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Figure 2. Genetic inactivations of LATS2 in MM cells. A, genomic PCR analysis detected homozygous deletion in Y-MESO-14, -21, -27, and NCI-H2052,
and shorter fragments in Y-MESO-30 and MSTO-211H cell lines (arrows). B, a diagram of 7 LATS2 inactivating mutations in MM cell lines. C, genomic
PCR analysis detected ashorter product by 125 bp in the Y-MESO-30 cell line and its corresponding tumor but not in lymphocytes. This deletion disrupted the
donor site of the exon 6 boundary (14 bp in exon 6 and 111 bp in intron 6). D, RT-PCR analysis covering exon 5-7 detected a shorter fragment
skipping exon 6, which caused the deletion of 61 amino acids coded by 183 nucieotides of exon 6.

LATS2 acts as a growth suppressor in MM cells

To determine whether the regulation of YAP by cell density
was abrogated in MM cells, we then analyzed the change of
cellular localization of YAP with immunocytochemistry. All 3
MM cell lines with LATS2 mutation showed nuclear accumu-
lation of YAP even at high cell density, whereas MeT-5A,
immortalized, nonmalignant mesothelial cells, showed
nuclear accumulation at low cell density but presented cyto-
plasmic translocation at high cell density (Fig. 4C). As
expected, Western blot analysis showed that the subcellular
localization change of YAP in MeT-5A according to high cell
density was accompanied with a significant increase in phos-
phorylated YAP (Fig. 4D). In contrast, the basal levels of YAP
phosphorylation in MM cells were low and there was only a
modest increase in YAP phosphorylation levels (Fig. 4D).

To determine whether LATS2 has a growth-suppressive
activity, we transduced the both wild-type and mutant LATS2
constructs in MM cells. Transduction of the wild-type, but not
the mutant, LATS2inhibited cell proliferation of MM cells with
LATS2 mutation, indicating that LATS2 acts as a growth
suppressor in MM cells in vitro (Fig. 5A and Supplementary
Fig. 2A). We also carried out anchorage-independent colony

formation and Transwell migration assays and found that
LATS2 transduction in MM cell lines with LATS2 mutation
inhibited both activities in these cell lines (Fig. 5B and C and
Supplementary Fig. 2B).

Finally, we carried out a knockdown experiment of LATS2
in MeT-5A cells to determine whether silencing of LATS2
promotes cell growth of nonmalignant mesothelial cells.
LATS2 knockdown significantly decreased YAP phosphoryla-
tion status and slightly increased YAP protein level (Supple-
mentary Fig. 3A). We found that silencing of LATS2 increased
the cell proliferation of MeT-5A cells under low serum con-
dition (Supplementary Fig. 3B and C), but the colony forma-
tion in soft agar was not enhanced (data not shown). These
results suggested that LATS2 was involved in the regulation of
cell proliferation of nonmalignant mesothelial cells as well as
MM cells.

Immunohistochemical analysis of LATS2 and YAP in
primary MMs

To determine whether immunostaining can be useful to
detect LATS2 inactivation status in MMs, we carried out
immunohistochemical analysis with anti-LATS2 antibody
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Figure 3. Western blot analysis of
Merin, SAV1, and LATS2. LATS2
protein was undetectable in 5 cell
lines harboring a homozygous
deletion or a premature
temmination, although faint
nonspecific bands with slower
mobility than the wild-type LATS2
were observed (indicated by
asterisks). Aberrant short LATS2
proteins were detected in MSTO-
211H and Y-MESO-30 (indicated
by “S*). Expression of B-actin was
used as the control.

(Fig. 6). The 2 MM tumors with homozygous deletion
detected by array CGH analysis showed negative or only
weak staining of LATS2, suggesting that weak (1+) signals
might be caused by nonspecific staining. Among 45 cases, 2
showed negative and 11 showed weak staining of LATS2,
whereas 32 had moderate or strong staining of LATS2,

suggesting that 13 (29%) of 45 primary MMs had down-
regulation of LATS2.

We also carried out immunohistochemical analysis to deter-
mine how frequently primary MMs show YAP activation (Fig. 6).
Among 45 cases, 36 showed positive staining for YAP and 33
tumors showed stronger or equal staining of YAP in the nucleus

Table 1. Inactivation of NF2, LATS2, and SAVT in MM cell lines

Cell line NF2? LATS2 SAV1
NCI-H290 HD + Gy
NCI-H2373 HD + +
ACC-MESO-1 Q389X ix +
Y-MESO-9 NM_000268:c.527_528del2 + Es
Y-MESO-12 HD + +
Y-MESO-22 HD + +
Y-MESO-25 NM_000268:¢.532_57 1del40 + +
Y-MESO-14 Q196X HD +
Y-MESO-26B HD Y649X +
NCI-H2052 R341X HD +
Y-MESO-21 + HD +
Y-MESO-27 + HD +
Y-MESO-30 + NM_014572:c.2652_2665+111del125 4
MSTO-211H + NM_014572:c.2355_2396del42 +
Y-MESO-28 -b + HD
Y-MESO-8D - + +
NCI-H28 + + +
NCI-H2452 + + +
ACC-MESO-4 + + +
Y-MESO-29 + + +
Abbreviation: HD, homozygous deletion.

#Mutation status of NF2 in 9 cell lines (ACC-MESO-1, -4, Y-MESO-8D, NCI-H28, -H290, -H2052, -H2373, -H2452, and MSTO-211H)
was previously described (11, 29, 30), and the one in the other 11 cell lines was analyzed in the present study.

"Silenced expression.
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the nucleus, binds to the E3 ubiquitin ligase CRL4”“**", and
suppresses its activity (38). In addition to these pathways, the
Hippo pathway is thought to be one of the downstream
signaling pathways of Merlin, which is regulated via signaling
with cell-cell adhesion, cell-cellular matrix, or other cell
membrane receptors with binding of extracellular ligands (21).

Dysregulation of the Hippo pathway causes an increase in
organ size both in Drosophila and in mammalians (22). The
recent findings indicated that a variety of human malig-
nancies, such as homozygous deletion of $4V1 in renal
cancer cell lines (33) and hypermethylation of MST in soft
tissue sarcoma (39), have alterations in each component.
Overexpression of YAP was reported in hepatocellular car-
cinomas (40) and colonic and lung adenocarcinomas (41). In
our previous study, we also reported YAP amplification in a
subset of MM cells (28). Regarding LATS2, downregulation of
LATS2 was reported to be correlated with poor prognosis of
leukemia (42) and missense mutation was also reported in
lung cancer (43). However, null status of LATS2 such as by

homozygous deletion or nonsense mutation was not
reported in these malignancies.

