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Abstract Meningeal carcinomatosis (MC) is a refrac-
tory disease with a dismal prognosis, and no therapeutic
strategy has been established to date. Herein we report a
case of lung adenocarcinoma-derived MC in which the
patient’s performance status was dramatically improved
by administration of gefitinib suspension via a naso-
gastric tube. The patient was a 71-year-old woman who
was originally admitted to our hospital for a progressive
headache and subsequently presented with severe con-
sciousness disturbance. Cerebrospinal fluid examination
and systemic imaging studies revealed MC that was
derived from lung adenocarcinoma. Moreover, epider-
mal growth factor receptor (EGFR) mutations were
detected in the tumor cells. Since the patient suffered
from hydrocephalus, a ventriculoperitoneal shunt was
placed. Nevertheless, her consciousness disturbance
persisted. Subsequently, gefitinib suspension was pre-
pared and administered via nasogastric’ tube, which
dramatically improved her consciousness level and
enabled her to tolerate oral intake. She died 14 months
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after the disease onset. The observations in this case
report suggest that gefitinib might be a therapeutic
option for patients with MC derived from cancers har-
boring EGFR mutations even though the patient exhib-
ited severe consciousness disturbance.

Keywords Meningeal carcinomatosis -
adenocarcinoma - Gefitinib
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Introduction

Meningeal carcinomatosis (MC) is a refractory disease
with a dismal prognosis that occurs in 5-10 % of cancer
patients [1]. No therapeutic strategy has been established to
date; the median survival time is 4-6 weeks if the disease
is left untreated [1]. On the other hand, the recent devel-
opment of novel chemotherapies has markedly improved
the outcome of advanced cancer patients. The advent of
molecular-targeted drugs is the most prominent among
them, and gefitinib is a representative drug for lung cancer.
Gefitinib has been shown to prolong the progression-free
survival of patients with lung cancer harboring epidermal
growth factor receptor (EGFR) mutations compared with
standard chemotherapy [2, 3]. However, gefitinib is sup-
plied in a tablet form and therefore needs to be adminis-
tered orally. For this reason, patients with brain metastasis
and/or MC sometimes have difficulty tolerating standard
gefitinib treatment because they frequently exhibit con-
sciousness disturbance and/or swallowing difficulty. Herein
we report a case of lung adenocarcinoma-derived MC in
which the patient’s performance status (PS) was dramati-
cally improved by administration of gefitinib suspension
via a nasogastric (NG) tube even though the patient
exhibited severe consciousness disturbance.
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Fig. 1 [maging studies pre- and post-gefitinib treatment. a, b T1-
weighted gadolinium-enhanced MRI of the head reveals multiple
small enhanced lesions. ¢ Chest CT shows a mass-like lesion in the
left lung S6 with diffuse granular shadows. d, e Tl-weighted

Case report

The patient was a 7-year-old woman who suffered from
a progressive headache that had lasted several weeks.
She suddenly presented with consciousness disturbance
and was emergently admitted to our hospital. At the time
of admission, her consciousness level was lethargic. Her
past medical history was unremarkable. Magnetic reso-
nance images (MRI) of the head revealed multiple small
enhanced lesions and hydrocephalus (Fig. 1a, b). Cere-
brospinal fluid (CSF) examination showed a cell count
of 18/3 mm’, protein 44 mg/dl, glucose 42 mg/dl, and
carcinoembryonic antigen (CEA) 54.4 ng/ml (serum
CEA 13.5 ng/ml). Adenocarcinoma cells were detected
in the CSF. At the same time, computed tomography
(CT) revealed a mass-like lesion in the left lung S6
segment along with diffuse granular shadows (Fig. lc).
These findings led us to diagnose MC that was derived
from lung adenocarcinoma (cTINOMI). EGFR muta-
tions were also detected in exon 19 in the tumor cells,
which was considered an appropriate target of gefitinib
treatment.
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gadolinium-enhanced MRI reveals complete disappearance of the
enhanced lesions. f Chest CT shows a decrease in size of the primary
lesion

