in Tables 3 and 4, respectively.
The most frequent toxicities observed in the first cycle were
neutropenia and thrombocytopenia (Table 3). One-third of the
patients had grade 3 thrombocytopenia, and one patient received a
platelet transfusion during the first course. Three patients had
grade 4 neutropenia for no longer than 4 days. The nadir for
neutropenia and thrombocytopenia occurred on day 15 (median,
range 5-18), and on day 15 (median, range 8-18), respectively.
Nonhaematological toxicities generally were mild because none of
the patients had experienced more than grade 3 in the first course
(Table 4). The major toxicities following all courses are listed in
Table 5. Grade 3 thrombocytopenia occurred in 16 out of 56
courses, and three patients received platelet transfusion (one
patient at level 1, one at level 3 and one at level 4). However, no
patient had haemorrhagic complications. The most frequent
nonhaematological toxicities were elevation of transaminase
activity, nausea and appetite loss, but all were mild. One previously
untreated patient at level 3 experienced grade 3 pneumonitis after
the fifth course, probably induced by this treatment, and the
patient’s condition improved after the administration of steroid.
There was no treatment-related death. One of the 18 patients at
level 4 underwent dose reduction after the first course due to

A phase | study of nedaplatin and gemcitabine
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neutropenia, and two patients at level 3 did not receive
gemcitabine on day 8 because they had neutropenia, thrombocy-
topenia and high transaminase activity. Delays in the commence-
ment of subsequent courses occurred in 11 courses, and the
median length of the delay before starting the subsequent course
was 21 days (21-35 days).

MTD and DLTs

At levels 1 and 2, none of the patients had developed a DLT.
Haematological and nonhaematological toxicities were generally
mild at these levels, although one patient had grade 3 thrombo-
cytopenia at level 1. At level 3, two of six assessable patients had
developed DLTs. Both could not receive their scheduled dose of
gemcitabine on day 8 because they had neutropenia, thrombocy-
topenia and high transaminase activity. At level 4, three of six
patients had developed DLTs. One patient received G-CSF for
neutropenia, not lasting more than 4 days, which was considered
as the DLT. Another patient required a platelet infusion because of
thrombocytopenia <20000 ™", The third patient could not
receive the second course due to the delayed anaemia, also
considered as DLT. Therefore, dose level 4, 100 mg m™2 nedaplatin
with 1000 mgm™ gemcitabine was regarded as the MTD. The
recommended dose level for further phase II study was determined
to be 80 mgm ™ nedaplatin with 1000 mgm™2 gemcitabine (dose
level 3 in this study).

Response and survival

There were three partial responses, for an overall response rate of
16.7%. As for squamous cell carcinoma, only one out of seven
patients had a partial response. The median progression-free
survival time was 5.1 months, The median survival time and 1-year
survival rate were 9.1 months and 34.1%, respectively. Out of 15
patients who had received prior treatment, two (13.3%) achieved a
partial response, and there was no clear relationship between
responses to previous treatment and responses to this regimen. For
previously treated patients, the median survival time and 1-year

Table 3 Haematological toxicity following first course of nedaplatin and gemcitabine

WBC grade ANC grade plt grade Hb grade

Dose level No. of patients 0 I 2 3 4 0 I 2 3 4 0 i 2 3 4 o 1 2 3 4
! 3 0 2 | 0 0 0 I 2 0 0 0 l ! | 6 o 2 I 0 o
2 3 | 0 2 0 0 | 0 | [ 0 0 3 0 0 0 o© I 20 0
3 6 | | 2 | 0 2 0 0 3 | | 2 i 20 3 30 0 O
4 6 | 0 3 2 0 0 0 3 | 2 0o 2 ! 30 0 3 3 0 O
Table 4 Nonhaematological toxicity following first course of nedaplatin and gemcitabine

MNausea grade Vomiting grade Fatigue gradé Transaminase grade
Dose level MNo.ofpatients 0 |1 2 3 4 0 | 2 3 4 0 1 2 3 4 0 1 2 3 4
| 3 3 0 o o 03¥ o o0 0o 0 2 I 0 0 0 X3 o o0 0 O
2 3 | I | 6o 0 3 0 0 0 © | 2 0 0 0 I 2 0 0 0
3 6 23 | 0 0 5 I 0 0 o 4 2 0 0 0 3 I 2 0 0
4 3 2 2 2 0 0 6 0 0 0 0 6 0 0 0 0 | 5 0 0 0