Why only 40% to 50% of MMs have NF2 mutation and the
rest do not has been a long-standing enigma. The represen-
tative hypotheses for them are that MM tumors without an
NF2 mutation may not express functional Merlin, or that the
other molecules of Merlin-associated signaling cascades are
altered. Supporting the former hypothesis, one study indicated
that Merlin was phosphorylated on Ser518 if present and
functionally inactivated in MM cells with elevated CPI-17, a
cellular inhibitor of myosin phosphatase MYPT1-PP13 (19),
and the other showed that upregulation of microRNAs, such
as hsa-miR-885-3p, might target NF2 (20). Meanwhile, our data
may explain the latter hypothesis, indicating that one of the
major downstream pathways of Merlin can be inactivated
with an LATS2 or SAVI mutation. We think of the idea that
LATS2is a TSG of MM is supported by the evidence that the
mutation frequency of LATS was in 2% (10 of 45 MMs
including 20 cell lines and 25 primary tumors), and that the
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Figure 6. Immunohistochemical
analyses of LATS2 and YAP in 45
primary MMs. Representative
cases of LATS2 and YAP staining
are presented. Case KD1074 with
LATS2 homozygous deletion and
case KD1067 with LATS2 deletion
showed negative (0) and weak
(1+4) LATS2 staining, respectively.
Both cases showed stronger
staining of YAP in the nucleus.
Meanwhile, cases KD1072 and
KD1077 without LATS2 deletion
showed moderate (2+) and strong
(3+) LATS2 staining, respectively.
N, nucleus; C, cytoplasm.
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characteristics of inactivation mechanisms were direct and
robust by a homozygous deletion, small deletion, or nonsense
mutation. To our knowledge, our study is the first to show
such frequent genetic inactivation of the LATS2 gene in any
human malignancy.

Interestingly, several MM cell lines show inactivation of
both NF2 and LATS2. This is in contrast to our hypothesis that
the functional link between the Merdin and Hippo pathway
was direct and that inactivation of each gene might be
sufficient for the inactivation of the Merlin-Hippo cascade
in MM cells. Indeed, although underphosphorylated, active
YAP in the Y-MESO-14 cell line that had both gene inactiva-
tions was not downregulated by phosphorylation when the
wild-type NF2 gene was transduced (Fig. 4A), the cell growth of
this cell line was suppressed (data not shown). In this regard,

Merlin has been clearly shown to inhibit mTORC1 pathway in
MM cells, with Merin-negative MM cells displaying unregu-
lated mTORCI1 signaling and also an enhanced growth-
inhibitory effect of rapamycin, an mTORCI1 inhibitor (44,
45). Thus, growth suppression in Y-MESO-14 cells was likely
to be induced via such signaling cascades but not via the
Hippo signaling. This suggests another possibility that the
main roles of Medin for tumor-suppressive activity in MM
cells reside outside the Hippo pathway regulation, that the
functional link between the Merlin and Hippo pathway in MM
cells is not as direct as expected, and that the simultaneous
inactivation of Merlin and Hippo pathway inactivation may
merely enhance MM cell growth. Furthermore, some MM
cell lines with NF2 mutation but not LATS2 mutation also
showed significant phosphorylation levels of YAP, especially at
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confluence, suggesting that the Hippo pathway in MM cells
can also be activated in a Mexlin-independent manner (data
not shown). Thus, more detailed mechanisms of the tumor-
suppressive pathways in which Merlin and LATS2 are involved
must be elucidated in future studies.

The mutation frequency of LATS2 in MM cell lines was
higher than the one in primary tumors. Because most
primary MM tumors contain abundant normal cells, the
sensitivities of detection of allelic loss or point mutation in
primary tumors are expected to be lower than those in cell
lines. In this regard, among 5 primary tumors that we
evaluated to have at least an allelic loss, there might be
cases of homozygous deletion. Indeed, 3 of 4 tumors with an
allelic loss showed the weak intensity of LATS2 staining
comparable with a tumor with homozygous deletion, which
suggested that both alleles of LATS2 might be inactivated in
these tumors. Thus, although the mutation frequency of 12%
for LATS2 in primary tumors was low compared with that of
35% in cell lines, we thought that one reason for this was the
lower sensitivity of mutation detection. However, we could
not exclude another possibility, namely, that the difference
in mutation frequencies was due to selection pressure dur-
ing establishment of cell lines.

In conclusion, we showed that the tumor-suppressive
Hippo signaling pathway can be inactivated by LA7S2 muta-
tion in MM cells and that LATS2 may play a critical role in
regulating cell proliferation and/or survival in MM cells and
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ASA404 (5,6-dimethylxanthenone-4-acetic acid, vadimezan), a fla-
vone-8-acetic acid analogue, is a novel tumor-vascular disrupting
agent. In this study, the safety and tolerability, pharmacokinetics
and pharmacodynamics of ASA404 in combination with standard
therapy of paclitaxel and carboplatin (P/C) were assessed. A total
of 15 Japanese patients with stage IV advanced non-small cell lung
cancer were enrolled and P/C plus ASA404 at three dose levels
(600-1800 mg/m?) was administered every 3 weeks. Dose limiting
toxicities were observed in two patients during Cycle 1 of ASA404
treatment (Grade 3 febrile neutropenia at ASA404 1200 mg/m’
and Grade 3 QT prolongation at ASA404 1800 mg/m?) and the inci-
dence of dose limiting toxicity was <1/3. The most frequently
reported adverse events were injection site pain, peripheral sen-
sory neuropathy, alopecia, neutropenia, nausea, anorexia and
arthralgia, which were similar to those seen in previous Phase I/Il
studies. Pharmacokinetic analysis revealed the plasma area under
the curve (AUCQ) of total ASA404 increased in a mostly dose-propor-
tional manner within the dose range investigated. Administration
of ASA404 raised plasma 5-hydroxyindole-3-acetic acid level dose-
dependently by 116 and 204% after 1200 and 1800 mg/m? doses,
respectively. Partial response was observed in four patients (27%),
and seven patients (47%) exhibited stable disease. Overall, the
safety and preliminary efficacy profiles were comparable to those
seen in non-Japanese patients in previous Phase | and Phase Ii
studies, and support the further evaluation of ASA404 (1800 mg/
m?) in Phase Ill studies in combination with P/C in Japanese
patients with advanced non-small cell lung cancer. (Cancer Sci, doi:
10.1111/j.1349-7006.2010.01839.x, 2011)

Wor]dwide. over 1.3 million people are diagnosed each
year with lung cancer, with over 1.1 million deaths. '

Non-small cell lung cancer (NSCLC) accounts for 87% of all
lung cancers, with most patients diagnosed at advanced stages
for which the 5-year survival rate is poor (<5%).** Lung can-
cer is also a disease that predominantly affects the elderly, with
most cases (85%) occurring in patients over 60 years of age.(s’
In Japan alone, the number of newly diagnosed patients with
NSCLC reached 85 000 by 2005, and 45 927 Jaganesc men and
17 307 women died from the disease in 2006.” Current stan-
dard treatments are usually platinum-based combination thera-
pies, and platinum-taxane regimens predominate in Japan
(>55%).‘8’ These treatment regimens extend survival but are
rarely curative,”®'?’ and there remains a need for more effective
and better tolerated therapies.