Figure 2 shows the clinical course of the patient after the
admission. The patient’s consciousness level needed to
recover for her to receive standard gefitinib treatment
orally. Therefore we decided to place a ventriculoperito-
neal (VP) shunt to treat the hydrocephalus. Nevertheless,
the VP shunt failed to improve her consciousness level.
Then, we sought to administer gefitinib suspension to the
patient via an NG tube. Gefitinib tablets were finely cru-
shed and suspended in 50 ml of sterile water (Fig. 3), and
the patient received 250 mg/day gefitinib via an NG tube.
On day 10 after the initiation of gefitinib treatment, her
consciousness level improved dramatically, and she was
able to tolerate oral intake on the following day. The
imaging findings concurrently improved on the follow-up
MRIs and CT (Fig. 1d—f). CSF cytology turned out to be
negative on day 28. At the same time, CEA levels in the
CSF also decreased to 11.3 ng/ml (serum CEA 11.8 ng/
ml). The patient recovered with no neurological deficits
and no adverse reactions. Gefitinib treatment was contin-
ued orally, and the patient was transterred for rehabilitation
on day 82. She died 14 months after the disease onset
without the cause of death identified.
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MC patient. KPS Karnofsky 0
performance status, CSF i udm}ssmn
cerebrospinal fluid, CEA !
carcinoembryonic antigen j:: 1
20
10 1
0
0
CSF cytology +)
CEA (ng/ml)
CSF 544
Serum 11.3

Fig. 3 Gefitinib processing for
trans-NG tube administration.
a Original gefitinib tablet.

b Suspension of gefitinib in
sterile water

Discussion

First-line gefitinib has been shown to improve the outcome
of poor PS patients with EGFR mutation-positive lung
cancers [4]. Therefore, examination of EGFR mutation as a
biomarker is recommended in this patient population.
However, since gefitinib is supplied in a tablet form and
usually administered orally, standard gefitinib treatment is
sometimes difficult for those with brain metastasis and/or
MC because they frequently exhibit consciousness distur-
bance and/or swallowing difficulties. To treat these patients
harboring EGFR mutations, gefitinib can be used in sus-
pension by partially breaking the film coating and adding
water [5]. Of note, the tablet film coating is not intended to
enable sustained release or provide an enteric coating.
Furthermore, administration of gefitinib suspension is
comparable to administration of tablets in terms of bio-
availability and safety [5]. On the basis of these findings,
we postulated that the gefitinib suspension could provide
the same therapeutic effect in this patient as the gefitinib
tablets. Indeed, this therapeutic strategy successfully
improved the patient’s PS even though she had exhibited
severe consciousness disturbance.

1 2 3 4 5 6 7 g weeks
(+) (+) (+) -
113
11.8 73

Although gefitinib is a small molecule inhibitor, intra-
thecal transfer rate is generally very low [6]. Particularly in
MC patients, the concentration of gefitinib in the CSF has
been reported as less than 1 % of the serum concentration
[7. 8]. Nevertheless, the administration of gefitinib sus-
pension improved the patient’s PS in this case. We spec-
ulate several reasons for this. One is that even a low
concentration of gefitinib would be effective against EGFR
mutation-positive MC. Another reason is that the MC
would destroy the blood—brain barrier (BBB) in situ and
accelerate the drug transfer to each lesion. Indeed, whole-
brain irradiation has been shown to enhance the intrathecal
delivery of gefitinib by disruption of the BBB [9].

Erlotinib has been shown to induce higher bioactivities
in plasma than gefitinib at similar or even lower doses of
administration [10]. In addition, intrathecal gefitinib/erl-
otinib concentration can be elevated in a dose-escalating
manner [7]. These findings suggest that erlotinib can be an
alternative option for patients with MC or brain metastases
if the primary cancer cells harbor EGFR gene mutations.
We are currently in the process of determining the thera-
peutic efficacy of erlotinib for those with brain metastases
harboring EGFR mutations.

@ Springer
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A remaining issue is drug resistance exhibited by can-
cers. In the case of gefitinib/erlotinib, this typically occurs
8—12 months from the initiation of treatment. Over 50 % of
resistance is caused by a mutation in the ATP binding
pocket of the EGFR kinase domain involving substitution
of a small polar threonine residue with a large nonpolar
methionine residue (T790M) [11, 12]. In this regard,
commencing treatment with a number of different thera-
peutic agents with differing modes of action is proposed to
overcome the development of T790M and other resistance-
conferring mutations [13].