Infection grade Fever grade Appetite loss grade Constipation grade
Dose level No. of patients 0 1 2 3 4 0 1 2 3 4 0 I 2 3 4 0 I 2 3 4
I 3 ¥ o0 o0 0o 03 o o o 0K "0 o0 o0 0 3 0o O 0 O
2 3 2 0 | o 0o 2 1 o 0 o | 2 0 0 0 3 0 0 0 0
3 6 6 0 0 O O 6 0 0O 0 O 2 4 0 0 0 4 2 0 0 0
4 6 4 0 2 0 0 6 0 0 0 0 2 4 0 0 0 4 2 0 0 0
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Table 5 Toxicities following all courses of nedaplatin and gemcitabine
(56)
Grade
I 2 3 4
WBC 13 26 10 0
ANC 15 15 13 3
Hb 24 27 | 0
Plt 22 14 16 0
Nausea 17 4 0 0
Vomiting 6 0 0 0
Appetite loss 21 0 0 0
Fatigue 15 0 0 0
Constipation 6 7 0 0
Transaminase 27 5 0 0
Neuropathy 5 0 0 0
Pneumonitis 0 0 1 0
Fever | 0 0 0
Infection 0 3 | 0

survival rate were 9.2 months and 40.3%, respectively. Among five
previously untreated patients, one (20%) achieved a partial
response and the median survival time and 1-year survival rate
were 12.0 months and 50.0%, respectively.

DISCUSSION

Many recent randomised clinical trials have shown that the
combinations of cisplatin with one of the new agents, such as
gemcitabine, taxanes or vinorelbine, is the standard therapy for
patients with locally advanced or metastatic NSCLC (Non-Small
Cell Lung Cancer Collaborative Group, 1995; Kelly et al, 2001;
Schiller et al, 2002; Fossella et al, 2003). As it is known that
cisplatin strongly promotes nephrotoxicity, neurotoxicity and
gastrointestinal toxicity, second-generation platinum-containing
compounds including carboplatin have attracted attention. Based
on several randomised trials that have shown that the combination
of carboplatin with paclitaxel produces similar response rates and
overall survival with a more favourable toxicity profile than the
combination of cisplatin with new agents (Kelly et al, 2001;
Scagliotti et al, 2002; Schiller et al, 2002), combined therapy of
carboplatin and paclitaxel is considered to be a standard therapy.
More recently, the combination of carboplatin with gemcitabine
has become attractive as a therapy for advanced NSCLC. Some
randomised studies have indicated that carboplatin-gemcitabine
regimen offers equivalent median survival compared with
cisplatin - gemcitabine or mitomycin - vinblastine - cisplatin /mito-
mycin - ifosfamide - cisplatin (Danson et al, 2003; Zatloukal et al,
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2002). However, neutropenia and thrombocytopenia were more
common in carboplatin-gemcitabine regimens than others;
thrombocytopenia was particularly common.

Like carboplatin, nedaplatin is also a second-generation
platinum derivative that appears to have a similar mechanism
and toxicity profile to carboplatin, although direct comparison has
not been performed. Moreover, in vivo study suggested that
nedaplatin - gemcitabine resulted in more enhanced inhibition of
tumour growth than cisplatin-gemcitabine or carboplatin-
gemcitabine. These results prompted us to investigate nedapla-
tin-based combinations and to conduct this phase I study.

With respect to toxicities, the most frequent toxicities were
haematological toxicities, especially neutropenia and thrombocy-
topenia. Eight of 18 patients (44.4%) developed more than grade 3
neutropenia after the first courses, and after 16 out of 56 (28.6%)
courses overall. On the other hand, six out of 16 patients (37.5%)
developed grade 3 thrombocytopenia after the first courses, and
after 16 out of 56 courses (37.5%) overall. However, patients
required platelet transfusions during only three courses. In
addition, one previously untreated patient developed drug-related
pneumonitis, which improved with the administration of steroid,
at level 3 after the fifth course.

Overall, the toxicities of the combination of nedaplatin with
gemcitabine were generally mild and this combination chemother-
apy is both well tolerated and active against advanced NSCLC.