Like all solid tumors, lung tumors depend upon a functional
vascular supply to meet demand for oxygen and nutrients
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required for growth and development.'” Furthermore, a high
level of vascularity in peripheral lung tumor tissue has been
shown to correlate with lung cancer progression.!'> Microvessel
density in lung cancers is also a prognostic indicator of metasta-
] (13-15) el ;
sis and poor survival. The vasculature of solid tumors is
typified by aberrant vessels, the unique characteristics of which
present an opportunity for selective therapeutic interven-
tion."®'” ASA404 (vadimezan), a flavone-8-acetic acid ana-
logue, is a tumor-vascular disrupting agent (tumor-VDA) that
selectively targets the immature and rapidly proliferating endo-
thelial cells of established tumor vasculature.!'™ ASA404
induces rapid tumor endothelial cell apoptosis and a cascade of
events that induces a sustained effect on tumor blood flow, caus-
ing hypoxia, vascular failure, and inflammatory responses.''®>%
These effects lead to extensive tumor necrosis,'*” although a
viable rim of surviving cells remains at the tumor periphery
when the agent is used alone.®’ The activity of ASA404, which
causes necrosis at the tumor core, may thus be maximized by
combining it with chemotherapeutic agents, which often have
greatest effect at the tumor periphery. Preclinical studies on
ASA404 combined with various chemotherapeutic agents have
demonstrated enhanced anti-tumor activity compared with che-
T s fe i e e v . (25-27)

motherapy alone. This synergy is most notable with taxanes,
and studies in combination with paclitaxel in human NSCLC
xenografts have produced tumor cures.*>*®

Three Phase I clinical studies with ASA404 established a
maximum tolerated dose of 3700 mg/m’, with dose-limiting
toxicities (DLTs) occurring at doses of 4900 mg/m>?%3" Side
effects were relatively mild, and only transient, with moderate
cardiac changes occurring at higher doses.””*?? Visual distur-
bances were also reported in these studies but only at the highest
doses (22400 mg/m*). Y A dose of 1200 mg/m’ was
selected for a randomized Phase II study to determine the feasi-
bility of combining ASA404 with paclitaxel and carboplatin
(P/C). The study (n = 37) examined the potential for pharmaco-
kinetic (PK) interactions between components of this regimen
and evaluated its safety and efficacy in patients with previously
untreated advanced NSCLC.®” The ASA404 combination
improved a range of efficacy endpoints compared with P/C
alone—most notably overall survival (14.0 months in the P/C +
ASA404 [1200 mg/m?| group vs 8.8 months for P/C alone).
The risk of death was reduced by 27% (hazard ratio
[HR] = 0.73, 95% confidence interval [CI]: 0,39, 1.38) with a
response rate of 31 vs 22% for P/C alone.®® A single-arm
extension of this study (n = 29) subsequently elevated the
ASA404 dose to 1800 mg/m”, which was well tolerated, and a

7To whom correspondence should be addressed. E-mail: 107974@aichi-ccjp
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median survival of 14.9 months was demonstrated.®® Safety
and efficacy endpoints were also similar in both squamous and
non-squamous patients.*” Phase Il evaluations have shown that
ASA404 is a promising addition to standard NSCLC chemother-
apy but this must be confirmed in a larger prospective study.
The Phase Il study of ASA404 as a first-line treatment for
NSCLC in combination with P/C (ATTRACT-1) was halted fol-
lowing interim data analysis showmg futility. However, no
safety concems were identified.”

The primary objective of this open-label, non-randomized,
sequential dose escalation Phase I study was to assess the safety
proﬁle and tolerability of ASA404 when administered in combi-
nation with fixed doses of P/C in Japanese patients with previ-
ously untreated, stage IIIb/IV advanced NSCLC. Secondary
objectives were to characterize the PK profile in Japanese
patients, to assess pharmacodynamic (PD) effects and evaluate
preliminary anti-tumor activity.

Materials and Methods

Patient population. Japanese patients >20 years of age with
newly diagnosed, histologically or cytologically confirmed,
stage 11Ib/IV NSCLC were eligible for inclusion. Other require-
ments were that patients had no prior treatment for stage I11b/1V
disease (prior neoadjuvant or adjuvant chemotherapy within
6 months was allowed), World Health Organization (WHO)
performance status (PS) of 0-1 and life expectancy 212 weeks.
Eligible patients could have either squamous or non-squamous
histology.

" Specific criteria for exclusion were: symptomatic central ner-

vous system (CNS) metastases requiring treatment; second pri-
mary cancer with the exception of non-melanoma skin cancer or
cervical cancer in situ; radiotherapy (unless palliative) within
4 weeks; major surgery within 4 weeks; prior exposure to
tumor-VDAss or other vascular targeting agents; pleural effusion
requiring drainage; hemoptysis associated with NSCLC; long
QT syndrome; myocardial infarction within 12 months; poorly
controlled angina pectoris; ventricular tachycardia; history of
ventricular fibrillation or torsades de pointes and use of medica-
tion known to prolong the QT interval.

Dosing and administration. The dose of ASA404 was
selected based on the current data from clinical studies held in
westemn countries. ASA404 was administered at doses of 600,
1200 and 1800 mg/m’ as a 20 min mtravenous (IV) infusion
following infusion of paclitaxel (200 mg/m” IV over 3 h) and
carboplatin (IV over 30 mins at a plasma AUC of 6 mg/ml x
min) on day 1 of every cycle. Each treatment cycle span was
21 days and study treatment was administered for six cycles,
although responding patients could proceed beyond six cycles.
The initial dose of ASA404 was 600 mg/m’, followed by dose
escalation to 1200 mg/m?, and then to 1800 mg/m”. Evaluation
at each dose level was performed based on data from at least
three patients during cycle 1. If a DLT was confirmed during
cycle 1 in one of the first three patients, the dose cohort was
expanded by three additional patients for evaluation. Intra-
patient dose escalation was not permitted for any patient. If the
probability of DLT incidence was <1/3, escalation to the next
dose level was performed. The recommended dose for the next
phase was set as the highest achievable dose with a DLT inci-
dence <1/3.

Safety assessments. The safety population comprised all
patients who had received at least one dose of ASA404 and had
at least one post-baseline safety assessment after drug adminis-
tration. The dose-determining ion included all patients
from the safety population who either completed minimum
safety evaluation requirements or discontinued due to DLT in
cycle 1. Toxicity was evaluated according to the Common Ter-
minology Criteria for Adverse Events, version 3.0 (Japanese

version). A DLT was defined as a study drug-related adverse
event (AE) including cardiac toxicity, QT prolongation, Grade 4
neutropenia (for >7 days), Grade 4 thrombocytopenia and
persistent CNS toxicity, including ophthalmic toxicity, or abnor-
mal laboratory value, occurring during cycle 1. Resumption of
drug administration followed if dose modification criteria were
met. No study drug dose reduction was permitted.

All patients were followed for AEs and serious AEs (SAEs)
for 4 weeks following the last dose of ASA404. Patients whose
treatment was permanently discontinued due to an AE or abnor-
mal laboratory value were followed at least once a week for
4 weeks. SAEs or events that had a suspect relationship to
study drug, were followed at 4 week intervals, until resolution
or stabilization of the event, whichever came first. Visual
disturbances were assessed in all patients at baseline and end of
treatment.

Pharmacokinetic and pharmacodynamic analyses. To charac-
terize the PK profile of ASA404, plasma concentrations of total
(sum of plasma protein bound and unbound) ASA404 were mea-
sured during cycle 1 (immediately prior to infusion, <l min
before the end of infusion, and at 0.5, 1, 2, 4, 6, 24 and 48 h
time points after infusion) and cycles 2-6 (immediately prior to
infusion, <1 min before the end, and 1 and 4 h after infusion).
Free (protein unbound) plasma ASA404 concentrations were
also measured in cycle 1 only. Previous studies have shown that
co-administration of ASA404 does not fundamentally alter the
PK parameters of either paclitaxel or carboplatin.®?