In conclusion, we have reported the case of lung ade-
nocarcinoma-derived MC in which the patient’s PS was
dramatically improved by the administration of gefitinib
via an NG tube. The observations in this case report sug-
gest that gefitinib/erlotinib might be therapeutic options for
patients with MC derived from cancers harboring EGFR
mutations even for the patients exhibiting severe con-
sciousness disturbance.
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Etoposide and cisplatin versus irinotecan and cisplatin in
patients with limited-stage small-cell lung cancer treated with
etoposide and cisplatin plus concurrent accelerated
hyperfractionated thoracic radiotherapy (JCOG0202):

a randomised phase 3 study

Kaoru Kubota, Toyoaki Hida, Satoshi Ishikura, Junki Mizusawa, Makoto Nishio, Masaaki Kawahara, Akira Yokoyama, Fumio Imamura, Koji Takeda,
Shunichi Negoro, Masao Harada, Hiroaki Okamoto, Nobuyuki Yamamoto, Tetsu Shinkai, Hiroshi Sakai, Kaoru Matsui, Kazuhiko Nakagawa,
Taro Shibata, Nagahiro Saijo, Tomohide Tamura, on behalf of the Japan Clinical Oncology Group

Summa

Backgrourr)lld Four cycles of etoposide plus cisplatin and accelerated hyperfractionated thoracic radiotherapy (AHTRT) is
the standard of care for limited-stage small-cell lung cancer (SCLC). Irinotecan plus cisplatin significantly improved
overall survival compared with etoposide plus cisplatin for extensive-stage SCLC. We compared these regimens for
overall survival of patients with limited-stage SCLC.

Methods We did this phase 3 study in 36 institutions in Japan. Eligibility criteria included age 20-70 years, Eastern
Cooperative Oncology Group (ECOG) performance status of 0-1, and adequate organ functions. Eligible patients with
previously untreated limited-stage SCLC received one cycle of etoposide plus cisplatin (intravenous etoposide
100 mg/m2 on days 1-3; intravenous cisplatin 80 mg/m2 on day 1) plus AHTRT (1-5 Gy twice daily, 5 days a week, total
45 Gy over 3 weeks). Patients without progressive disease following induction therapy were randomised (1:1 ratio, using
a minimisation method with biased-coin assignment balancing on ECOG performance status [0 vs 1], response to
induction chemoradiotherapy [complete response plus near complete response vs partial response and stable disease],
and institution) to receive either three further cycles of consolidation etoposide plus cisplatin or irinotecan plus cisplatin
(intravenous irinotecan 60 mg/ma2 on days 1, 8, 15; intravenous cisplatin 60 mg/m2 on day 1). Patients, physicians, and
investigators were aware of allocation. The primary endpoint was overall survival after randomisation; primary analysis
was Dy intention to treat. This trial is registered with ClinicalTrials.gov, number NCT00144989, and the UMIN Clinical
Trials Registry, number C000000095.

Findings 281 patients were enrolled between Sept 1, 2002, and Oct 2, 2006. After induction etoposide plus cisplatin and
AHTRT, 258 patients were randomised to consolidation etoposide plus cisplatin (n=129) or irinotecan plus cisplatin
(n=129). In the etoposide plus cisplatin group, median overall survival was 3 -2 years (95% CI 2-4—4-1). In the irinotecan
and cisplatin group, median overall survival was 28 years (95% CI 2-4-3-6); overall survival did not differ between the
two groups (hazard ratio 1-09 [95% CI 0-80—1-46), one-sided stratified log-rank p=0-70). The most common adverse
events of grade 3 or 4 were neutropenia (120 [95%)] in the etoposide plus cisplatin group vs 101 [78%)] in the irinotecan
plus cisplatin group), anaemia (44 [35%] vs 50 [39%)]), thrombocytopenia (26 [21%)] vs six [5%]), febrile neutropenia
(21 [17%)] vs 18 [14%)), and diarrhoea (two [2%] vs 13 [10%]). There was one treatment-related adverse event leading to
death in each group (radiation pneumonitis in the etoposide plus cisplatin group; brain infarction in the irinotecan plus
cisplatin group).

Interpretation Four cycles of etoposide plus cisplatin and AHTRT should continue to be the standard of care for limited-
stage SCLC.

Funding National Cancer Center and the Ministry of Health, Labour, and Welfare of Japan.

Introduction

The shift from non-filter to filter tobacco has resulted in a
decrease in small-cell and squamous-cell lung cancer, and
an increase in adenocarcinoma of the lung.' Currently,
small-cell lung cancer (SCLC) accounts for 13% of all lung
cancer, and about a third of patients with SCLC have
limited-stage ~disease—ie, disease confined to the
hemithorax.’

