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Table 4 Summary of pemetrexed pharmacokinetic parameters by dosing cohort arithrnetic mean (CV2%)

Dose {mgm™?) (n)

Parameter 300 (3) 500 (3) 600 (3) 700 (6) 800 (3) 900 (4) 1000 (3) i200 (6)

Dose (mg) 459 (124%) 783 (756%) 919 (828%) 1180 (806%) 1280 (165%) 1550 (547%) 1820 (7.01%) 1910 (671%)
Corare (g ml™") 582 (7.15%) 115 (19.1%) 178 (I57%)  172(930%) 240 (145%) 217 (7.05%) 269 (17.8%) 212 (13.2%)
AUCp. (pghmi™) 700 (704%)  1SB(21.6%) 290 (125%) 250 (235%) 361 (17.0%) 388 (196%) 382 (655%) 337 (24.6%)
CL, {mirin~") 109 (5.89%) 865 (325%) 530 (395%) B34 (277%) 614 (352%)  685(00%) 793 (Q57%) 997 (47%)
Ve () 135 (2229% 120 (201%)  115(255%) 117 (200%) 106 (336%) 139 B17%) 144 (740%) 148 0AI%)
tn () 228 (52%) 262 (329%)  3.62(287%) 251 3S1%) 293 (146%)  302(178%)  267(190%) 255 (109%)
Fe 0659 (B78%) 0645 (834%) 0788 (376%) 0807 (10.%) 0705 (349%) 0797 (5.11%) 0648° (125%) 0.827° (738%)

CV% = coeflicient of vasiation expressed as a percentage; Co, = maximum observed drug concentration: ALIC,. . =area underthe concentration versus time curve from zero
to infinity; CL = total body dlearance of drug after intravenous administration; V,, = volurme of distribution at steady state; £y, = hall-life associated with the terminal rate constant;
F. =fraction of dose eliminated unchanged in urine. "The numbers of patients in 900, 1000, and 1200 mg ra~2 were three, two, and five, respectively, owing to incompletion of

urine collections for patients 209, 2E0, and 306

Table 5 Antiturour activity by dose {(RECIST)

Evaluable (n=13})

Dose (mgm™7) Number of patients CR PR* sd. PD NE
300 3 0 0 2 0 l
500 3 0 2 s 0 [t
&00 3 0 0 | 0 0
700 b 0 | 3 | 0
800 3 Q | 0 | |
960 4 1] 0 2 0 |
1000 3 0 0 1 1 0
§200 6 0 | 2 | 0
Total 31 0 5 11 4 3

NSCLC = nen-small cell lung cancer; CR = complete response; NE = not evaluated;
PD = progressive disease; PR = partial response; s.d. =stable disease. “In addition,
one NSCLC patient at 500mgm™? had PR via WHO eriteria.

increased by a factor of 2 whereas maintaining a tolerable safety
profile. Niyikiza ef al (2002a,b) conducted a multivariate analysis
on 246 patients in phase 1T pemetrexed studies without vitamin
supplementation, and the incidence of grade 4 neutropenia was
32% and grade 4 thrombocytopenia was 8% . Also 6% of patients
had grade 3/4 diarrhoea, 5% had grade 3/4 mucositis, and a 5%
incidence of drug-related death occurred. In contrast, our study
had grade 4 neutropenia of only 3% (one patient) and no grade 4
thrombocytopenia. In addition, no grade 3/4 diarrhoes or
mucositis, and no drug-related deaths were observed,

In the pivotal phase III study of NSCLC patients, those who
received pemetrexed (500 mgm™2) plus vitamin supplementation
had a lower incidence of severe toxicities compared to those who
received docetaxel (75 mgm™?), including grade 3/4 neutropenia
(5.3 vs 40.2%) and grade 3/4 diarrhoea (0.4 vs 2.5%) (Hanna et al,
2004).

Dose-dependency for toxicity of pemetrexed plus supplementa-
tion was further investigated to understand the effect of
supplementation on safety. The patients in this study were divided
into three groups by doses: low dose {300-600mg m~2 (n=9)),
middle dose (700-900mgm™* (n = 13)), and high dose (1000 and
1200mgm™2 {n=9)}. Grade 1/2 toxicity such as erythropenia,
lymphopenia, hematocrit decreased, ALT and AST elevation, and
anorexia increased dose dependently from approximately 20-50%
to approximately 75%. However, there was no abvious correlation
between grade 3/4 toxicity and dose group. Therefore, high dose
levels of pemetrexed with FA/VB,, is expected to be tolerable
enough for patients.

In this study, severe rash was rarely observed even without the
prophylactic corticosteroid. Although this result suggests that the
steroid premedication for prevention of severe rash is no longer
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necessary for patients with pemetrexed treatment if the FA/VB,; is
concomitantly conducted, it would be too early to conclude it as
the data of patients untreated with the premedication are limited at
this moment.

The pharmacokinetic results in our study were consistent with a
phase I study of pemetrexed without vitamin supplementation in
western patients by Rinaldi et al (1999) In that study, pemetrexed
t2 was 3.1h; and CL was 85ml/min (Rinaldi et al, 1999 and
unpublished results). In our study, the t1, of pemetrexed was
about 2.7h; and CL was 81.9ml/min. Additionally, the F. of
pemetrexed was similar for Japanese patients (75% in our study)
and western patients (78% in the Rinaldi study (Rinaldi et al,
1999)). These results indicate that pharmacokinetics of pemetrexed
in Japanese patients are similar to those in western patients.

Although our study is the first phase I study to evaluate
pemetrexed with FA/VB,; in Japanese patients, a similar phase ]
study has been conducted in western patients. In the preliminary
results of that study, heavily pretreated patients had a MTD of
925mgm™, and lightly pretreated patients had a MTD of
1050 mgm™ (Hammond et al, 2003). The comparison of these
two studies suggests that the improved tolerability experienced by
japanese patients when pemetrexed is administered with FA/VBy;
is not attributable to ethnic differences; rather, it is attributable to
the vitamin supplementation,

In our phase I study, four NSCLC patients and one thymoma
patient had PRs. Except for one, all of the patients with PR had =3
prior chemotherapy regimens. The NSCLC patients with PRs
received doses of pemetrexed higher than 500 mgm ™7, which is the
approved dose for NSCLC treatment in a number of countries.
Therefore, subsequent phase 11 studies using our RD of
1000 mgm™2 with vitamin supplementation could show more
prominent antitumour activity for cancer patients. To examine this
hypothesis, a Japanese phase I study is being conducted,
examining pemetrexed 500 or 1000mgm™* every 3 wecks with
full supplementation for patients with locally advanced or
metastatic NSCLC. Clinical trials for other tumours, including
MPM, are also ongoing. For the prophylactic corticosteroid, as
severe rash was not frequently observed in this study, the steroid is
not to be administered prophylactically in both currently on-going
studies.

I conclusion, pemetrexed with FAfVB,; resulted in a tolerable

toxicity profile, The MTD was 1200mgm~2 The RD was
1000 mgm ™7,
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Abstract  Although the initial impact of the epidermal
growth factor receptor-tyrosine kinase inhibitor
(EGFR-TKI) gefitinib may have been less than spec-
tacular in the field of non-small cell lung cancer
(NSCLC), this EGFR-TKI docs offer a therapy that, at
least in the short term, markedly reduces tumors with-
oul bone marrow suppression including neulropenia
and without causing severe nausea and vomiting even
in NSCLC patients with the worst prognosis. This
raises the possibility of putting the disease under con-
trol if only temporarily. Now we must be aware that
overcoming gene mutation in lung cancer is the next
significant milestone for new therapeutics. This report
discusses clinical trials of EGFR-TKIs focusing on Jap-
anese contributions to current knowledge, EGFR
mutation, and future directions. A Japanese phase 1
clinical trial saw the first super-responders to gefitinib,
Two randomized phase II trials identified Tapanese,
females, and those with adenocarcinoma of the lung as
specific populations sensitive to gefitinib. Unexpect-
edly, in the conlext of first-line chemotherapy flour
phase III trials gave completely nepative results for
additional clinical benefit by EGFR-TKIs combined
with standard chemotherapy. However, subsct analysis
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suggested efficacy of this treatment strategy in non-
smokers and patients harboring activated-type EGFR
mutations. In the settings of second-line and later ther-
apy, two independent randomized placebo-controlled
trials, BR.21 with crliotinib and ISEL with gefitinib,
revealed better duration of overall survival, time to
progression, and response rate in the EGFR-TKT ver-
sus control groups, although the result was nonsignifi-
cant in the I[atter study. Data supggesting that
adenocarcinoma, Asian race, female, and nonsmoker
are associated with better response to EGFR-TKI may
be closely related with phenotype of EGFR mutations,
making this parameter a “response predictive marker.”
On the other hand, some reports have staled Lhal gene
amplification of EGFR by FISH analysis shows better
correlation with clinical benefit of EGFR-TKIs than
that assesscd by other means in large-scale phase 111
trials {BRZ21 and ISEL). Further validation of response
predictive markers is needed. Recent studies of
EGFR-TKlIs in NSCLC provide novel biological
insights and have given birth Lo the concept ol patienl
selection for this disease. Further investigation of the
biclogical significance of EGFR mutation and its vali-
dation as response predictive marker will lead to better
treatments to come for NSCLC.