Urinary excretion was determined at cycle 1 day 1 (prior to
infusion, start of infusion to 6 h post-infusion, and 6-24 h post-
infusion) and cycle 1 day 2 (2448 h post-infusion). Concentra-
tions of ASA404 in plasma and urine were determined by liquid
chromatography/tandem mass spectroscopy. Pharmacokinetic
parameters were calculated by a non-compartmental method
using WinNonlin Professional Edition (Pharsight, St. Louise,
MO, USA) by lead PK analyst.

Plasma was also collected to evaluate the PD of ASA404 and
determine whether markers predictive of activity could be
defined. The ASA404-induced vascular damage biomarker,
5-hydroxyindole-3-acetic acid (5-HIAA) was determined, together
with the angiogenesis markers, vascular endothelial growth fac-
tor (VEGF), placental growth factor, soluble VEGF receptors-1
and -2 (sVEGFR-1 and -2) and basic fibroblast growth factor.
These samples were taken on cycle 1 day 1 at pre-study treat-
ment, post-P/C dosing but pre-study drug infusion, 4 h post-
study drug infusion and 24 h post-study drug infusion; and on
cycle 2 day 1, cycle 4 day 1 and cycle 6 day 1 at pre-study treat-
ment, post-carboplatin but pre-study drug infusion, and 1 h post-
study drug infusion. In addition, a single blood collection was
taken at the end of treatment visit.

Efficacy assessments. Efficacy was determined using the full
analysis population of all patients who had received at least one
dose of ASA404 according to the intention to treat principle.
Tumor response was assessed in patients with measurable dis-
ease at baseline according to response evaluation criteria in solid
tumors (RECIST) criteria, performed within 28 days before start
of treatment. Tumor assessment was every 6 weeks and at the
end of study. Best overall response in each patient was evaluated
as complete response, partial response, progressive disease or
stable disease. The objective response rate in this study was
evaluated as the number of patients with complete response or
partial response.

Results

Accrual and patient characteristics. A total of 15 patients with
NSCLC were recruited and baseline characteristics are shown in
Table 1. The majority of patients (60%) had adenocarcinoma,
13% had squamous cell carcinoma, and all patients had stage IV
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Table 1. Patient baseline characteristics
P/C + ASA404 P/C + ASA404 P/C + ASA404 g
600 mg/m? 1200 mg/m? 1800 mg/m? AR subpts
n=18§
n=3 n=6 n=6
Sex n (%)
Female 1(33) 5(83) 2 (33) 8 (53)
Male 2 (67) 1(17) 4 (67) 7 (47)
Age (years)
Mean = SD 573+ 1266 62.8 = 6.27 60.2 = 2.56 60.7 = 6.62
WHO PS n (%)
0 1(33) 0(0) 3 (50) 4(27)
1 2 (67) 6 (100) 3 (50) 11 (73)
Histology/cytology n (%)
Adenocarcinoma 1(33) 4(67) 4(67) 9 (60)
Squamous cell carcinoma 0 (0) 1(17) 1(17) 2(13)
Other 2 (67) 1(17) 1(17) 4(27)
Stage n (%)
Stage Il 0 (0) 0(0) 0 (0) 0 (0)
Stage IV 3 (100) 6 (100) 6 (100) 15 (100)
Prior antineoplastic therapy 1(33) 2(33) 0 (0) 3 (20)

P/C, paclitaxel and carboplatin; SD, standard deviation; WHO PS, World Health Organization Performance Status.

disease. WHO performance status (PS) was predominantly
PS =1 (73%). Approximately 70% of patients received a third
course of ASA404 treatment.

Safety. Two patients exhibited DLT during cycle 1 of
ASA404 treatment: one of six patients at a dose of 1200 mg/m?
had Grade 3 febn]e neutropenia and one of six patients at a dose
of 1800 mg/m’> had Grade 3 QT prolongation (the event
resolved by day 6 of cycle 1; patient was discontinued).

The AEs observed Jere as expected for this population and
for this class of drug,”*>® and were experienced by all patients.
The most frequently reported AEs by system organ class (SOC)
were blood and lymphatic disorders, general disorders and
administration site conditions, and nervous system disorders
(n =15, all 100% incidence). Blood and lymphatic disorders
(n = 15, 100%) consisted of neutropenia including one neutro-
phil count decreased (n = 13, 87%), anemia (n =9, 60%),
thrombocytopenia (n =4, 27%), and lymphopenia (n = 3,
20%). The most frequently reported Grade 3 or 4 hematological
abnormality as a laboratory parameter was reduction in absolute
neutrophils. The most common AEs of any grade were injection
site pain, peripheral sensory neuropathy and alopecia, each
occurring in 14 (93%) patients across all doses (Table 2). These
events were mostly Grade 1 or 2, and resolved without treatment
or concomitant medications. Other frequently occurring AEs

were neutropenia, including one neutrophil count decreased
(n = 13), anorexia (n = 12), arthralgia (n = 12), and nausea
(n = 12). Grade 3 febrile neutropenia was reported as DLT in
one patient, but Grade 3 or 4 AEs occurred with low frequency
(<15%) with the exception of neutropenia (87% over all doses,
including reduced neutrophil count and febrile neutropenia) and
are presented in Table 3.

Serious adverse events occurred in six patients, five of which
occurred during the studyi with none occumng at the lowest
dose level of 600 mg/m”, four at 1200 mg/m and two at
1800 mg/m’. All these SAEs occurred in one patient each, were
not clustered in any particular primary system organ class and
consisted of hemorrhagic enterocolitis, femoral neck fracture,
pneumonia, pharyngitis and tumor hemorrhage. Seven patJents
discontinued the study due to AEs (three at the 1200 mg/m”
dose and four at 1800 mg/m?). No deaths were reported during
the study, but one patient died more than 40 days after the last
administration of ASA404 1800 mg/m? due to acute myocardial
infarction.

Electrocardiogram (ECG)-evaluated QT prolongation occur-
red in three patients and T-wave inversion in one patient treated
with ASA404. QT prolongation was reported in two patients
who received P/C + ASA404 1800 mg/m?, one of which was
Grade 3 and judged as a DLT. However, both events were

Table 2. Frequently occurring (233% in all patients) adverse events of any grade, regardless of study drug relationship by preferred term

P/C + ASA404

P/C + ASA404

P/C + ASA404

Adverse events 600 mg/m? 1200 mg/m? 1800 mg/m? ,,Ai' 1";'('""":)
n=3(n, %) n=6(n, %) n=6(n, %) - *
Alopecia 2 (67) 6 (100) 6 (100) 14 (93)
Injection site pain 2 (67) 6 (100) 6 (100) 14 (93)
Peripheral sensory neuropathy 3(100) 5 (83) 6 (100) 14 (93)
Neutropenia 3 (100) 6 (100)* 4 (67) 13 (87)
Anorexia 3 (100) 5 (83) 4 (67) 12 (80)
Arthralgia 3 (100) 5 (83) 4 (67) 12 (80)
Nausea 3 (100) 5 (83) 4 (67) 12 (80)
Fatigue 2(67 4 (67) 4 (67) 10 (67)
Anemia 2 (67) 4 (67) 3 (50) 9 (60)
Constipation 2 (67) 2(33) 4 (67) 8 (53)
Myalgia 2(67) 2(33) 4 (67) 8 (53)
Diarrhea 2(67) 2(33) 1(17) 5(33)