The overall response rate of 16.7%, the median survival time of
9.1 months, and 1-year survival rate of 34.1% in this study were
quite acceptable because most patients had been given prior
chemotherapy. As evaluation of antitumour activity was not a
primary objective, and our patient population was small and
heterogeneous, we are unable to draw definitive conclusions about
the activity of this regimen. Currently, it is still controversial
whether novel platinum compounds such as carboplatin and
nedaplatin could replace cisplatin for the treatment of advanced
NSCLC. However, when not only antitumour activity but also
palliation are the main goals of treatment, these new platinum
compounds might play a useful role because of their favourable
toxicity profile. Therefore, nedaplatin-gemcitabine warrants a
phase II study, and further evaluation in prospective randomised
trials with cisplatin- or carboplatin-based combinations as a first-
line chemotherapy for advanced NSCLC in order to investigate
whether nedaplatin could replace cisplatin or carboplatin.

In conclusion, the combination of nedaplatin with gemcitabine
is well tolerated and active for advanced NSCLC. The MTD and
recommended dose level are 100mgm™2 nedaplatin with
1000mgm™ gemcitabine and 80mgm™> nedaplatin with
1000 mgm™? gemcitabine, respectively.
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Summary Background: The purpose of the study was to identify the potential pre-
dictive features associated with the response and survival benefit of gefitinib admin-
istration, We have retrospectively reviewed data of all patients who received a single
regimen of gefitinib in our institution from August 1998 until July 2003. Methods: Over-
all 101 patients with non-small-cell lung cancer (NSCLC) who have received a single
use of gefitinib were analyzed. Potentijal factors associated with the response of gefi-
tinib included smoking index, gender, histology, performance status (PS), number of
pre-treatments, age and stage. Univariate analysis was performed for these strata by
Fisher’'s exact test and multivariate analysis was then performed using the logistic
regression model. Results: The overall response rate was 19.8%. Univariate analy-
sis revealed that significant predictive factors were associated with the response for
‘adenocarcinoma’, 'female’, ‘good PS’ (0—l) and 'non-smoker’ categories. Multivari-
ate analysis limited the predictive factors associated with the response for ‘female’
(P = 0.0032), 'good PS’ (P < 0.02) and 'non-smoker’ (P = 0.0417). In survival analy-
ses, 'female’ (P < 0.005), ‘good PS’ (P < 0.0001), and a low level of the smoking index
(P < 0.05) indicated significantly prolonged survival. Response and survival data in
elderly patients were equivalent to those in younger patients. Adverse events (AEs)
were generally mild and were almost always skin reactions and diarrhea. Intersti-
tial lung disease (ILD) occurred in 4% of the group under observation. Conclusions: -
Gefitinib provided clinical benefit for the following factors ‘female’, 'good PS’ and
‘non-smoker’. A low smoking index is reported as a novel predictive prognostic factor
following a single regimen of gefitinib.

© 2004 Elsevier Ireland Ltd. All rights reserved.

Abbreviations: NSCLC, non-small-cell lung cancer; EGFR, epidermal growth factor receptor; IDEAL-1, Iressa dose evaluated advanced
lung cancer-1; PS, performance status; NCI-CTC, National Cancer Institute-Common Toxicity Criteria; INTACT-1, Iressa NSCLC trial

assessing combination treatment-1;

INTACT-2, Iressa NSCLC trial assessing combination treatment-2

*Corresponding author. Tel.: +81 72 366 0221; fax: -+81 72 360 5000.
E-mail address: mfukuoka@med.kindai.ac.jp (M. Fukuoka).

0169-5002/$ - see front matter © 2004 Elsevier Ireland Ltd. All rights reserved.

doi:10.1016/j.lungcan.2004.04.032



H. Kaneda et al.

1. Introduction

Patients with advanced non-small-cell lung can-
cer (NSCLC) have a poor prognosis with 1-5%
5-year survival rates [1]. A recent meta-analysis
demonstrated that platinum-based combination
chemotherapy is currently considered to be the
most effective treatment for advanced NSCLC, and
these have impraved the median survival time (MST)
by 2 months and caused a 10% increase in 1-year
survival rates [2]. As platinum-based chemotherapy
improves survival and quality of life in advanced
NSCLC patients, most patients will receive second
line chemotherapy. With recurrence or progres-
sion, docetaxel has been approved as a second line
chemotherapy treatment due to demonstrated sur-
vival benefit compared with best supportive care
(BSC) or vinorelbine/ifosfamide [3,4]. Currently,
there is no proven effective chemotherapy for pa-
tients previously treated with platinum-based and
docetaxel therapies.