10

Combination chemotherapy is the cornerstone of SCLC
treatment, and meta-analyses™* have shown that addition
of thoracic radiotherapy to combination chemotherapy
significantly improves the survival of patients with limited-
stage SCLC. Several randomised trials*™” have shown that
early use of concurrent thoracic radiotherapy results in
improved overall survival compared with sequential or late
use when etoposide and cisplatin are used as combination
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chemotherapy. The US intergroup phase 3 study® showed
that accelerated hyperfractionated thoracic radiotherapy
(AHTRT) with etoposide plus cisplatin for limited-stage
SCLC resulted in significantly improved overall survival
compared with standard fractionation, once-daily
irradiation, with 5-year survival of 26% and 16%,
respectively. Thus, etoposide plus cisplatin and AHTRT is
now the standard of care in patients with limited-stage
SCLC. However, many patients with limited-stage SCLC
experience tumour recurrence and die from the disease,
showing the need for improved therapy.

The Japan Clinical Oncology Group (JCOG) previously
undertook a randomised phase 3 trial’ (JCOG9511)
comparing irinotecan plus cisplatin with etoposide plus
cisplatin in patients with extensive-stage SCLC. Response
and overall survival were significantly better for patients
treated with irinotecan than those treated with etoposide.
The result prompted us to explore the use of irinotecan
and cisplatin in limited-stage SCLC. A phase 2 study”
showed that irinotecan and cisplatin after concurrent
etoposide plus cisplatin plus AHTRT for limited-stage
SCLC was safe with acceptable side-effects, and the 3-year
survival of 38% of patients was encouraging.

Therefore, we did a randomised phase 3 trial to compare
overall survival of patients with limited-stage SCLC given
three cycles of irinotecan plus cisplatin or etoposide plus
cisplatin after one cycle of induction etoposide plus
cisplatin and concurrent AHTRT.

Methods

Study design and participants

We did this randomised, open-label, phase 3 study in
36 institutions in Japan (appendix). We enrolled patients
with histologically or cytologically confirmed limited-
stage SCLC—defined as disease confined to one
hemithorax, including ipsilateral hilar, bilateral
mediastinal, and bilateral supraclavicular lymph node
metastases. Pleural effusion of less than 1 cm width by
chest CT was defined as limited-stage disease; malignant
pleural effusion was defined as extensive-stage disease
and excluded from the study. Additional eligibility criteria
consisted of measurable disease, age 20-70 years, Eastern
Cooperative  Oncology Group (ECOG) performance
status of 0-1, no previous treatment for SCLC, no history
of anticancer chemotherapy, 4000 leucocytes per pL or
greater, 105 platelets per pL or greater, haemoglobin of
90 g/L or greater, serum creatinine of 132-60 pmol/L or
less, serum Dbilirubin of 34-21 pmol/L or less, serum
aspartate aminotransferase of 100 IU/L or less, serum
alanine aminotransferase of 100 [U/L or less, and partial
pressure of oxygen of 9-33 kPa or greater. Consultation
with a radiation oncologist was mandated before
enrolment. We included patients aged between 20 years
and 70 years because the previous JCOG trial’ (JCOG9511)
comparing irinotecan and cisplatin with etoposide plus
cisplatin for extensive-stage SCLC included only patients
aged 70 years or younger.
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Exclusion criteria were active concomitant malignancy,
active infection, uncontrolled heart disease or a history of
myocardial infarction within the previous 6 months,
unstable angina, uncontrollable hypertension or diabetes
mellitus, interstitial pneumonia or active lung fibrosis on
chestradiograph, psychiatric disease, malignant pericardial
effusion, diarrhoea, intestinal obstruction or paralysis, and
concurrent administration of any oral or intravenous
steroid. We excluded pregnant or lactating women.

All patients enrolled in the study underwent an induction
therapy of one cycle of etoposide plus cisplatin with
concurrent AHTRT, eligible patients were registered again
and randomised to consolidation chemotherapy consisting
of three cycles of etoposide plus cisplatin or irinotecan plus
cisplatin. The second registration eligibility criteria were:
within 49 days from the first registration, ECOG
performance status of 0-1, 3000 leucocytes per upl or
greater, 105 platelets per pL or greater, serum creatinine of
13260 pmol/L or less, serum bilirubin of 3421 umol/L or
less, serum aminotransferase of 100 [U/L or less, no fever
or diarrhoea within 24 h, no pulmonary infiltration beyond
the radiation portal, no active infection, radiation
dermatitis or oesophagitis of grade 2 or less, completion of
induction chemoradiotherapy, no progressive disease, and
tumour response to induction chemoradiotherapy as
assessed by chest CT (complete response, near complete
response, partial response, or stable disease). Because
almost all patients with limited-stage SCLC are admitted to
hospital during induction chemoradiotherapy in Japan,
chest CT assessment within the specified timeframe was
not problematic. The assessment of response to chemo-
radiation was done after day 23, counted from the start of
induction chemoradiotherapy.