Keywords EGFR-TKI - Gefitinib - Erlotinib -

EGFR mulation

Introduction

Epidermal growth factor receptor-tyrosine kinase

inhibitors (EGFR-TKIs) have been clinically available
[or the (realment of nonsmall cell lung cancer
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{(NSCLC) for the past 4 years. In the course of clinical
development of EGFR-TKIs, in comparison with con-
ventional anticancer agents many unexpected findings
were observed such as relating to tumor shrinkage,
specific responder subsets, adenocarcinomatous dis-
ease, and gene mutation. Hence although knowledge
concerning EGFR-TKIs and EGFR gene mutation is
advancing in the laboratory setting, climically it is
unclear how we should use EGFR-TKIs in NSCLC and
which patients might benefit most from these agents. In
this review, clinical trials of EGFR-TKIs are recounted
and a key factor for drug sensitivity, EGFR mutation,
is discussed.

Clinical trials of EGFR-TKIs

Four phase I trials of EGFR-TKI including one Japa-
nese study were performed in a total of 254 patients (4,
8]. These trials defined diarrhea and liver function test
abnormality as dose-limiting factors. Five of 23 patients
demonstrated partial responses (PRs) without dose—
response tendency (Table 1). Toxicity profiles were
quitc different to those commonly observed with con-
ventional anticancer agents. Ten percent of patients
lailed treatment al doses >600 mg/day and these early
studies could not identify an optimal dosing schedule.
Based on the results of phase T, the phase 11 IDEALI
study was conducted in 210 previcusly treated advanced
NSCLC patients in Japan, Australia, and Europe [1]. In
this large-scale international study, a similar objective
tumor response rate {20%) to those of previous studies
was observed. There was no difference of clinical
response between patients receiving 250 mg/day and
those on 500 mg/day, whereas toxicity was more severe
in the higher-dose group. Subset analysis revealed star-
thing clinico-pathological subpopulations with especially
high drug sensitivity to EGFR-TK1 namely Japanesc
patients, females, nonsmokers, and those with adenocar-
cinoma {Table 2). In particular, Japanese females exhib-
ited an overall response rate >50% in this analysis. For
the first time, unlike conventional anticancer agents
these results suggested that EGFR-TKIs are efficacious
in specific subpoputations. While that phase II trial was
ongoing, two large phase III trials in untreated NSCLC
were begun in the USA and Europe [2, 3]. The rationale
ol these two clinical trials, INTACT1 and INTACTZ,
was based on preclinical studies that suggested synergis-
tic effects of taxane plus gefitinib against cancer cells in
vitro and in vivo. Hence, gefitinib or placebo was
added onto standard chemotherapy regimens cisplatin/
gemcitabine (INTACT1) and carboplatin/paclitaxel
{INTACTZ2) [2, 3]. Both trials showed that there was no
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Table I Antitumor activity of gefitinib in Japanese phase I study

Total PR (%)

All cases 31 5(16)
NSCLC 23 5(22)
Histology

Adenocarcinoma 19 5 (26)
Squamous cell 4 0 ()
carcinoma
Gender

Maie 15 1(7)
Female 8 4 (50)

PR partial response

evidence for prolonged survival time with add-on gefiti-
nib for either standard chemotherapy schedule. The
same negative result was observed in another phase 111
trial using the same design with erlotinib as well as pefiti-
nib [5]. However, in this trial subset analysis suggested
enhanced efficacy of EGFR-TKI therapy among non-
smokers and those harboring activated-type EGFR
mutations. Two subsequent studies of second-line and
later treatment, BR.21 and ISEL, gave conflicting results
for overall survival time, time to progression, and
responsc rate: the former suggested additional benefit of
add-on EGFR-TKI and the latter gave negative results
[10, 11].

To clarify the clinical benefit of EGFR-TKIs in
EGFR mutation-positive NSCLC, prospective phase II
(WITOGO0403) and phase III (WITOG3405) studies
are now underway (Fig. 1). The results of these investi-
gations aim to givc us data that will enable us better to
understand EGFR mutational status and whether
mutant EGFR phenotype conlers clinical benefit in
patients.

EGFR mutation and drug sensitivity

To use gefitinib effectively in clinical settings we must
first identify patient populations who respond well 1o
this agent. As mentioned above, data from IDEALI1
revealed that gefitinib is highly effective in Japanese,
females, adenocarcinomatous histology, good perfor-
mance status (PS), and nonsmokers (Table 2). Since
the target molecule of EGFR-TKIs is EGFR, some
correlation between expression patterns of EGFR pro-
tein and clinical outcome was widely speculated. How-
ever, IDEAL1 and 2 found no correlation between
these parameters clinically, questioning the concept of
molecular-targeting drugs. However, the answer to this
question was provided by the striking findings regard-
ing EGFR gene mutations [7, 9]. These EGFR muta-
tions, located on the ATP binding site (exon 19-21) of
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Table 2 Overall survival by

; o Characteristic Evaluable () MST, days (95%CT) P-value" ORR, % (1)

patient characteristics:

IDEALL All patients 209 241 (205-276) 18.7 (39/208)
Dose
250 mg/day 103 232 (161-318) 0716 L84 (19/103)
500 mg/iday 106 243 (203-309) 19.0 (20/105)
Age
<63 years 143 238 (198-284) 0.5598 19.4 (28/144)
>65 years 6 241 (188-371) 17.2 (11/64)
Gender
Female 61 397 (261-439) 0.0025 34.4 (2161)
Male 148 212 (161-243) 12.2 (18/147)
WHO PS ‘
(-1 182 268 (234-318) <(0.0001 21.0 (38/181)
2 27 83 (57-121) 3.7 (1/27)
Histology
Adenocarcinoma 131 300 (236-371) <0.0001 264 (34/131)
Other 78 198 {129-232) 6.3 (5177)

MST mean survival lime, Smoking history

ORR overall response rale Yes 104 186 (127-241) <0.0001 12.5 (13/104)
No 53 414 (357-334) 37.7 (20453)

* Log-rank test

EGFR tyrosine kinase domain, are missense or dele-
tion mutations causing substitution or partial defi-
cicney of amino acid. Based on the results of basic
studies, structural changes of the ATP binding site
were [ound to increase binding alfinity for ATP and
gefitinib. In other words, under physiological condi-
tions EGFR mutations are activaling mutations that
constitutively increase (yrosine kinase activity, and it is
speculated that signals via EGFR are thereby abnor-
mally cahanced and have greater impact on malignant
transformation such as cancer cell proliferation. Fortu-
nately, since these mutations are thought Lo have more

AN WJTOG0403 1
S Aent Phase Il study of gefitinib in patients with |
/ 110G1% | EGFR mutation positive-advanced NSCLC |
_.}f% F"ﬁ\\;
Stage HIBAY
Priar CT regimen: 0-2
Availability of biopsy sample
. -
EF":;";::‘:! | Initial registration
4 | Mutational anatysis of EGFR gene
ﬂespgﬁge rate w