The epidermal growth factor receptor (EGFR) is
a promising target for anticancer therapy because
many types of cancer cells express or overexpress
EGFR (including NSCLC, renal cell carcinoma and
breast cancer) [5,6]. EGFR overexpression has been
reported as a poor prognostic factor in many types
of human solid tumors including NSCLC in several
studies [7—9]. Currently, monoclonal antibodies
that bind to the extracellular domain of EGFR and
intracellular tyrosine kinase inhibitors have been
developed [10,11]. Gefitinib is an orally active, se-
lective EGFR tyrosine kinase inhibitor that blocks
signal transduction pathways implicated in the pro-
liferation, angiogenesis, invasion, metastasis and
survival of cancer cells [12,13]. Several phase |
trials demonstrated safety and tolerability of gefi-
tinib in pretreated patients with solid tumors, in
which trials an 11% response rate was seen in 100
patients with heavily pretreated advanced NSCLC
[14]. On the other hand, in Japan, a phase | trial
demonstrated five responders out of a total of 31
patients who atl had adenocarcinoma of the lung
[12]. To confirm anti-tumour activity and the safety
profile of gefitinib, an international phase Il study
(IDEAL-1) and United States trial (IDEAL-2) were
conducted as a second or third line treatment in
patients with advanced NSCLC [15,16]. Patients
enrolled in these studies were randomized into
two different doses, 250 and 500 mg/day. These
trials demonstrated that toxicity was mild and
showed an encouraging response rate with an RR
of 18.4 and 11.8% of patients in the 250mg arm,
respectively, and an improvement in disease re-
lated symptoms and quality of life were observed.
The IDEAL-1 study has also confirmed that there

were statistically significant differences in efficacy
for ‘adenocarcinoma’ and ‘female’ using multi-
variate analysis. Two large randomized phase lil
studies [17,18], which are standard chemotherapy
(cisplatin/gemcitabine or carboplatin/paclitaxel)
with or without gefitinib, failed to demonstrate
a survival benefit for advanced NSCLC patients
as a first line chemotherapy. Although the results
of the phase lll studies were negative, gefitinib
is still considered a promising molecular targeted
agent as a new generation treatment in patients
with advanced NSCLC. Information on the clinical
prognostic factors following a single regimen of
gefitinib should be helpful in finding which patients
are likely to receive benefit, and in the develop-
ment of a future treatment. Although the previous
phase Il trial (IDEAL) showed that several predic-
tive factors were associated with the response to
gefitinib, the population was essentially biased to-
wards the young, with good performance status
(PS) and conserved, good organ functions.

In this study, to find factors associated with an
objective response and survival benefit of gefitinib,
we retrospectively analysed patients who received
a single regimen of gefitinib at our institute.

2. Methods

All patients with stage [lIB or IV NSCLC, who re-
ceived a single regimen of gefitinib from August
1998 until July 2003 at the Kinki University School
of Medicine, Osaka, were retrospectively reviewed.
We evaluated patients who participated in clinical
trials (phase I trial, phase Il trial; IDEAL-1), or phase
II trial for investigating surrogate gene therapy,
and in 53 patients who were administered the drug
after marketing (including elderly or poor perfor-
mance status patients). Patients who received gefi-
tinib as part of a compassionate use program were
excluded. All patients were checked for age, gen-
der, histology, Eastern Cooperative Oncology Group
(ECOG), PS, stage, pre-treatment regimen, number
of prior regimen, and smoking status before treat-
ment of gefitinib. Smoking status was evaluated by
the Brinkmann index; number of cigarettes per day
multiplied by number of years. We analyzed the
response, overall survival rate and the adverse ef-
fects of gefitinib, and investigated predictive fac-
tors associated with response and prognosis. The
response was assessed using physical examination,
biochemical profile, chest X-ray, chest computed
tomography (CT), head CT or magnetic resonance
imaging (MRI) scan, abdominal echo-graphic or ab-
dominal CT scan, bone scinti-graph, bronchoscope,
and was evaluated according to the response eval-
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uation criteria in solid tumor (RECIST) [19]. The
severity of all the adverse events (AEs) that re-
lated to gefitinib administration was assessed by
the NCPCTC (version 2.0) grading system. The pre-
dictive factors associated with the response that
were analyzed in this study were age, gender,
PS, histology, stage, number of prior regimen and
smoking status. Variables were tested for any pos-
sible relationship with the response to gefitinib,
at first by univariate analysis, and subsequently by
the application of a multivariate model. Response
rates were compared between strata using Fisher’s
exact test. Logistic regression models were used
to explore observed differences and identify base-
line factors that may independently predict for
response rates. The survival curves were estimated
using the Kaplan—Meier method and compared us-
ing the log-rank test. P-values less than 0.05 were
considered significant.