The study protocol was approved by the Clinical Trial
Review Committee of JCOG and the institutional review
boards of the participating institutions. All patients
provided written informed consent.

Procedures

Induction chemotherapy consisted of intravenous cisplatin
80 mg/m2 on day 1 and intravenous etoposide 100 mg/m?2
on days 1-3. AHTRT was begun on day 2 of induction
chemotherapy and administered twice daily, 5 days a week,
(1-5 Gy per fraction, with 6 h or more between fractions) to
a total dose of 45 Gy in 3 weeks. 30 Gy was delivered with
6-10 MV photons using anterior—posterior opposed fields
that included the primary tumour; metastatic lymph
nodes; and regional nodes, excluding the contralateral
hilar nodes. Supraclavicular lymph nodes were also
included when involved. A booster dose of 15 Gy was
delivered to the primary tumour and metastatic lymph
nodes.  Conventional two-dimensional  radiograph
simulation and three-dimensional CT simulation were
allowed for treatment planning; PET scanning was not
required. The clinical target volume was equal to the gross
tumour volume, including the primary tumour and
metastatic nodes (1 cm or greater in shortest dimension).
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The planned target volumes for the primary tumour,
metastatic lymph nodes, and regional nodes were defined
as clinical target volume plus adequate margins (typically
0-5-1-0 cm laterally and 1-0-2-0 cm craniocaudally). The
volume of the lung unaffected by cancer to receive 20 Gy or
more was kept to 35% or less when three-dimensional CT
simulation was used. Lung heterogeneity corrections were
not used. If grade 3 non-haematological side-effects
(excluding hyponatraemia, nausea, vomiting, and appetite
loss), performance status of 3, grade 2 pneumonitis or
pulmonary infiltrates, or a fever of 38-0°C or more
developed, radiotherapy was withheld until recovery.
Quality assurance reviews were done and the results are
reported elsewhere."

In the consolidation chemotherapy stage, patients
assigned to etoposide plus cisplatin received intravenous
cisplatin 80 mg/m2 on day 1 and intravenous etoposide
100 mg/m2 on days 1-3, repeated every 3 weeks for three
cycles. Patients assigned to irinotecan plus cisplatin were
treated every 3—4 weeks for three cycles; this regimen
consisted of intravenous irinotecan 60 mg/m?2 on days 1, 8,
and 15 and intravenous cisplatin 60 mg/m?2 on day 1. The
doses of cisplatin were the same as in the previous JCOG
trial (JCOGY511) in extensive-stage SCLC.

If the leucocyte count decreased to less than
3000 leucocytes per pL or the platelet count fell below 105
platelets per pL on the first day of etoposide plus cisplatin or
irinotecan plus cisplatin, chemotherapy was withheld until
the counts recovered to above these cutoffs. Administration
of irinotecan was skipped on day 8 or 15, or on both days, if
the leucocyte count was less than 2000 leucocytes per pL,
the platelet count was below 105 platelets per pL, or if there
was any diarrhoea irrespective of grade, or a fever of 37-5°C
or more. The dose of etoposide in subsequent cycles was
reduced by 20 mg/m2 from the planned dose if
grade 4 leucopenia, grade 4 thrombocytopenia, or grade 3
non-haematological ~ side-effects  (excluding  nausea,
vomiting, appetite loss, hyponatraemia, and creatinine)
developed. The dose of irinotecan in subsequent cycles was
reduced by 10 mg/m? from the planned dose if
grade 4 leucopenia or grade 4 thrombocytopenia, grade 2 or
3 diarrhoea, or grade 3 non-haematological side-effects
(excluding nausea, vomiting, hyponatraemia, and
creatinine) developed. The dose of cisplatin was reduced by
10 mg/m2 if serum creatinine was higher than
132-60 pmol/L but not exceeding 17680 pmol/L. Cisplatin
was not administered if creatinine was higher than
176-80 pmol/L. Treatment was stopped in patients with
non-haematological side-effects of grade 4.