Mutation {+)
Final registration
Gefitinlb untit PD

Mutation (-)
Protocol off

highly angmented binding affinity for gefitinib than tor
ATP, they may display overwhelmingly high sensitivity
induced by EGFR-TKIs, What is surprising is the cor-
relation between frequency of EGFR mutations and
clinical antitumor eflects. We compared mutation rales
and projected response rates ohtained from IDEAL 1
and 2 and from 154 subjects in the clinical study in
which our institute participated, and found that the
EGFR mutation was highly correlated with clinical
response (Table 3). Tn addition, it was reported at the
American Society of Clinical Oncology {ASCO) meet-
ing 2005 that EGFR gene mulation is closely related Lo

'\mf\*"fg‘l%; ( Phase |Il Study of Gefitinlb vs CDBP + DOC in \E
#1004 | EGFR Mutation Positive NSCLC Patients with |
’g};ﬁ!‘* g@i\é §\ Postoperative Recurrent Disease: WJTOG3405
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N=200
Postope.

recurent EGFR
-dEil;;;m mutations
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No glatiaum 21{L858R)
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Fig. 1 Tria! design of two ongoing prospective phase 1T (WITOG403) and phase TIT (WITOG3405) studies investigating clinical ben-

efit of EGFR-TKTs in EGFR mutation-positive NSCLC
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Tuble 3 Estimated response rate (RR) for gefitinib and EGFR
mutation in patients with NSCLC

Patient population Estimated EGFR mutation (%)
RR (%) - , ,
Guillermo Mitsudomi
Euro-American 10 2 -
Japancse 28 26 40
Japancse- 35 32 49
adenocarcinoma
Female Japanese- 30 57 62

adenocarcinoma

gefitinitb sensitivity [6]. Tt is thought that the reason for
the high response rate associated with Japanese race,
female, adenocarcinoma, good PS, and nonsmokers is
high frequency of EGFR mutations in these popula-
tions.

Future challenges

To establish clinical usage of EGFR-TKIs there are
many issucs to be addressed such as: (1) precisely iden-
tifying the site of EGFR mutations associated with
drug sensitivity; (2) conducting a prospective clinical
study of EGFR mutation and drug sensitivity; (3)
establishing techniques to detect EGFR mutation pre-
cisely; (4) investigating efficacy of EGFR-TKI therapy
in patients without EGFR mutations; (3) identifying
paticats responsive to EGFR-TKIs among thosc with-
out EGFR mutations and clarifying the mechanism of
action ol EGFR-TKIs; and (6) clarilying mechanisms
of EGFR-TKI resistance and developing drugs to over-
come this resistance.

Combined use with conventional anticancer agents

Currently, gefitinib is the only EGFR-TKI available in
Japan. How should we use gefitinib in combination
with other anticancer agents? Large-scale clinical stud-
ies in Caucasian NSCLC patients indubitably have
shown that concomitant use of conventional anticancer
agents and gefitinib has no clinical usefulness in that
patient population. Considering the association
between gefilinib sensitivity and EGFR gene mula-
tions, however, it seems too early to make a similar
conclusion in Japanese patients in whom EGFR gene
mutations might be more frequent. Thereiore, it is
important clinically to test gefitinib in Japanese
paticnts concomitantly taking conventional anticancer
drugs. In addition, in the context of combination thera-
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peutic regimens not only simultaneous administration
with conventional anticancer agents but sequential and
maintcnance therapics should be evaluated. To this
end, the WITOG phase III clinical trial is currently
ongoing. Patients enrolled in this trial are divided into
two groups: those taking three courses of two chemo-
therapeulic agents including one platinum-based drug
followed by three courses of gefitinib, and the group on
six courses of two drugs including one platinum drug
alone. This trial, expected to terminate in April 2005, is
aimed to show conclusively whether serial/sequential
gefitinib therapy is useful in Japanese patients with
NSCLC.

Conclusions

The advent of EGFR-TKIs convinced us that biologi-
cal study of these agents in NSCLC could improve
prognosis of these patients. Although the improvement
elicited by gefitinib may be small so far, this agent does
at leasl provide a new form of therapy that over the
short term leads to markedly reduced tumor size with-
out bone marrow suppression including ncutropenia
and no severe nausea and vomiting even in those
patients with the worst prognosis. This raises the possi-
bility of placing this rapidly fatal disease under some
control. Doctors must be aware that making inroads
towards understanding the implications of gene muta-
tion in lung cancer will be a milestone for new thera-
peutics.
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EGFR mutation in gefitinib-
responsive small-cell lung
cancer

Activating mutations within the tyrosine kinase domain of
the epidermal growth factor receptor (EGFR) underlie
responsiveness to gefitinib in non-small-cell lung cancer
(NSCLC) [1-3]. To date, however, only a few EGFR
mutations have been detected in other solid tumors [4]. We
now describe a patient with gefitinib-responsive small-cell
lung cancer {SCLC} who harbors a deletion in exon 19 of
EGFR.

A 72-year-old woman with no history of smoking
presented with a 2-week history of cough, dyspnea and
intermittent hemoptysis. Computed tomography (CT)
revealed a mass in the upper lobe of the right lung and a large
metastatic mass in the liver. Bronchoscopic examination
revealed a tumor occluding the right upper bronchus and
a bronchoscopic biopsy was performed. Treatment with
250 mg of gefitinib once daily was initiated at the patient’s
request, Her symptoms improved rapidly, with CT
performed 3 weeks after the initiation of gefitinil treatment
revealing marked regression of both the primary lung
tumor and the metastatic liver tumor. Histological
examination of the transbronchial biopsy specimens showed
that the tumor comprised small cells with round or oval
nuclei (Figure 1A). The final pathological diagnosis was
thus SCLC and was confirmed independently by three
additional pathologists. Positive staining of the tumor cells
for neural cell adhesion molecule (CD356), a sensitive and
specific marker of neuroendocrine differentiation, supported
the pathological diagnosis. Further immunehistochemical
analysis revealed expression of EGFR in the tumor cells
(Figure 1B). Direct sequencing of the region of EGFR that
encodes the kinase domain (exons 18 to 21) in DNA isolated
from tumor biopsy specimens identified a heterozygous
in-frame 15-base pair deletion that resulted in the loss of
amino acids 746 to 750 {delE746-A750) {Figure 1C). This
mutation is identical to a previously described deletion in
exon 19 of EGFR in NSCLC [1-3]. The mutation in the
proband was detected in both sense and antisense sequences
of the products of two independent polymerase chain
reactions.

In contrast to NSCLC, EGFR expression has been reported
to be low in SCLC. Gefitinib was recently shown to inhibit
EGEFR signaling in SCLC cell lines that express the receptor
even at a low level [5], however, suggesting the presence of
functional EGFRs in SCLC. As far as we are aware, ours is the
first report of an EGFR mutation in a patient with SCLC,

a finding that suggests that EGFR tyrosine kinase inhibitors
may be a treatment option for a subset of SCLC tumors that
express functional EGFRs.
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Figure 1, EGTR expression and mutation in tumor tissue ai diagnosis of gefitinib-respansive SCLE. (A) Hemaloxylin—cosin staining showed that the
primary tumor was composed of small cells with round or oval nuclei and sparse cytoplasm. (B) Immunohistochemical analysis showed expression of EGTR
i tumar cells. {C) Nucleotide sequencing of EGFR in tumor DNA revealed a heterozygous in-lrame deletion within the region of the gene encoding the

tyrosine kinase domain (double peaks).
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Abstract. The purpose of this study was to evaluate the
efficacy and toxicity of single-agent paclitaxel given weelkly to
patients with relapsed and refractory small cell lung cancer
(SCLC). Patients were treated with 80 mgim? paclitaxel
administered weekly for 1 h for 6 weeks in an 8-week cycle.
Twenty-two patients were enrolled, 21 of whom were eligible.
The patient characteristics included: 20 males, 1 female;
median age 66 years (range 48 - 75); performance status 0/1
in 19 and 2 in 5 patients. Grade 3/4 leukopenia and

neutropenia occurred in 47.5% and 64%, respectively. Other

grade 3/4 toxicities included infection, skin rash, neuropathy
and pulmonary toxicity. There were 5 partial responses in 3 out
of the 11 sensitive cases and 2 out of the 10 refractory cases,
respectively. Paclitaxel, administered as a weekly infusion at a
dose of 80 mgim?, was effective in treating relapsed and
refractory SCLC.