3. Results
3.1. Patient profiles

From August 1998 until July 2003 at our insti-
tute, a total of 105 patients, who were already
_ cytologically or histologically diagnosed as NSCLC,
were treated by a single regimen of gefitinib.
Patients received gefitinib until disease progres-
sion or intolerable toxicity. Of these, 101 patients
were evaluated as suitable for analysis; four pa-
tients were excluded from analysis because they
received gefitinib as part of a compassionate use
program. As shown in Table 1, the 101 patients
included: 2 patients who received gefitinib at a

Table 1 Patient characteristics

Number of patient

(N =101)
Phase | 7
50mg 2
100mg 1
225mg 1
400 mg 1
525mg 1
700mg 1
Phase Il (IDEAL-1) 11
250mg 6
500 mg 5
Phase |l (gene expression) 30
(250 mg)
Post marketing (250 mg) 53

Table 2 Patient characteristics (N = 101)

Number of
patients
Age (year) ‘
Median (range) 62 (31-84)
<69 74
>70 27
Gender
Male 64
Female 37
Performance status
0 15
1 62
2 17
3 7
Tumor histology
Adenocarcinoma 81
Squamous 18
Large-cell 2
Stage
n 18
v 83
Previous treatment
No treatment 5
Failed 1 previous, 53
chemotherapy regimens
Failed 2 previous 34
chemothérapy regimens
Failed 3 previous 9
chemotherapy regimens
Smoking (smoker:never-smoker) 55:46
Index® 0:1-999:1000 ' 46:32:23

ZIndex: number of cigarettes per day multiplied by
number of years.

once daily dose of 50 mg; single patients who each
received 100, 225, 400, 525 and 700 mg, respec-
tively; 89 patients who received 250mg; and 5
patients who received 500 mg. In the phase | trial,
we used an intermittent administration schedule
with 14 days continuous dosing followed by 14
days off.

Patient characteristics are shown in Table 2. The
median age was 62 years (ranging from 31-84)
and 74 patients (73.3%) were less than 69 years
old. 63.4% of the patients were male, 76.2% had
performance status (ECOG) 0—1, 80.2% had ade-
nocarcinoma of which 83.2% had stage IV disease.
Fifty-three patients had received one prior reg-
imen, 43 had more than two prior regimens and
only five had previously been untreated. 54.5% of
them were smokers, and the non-smokers were
almost all female. This study included patients
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Table 3 Overall objective response

Number %
Number of patients evaluated 101
Complete response (CR) 1 1.0
Partial response (PR) 19 18.8
Stable disease (SD) 52 51.5
Progressive disease (PD) 25 24.8
Not evaluable 4 4.0

Response rate

% (95% CI) 19.8 (12.0-27.6)
Disease control rate®

% (95% CI) 71.3 (62.5-80.1)
3CR + PR +S.D.

who had failed several previous chemotherapy
regimens, and patients with an ECOG PS score
of 3.

3.2. Response to treatment

Table 3 shows an objective response observed in
this study. Twenty responders were evaluated and
the overall response rate was 19.8%. One patient
achieved a complete response, 19 patients exhib-
ited a partial response and 52 patients had stable
disease, resulting in a disease control rate (ob-
jective responses plus stable disease) of 71.3%.
When evaluated using patient characteristics, we
determined the response rate detailed in Fig. 1.
All patients that responded had adenocarcinoma

40
35 |
30

25 |

Response Rate (%)