*Including decreased neutrophil count. P/C, paclitaxel and carboplatin.
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Table 3. Grade 3 or 4 adverse events, regardless of study drug relationship by preferred term

P/C + ASA404 P/C + ASA404 P/C + ASA404 All Datients
Adverse events 600 mg/m? 1200 mg/m? 1800 mg/m? P

n=3(n %) n=6n, %) n=6(n %) 180
Neutropenia 3 (100) 6 (100)* 4 (67) 13 (87)
Anemia 0 (0) 1(17) 1017 2(13)
Anorexia 0 (0) 1(17) 1(17) 2(13)
QT Prolongation 0 (0) 0 (0) 1(17) 1(7)
Enterocolitis hemorrhagic 0 (0) 1(17) 0 (0) 1)
Febrile neutropenia 0 (0) 1(17) 0 (0) 1(7)
Femoral neck fracture 0(0) 1(17) 0 (0) 1(7)
Hyponatremia 0 (0) 1(17) 0 (0) 1(7)
Lymphopenia 0 (0) 1(17) 0(0) 1
Peripheral sensory neuropathy 0 (0) 0(0) 1(17) 1(7)
Pneumonia 0 (0) 0(0) 1017 1(0)

*Including decreased neutrophil count. P/C, paclitaxel and carboplatin.

asymptomatic and resolved within a short period (1 and 4 days,
respectively) without treatment. There were no other cardiac
events in this study.

No ophthalmic abnormalities were reported at ASA404 doses
of 600 and 1200 mg/m?% two incidences of dyschromtopsxa
occurred at the higher dose of 1800 mg/m>. Visual acuity
changes were not reported at any of the ASA404 dose levels
used in this study.

Efficacy. The best overall response by investigator assessment
was partial response, which was observed in four patients
(27%), and seven patients (47%) exhibited stable disease.
Response data are presented in Table 4.

Pharmacokinetics. Mean plasma concentration-time profiles
of total and free ASA404 in cycle 1 are shown in Fig. 1, and a
summary of PK parameters is given in Table 5. After reaching
Cmax at the end of infusion, plasma total ASA404 concentratlons
decreased biphasically over time at a dose of 600 mg/m’,
becoming more monophasic at hlgher doses, probably due to
saturation of plasma protein bmdmg increased dose pro-
portionally from 600 to 1200 mg/ but less than dose propor-
tionally from 1200 to 1800 mg/m” (Fig. 2). The plasma AUC of
total ASA404 was essentially dose-proportional over the range
investigated (Fig. 2). Systemic clearance of total ASA404
decreased sllghtly with increasing dose from 3.88 L/h at
600 mg/m to 2.87 and 2.78 L/h at doses of 1200 and
1800 mg/m?, respectively (Table 5). Systemic clearance of free
ASA404 was 20- to 50-fold higher than that of total ASA404
and the distribution volume of free ASA404 was 20- to 40-fold
greater than that of total ASA404. Plasma protein binding of
ASA404 was >93% and the free fraction in plasma decreased at
lower total drug concentrations, indicating that protein binding
is saturable. Mean urinary excretion of unchanged ASA404
was 6, 2 and 3% of the administered dose for 600, 1200
and 1800 mg/m?, respectively, and mean renal clearance was

0.2, 0.07 and 0.08 L/h, respectively. Plasma concentrations of
ASA404 did not alter at each cycle, indicating that there was no
accumulation of ASA404 over repeated 3-weekly dosing,
consistent with its observed short elimination half-life of 4.61-
7.04 h.

Biomarker changes. Effect of ASA404 on plasma 5-HIAA levels.
Plasma levels of the vascular damage PD biomarker 5-HIAA
after infusion of P/C + ASA404 were evaluated on day 1 of
cycle 1, 2, 4 and 6. Levels of 5-HIAA did not change after
paclitaxel or carboplatin infusion, but were elevated 4 h after
infusion of ASA404 at 1200 and 1800 mg/m?, and were still

1800 mg/m? total {n = 6)
1200 mg/m? total (n = 6)
600 mg/m? total (n=3)
1800 mg/m? free (n=6)
1200 mg/m? free (n=6)
600 mg/m? free (n=3)
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Fig. 1. Mean plasma concentration-time profiles of total and free
ASA404 in cycle 1 of treatment; log-linear plot. SD, standard
deviation.

Table 4. Best overall response observed by investigator assessment and RECIST criteria

P/C + ASA404

P/C + ASA404

P/C + ASA404

Best overall response 600 mg/m? 1200 mg/m? 1800 mg/m? nA_I_I r;t (': n;:)
n =3 (n, %) n =6 (n, %) n=6(n, %) i g
Complete response 0 (0) 0 (0) 0 (0) 0 (0)
Partial response 0(0) 3 (50) 1(17) 4(27)
Stable disease 3 (100) 2(33) 2(33) 7 (47)
Progressive disease 0(0) 1(17) 3 (50) 4(27)
P/C, paclitaxel and carboplatin; RECIST, response evaluation criteria in solid tumors.
4 doi: 10.1111/.1349-7006.2010.01839.x
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Table 5. Pharmacokinetic parameters

P/C + ASA404 P/C + ASA404 P/C + ASA404
PK parameter 600 mg/m? 1200 mg/m? 1800 mg/m?
n = 3 (mean = SD) n = 6 (mean = SD) n = 6 (mean = SD)
Total Tmax (h) 0.32 (0.28-0.33)t 0.31 (0.28-0.37)t 0.33 (0.30-0.35)t
ASA404 Crmax (pg/mL) 137 £ 95 224 + 33.8 247 = 341
AUCg ¢ (1g*h/1) 260 £ 25.9 650 + 97.2 1040 + 137
ty,2 (h) 7.04 + 1.06 5.86 + 2.59 461x1.07
CL (L/h) 3.88+0.77 2.87 £ 0.57 2.78 + 0.55
Ve (L) 144 = 3.12 11.7 = 3.42 129+ 4.93
Free Toasc () 0.32 (0.28-0.33)t 0.31 (0.28-0.37)t 0.33 (0.30-0.35)t
ASA404 Cmax (ng/mL) 3.69 + 0.74 1.0+ 417 20.2 + 6.03
AUCq s (g*h/L) 5.87 = 0.97 18.7 £ 3.25 376+ 946
ty,2 (h) 5.83 + 0.13 5.68 = 2.77 5.24 + 1.92
CL (L/h) 176 = 53.7 101 = 246 80.4+ 282
Vi (L) 517 = 171 318+ 81.2 292 + 227

t, median (range). AUC, area under the curve; CL, dearance; Crax maximum plasma concentration; P/C, paclitaxel and carboplatin;
PK, pharmacokinetic; SD, standard deviation; T... time to maximum plasma concentration; V,, distribution volume at steady state.
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Fig. 2. Non-linear dose-exposure relationships for ASA404 at each
dose level for (a) C,,.x and (b) area under the curve (AUC).

higher than baseline at 24 h post-infusion despite a post4 h
decline. Induction of 5-HIAA was dose-dependent, with
increases of 116 and 204% over pre-infusion levels for 1200 and
1800 mg/m” dosing, respectively (Fig. 3). Induction of 5-HIAA
was also observed 1 h after ASA404 infusion at all doses in
cycles 2, 4 and 6. These results were in agreement with previous
studies in which ASA404 caused dose-dependent acute vascular
disruption and induction of plasma 5-HIAA.