More than 95% of patients with small cell lung cancer
(SCLC), who are initiaily treated with paclitaxel 80 mg/m?,
present a relapse and their response to a second-line
therapy is poor. The responses obtained are usually brief,
and the median survival is generaily less than 4 months (1).
Nevertheless, second-line chemotherapy may provide a
significant palliation of symptoms and does result in a
prolongation of survival in many patients.

The activity of paclitaxel as a single agent has been
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investigated in both previously-untreated and -treated SCLC
patients. Two phase 11 trials were conducted to investigate
its efficacy as a first-line treatment for SCLC. In a trial
conducted by the Eastern Cooperative Oncology Group
(ECOG), Ettinger et al. administered 250 mg/m? paclitaxel
as a 24-h infusion to 36 patients (2), among whora 11 partial
responses were observed. Kirschling ef 4l obtained a similar
response rate, 41%, in a group of 37 patients on an identical
paclitaxel dose-schedule (3). The results of a phase 11 study
in previously treated patients were reported by Smit ez al.
(4). All 24 patients in that trial developed progressive
disease within 3 months of receiving at least one previous
chemotherapy regimen. Seven patients (29%) had a partial
response to 175 mg/m? paclitaxel as a 3-h infusion. These
data show that paclitaxel exhibits single-agent efficacy in
SCLC comparable to that of the best agents, The resuits of
Smit et al.’s study in patients with refractory SCLC are
particularly impressive, since most response rates reported
with single-agent or combination regimens in this
population have been less than 15%. However, life-
threatening toxicity occurred in 4 of these patients, 2 of
whom experienced hematological toxicity.

Recent reports of the activity and tolerability of weekly
doses of paclitaxel have generated a great deal of clinical
interest. Weekly paclitaxel therapy has generally been
quite well tolerated, causing minimal toxicity and no
apparent cumulative myelosuppression. Substantial
evidence from clinical trials indicates that weekiy paclitaxel
is effective and generally well tolerated as both a first- and
second-line treatment for advanced NSCLC. A phase I/I1
trial by Koumakis et al. in a second-line setting tested
weekly paclitaxel infused for the first 6 weeks of each 8-
week cycle, and demonstrated that a paclitaxel dose
escalation from 60 mg/m? to 90 mg/m? was tolerated (5).

i
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Fennelly et al. reported a recommended dose of 80 mg/m?
administered weekly for 6 weeks of an 8-week cycle in
patients with recurrent ovarian cancer (6).

Based on this evidence, a phase II trial of 80 mg/m?
weekly paclitaxel as a 1-h infusion for 6 consecutive weeks
followed by 2 weeks without treatment (8-week cycle) was
conducted in patients with relapsed SCLC. The objective of
this study was to evaluate the efficacy and safety of weekly
paclitaxel in patients with relapsed and refractory SCLC. The
primary end-point was the response rate, while the secondary
end-points were the toxicity profile and survival rate.

Patients and Methods

Fatient selection. Patients who met all of the following criteria were
considered eligible: ) histological or cytological proof of SCLC
with no response to prior chemotherapy or progression after
chemotherapy, b} measurable disease, ¢) most recent cytotoxic
treatment less than 4 weeks before entry, d} ECOG performance
status 0-2, €) age <75 years, f) adequate bone marrow function
(leukocyte count =4,000/pl, hemoglobin level 29.0 g/dl and
platelet count 21006,000/ul), hepatic funetion (transaminases 2.3
times the upper limit of normal, bilirubin level =1.5 mg/dl), and
renal function (creatinine <1.5 times upper limit of normal) and
g) arterial oxygen partial pressure =60 torr. Excluded patients
were those with any active concomitant malignancy, symptomatic
brain metastases, a past history of drug allergy reactions,
complication by interstitial pneumonia, treatment with non-
steroidal anti-inflammatory drugs or steroids or other serious
complications such as uncontrolled angina pectoris, myocardial
infarction within 3 months, heart failure, uncontrolled diabetes
mellitus or hypertension, massive pleural effusion or ascites or
serious active infection, All patients gave written informed consent
and our institutional review board for human experimentation
approved the protocol.

Treatment schedule. Paclitaxel was infused intravenously (i.v.). over
a 1-h period at a dose of 80 mg/m? each week for 6 consecutive
weeks followed by a 2-week break. This 8-week period comprised
one ftreatment cycle. Premedication consisted of 20 mg
dexamethasone, 50 mg ranitidine and 50 mg diphenhydramine
given i.v. 30 min prior to paclitaxel.

If the leukocyte count fell below 2,000/ul or the neutrophil count
fell below 1,000/ul, recombinant granulocyte colony-stimulating
factor { thG-CSF ) at 2 daily dose of 2 pg/kg was administered until
the leukocyte count Tecovered to 210,000/, except on the days of
paclitaxel administration. The toxicity assessment was based on the
National Cancer Institute — Common Toxicity Criteria version 2.0.
If grade 3 leukopenia, grade 4 neutropenia, grade 2 neuropathy or
other grade 3 non-hematological toxicities occurred, the dose of
paclitaxel in subsequent cycles was reduced by 10 mg/m? from the
planned dosc. Paclitaxel was not administered if the leukocyte count
was <2,000/yl, the platelet count was <5,000/ul, or if there was
grade 3 nauses/vomiting, infection with a fever of more than 38°C,
or other grade 2 non-hematological toxicities except alopecia. The
treatment was discontinued if there was disease progression, grade
3 neuropathy, other grade 4 non-hematological toxicities or a 2
consecutive weeks without paclitaxel administration.
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Evaluation of response and survival. The tumor response was classified
according to the WHO criteria (7). A complete response (CR) was
defined as the total disappearance of all measurable and assessable
disease for at least 4 weeks. Partial response (PR) was defined as a
=50% decrease in the sum of the products of the 2 largest
perpendicular diameters of all measurable tumors lasting for at least
4 weeks without the appearance of any new lesions. No change (NC)
was defined as a decrease of <50% or an increase of <25% in tumor
lesions for at least 4 weeks with no new lesions. Progressive disease
(PD) was defined as the development of new lesions or an increase of
25% in the sum of the products of the 2 largest perpendicular
diameters of all measurable tumors. The overall survival was
measured from the time of study entry until death.

Statistical methods. The median probability of survival was
estimated by the method of Kaplan and Meier (B). This study was
designed as a phase II study, with the response rate as the main
end-point. According to the Simons minimax design, with a sample
size of 20 our study had a 90% power to accept the hypothesis that
the true response rate was greater than 25%, while a 10%
significance sufficed for rejection of the hypothesis that the true
responsc rate was less than 5% (9).

Results

Patient characteristics. Between December 1999 and February
2002, a total of 22 patients were enrolled in the study, 1 of
whom was deemed ineligible due to age {>75 years), leaving
a total of 21 patients assessable for ioxicity, response and
survival. The main demographic characteristics of the cohort
are summarized in Table 1. The patient cohort consisted of 1
female and 20 males with a median age of 66 years (range, 48
to 75). Four patients exhibited limited disease and 19 exhibited
extensive disease at the start of treatment. The majority of the
patients had received no prior surgical treatment, while 67%
had received prior radiation therapy, All patients had been
treated with some form of cisplatin- or carboplatin-based
combination chemotherapy regimen, Eighteen patients had
received prior etoposide~containing chemotherapy and 10 prior
irinotecan-containing chemotherapy. The median number of
previous chemotherapy regimens administered was 1 (range, 1
to 2). Among the 10 patients who proved refractory to
chemotherapy, 5 had NC or PD on first- or second-line
treatment, 2 had PR but experienced disease progression
during treatment and 3 had a relapse within a 90-day
treatment-free interval after completing their treatments.

Toxicity. The toxicity of the regimen is summarized in Table
11. Neutropenia was the main toxicity, with 6 out of the 21
patients experiencing grade 4 neutropenia during the entire
study. Grade 3 anemia was observed in 2 patients. One
patient experienced grade 4 anemia, secondary to digestive
tract bleeding. Thrombocytopenia remained infrequent
throughout the study. No cases of grade 3 or 4
thrombocytopenia were observed and there was no evidence
of cumulative hematological toxicity.
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Table 1. Baseline characteristics of all patients.