of the lung as the histological subtype. In addi-
tion, for the factors ‘female’ and ‘never-smoker’,
there were higher response rates than in ‘male’
and ‘smoker’ respectively, while RR was similar
for age, stage and pre-treatment. The response
rate of 'female’ and ‘never-smoker’ were 37.8 and
32.6%, respectively. Using the Fisher’s exact test,
the predictive factors which were associated with
a response were ‘female’ (37.8% versus 9.4%; P =
0.0006), ‘adenocarcinoma’ (24.7% versus 0%; P =
0.0104), ‘good PS’ (0—1) (26.0% versus 0%; P =
0.0028), and never-smoker (32.6% versus 9.1%;
P = 0.0025). There were no significant differences
for age, stage and pre-treatment (Table 4). A mul-
tivariate analysis was performed against the four
significant predictive factors in univariate analysis
(Table 5). Because the incidence of the female fac-
tor is very strongly correlated to the never-smoker
factor, the statistical assay was rather unstable if
the two factors were analyzed simultaneously. We
then investigated two patterns of multivariate anal-
ysis. One analysis excluded smoking and the other
excluded gender. If smoking status was extracted,
then female and good performance status were
statistically significant. If gender was extracted,
then non-smoking and good performance were sta-
tistically significant. The odds of a response were
over three times higher for patients with adeno-
carcinoma than for patients with other histologies,
however, this is not considered to be statistically
significant because the group in this study was of
a small size and included a high percentage of
adenocarcinoma.

Non-Ad

* Number of chemotherapy cycles

** Performance status

Never-snioker i 0 7 s )

Fig. 1 Tumor response rate of the subgroups.
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Table 4 Predictive factors associated with an ob-
jective response by univariate analysis

Parameter N Responder RR (%) P-value
Smoking index '

Non-smoker 55 15 32.6

Smoker 46 5 9.1 0.0025
Gender

Female 37 14 37.8

Male 64 6 9.4  0.0006
Histology

Adenocarcinoma 81 20 24.7

Others 20 O 0.0 0.0104
PS

0—1 77 20 26.0

>2 24 0 0.0  0.0028
Pre-treatment

<2 regimens 58 13 22.4

>3 regimens 43 7 16.3  N.S.
Age (years)

<70 74 13 17.6

>71 27 7 25.9 N.S.
Stage

111B 18 4 22.2

v 83 16 19.3 N.S.

Abbreviations: N.S., not significant.

3.3. Toxicity

Drug-related AEs of all patients are shown in
(Table 6). A total of 101 patients were evaluated for
toxicity. The most frequent drug-related AEs were a
rash, dry skin and diarrhea. Most of these AEs were
mild (Grade 1 or Grade 2) and were controllable.
Of all the drug-related AEs evaluated, Grade 3 or
Grade 4 AEs were seen in less than 5%, and Grade
4 drug-related AEs were only pneumonitis. Grade 3

or 4 AEs required a treatment interruption, but re-
covered after discontinuation of gefitinib, except
with pneumonitis. Four patients developed greater
than Grade 3 pneumonitis requiring hospitaliza-
tion. All patients had a fever and severe hypoxemia
on admission. As soon as possible, all patients were
administered steroid therapy. While two patients
recovered with the steroid therapy, two patients
died within 40 days after the administration of gefi-
tinib. Hematological toxicities were not observed.

3.4. Survival

The median survival time of the patients who were
*good PS’ (0 or l) and ‘poor PS’ (2 or 3) was 353
and 97 days, respectively, and this difference was
significant (P = 0.0001, log-rank test) (Fig. 2A).
The MST of females was significantly longer than
that of males (596 days versus 178 days, P = 0.004)
(Fig. 2B). Furthermore, a low smoking index (<900)
significantly prolonged survival (MST: 301 days ver-
sus 149 days, P = 0.031) (Fig. 2C). Age did not in-
fluence the survival benefit of the patients treated
with gefitinib (Fig. 2D).

4. Discussion

Gefitinib is an orally active, selective EGFR tyro-
sine kinase inhibitor that blocks signal transduction
pathways, and is one of the promising molecular
targeted drugs used in the treatment of advanced
NSCLC [16,17,20]. Although the large scale of the
phase Il study (IDEAL-1) [15] has already confirmed
that there were statistically significant differences
in efficacy for ‘adenocarcinoma’ and ‘female’ by
multivariate analysis, the population was essen-
tially biased towards young people with good per-
formance status who had conserved, good organ
functions. To clarify the predictive prognostic fac-

Table 5 Predictive factors associated with an objective response by multivariate analysis

Parameter Odds ratio 95% Ci P-value
Extraction of smoking
Gender (female vs. male) 0.163 0.040-0.585 0.0032
Performance status (1 vs. 2) 0.061 0.000—0.415 0.0018
Histology (Adeno? vs. others) 3.326 0.435—infinity N.S.
Extraction of gender |
Non-smoking (non vs. >1) 0.297 0.063—0.959 0.0417
Performance ‘status (1 vs. 2) 0.096 0.000~-0.628 0.0101
Histology (Adeno vs. others) 4,385 0.588—infinity N.S.