Effect of ASA404 on plasma angiogenesis marker levels. No
obvious changes in plasma basic fibroblast growth factor,
VEGF, placental growth factor or sSVEGFR-2 were observed,
and sVEGFR-1 levels were highly variable.

Effect of ASA404 on plasma inflammatory cytokine and von
Willebrand factor levels. On cycle 1 dayl, increased plasma
levels of the inflammatory cytokines interleukin-8 and monocyte
chemotactic protein-1 were observed 4 and 24 h after ASA404
infusion (Fig. 4). Levels of von Willebrand factor mcleased 4
and 24 h after ASA404 infusion at the 1800 mg/m dose, and
24 h after ASA404 infusion at the1200 mg/m’ dose (Fig. 5).

Discussion

This single-arm, open-label study evaluated the addition of the
flavonoid tumor-VDA ASA404 at three doses (600, 1200 and
1800 mg/m?) to standard P/C therapy in 15 Japanese patients
with stage IV advanced NSCLC. A total of 15 patients were

Hida et al.
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Fig. 3. Rapid dose-dependent induction of plasma 5-hydroxyindole-3-
acetic acid levels after ASA404 infusion at cycle 1 day 1.

treated w1th ASA404, and three patients 2(two patients at
600 mg/m” and one patient at 1200 mg/m”) completed six
cycles of treatment. Approximately 70% of patients received
cycle three of ASA404 treatment and the median cumulative
dose was similar within each dose level (6100-7600 mg). A
total of 12 patients (80%) were discontinued from the study due
to AEs (n =7) or progressive disease (n = 5). All dose levels
were well tolerated when administered every 3 weeks, and the
incidence of DLTs was <1/3. This safety profile was compara-
ble to that seen in non-Japanese patients in previous Phase I and
Phase II studies.**>» The most frequently occurring AEs
regardless of causality were injection site pain, peripheral sen-
sory neuropathy, alopecia and neutropenia. Cardiac events were
not evident in this study with the exception of QT prolongation,
which, although reported in three patients, did not require thera-
peutic intervention and could be managed through study drug
discontinuation alone. No new ophthalmological abnormalities
were observed in the Japanese patients in this study, suggesting
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Fig. 4. Effect of ASA404 on levels of plasma inflammatory cytokines, (a) interleukin-8 and (b) monocyte chemotactic protein-1.
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Fig. 5. Effect of ASA404 on plasma von Willebrand factor levels.

that ASA404 at dose levels up to 1800 mg/m” can be combined
with P/C in this population without the ophthalmic AEs seen at
higher doses in previous studies in non-Japanese patients.

PK data indicated saturation of systemic clearance as well
as protein binding over the dose range investigated and was
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consistent with observations in non-Japanese patients.*”
Plasma half-life was consistent with previous studies and
confirmed the observed non-accumulation following repeated
dosing schedules. PD studies revealed that the pattern of
changes seen in plasma angiogenesis markers after ASA404
infusion were markedly different from that seen with anti-
angiogenic compounds, for which the typical response is an
acute plasma VEGF and n?lacemal growth factor increase and
SVEGFR-2 decrease.®%*” The cumrent study indicates that
ASA404 has a distinctly different mechanism of action from
anti-angiogenic agents with regard to these growth factors. In
addition, acute induction of the inflammatory cytokines inter-
leukin-8 and monocyte chemotactic protein-1 was observed
after ASA404 infusion. This is in agreement with previous
findings that ASA404 may indirectly lead to induction of
inflammatory cytokines, vascular damage, and the release of
von Willebrand factor.

Although the study was limited to 15 patients, tumor
responses were noted, and combined with the observed safety
profile, the results support the further evaluation of ASA404 at a
dose of 1800 mg/m” in Phase III studies in combination with
P/C in Japanese patients with advanced NSCLC.
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ARTICLE INFO ABSTRACT

Article history: Objective: The aim of this study was to evaluate the efficacy and toxicity of a novel oral 5-fluorouracil
Received 8 October 2010 formulation (S-1) as second-line therapy after platinum agent chemotherapy for advanced non-small cell
Received in revised form 14 January 2011 lung cancer (NSCLC).

Accepted 23 January 2011 Methods: S-1 was administered orally at a dose of 80 mg/m? for 28 days, followed by 14 days of rest (1

cycle); treatment was repeated until disease progression, unacceptable toxicity, or patient refusal.

’L(eyw""ds' Results: Of the 46 patients enrolled in this study, 44 were evaluable. Six patients (14%) exhibited a partial
S:?fn?:’i;f response and 28 (64%) showed stable disease. Disease-control rate was 77.3%(34/44) (95% Cl, 64.9-89.7%).

The overall response rate was 14% (6/44) (95% Cl, 3.5-23.8%). Median progression-free survival was 4.2
months. The median survival time was 16.4 months, and the one-year survival rate 60.3%. Grade 3/4
hematological toxicities were minor. All of those adverse reactions were tolerable and reversible.

Conclusion: This study demonstrated the efficacy of S-1 monotherapy as second-line treatment for

Platinum-refractory
S-1 monotherapy
Ambulatory setting
Oral medication

advanced NSCLC.

© 2011 Published by Elsevier Ireland Ltd.

1. Introduction

Lung cancer is the most common cancer worldwide, with an
estimated 1.2 million new cases globally (12.3% of all cases of
cancer) and 1.1 million deaths (17.8% of all cancer deaths) in
2000 [1]. Non-small cell lung cancer (NSCLC) accounts for approx-
imately 80% of all cases of lung cancer. For chemotherapy-naive
patients with good performance status (PS) at a stage of IIIB
(with pleural effusion) or IV, platinum-based chemotherapy offers
a modest survival advantage over best supportive care (BSC)
alone [2-4]. To improve outcome, however, there is a need for
novel regimens. A recent phase I clinical study of conventional
second-line therapies reported median survival times (MST) of
approximately 6-8 months for docetaxel, gefitinib, and erlotinib
[5-8]. On the other hand, in Japanese trials targeting this popu-
lation have showed more favorable MST of approximately 12-17
months [9,10]. Doublet chemotherapy as second-line treatment
for advanced NSCLC significantly elevates response rate and pro-
longs progression-free survival (PFS), but it is more toxic and

* Corresponding author. Tel.: +81 6 6771 6051.
E-mail address: takayuki.s12@hotmail.co.jp (T. Shiroyama).

0169-5002/$ - see front matter © 2011 Published by Elsevier Ireland Ltd.
doi:10.1016j.]lungcan.2011.01.017

does not improve overall survival rate compared to single-agent
treatment [11].