Table 11, Toxicity of treatrment for all cycies.

Baseline characteristics No. of patients Toxicity No. of patients with event by grade
Sex Male / Female 26/1 GO Gl G2 G3 Gd
Age (years) Median (Range) 66 (48-75) Nausea 12 7 2 0 0
Vomiting 19 1 1 0 0
ECOG P5 0/1/2 5H2/4 Diarrhea 17 3 1 0 0
Constipation 10 5 6 0 0
Disease extent LD/ ED 4117 Mucositis 21 0 0 0 0
Gastric uleer 20 0 1 ¢ [t}
Previous Chemotherapy only 4 Fever 16 3 2 ¢ 0
{reatment Chemotherapy + radiotherapy 14 Fatigne 13 0 8 1] 0
Chemotherapy + others 3 Skin rash 20 G 0 1 0
Infection 18 0 0 3 0
Previous Platinum + etopoisde -+/- others 18 Neuropathy 9 9 1 2 0
chemotherapy Including irinotecan HC1 10 Myalgia i6 4 1 0 0
Cthers 1 Dyspnea 17 0 1 2 1
Hemoglobin 1 9 9 i 1
No.of previous 1/2/3 16/4/1 WBC count 2 1 8 8 2
chemotherapy Neutrophil count 0 5 2 8 6
regimens Piatelet count 16 5 0 0 0
GOT 12 7 2 0 0
Response to prior CR/PR/NC/PD/NE 2/1345/0/1  GPT 16 4 1 0 0
chemotherapy * Total bilirubin 19 1 1 0 0
No.: number
PS: performance status, LD: limited disease, ED: extensive disease.
Other grade 3 and 4 toxicities included infection, skin  Table IIL Response data.
rash, neuropathy and pulmonary toxicity. Grade 1 or 2
neuropathy was seen in 10 patients, and greater than grade No. of patients Response
2 was observed in 2 individuals. No hypersensitivity CR PR NC PD NE Tate (%)
reactions were encountered. Grade 3 or 4 pulmonary
toxicity was reported in 3 patients and was characterized  Total 21 0 5 4 11 1 23.8
by dyspnea. Life-threatening complications of grade 4  Sensitive 11 0 3 3 5 0 213
infection and grade 4 dyspnea were encountered in 1  Refractory 10 0 2 1 6 1 200

patient, who experienced febrile neutropenia and
respiratory failure secondary to pneumonia after the third
weekly dose. He was treated with antibiotics and
supportive measures, but the respiratory distress worsened
and he died on day 41. One of 2 grade 3 pulmonary
toxicities was pneumonitis, probably induced by paclitaxel,
but was resolved by steroid therapy.

Response to treatment and survival The responses to
therapy are shown in Table III according to whether the
patient had primary refractory disease or primary sensitive
cancer that subsequently relapsed, Although 1 out of the 21
patients was not assessable for response, having died during
the first cycle, a 250% decrease in the sum of the products
of the 2 largest perpendicular diameters of the tumor was
achieved in this patient. Five of the 22 patients had a PR,
but no CRs were observed and the overall response rate

Cl = confidence interval; CR = complete response; NE = not
evaluable; PD = progressive disease; PR = partial response; NC = no
change.,

was 23.8% (95% confidence interval, 5.59 to 42.03). When
only evaluable patients were included in the analysis,
however, the response rate improved to 25% (95%
confidence interval, 6.02 to 43.98). Two PRs (20%)
occurred in refractory cases and 3 PRs (27%) were
achieved in sensitive cases. Four patients showed no
change, and 1 exhibited disease progression. The survival
analysis was performed in January 2003, by which point 10
patients had died and 2 were still alive. The median survival
time (MST) was 5.8 months and the 1-year survival rate was
13.4% (Figure 1).
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Figure 1. Overall survival.

Discussion

Since the outlook for SCLC patients who receive second-
line therapy is poor, several new drugs, such as paclitaxel,
docetaxel, gemcitabine, vinorelbine, topotecan and
irinotecan, are currently under investigation. The new
chemotherapy agents that have been most extensively
evalnated in SCLC are the topoisomerase 1 inhibitors,
including topotecan and irinotecan. Ven Pawel er al
conducted a phase II study comparing single-agent
topotecan with cyclophosphamide, doxorubicin and
vineristine (CAV) in patients with progression at least 60
days after initial therapy and reported response rates of
24.3% for topotecan and 18.3% for CAV with a median
survival time (MST) of 25.0 and 24.7 weeks, respectively,
and found that topotecan was at least as effective as CAV in
the treatment of patients with recurrent SCLC (10). Two
studies of irinotecan in patients with refractory SCLC have
been reported in Japan and the response rates in both
studies were high, i.e., 50% in 16 patients, and 47% in 15
patients, respectively (11, 12). We therefore consider that
topoisomerase 1 inhibitors, such as topotecan and
irinotecan, are key drugs in the second-line treatment of
SCLC. However, the number of SCLC patients treated with
an irinotecan-containing regimen as first-line chemotherapy
has increased in Japan since, in a randomized phase 111 trial
in Japan (13), a combination of irinotecan and cisplatin was
shown to yield better sarvival than the standard etoposide
and cisplatin regimen in patients with untreated extensive
SCLC. Therefore, the search for effective drugs, other than
topoisomerase I inhibitors, for previously treated SCLC,
especially refractory SCLC, must be continued.
Single-agent paclitaxel, at a dose of 173 mg/m? as a 3-h
infusion every 3 weeks in patients with previcusly treated
SCLC, produced a response rate of 29% and an MST of 100
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days (4). The results of our phase II study demonstrated
that weekly paclitaxe] at a dose of 80 mg/m? yielded a
similar response rate of 23.8% and a much better MST of
5.8 months than that of paclitaxel given every 3 weeks.
Because the antiproliferative activity of paclitaxel is cell-
specific, prolonging patient exposure to a low dose of the
drug beyond a threshold concentration is ultimately more
efficacious than a short-term exposure to higher drug

. concentrations, a hypothesis . supported by in vitro

experiments with a variety of ceil lines and suggested by the
results of clinical studies. As clinical experience with
paclitaxel treatment of various types of tumors has
progressed, so has the use of weekly regimens at lower
doses administered as 1-h infusions, as opposed to standard
higher doses delivered once every 3 weeks as 3-h infusions.

A response rate of more than 10% is considered evidence
of drug efficacy in previously-treated SCLC patients (14).
Before newer drugs, such as topoisomerase I inhibitors,
taxane, gemcitabine and vinorelbine were introduced,
salvage chemotherapy did not usunally prolong survival in
SCLC and MSTs after relapse were 2.5 — 3.9 months (1).
Single-agent phase II trials of gemcitabine, docetaxel and
vinorelbine in patients with retapsed or refractory SCLC
have been reported. Smyth et al. (15), using a 100 mg/m?
dose of docetaxel, obtained a response rate of 25% in 28
assessable patients who had received prior chemotherapy.
A trial of gemcitabine in 46 previously-treated patients
yielded an 11.9% response rate (16) and vinorelbine
provided response rates of 12% and 16% in second-line
patients with sensitive disease (17,18). Thus, the MST of 5.8
months and response rate of 23.8% in this study compare
favorably with those of published single-agent trials in
relapsed or refractory SCLC.

The toxicity profile noted in this trial was predictable
based on the toxicity profile previously described in weekly
paclitaxel trials, neutropenia being the major toxic effect.
Al side-effects, except fatal neutropenic pneumonia in 1
case, were manageble. Grade 3 or 4 neutropenia occurred
in 14 of the patients in our study but was immediately
alleviated by treatment with G-CSF. Grade 3 or 4 anemia
occurred in 1 patient, but there was no grade 3 or 4
thrombocytopenia in our study. The incidence of grade 3/4
myelosuppression was considered tolerable, There were 3
cases of grade 3 or 4 pulmonary toxicity, 2 of which
occurred due to bacterial infection. This regimen required
a dose of 20 mg of dexamethasone weekly as premedication.
We believe that this occurrence of bacterial pneumonia
might be related to the vse of steroids.