Administration of granulocyte colony stimulating factor
(G-CSF) was prohibited on the same days as chemotherapy
or radiotherapy. Primary prophylactic G-CSF was not
administered. For patients who had developed
grade 4 neutropenia or grade 3 febrile neutropenia during
previous cycles of chemotherapy, secondary prophylactic
G-CSF  administration ~was allowed. Prophylactic
antibiotics were not administered.

Prophylactic cranial irradiation (25 Gy in ten fractions)
was undertaken for patients showing a complete response
or near complete response, defined as a reduction of 70%
or more in the sum of the longest diameters of the target
lesions.

Before enrolment in the study, each patient provided a
complete medical history and underwent physical examin-
ation, blood cell count determinations, arterial blood gas,
biochemical laboratory examinations, chest radiograph,
electrocardiogram, chest CT scan and whole-brain CT or
MRI, abdominal ultrasound or CT, and isotope bone scans.
Data regarding the time interval between diagnosis and
start of concurrent chemoradiotherapy were not collected.
Blood cell counts, differential white cell counts and other
laboratory data were obtained weekly during induction
chemoradiotherapy. All patients were reassessed at the end
of consolidation chemotherapy with the same imaging
assessments as at the time of enrolment. For efficacy
assessments after the end of study treatment, patients
were monitored once a month for 1 year and once every
3 months after 1 year. If progression was suspected on the
basis of worsening symptoms or abnormal laboratory test
values, the site of suspected progression was examined. If
recurrence or progression was established, restaging
including chest CT, brain MRI or CT, abdominal
ultrasound or CT, and bone scintigraphy were done.

Responses were assessed according to Response
Evaluation Criteria in Solid Tumors (RECIST), version 1.0.
Response was defined as the proportion of patients whose
best overall response was complete reponse or partial
response according to RECIST. Adverse events were
assessed according to the National Cancer Institute
Common Terminology Criteria (NCI-CTC) version 2.0.
Serious adverse events were defined as grade 4 non-
haematological or grade 5 adverse events.

Randomisation and masking

After induction chemoradiotherapy, eligible patients were
randomly assigned in a 1:1 ratio to receive either three
cycles of consolidation etoposide plus cisplatin or
irinotecan plus cisplatin at the JCOG Data Center
Randomisation was done using a minimisation method
with biased-coin assignment balancing on ECOG
performance status (0 vs 1), response to induction
chemoradiotherapy (complete response plus near
complete response vs partial response and stable disease)
and institution. Patients, treating physicians, and
individuals assessing outcomes and analysing data were
not masked to treatment allocation.

Statistical analysis

The primary endpoint was overall survival after
randomisation. The planned sample size for randomisation
was 250 and the expected number of events was 223, with
a one-sided a of 2-5% and at least 70% power to detect a
difference between groups, assuming 30-0% 3-year
survival with etoposide plus cisplatin versus 42-5% with
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iriontecan plus cisplatin. Final analysis was planned
5 years after completion of accrual. Secondary endpoints
were adverse events associated with induction chemo-
radiotherapy, adverse events associated with consolidation
chemotherapy, late radiation morbidity after thoracic
irradiation, adverse events during treatment with pro-
phylactic cranial irradiation, incidence of serious adverse
events, and progression-free survival after randomisation.

Progression-free survival was calculated from the date of
randomisation until the date of documented progression
or death (in the absence of progression). Overall survival
was calculated from the date of randomisation until the
date of death from any cause. Both intervals were estimated
by the Kaplan-Meier method.

Three interim analyses were scheduled. The first interim
analysis was to assess the futility of the trial after half the
planned sample size was randomised. The second interim
analysis was planned immediately after patient accrual was
completed to decide whether the preplanned follow-up
was necessary in terms of efficacy. The third interim
analysis was planned 2 years after completion of accrual,
with the same aim as the second interim analysis. Results
of the interim analyses were reviewed by the JCOG Data
and Safety Monitoring Committee and investigators were
masked to the results. Multiplicity for analyses of the
primary endpoint was adjusted with the O’Brien-Fleming
type a-spending function.”