Abbreviations: N.S., not significant; Cl, confidence interval.

a Adenocarcinoma.
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Table 6 Patients with drug-related adverse events (NCI-CTC)

Adverse event Number of patients (N = 101)

Grade 1 Grade 2 Grade 3 Grade 4/5 Total
Rash 33 (32.6%) 21 (20.8%) 3 (3.0%) 0 57 (56.4%)
Dry skin 24 (23.7%) 3 (3.0%) 0 0 27 (26.7%)
Pruritis 9 (9.0%) 7 (7.0%) 0 0 16 (16.0%)
Diarrhea 19 (18.8%) 4 (4.0%) 0 0 23 (22.8%)
Nausea 6 (6.0%). 1 (1.0%) 0 0 7 (7.0%)
Vomiting 3 (3.0%) 0 0 0 3 (3.0%)
Anorexia 7 (7.0%) 0 0 0 7 (7.0%)
ALT increased 5 (5.0%) 2 (2.0%) 5 (5.0%) 0 12(13.0%)
AST increased 8 (8.0%) 2 (2.0%) 3 (3.0%) 0 13 (13.0%)
Pneumonitis 0 0 2 (2.0%) 22 (2.0%) 4 (4.0%)

2 Treatment-related death (Grade 5).

tors in a practical setting, we retrospectively anal-
ysed the patients who received a single regimen
of gefitinib at our institute. Multivariate analysis
demonstrated that the predictive factors which
were associated with a response were ‘female’,

100
— Qorl
— 2o0r3
S
2
8
=
g P= 0.0001
=]
w2
)
1500
(A) days
100
90
80 T <900
—— <
0 900 £
5]
s 60
E 50
g
5 40 P=0.031
& 30
20 k-
10 |
O ] 1 ]
0 500 1000 1500
(C) days

survival rate (%)

Survival rate (%)

‘good PS’ and "never-smoker’. In survival analyses,
the factors ‘female’, ‘good PS’, and a low smoking
index also significantly prolonged survival.

The mechanism by which these" factors pro-
duced better prognosis has not been clarified.

100
90 — male
80
70
60
50
40
30 -
20
10 '

— female

P=0.004

0 500 1000 1500

(B) days

100
90
80
70
60
50
40
30
20
10

0 ! 1 J
0 500 1000 1500

(D) days

Fig. 2 A comparison of survival of: (A) PS 0, 1 vs. PS 2, 3; (B) gender: male vs. female; (C) smoking index: <900 vs.

>900; and (D) age: <70 vs. =70.
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Estrogen and progesterone may up-regulate EGFR
in normal tissues [21], and activation of steroid
hormones might impact on EGFR function in
NSCLC [22]. Another explanation may be that
the steroid hormone receptor might interact with
EGFR and influence the response of an EGFR
inhibitor.

Multivariate analysis in IDEAL-1 showed that PS
was not a significant prognostic factor, however, the
population of the study was restricted with regards
to good PS. Although gefitinib was considered as
an effector of symptom improvement in the phase
Il trial, the indication for patients with poor PS is
controversial. Several authors described the case
reports about the efficacy of gefitinib in NSCLC pa-
tients with poor PS [23,24] or with brain metastases
[25]. Although ‘good PS’ were significant prognos-
tic factor in this trial, gefitinib still might be a can-
didate drug for patients with poor PS, because of
restriction of the use of other anti-cancer drug by
their toxicities.

Elderly patients exhibited an equivalent response
to young patients in this study. Recent data sug-
gested, gefitinib is safe and well tolerated in elderly
pretreated NSCLC patients [26]. A phase Il study of
gefitinib for elderly patients in NSCLC is needed.

A low smoking index was revealed as a predic-
tive prognostic factor following a single regimen of
gefitinib. Erlotinib is also administered orally and
is a highly selective EGFR tyrosine kinase inhibitor
[27] with a quinazolinamine-based structure sim-
ilar to that of gefitinib. In the phase Il study of
erlotinib in NSCLC or bronchial alveolar carcinoma
[28], a non-smoking history was also a prognos-
tic factor. Chronic exposure to nicotine increases
the expression level and phosphorylation status
of EGFR and impairs its function [29]. Moreover,
smoking produces overexpression of Her2/neu that
binds to EGFR as a hetero-dimer in the tissue of
normal bronchus. Expression of EGFR or Her2/neu
or both in tissue samples by immunohistochemistry
has not correlated in the response of gefitinib [30],
however the different type of dimers formed be-
tween EGFR families might influence the response
to gefitinib.