Testing new drugs in previously-treated patients has the
clear advantages of determining the degree of non-cross
resistance with other drugs. Its greatest disadvantage is the
risk of a considerable dose reduction (especially of
myelotoxic drugs) to avoid extensive hematological side-
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effects, perhaps resulting in doses that are too low to fairly
evaluate the drug. Since a weekly administration of paclitaxel
causes only mild myelosuppression and as there may be no
cross resistance with platinum, etoposide, irinotecan, or
topotecan, which are usually used to treat SCLC, we find this
regimen suitable for previously-treated SCLC.

In summary, the weekly paclitaxel regimen is moderately
effective in SCLC patients who have received prior
chemotherapy. Based on the statistical design of this study,
the 5 PR observed suggest that weekly paclitaxel warrants
further evaluation in this patient population. Additional
investigations will serve to clarify the role of this agent,
either alone or in combination with other agents.
Combining paclitaxel with other agents with proven non-
cross resistance such as irinotecan, topotecan, or
gemcitabine or new target-based agents is the next step
needed to cvaluate second-line situations, especially in
patients with resistant disease.
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Background: To compare the efficacy and toxicity of three platinum-based combination regimens against cisplalin
plus irnotecan (IP} in patients with untreated advanced non-small-cell lung cancer (NSCLC) by a non-inferiority design.
Patients and methods: A total of 602 patients were randomly assigned to one of four regimens: cisplatin 80 mg/m?
cn day 1 plus innotecan 60 mg/m? on days 1, 8, 15 every 4 weeks (IP) carboplatin AUG 6.0 min x mg/mL (area under
the congentration-time curve) on day 1 plus paclitaxel 200 mg/m? on day t every 3 weeks (TC); cisplatin 80 mg/m?
on day 1 plus gemgitabine 1000 mg/m? on days 1, 8 every 3 weeks {GP); and cisplatin 80 mg/m? on day 1 plus
vinorelbine 25 mg/m2 on days 1, 8 every 3 weeks (NP).

Results: The response rate, median survival time, and 1-year survival rate were 31.0%, 13.9 months, 52.2%,
respectively, in IP; 32.4%, 12.3 manths, 51.0% in TC; 30.1%, 14.0 months, 52.6% in GP; and 33.1%, 11.4 months,
48.3% in NP. No statistically significant differences were found in response rate or overall survival, but the non-
inferiority of none of the experimental regimens could be confirmed. All the four regimens were wel tolerated.
Conclusion: The four regimens have similar efficacy and different toxicity profiles, and they can be used to treat
advanced NSCLG patients.

Key words: carboplatin, cisplatin, gemcitabine, irinotecan, non-smaill-cell lung cancer, paclitaxel, randomized phase
Il study, vinorelbine
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introduction _ chemotherapy, and doublets of platinum and new-generation
anticancer agents arc considered standard chematherapy
regimens for advanced NSCLC, although no consistent standard
regimens have yet been established [8-17].

Two phase I11 studies comparing cisplatin plus irinotecan (IP}
with cisplatin plus vindesine for advanced NSCLC have been
conducted in Japan [18, 19]. Fukuoka et al. {20] reported the
results of a combined analysis of the 358 eligible stage IV
patients in these studies. They carried out a multivariate analysis
using the Cox regression model with adjustment for well-known
prognostic factors, and the Cox regression analysis
demonstrated that treatment with IP was one of significant
independent favorable factor. Based on their data, we selected IP
*Correspondence to: Dr'Y. Ohe, Department of intemal Medicing, for the re-fe.rence arm in our study.

National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku, Tekyo 104-0045, Japan, The Ministry of Health, Labour and Welfare of Japan
Tel: +81-3-3542-2511; Fax: x+81-3-3542-7008; E-malk: yohe@nce.ga.p approved the prescription of paclitaxel, gemcizabine, and

Nearly 60 000 patients in Japan died of lung cancer in 2004, and
the mortality rate is still increasing [1]. Even old-generation
cisplatin-based chemotherapy provides a survival benefit and
symptom relief in patients with inoperable non-small-cell ung
cancer {NSCLC) (2). Several anticancer agents including
irinotecan, paclitaxel, docetaxel, gemcitabine, and vinorelbine,
were developed in the 1990s and most of them have
mechanisms of action that differ from those of the old-
generation agents [3-7]. The combinations of platinum and
these new agents developed in the 1990s are more useful against
advanced NSCLC than old-generation combination
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vinorelbine for NSCLC in 1999 and requested a phase 111 study
to confirm the efficacy and safety of these agents. The Japanese
investigators and the pharmaceutical companies decided to
conduct a four-arm randomized phase III study for NSCLC, the
so-called FACS, Four-Arm Cooperative Study. The purpose of
the study was to compare the efficacy and toxicity of three
platinum-based combination regimens, carboplatin plus
paclitaxel (TC}, cisplatin plus gemcitabine (GP), cisplatin plus
vinorelbine {NP), with IP as the reference arm.

patients and methods

patient selection

Patients with histelogically and/or cytologically documented NSCLC were
eligible for participation in the study, Each patient had to meet the following
criteria: clinical stage IV or I11B (including enly patients with no indications
for curative radiotherapy, such as malignant pleural effusion, pleural
dissemination, malignant pericardiac effusion, or metastatic Iesion in the
same lobe), at least one target lesion >2 ¢m, no prior chemotherzpy, no prior
surgery andfor radiotherapy for the primary site, age 20-74 years, Eastern
Cooperative Oncology Group performance status (P5) of 0 or 1, adequate
hematological, hepatic and renal functions, partial pressure of arterial
oxygen {paQ;) 260 torr, expected survival >3 months, able to undergo first
course treatment in an inpatient seiting, and wriiten informed consent, The
study was approved by the Institutional Review Board at each hospital.
Written informed consent was obtained from every patient.

treatment schedule

Alf patients were randomiy assigned to one of the four treatment groups by
the central registration office by means of the minimization method. Stage,
PS, gender, lactate dehydrogenase (LDH) and albumin values, and
institution were used as adjustment variables. The first group received the
reference treatment, 80 mg/m” of cisplatin on day 1 and 60 mg/m? of
irinctecan on days 1, 8,and 15, and the cycle was repeated every 4 wecks. The
second group received 200 mg/m” of paclitaxel {Bristol-Myers K.K.,
Tokyo, fapan) over a 3-h period followed by carboplatin at a dose calculated
to produce an area under the concentration—time curve of 6,0 min X mgfml.
on day | and the cycle was repeated every 3 weeks. The third group received
80 mg/m? of cisplatin on day 1 and 1000 mg/m? of gemcitabine (Eli Lilty
Japan K.K., Kobe, Japan) on days 1, 8 and the cycle was repeated every 3
weeks. The fourth group received 80 mg/m? of cisplatin an day | and 25 mg/
m? of vinorelbine (Kyowa Hakko Kogyo Co. Ltd,, Tokyo, Japan) on days 1,
8 and the cycle was repeated every 3 weeks. Each treatment was repeated
for three or more cycles unless the patient met the criteria for progressive
disease or experienced unacceptable toxicity.

response and toxicity evaluation

Response was evaluated according to the Response Evaluation Criteria in
Solid Tumaors, and tumor markers were excluded from the criteria [21],

Objective tumor response in all responding patients was evaluated by an
external review commitiee with ne information on the treatment group.

Toxicity grading criteria in National Cancer Institute Common Toxicity

Criteria Ver 2.0 were used to evaluate toxicity.

quality of life assessment

Quality of life (Qol) was evaluated by means of the Functional Assessment
of Cancer Therapy—Lung (FACT-L) Japanese version and the QoL
Questioanaire for Cancer Patients Treated with Anticancer Drugs {QoL-
ACD}, before treatment, immediately before the second cycles of
chematherapy, and 3 and 6 months after the start of treatment [22-24].
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statistical analysis and monitoring
The primary end point of this study was overall survival (OS), and the
secondary end points were response rate, response duration, time to
progressive disease (TTP), time to treatment failure (TTTF}, adverse event,
2nd Qoi. The 1-year survival rate of the contrel group in this study was
estimated to be 43% based on the data in published papers, and the 1-year
survival rate in the other treatment group was expected to be 50%. The lower
equivalence limit for 1-year survival rate was set as *— 0%, The criterion for
the nen-inferiority of each treatment was a lower limit of the two-sided 95%
confidence interval (C1) of the 1-year survival rate of treatment minus that
of control larger than the lower equivalence imit. Beczuse the non-
inferiority of each treatment versus the control was to be evaluated
independently, a separate nuil hypothesis was stated for each treatment, and
for that reason no multiple comparisor adjustment was included in the
study. Based on the above conditions and binomial distribution, 135
patients were needed per arm for a one-sided Type I error of 2.5% and
80.0% power. In view of the possibility of variance inflation due to
censoring, the sample size was set at 600 (150 per arm).