The primary endpoint, overall survival after ran-
domisation, was analysed with the log-rank test, stratified
by ECOG performance status (0 vs 1) and response to
induction chemoradiotherapy (complete response plus
near complete response vs partial response plus stable
disease). Hazard ratios (HR) were estimated with a Cox
regression model, stratified by the same factors as the log-
rank test. Unstratified log-rank tests and unstratified Cox
regression models were used for all other analyses. The
efficacy analyses were by modified intention to treat,
including all patients enrolled at the second registration
who did not violate any inclusion criteria. Safety analyses
included all patients enrolled at the second registration
who received at least one dose of study drug. Analyses were
done by the JCOG Data Center using SAS (version 9.2).

This trial was registered with ClinicalTrials.gov, number
NCT00144989 and UMIN Clinical Trials Registry, number
C000000095.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to all
the data in the study and had final responsibility for the
decision to submit for publication.

Results

281 patients were enrolled between Sept 1, 2002, and Oct 2,
2006. Four patients were shown to be ineligible after the
first registration, three did not receive study treatment
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281 patients enrolled at first registration

7 not treated
4 ineligible
3 progressive disease

2 did not receive AHTRT
1inappropriate radiation field
1allergy to etoposide

A

| 272 received induction etoposide plus
| cisplatin and AHTRT

—)‘ 14 declined to continue study

A4
{ 258 enrolled at second registration |

l

v

| 129 assigned to etoposide plus cisplatin

v

| 129 assigned to irinotecan plus cisplatin ‘

—P) 1lineligible, received treatment

A Y
I 129 included in efficacy analyses |

‘ 128 included in efficacy analyses ‘

—b] 1did not receive treatment |

A 4
|
| | 128 included in safety analyses )

v
129 included in safety analyses

Figure 1: Trial profile
AHTRT=accelerated hyperfractionated thoracic radiotherapy.

! First registration (n=281)  Second registration

Etoposide and cisplatin  Irinotecan and cisplatin

(n=129) (n=129)
i Age (years) 61(32-70) 60 (32-70) 62 (39-70)
Sex
Men 228 (81%) 103 (80%) 106 (82%)
Women 53(19%) 26 (20%) 23 (18%)
ECOG performance status
0 170 (60%) 86 (67%) 85 (66%)
1 111 (40%) 43(33%) 44 (34%)
Response to induction chemoradiotherapy*
Complete response 3(2%) 4 (3%)
Near complete response 28 (22%) 26 (20%)
Partial response 92 (71%) 87 (67%)
Stable disease 6 (5%) 12 (9%)

Data are median (IQR) or n (%). ECOG=Eastern Cooperative Oncology Group. “According to Response Evaluation
Criteria In Solid Tumors (version 1.0).

Table 1: Characteristics of patients

because of progressive disease, and two did not receive
AHTRT, one because of an inappropriate radiation field
and one because of an allergy to etoposide (figure 1). After
the induction etoposide plus cisplatin plus AHTRT,
258 patients were enrolled at the second registration and
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Time since first registration (years)

Number at risk 281 245

Figure 2: Overall survival after first registration

177 132 106 89 60 31 15 0

*One-sided p value from stratified log-rank test, with Eastern Cooperative Oncology Group performance status
and response to induction chemoradiotherapy as strata.

40

Overall survival (%)
w
o
1

10
0

—— Etoposide plus cisplatin
—— Irinotecan plus cisplatin

0
Number at risk
Etoposide plus cisplatin 129
Irinotecan plus cisplatin 128

B
100 7

90
80
70
60
50 -
40
30
20+
104

Progression-free survival (%)

115 84 66 52 40 26 1 6 0
13 80 58 47 41 29 13 8 0

Number at risk
Etoposide plus cisplatin 129
Irinotecan plus cisplatin 128

T T T T T T T T 1
1 2 3 4 5 6 7 8 9
Time since randomisation (years)

70 45 38 36 28 17 8 5 0
65 46 39 36 35 22 9 6 0

Figure 3: Overall survival (A) and progression-free survival (B) after randomisation
“p value from unstratified log-rank test.