S-1is a novel, orally administered drug that is a combination of
tegafur (FT), 5-chloro-2,4-dihydroxypyridine (CDHP), and oteracil
potassium (Oxo) in a 1:0.4:1 molar concentration ratio [12]. CDHP
is a competitive inhibitor of dihydropyrimidine dehydrogenase,
which is involved in the degradation of 5-FU, and acts to main-
tain efficacious concentrations of 5-FU in plasma and tumor tissues.
Oxo, a competitive inhibitor of orotate phosphoribosyltransferase,
inhibits the phosphorylation of 5-FU in the gastrointestinal tract,
reducing the serious gastrointestinal toxicity associated with 5-FU.
The antitumor effect of S-1 has already been demonstrated in a
variety of solid tumors such as advanced gastric cancer [13,14],
colorectal cancer [15], head and neck cancer [16,17], breast cancer
[18], pancreatic cancer [19,20] and biliary tract cancer[21]. Arecent
phase II study of S-1 for chemo-naive, advanced NSCLC patients
yielded promising results, with a response rate of 22.0%, MST of
10.2 months and favorable toxicity profile [22]. S-1 has exhibited
promising activity against several tumors. Moreover, treatment
with it can be administered on an outpatient basis. Oral agents
such as S-1, which feature few adverse events, are appealing in
the 2nd or 3rd line setting when patients are in less favorable
condition.
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We therefore conducted a prospective study to evaluate the
efficacy and feasibility of S-1 monotherapy in patients with
progressive, advanced NSCLC under platinum-based, first line
chemotherapy.

2. Patients and methods
2.1. Patient eligibility

Patients were required to meet the following eligibility crite-
ria: histologically confirmed NSCLC; at least one measurable lesion:
prior platinum-based treatment; Eastern Cooperative Oncology
Group performance status of 0-1; age >20 years, adequate organ
function, defined as a leukocyte count of 3500-12,000 mm?3, neu-
trophil count of more than 2000 mm?, platelet count of more than
100,000 mm?3, hemoglobin level of more than 9.0 g/dl, a serum total
bilirubin level within 2.0 times the ULN, and serum creatinine
level not exceeding the ULN; partial pressure of arterial oxygen
>60mm Hg, and an estimated life expectancy of at least 3 months.
The exclusion criteria were as follows: pregnancy, serious con-
comitant disease (brain metastasis, active infection, severe heart
disease or uncontrolled diabetes mellitus), concomitant malig-
nancy, pleural effusion requiring treatment, symptomatic cerebral
involvement, and obvious interstitial pneumonia or pulmonary
fibrosis on chest radiography.

All patients gave written informed consent prior to enrollment
in the study, and the protocol was approved by the Institutional
Ethics Committee of each participating institution.

2.2. Study treatment

Theinitial doses of S-1 were assigned on the basis of body surface
area (BSA). Accordingly, the patients received one of the following
oral doses divided in two and administered daily after meals: 80 mg
for patients with BSA < 1.25 m?2, 100 mg for BSA > 1.25 and <1.50 m?,
and 120mg for BSA>1.50m?2. One therapy cycle comprised the
administration of single-agent S-1 for 28 consecutive days followed
by 14 days of no treatment. This schedule was repeated every 6
weeks until the occurrence of disease progression, unacceptable
toxicities, or patient refusal. In the absence of evidence of disease
progression, patients were allowed to continue S-1 treatment. A
dose reduction of 20 mg/day was recommended if >grade 3 hema-
tological or non-hematological toxicity occurred in the previous
cycle; dose re-escalation was not allowed. Patients who required
more than 4 weeks of rest for recovery from any toxicity other
than nausea, vomiting, or anemia, or who required a dose reduction
>20 mg/day, were withdrawn from the study.

2.3. Evaluation of response and toxicity

Before entering the study, all patients provided a detailed
medical history and underwent a complete physical examination,
complete blood cell count, serum chemistry examination, chest
computed tomography scan (CT), determination of weight and
height, and determination of ECOG PS. A CT scan was performed
for tumor assessment within 14 days of initiation of study treat-
ment and was repeated every 1-2 months. Physical examination,
symptom evaluation, and routine blood tests and biochemistry
blood examination were performed every 2 weeks during the treat-
ment. Objective response was evaluated every 2 months. Ratings of
complete response, partial response (PR), stable disease (SD), pro-
gressive disease (PD) or not evaluated (NE) were made according to
RECIST version 1.0. Toxicity was evaluated every 2 weeks according
to the Common Terminology Criteria for Adverse Events (CTCAE),
version 3.0.

Table 1
Patient characteristics (n=44).
Characteristic No. of patients %
Sex
Male 35 79.5
Female 9 20.5
Age, years
Median 64
Range 47-79
ECOG performance status
0 13 29.5
1 31 70.5
Stage
1B 15 341
v 29 659
Histology-no. (%)
Adenocarcinoma 30 68.2
Squamous cell carcinoma 1 25.0
Large cell carcinoma 1 23
Others 2 45
First line therapy
Carboplatin/paclitaxel 33 75.0
Carboplatin/gemcitabine 5 114
Carboplatin/vinorelbine 3 6.8
Carboplatin/docetaxel 2 23
Cisplatin/docetaxel 1 45
Response of first line therapy
PR 15 342
SD 6 13.6
PD 13 295
NE 10 227

2.4. Study design and statistical analysis

This was a phase Il single-arm trial. The primary endpoint was
evaluation of the activity, defined as the disease control rate at 8
weeks, of S-1 as a single agent in patients with NSCLC. Disease con-
trol rate (DCR) was defined as the percentage of patients without
disease progression (CR, PR, or SD) and still on treatment at 8 weeks.
DCR was confirmed and sustained 8 weeks or longer. Secondary
endpoints included PFS, OS, and safety. PFS was defined as the time
from the first day of administration of the study drug to disease
progression or death for toxicity or disease progression. 0S was
defined as the time from the first day of study drug administration
to death or last contact.

The primary endpoint of the trial was the DCR (CR+PR+SD
according to RECIST criteria) at 8 weeks. The target sample size
was 45 patients. Given a threshold DCR of 40% and expected DCR
of 60%, the required sample size was estimated to be 39 patients,
with «=0.05 and power $=0.8.

3. Results
3.1. Patients

From June 2005 to May 2007, 46 patients were enrolled. Of these
46 patients, one was found to be ineligible because of 3rd line treat-
ment, and one other patient withdrew consent. Thus, 44 patients
remained in the analysis.

A total of 43 patients had received carboplatin-based
chemotherapy, and one patient had received cisplatin-based
chemotherapy. Of these 44 patients, one had exhibited CR, 14 PR,
6 SD, and 23 PD. The baseline characteristics of these patients and
their tumors are in listed in Table 1.

3.2. Treatments
The 44 patients received a total of 70 cycles of chemotherapy,

with a median number of cycles of two (range, 1-7). The dose of
S-1 was reduced in 2 patients because of either grade 3 diarrhea
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Table 2
Patient characteristics in relation to the response.

Table 3
Hematologic and non-hematologic toxicities.

Response rate n (%) (2nd line)

CR 0
PR 6(13.6)
sD 28(63.6)
PD 5(11.3)
NE 5(11.3)

Response rate
Disease control rate

13.6 (95% Cl, 5.0-20.0%)
77.3 (95% Cl, 64.9-89.7%)

10
Overall survival
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Fig.1. Overall survival of patient treated with S-1 monotherapy after failure of first-
line (platinum-base therapy) treatment.

and abnormal amylase level. The median relative dose intensity
for the entire study population was 97.3%, indicating that patient
compliance with S-1 chemotherapy was good.