Central registration with randomization, monitoring, data collection,
and the statistical analyses were independesntly carried out by a contract
research organization (EPS Co., Ltd, Tokyo, Japan).

resulis

patient characteristics

From October 2000 to June 2002, a total of 602 patients were
registered by 44 hospitals in Japan. Al patients had been
followed up for >2 years, and 447 patients had died as of June
2004. Of the 602 patients registered, 151 were allocated to the
reference treatment, IP, and 150, 151, and 150 patients were
allocated to TC, GP, and NP, respectively. Sinice 10 patients did
not receive chemotherapy and 11 patients were subsequently
found to be ineligible, 592 patients were assessable for toxicity
and 581 patients were assessable for efficacy. Four patients did
not receive chemotherapy due to electrolytic disorder, fever,
symptomatic brain metastases, and rapid tumor progression in
IP, two patients due to refusal and prneumonia in TC, four
patients due to lower WBC counts (two patients), rapid tumor
progression, and nephritic syndrome in NP. Two patents were
ineligible due to wrong stage in IP, two patients were wrong
stage and one patient had double cancer in TC, two patients
were wrong diagnosis, one patient had massive pleural effusion,
one patient received prior chemotherapy in GP, one patient had
no target lesions in NP, Age, gender, P§, stage, and LDH and
albumin values were well balanced in each arm {Table 1). Fewer
patients with adenccarcinoma and more patients with
squamous cell carcinona were, however, entered in three
experimental arms than in IP.

objective tumor response and response duration

Objective tumor response is shown in Table 2. Forty-five partial
responses occurred in the 145 assessable patients in the reference
arm, IF, for an objective response rate of 31.0% with a median
response duration of 4.8 months. The response rate and median
response duration were 32,4% and 4.0 months in 'FC, 30.1% and
3.5 months in GP, and 33.1% and 3.4 months in NP. The
response rates in TC, GP, and NP were not statistically different
from the rate in IP according to the results of the x” test.
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Table 1. Patient characteristics and treatment delivery
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Assessable patients

Gender (maleffemale) 97/48
Age, median {range) 62 (30--74)
BS (0/1) 44/101
Histology
Adenacarcinoma in
Squamous ceil carcinoma 16

Others g

Stage {INIB/IV) 31/114
No. ef cycles
Mean % SD 30 % 1.3
Median
Range 1-7

145

146
99/46 101/45 161/44
63 (33-74) 61 (34-74) 61 (28-74)
447101 45/101 457100
104 108 109
3 29 29
10 9 7
28/117 30/116 26/119
3515 32k 1.2 3.1 %13
3 3 3
1-10 1-7 1-8

PS, performance status; SI2, standard deviation.

Table 2. Survival, TTP, TTTF, responst rate, and response duration

Cisplatin -+ 145 13.9 59.2 - 26
irinotecan

Carboplatin + 145 12.3 51.0 ~8.2% (95% CI ~19.6% to 3.3%) 25
paclitaxel

Cisplatin + 146 140 59.6 0.4% {95% CI —10.9% tol1.7%) 3t
gemcitabine

Cisplatin + 145 114 48.3 ~10.9% (95% CI —22.3% to 0.5%) 21.4
vinorelbine

5 4.7

31.0

4.8 (1 = 45)

5 45 (P = 0.355)" 3.2 (P =0282)" 324 (P= 0.801)" 4.0 (v =47)

] 4.0 (P = 0.170)* 3.2 (P = 0.567)* 30.1 (P = 0.868)" 3.5 (n = 44)

4.1 (P=0133)7 3.0 (P =0091) 330 ({P= 0.706)° 3.4 (n = 48)

*Compared with IP by the generalized Wilcoxon test.
bCompared with TP by the ¥ test.

Cl, confidence interval; IP, cisplatin plus irinotecan; TTP, time to progressive disease; TTTF, time to treatment failure.

0S, TTP disease, and TTTF

OS and TTP are shown in Figure 1. Median survival time
{MST), the 1-year, and 2-year survival rate in [P were 13.9
months, 59.2%, and 26.5%, respectively. The MSTs, 1-year, and
2-year survival rates were, respectively, 12.3 months, 51.0%, and
25.5% in TC; 14.0 months, 59.6%, and 31.5% in GP; and 11.4
months, 48.3%, and 21.4% in NP. The lower limits of the 95%
CI of the difference in 1-year survival rate between IP and TC
(—19.6%), GP (—10.9%), and NP (~22.3%) were below —10%,
which was considered the lower equivalence limit (Table 2).
Thus, the results did not show non-inferiority in three
experimensal regimens compared with reference treatment.
Median TTP and median TTTF were 4.7 and 3.3 months,
respectively in IP. Median TEP and TTTF were, respectively, 4.5
and 3.2 months in TC, 4.0 and 3.2 months in GP, and 4.1 and
3.0 months in NP. There were no statistical differences in either
TTP or TTTE in TC, GP, or NP, compared with P according to
the results of the generalized Wilcoxon test (Table 2).
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hematologic and non-hematologic toxicity

In IP, 47.6% and 83.7% of patients developed grade 3 or worse
leukopenia and neutropenia, respectively (Table 3). The
incidences of grade 3 or worse leukopenia (33.1%, P = 0.010)
and neutropenia (62.9%, P < 0.001) were significantly lower in
GP than in IP. The incidence of grade 3 or worse leukopenia
{67.1%, P < 0.001) was significantly higher in NP than in iP.
Grade 3 or worse thrombocytopenia developed in 5.4% of the
patients in [P, and the incidence was significantly higher in GP
(35.1%, P < 0.001). The incidence of febril neutropenia in IP
was 14.3%, and was significantly lower in GP (2.0%, P < 0.001).

Grade 2 or worse nausea, vomiting, anorexia, and fatigue
occurred in 60.5%, 51.0%, 65.3%, and 38.8%, respectively, of
the patients in IP. The incidences of grade 2 or worse nausea
{TC: 25.0%, P < 0.001, NP: 47.3%, P = 0.022}, vomiting (TC:
22.3%, P < 0.001, NP: 36.3%, P = 0.011}, and anorexia (TC:
32.4%, P < 0.001, NP: 49.3%, P = 0.005) were significantly lower
in TC and NP than in IP. Grade 2 or worse diarrhea was

doi:10.1083/annonc/mdi377 | s1o
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Figure 1. Overall survival (OS) and time to progressive (TTP) disease. TTP and OS in the carboplatin plus paclitaxel (TC) (A, D), cisplatin plus gemcitabine
(GP) (B, E}, and cisplatin plus vinorelbing (NP} (C, F) were not statistically significantly different from the values in the cisplatin plus irinotecan.

significantly less frequent in TC (6.8%), GP {8.6%), and NP
(11.6%) than in IP (48.3%, P < 0.001). The incidences of grade
2 or worse sensory neuropathy {16.9%, P < 0.001), arthralgia
(21.6%, P < 0.001), and myalgia (17.6%, F < 0.001) were
significantly higher in TC than in IP. Grade 2 alepecia occurred
in 30.6% of the patients in IP, and its incidence was significantly
higher in TC {44.6%, P = 0.013) and significantly lower in GP
(15.2%, P = 0.001) and NP {8.9%, P < 0.001). Grade 2 injection
site reactions were more frequent in NP (26.7%) than in [P
(4.8%, P < 0.001).
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A total of five patients died of treatment-related toxicity: three
in 1P (cerebral hemorrhage, interstitial pneumonia, acute
circulatory failure/disseminated intravascular coagulation:
2.0%), one in TC (acute renal failure: 0.7%), and one in NP
(pulmonary embolism: 0.7%}.