Four patients (4% of the patients) developed in-
terstitial lung disease (ILD). Continuous smoking
disrupted surfactant protein A or D [31,32], and the
serum levels of the proteins were increased [33].
As 'smoking history’ and ‘male’ are significant risk
factors of ILD and also in treatment with gefitinib
[34], a serum level of the surfactant protein A or
D might be a predictive marker of ILD. Patients
who are female and non-smokers are most likely
to receive a high benefit and low risk with gefitinib
treatment.

Although more basic biological research is needed
to find the mechanism of action, we have found
several predictive prognostic factors associated
with the practical use of gefitinib. This is necessary
clinical information which is important in order to
set eligibility criteria for future clinical trials with
gefitinib.
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Objective: Gemcitabine and docetaxel are non-platinum agents with activity in non-small cell lung
cancer (NSCLC). This study was conducted to determine and evaluate the recommended regi-
men of gemcitabine—docetaxel and evaluated its efficacy and safety in chemonaive Japanese
NSCLC patients.

Methods: In phase |, patients with stage 11IB/IV NSCLC were randomized and received either
gemcitabine ondays 1 and 8 plus docetaxel onday 1 orgemcitabine on days 1 and 8 plus docetaxel
on day 8. The recommended regimen was the dose level preceding the maximum tolerated dose;
once determined, patients were enrolled in phase |l. Efficacy and toxicity were evaluated in all
patients.

Restlts: Twenty-five patients were enrolled in phase | and six patients were given the recom-
mended regimen; gemcitabine 1000 mg/m? on days 1 and 8 plus docetaxel 50 mg/m? on day 8.
An additional 34 patients were enrolled into phase Il and administered with the recommended
regimen. The response rate was 32.2% [95% confidence interval (Cl) 20.6—45.6%] overall and
30.0% (95% Cl 16.6—-46.5%) in patients with the recommended regimen (40 patients). Although
grade 3 interstitial pneumonia was observed in two patients (5.0%) who received the recommen-
dedregimen, both recovered shortly after steroid treatment. No unexpected events were observed
throughout this study.

Conclusions: Gemcitabine 1000 mg/m? on days 1 and 8 plus docetaxel 50 mg/m? on day 8
has comparable efficacy and more tolerable toxicities than previously reported platinum-based
regimens. These results should be verified by a phase Il study.

Key words: docetaxel — gemcitabine — non-small cell lung cancer

INTRODUCTION

Non-small cell lung cancer (NSCLC) is one of the most com-
mon malignant tumors, progresses in a short time period, has a
bleak prognosis, and represents the leading cause of cancer
death in the world. The number of patients with NSCLC is
increasing, and most tumors are inoperable. Despite improve-
ments in the detection and treatment of NSCLC, long-term
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survival is rare. Therefore, the development of new chemo-
therapy treatments is essential.

The use of single-agent and combination chemotherapy
against NSCLC has been studied. Platinum-based regimens
have shown high efficacy but at the cost of severe toxicities
(1,2). Therefore, non-platinum agents such as gemcitabine,
docetaxel, paclitaxel, irinotecan and vinorelbine have been
developed and have proven their efficacies. Among the new
agents, the combination of gemcitabine and docetaxel has
emerged as one of the most promising, showing equivalent
efficacy with, and less toxicity than, cisplatin-based chemo-
therapies (3).

Gemcitabine (2'-deoxy-2',2’-difluorocytidine monohydro-
chloride) is a nucleoside antimetabolite against deoxycytidine.
It is intracellularly metabolized to gemcitabine triphosphate,

© 2005 Foundation for Promotion of Cancer Research
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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/m2 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/II 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 IIIB 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 x 10771, platelets =100 x 10%/1, hemoglobin =9.5 g/dl,
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

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 patient 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/II 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 1 and Arm 2), gemcitabine was administered
in a 30-min infusion on days 1 and 8, every 21 days. In Arm 1,
docetaxel was administered intravenously over at 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 1
(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 mg/m?). If
50% or more of the patients in dose level 1 experienced DLTs,
patients were enrolled at dose level O (gemcitabine 800 mg/m?
and docetaxel 50 mg/m?) (Fig. 1). The maximum tolerated dose
(MTD) was defined as the dose level that produced any of the
following DLTs (per the National Cancer Institute-Common