3.3. Efficacy

A total of 44 patients were evaluable for response. Six patients
achieved PR, resulting in an overall response rate (RR) of 13.6%
(95%Cl, 5.0-20%). Twenty-eight patients had SD, yielding an overall
DCR of 77.3% (95% CI, 64.9-89.7%). The RR and DCR were evalu-
ated separately from those for the previous first-line chemotherapy
(Table 2). At the time of median follow-up interval of 18 months, 20
patients were still alive and censored; MST was calculated for all 44
patients, and OS was 16.4 months, the one-year survival rate 60.3%,
and PFS 4.2 months The Kaplan-Meier survival curve is shown in
Figs. 1and 2.
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Fig. 2. Progression-free survival of patient treated with S-1 monotherapy after fail-
ure of first-line (platinum-base therapy) treatment.

Adverse event Grade1 Grade2 Grade3 Grade4 Grade3/4(%)
Leukopenia 1 1 2 0 45
Neutropenia 2 1 2 0 45
Anemia 5 1 2 0 45
Diarrhea 0 2 1 0 23
Amylase 0 0 1 0 23
Pulmonary fibrosis 0 0 0 1 23

3.4. Safety

All patients were assessed for toxicities, which are listed in
Table 3. No grade 4 or more severe hematological toxicities were
observed; grade 3 events included two episodes each (4.5%) of
leucopenia, neutropenia, and anemia. Non-hematological toxici-
ties included one episode each (2.3%) of grade 3 diarrhea, grade
3 anorexia, grade 3 increase in amylase, and grade 4 interstitial
pneumonia, each of which recovered with appropriate treatment.
The most common hematological and non-hematological toxicities
were mild or moderate. There were no treatment-related deaths
directly attributable to S-1 chemotherapy.

4. Discussion

Recently, docetaxel has been demonstrated to be useful as
second-line therapy for non-small cell lung cancer (NSCLC). Peme-
trexed was then found to yield a response rate, overall survival,
and PFS similar to those for docetaxel while producing many fewer
adverse events; it has therefore been approved as a regimen for
second-line therapy in Europe and the United States. Moreover,
EGFR-TKI also became a treatment option for second-line therapy
for NSCLC, based on the results of comparative studies with doc-
etaxel and BSC. However, it was also reported that pemetrexed
was ineffective against squamous cell carcinoma and that EGFR-TKI
exhibited only poor efficacy in a group without EGFR gene mutation
(exon 19, exon 21) [23-26].

In addition, the combination chemotherapy using two agents
exhibited a better response rate and longer PFS than single-agent
chemotherapy. On the other hand, since combination chemother-
apy produced more toxicity and did not yield prolongation
of overall survival compared with single-agent chemotherapy,
single-agent chemotherapy has been recognized as effective as
second-line therapy. It has also been reported that response rate
with second-line or later chemotherapy worsens each time com-
pared with first-line chemotherapy (first 20.9%, second 16.3%, third
2.3%, fourth 0.0%). Therefore, less toxic and highly tolerable single-
agent therapy which can be administered on an outpatient basis
without impairing QOL, in addition to demonstrating high response
rate, is required [27].

Since it was shown in Phase Il studies of S-1 in untreated
advanced NSCLC that S-1 has a 22.0% anti-tumor effect with low
frequency of serious adverse reactions, the present study was
conducted to evaluate the efficacy and safety of S-1 in patients
with NSCLC previously treated with platinum-based therapy. The
median age of eligible subjects in our study was 64 years, and 70%
of them had adenocarcinoma. Of the total of 44 evaluable patients,
6 (14%) were responsive to the treatment. Disease control was
achieved in 34 patients (77.3%). Grade 3 or more severe toxicities
were infrequently observed, including two episodes each (4.5%)
of leucopenia, neutropenia, and anemia as hematological toxic-
ities, and one episode each (2.3%) of diarrhea, nausea/vomiting,
anorexia, increase in amylase, and interstitial pneumonia as non-
hematological toxicities. Throughout all courses in this study, a
total of 16% of the patients discontinued, while 4.5% of them
was because of violation of discontinuation criteria. Dose inten-
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sity exhibited a good percentage of 97.3%, however, change of
treatment schedule to two-week dosing followed by one-week
wash-out and dose adjustment should be considered in some
cases. The major treatment category (inpatient/outpatient) was
outpatient therapy, suggesting that this treatment can be safely
administered in an ambulatory setting as well. OS, one-year sur-
vival rate, and PFS with this treatment were 16.4 months, 57%, and
4.2 months, respectively, suggesting that approximately the same
results as obtained with other monotherapies can be achieved with
S-1[28].

On the other hand, Yamamoto et al. reported S-1 may be no
difference in efficacy according to histological type [29]. Therefore,
we compared squamous cell carcinoma with non-squamous cell
carcinoma of PFS (Non-sq;3.6M, Sq: 4.6M) and OS (Non-sq;13.6M,
$q: 17.6M), and no significant differences were observed. However,
the patient number of the present study is too little to evaluate the
histological deviation in the responders to S-1.

In conclusion, S-1 monotherapy appeared to be effective
and highly tolerable as second-line therapy in patients with
advanced/recurrent NSCLC previously treated with platinum-
based therapy. This therapy could be an option for patients wishing
to be treated by oral medication or in an ambulatory setting.
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Objective: It is important to identify optimal regimens of cisplatin-based, third-generation che-
motherapy and thoracic radiotherapy for patients with unresectable, Stage I, non-small cell
lung cancer.

Methods: Patients with unresectable, Stage Ill non-small cell lung cancer were treated with
the following regimen: cisplatin 80 mg/m? on days 1 and 29, with irinotecan 60 mg/m? on
days 1, 8, 15, 29, 36, and 43 and 30 mg/m? on days 57, 64, 71, 78, 85 and 92. Thoracic
radiotherapy was started on day 57 at 2 Gy/day (total 60 Gy).

Results: From February 1998 to January 1999, 68 patients were enrolled. Grade 3/4 toxici-
ties during induction chemotherapy primarily included neutropenia (73.5%) and diarrhea
(20.6%), while Grade 3/4 toxicities during concomitant thoracic radiotherapy with irinotecan
consisted of neutropenia (18.4%), esophagitis (4.1%) and hypoxia (6.5%). There was one
treatment-related death due to radiation pneumonitis. The response rate was 64.7% (95%
confidence interval, 52.2-75.9%). The median survival time was 16.5 (95% confidence
interval, 12.6—19.8) months. The 1- and 2 year survival rates were 65.8% (95% confidence
interval, 54.4-77.1%) and 32.9% (95% confidence interval, 21.6—~44.1%), respectively.
Overall, only 36 (56%) completed both the scheduled chemotherapy and thoracic
radiotherapy.

Conclusions: Induction chemotherapy with cisplatin plus irinotecan followed by low-dose
irinotecan and concomitant thoracic radiotherapy was feasible according to the prespecified
decision criteria in this study for patients with unresectable Stage IIl non-small cell lung
cancer. We did not decide to select this regimen for further investigations because approxi-
mately half of the patients completed the scheduled treatment.
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