second-line treatment

Data on second-line treatment, but not third-line or later
treatment, was available in this study, and they showed that
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Table 3. Toxicity

original article

i

Leukocytes 42 43 5 39 42
Neutrophils 11 39 45 5 19
Hemoglobin 42 24 7 42 13"
Platelets 6 5 1 9 3]
Febrile neutropenia - 14 0 - 18
Nausea 32 29 - 14° 11°
Vormiting 38 i3 \] 17¢ 5°
Anorexia 30 33 2 15° 17°
Fatigue 27 12 1 26 2
Digrrhea 33 15 1 4* ¥
Constipation 7 7 0 30 8
Neuropathy, motor I 0 0 1 i
Neuropathy, sensory 1 0 0 14! 3¢
Alopecia 31 - - 45¢ -
Arthralgia 2 0 0 20 2
Myalgia 1 ¢ 16" 24
Injection site reaction 5 0 - 5 @
Pneumonitis 0 1 1 0 1
Creatinine 8 1 0 N o
AST 7 ] 1 5 1
Fever 2 0 0 5 1
Treatment-related death 3 {2.09%) 1 (0.79%)

3 40 31° 22 25 51° 16°
69 1 10 237 5 16 72
2" 44 22 5 43 25 5
22 5" o 3 i 0
0 - 7 0° - 18 0
- 35 23 - 33 14° -
0° 34 14 0 29¢ 7 0°
1t 31 26 1 29° 20¢ 1
1 17 3¢ 0 23° 3 0°
0° 7 2 0 g 4 0
0 33 g 0 404 149 ot
0 o o 0 ¢
o 0 0 0 0 0 )
- 15° - - o - -
o 0 0 1 )
0! 0 0 0 i 1 0
- 5 0 - 274 ot -
0 0 0 0 0 1 0
o 7 0 0 8 1 0
0 6 3 0 1 3 0
0 1 ¢ 0 1 0 0
0 1(0.7%)

ncidence of grade 3 or 4 toxicity significantly (P < 0.05) lower than that with IP.

Mncidence of grade 3 or 4 toxicity significantly (P < 0.05) higher than that with IP.

“Incidence of grade 2 or worse toxicity is significantly (P < 0.05) lower than that with IP.

Yncidence of grade 2 or worse toxicity significantly (P < 0.05) higher than that with IP.

GP, cisplatin plus gemcitabine; 1P, cisplatin plus irinotecan; NP, cisplatin plus vinorelbine; TC, carboplatin plus paclitaxel.

AST, aspartate aminotransferase; —, no category in the criteria.

6096—74% of the patients received chemotherapy and 6%-95%
received thoracic irradiation as second-line treatment (Table 4).
The pereentages of patients in each treatment group who
received second-line chematherapy were not significantly
different {P = 0.081}.

quality of life

The details of the QoL analysis will be reported elsewhere. No
statistically significant difference in global QoL was observed
among the four treatment groups based on cither the FACT-L
Japanese version or the QoL-ACD. Only the physical domain
evaluated by QoL-ACD was significantly better in TC, GP, and
NP than in [P.

discussion

Many randomized phase III studies have compared platinum-
plus-new-agent doublets in NSCLC, but, this is the first to
evaluate the efficacy of an irinotecan-containing regimen in
comparison with other platinum-plus-new-agent doublets in
NSCLC [14-17]. Although non-platinum-containing
chemotherapy regimens are used as alternatives, doublets of
platinum and a new-generation anticancer agent, such as TC,
GP, and NP, are considered standard chemotherapy regimens
for advanced NSCLC worldwide [13—17, 25]. Although the non-
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inferiority of none of the three experimental regimens could
be confirmed in this study, no statistically significant differences
in response rate, 05, TTP, or TTTF were observed between the
reference regimen and the experimental regimens. All four
platinum-based doublets have similar efficacy against advanced
NSCLC but different toxicity profiles. Nevertheless, IP was still
regarded as the reference regimen in this study because the
non-inferiority of none of the three experimental regimens
could be confirmed.

OS in this study was relatively longer than previously
reported. The estimated 1-year survival rate in the reference arm
was 439, but the actual 1-year survival rate was 59.2%, much
higher than expected. The MSTs reported for patients treated
with TC, GP, and NP in recent phase I} studies have ranged
from 8 to 10 months, and in the present study they were 12.3,
14.0, and 11.4 months, respectively [14-17]. One reason for the
good OS in this study was the difference in patient selection
criteria, for example exclusion of PS2 patients. Ethnic
differences in pharmacogenomics have also been indicated as
a possible reason for the good OS in this study [26]. The OS in
IP in this study, however, was better than in previous Japanese
studies [18, 19]. TTP in this study ranged from 4.0 to 4.7
months, and was similar to the TTP of 3.1-5.5 months reported
in the literature [15, 16]. OS not TTP was longer in this study

dol:10.1083/annone/mdI377 | 32
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Table 4. Second-line treatment
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isplatin + irinotecan

atboplatin + packitaxcl

 Cisplatin + gemcitabin

isplatin ¥ yinarelbin

Number of patients 145 145

Chemotherapy 107 (7490} 87 (60%)
Docetaxel 39 25
Gefitinib 11 9
Paclitaxel I5 14
Gemcitabine 24 28
Vinorelbine 9 12
Irinotecan 15 4

Thoracic irradiation 8 10

146 145
101 (69%) 95 (66%) P =10.081
50 51
18 12
7 11
17 28
2
3 3
13 1c

than previously reported, and higher 2-year survival rates,
21.4%~31.5%, were observed in the minimum 2-year follow-up
in this study. Second-line or later treatments may affect survival,
because docetaxel has been established as standard second-line
chemotherapy for advanced NSCLC [27, 28]. Gefitinib is also
effective as second-line or later chemotherapy for advanced
NSCLC, especially in Asian patients, never smokers and patients
with adenocarcinoma [29-32].

The toxicity profile of each treatment differed and the toxicity
of all four regimens was well tolerated. Overall QoL was similar
in the four platinum-based doublets. Only physical domain QoL
evaluated by the QoL-ACD was statistically better in TC, GP,
and NP than in IP. This finding is presumably attributable to the
fact that diarrhea is a statistically less frequent adverse effect of
TC, GP, and NP than of IP.

In conclusion, all four platinum-based doublets had similar
efficacy for advanced NSCLC but different toxicity profiles.

All the four regimens can be used to treat advanced NSCLC
patients in clinical practice.

appendix

Institutions of the FACS Cooperative Group: National Hospital
Organization (NHO) Hokkaido Cancer Center, Tohoku
University Hospital, Yamagata Prefectural Central Hospital,
Niigata Cancer Center Hospital, Tochigi Cancer Center, NHO
Nishigunma National Hospital, Saitama Cancer Center,
National Cancer Center Hospital East, Chiba University
Hospital, National Cancer Center Hospital, Tokyo Medical
University Hospital, Japanese Foundation for Cancer Research,
Kanagawa Cancer Center, Yokohama Municipal Citizen's
Hospital, Kanagawa Cardiovascular and Respiratory Center,
Aichi Cancer Center Hospital, Prefectural Aichi Hospital,
Nagoya City University Hospital, NHO Nagoya Medical Center,
Nagoya University Hospital, Gifu Municipal Hospital, NHO
Kyoto Medical Center, Osaka City General Hospital, Osaka City
University Hospital, Osaka Medical Center for Cancer and
Cardiovascular Diseases, NHO Toneyama Hospital, Osaka
Prefectural Medical Center for Respiratory and Allergic Diseases,
Kinki University School of Medicine, Rinku General Medical
Center Izumisano Municipal Hospital, Kobe Central General
Hospital, The Hospital of Hyogo College of Medicine, Hyogo
Medical Center for Adults, Tokushima University Hospital,
Kagawa Prefectural Central Hospital, NHO Shikoku Cancer
Center Hospital, Hiroshima University Medical Haspital, NHO
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Kyushu Cancer Center Hospital, Kyushu University Hospital,
National Nagasaki Medical Center, Nagasaki Municipal
Hospital, Nagasaki University Hospital of Medicine and
Dentistry, Kumamoto Chuo Hospital, Kumamote Regional
Medical Center, NTT West Osaka Hospital.
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