110

randomised to consolidation etoposide plus cisplatin
(n=129) or irinotecan plus cisplatin (n=129). One patient in
the irinotecan plus cisplatin group was shown to be
ineligible after the second registration because of contra-
lateral hilar node metastasis, this patient was excluded
from the efficacy analyses, but included in the safety
analyses. Table 1 shows the characteristics of the patients.
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Of 129 patients who were randomised to the etoposide
plus cisplatin group, 116 patients (90%) received three
cycles of consolidation chemotherapy, four (3%) received
two cycles, eight (6%) received one cycle, and one (1%)
had no consolidation therapy. In the irinotecan plus
cisplatin group, 110 of 128 (86%) patients received three
cycles of consolidation chemotherapy, six (5%) received
two cycles, 12 (9%) received one cycle. The main reasons
for non-completion of three cycles of consolidation
chemotherapy in the both groups were adverse events
(eight patients in the etoposide plus cisplatin group,
12 patients in the irinotecan plus cisplatin group) and
patient refusal because of adverse events (nine patients in
the etoposide plus cisplatin group, 14 patients in the
irinotecan plus cisplatin group); one patient in each group
did not complete consolidation chemotherapy because of
progressive disease. In the etoposide plus cisplatin group,
115 (89%) of 129 patients received at least 70% of the
planned of dose of etoposide, and 116 (90%) of 129 received
at least 70% of the planned dose of cisplatin; in the
irinotecan plus cisplatin group, 88 (69%) of 128 received at
least 709 of the planned dose of irinotecan and 110 (86%)
of 128 received at least 70% of the planned dose of
cisplatin. Prophylactic cranial irradiation was administered
to 76 patients in the etoposide plus cisplatin group and
73 in the irinotecan plus cisplatin group.

Of 281 patients who entered into the first registration,
median follow-up for the 88 censored patients was 6- 3 years
(IQR 5-6-7-2); median overall survival was 2.9 years
(95% CI 2-5-3.5), 3-year overall survival was
48-4% (95% CI 42-4-54-1), and 5-year overall survival was
34.3% (28-7-39-9; figure 2). Of 257 patients included in
the final analysis of the primary outcome, median follow-
up for the 84 censored patients was 6- 2 years (IQR 5-4-7-0);
there were 173 events. In the etoposide plus cisplatin group,
median overall survival was 3-2 years (95% CI 2-44-1),
3-year overall survival was 52-9% (95% CI 43-9-61-1), and
S-year overall survival was 35-8% (27-4-44-1). In the
irinotecan plus cisplatin group, median overall survival was
2.8 years (95% CI 2-4-3-0), 3-year overall survival was
46-6% (37-7-55-1) and S-year overall survival was
33.7% (25-5-42-0; HR 1.09 [95% CI 0-80-1-46];
p=0-70 from one sided stratified log-rank test; figure 3A).
The results of the unstratified analysis did not differ from
those of the stratified analysis (data not shown).

Figure 3B shows the Kaplan-Meier curves for
progression-free survival in the two groups. Median
progression-free survival was 1-1years (95% CI 0-9-1-4)
in the etoposide plus cisplatin group and 1-0 years
(0-9-1-4) in the irinotecan plus cisplatin group
(HR 1-10; 95% CI 0-83-1-45; p=0-74 from one sided
unstratified log-rank test). In the etoposide group,
3-year progression-free survival was 32.0% (95% CI
24-1-40-1) and 5-year progression-free survival was
30-2% (22-4-38-3). In the irinotecan plus cisplatin
group, these were 30-8% (23:0-38-9) and 27-7%
(20-2-35-6), respectively.
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Etoposide plus cisplatin plus AHTRT*

Consolidation chemotherapy

| Grade1-2 Grade3

| Leucopenia 16 (6%) 148 (54%)

| Anaemia 86 (32%) 1(<1%)

‘ Thrombocytopenia 108 (40%) 20 (7%)

| Neutropenia 12 (4%) 57 (21%)

‘ Hypoalbuminaemia 194 (72%) 0

| Bilirubin 72(26%)  1(<1%)

‘ Aspartate aminotransferase 54 (20%) 1(<1%)
Alanine aminotransferase 91 (33%) 4(1%)
Creatinine 67 (25%) 0
Fever 75 (27%) 6]

| Alopedia 207 (77%)

| Weight loss 43(16%) 0

; Anorexia 158 (58%) 22 (8%)

i Diarrhoea 28 (10%) 3(1%)

1 Dysphagia-oesophagealt 229 (84%) 5(2%)

| Nausea 139 (51%) 17 (6%)

| Stomatitis or pharyngitis 38 (14%) 1(<1%)

| Vomiting 53(19%) 3(1%)

| Febrile neutropenia - 67 (25%)
Infection with grade 3 or 4 neutropenia 0 37 (14%)
Infection without neutropenia 7 (3%) 11 (4%)

2(1%) 1 (<1%)

|
} Pneumonitis or pulmonary infiltrates
1
|

Data were missing for some patients. AHTRT=accelerated hyperfractionated thoracic radiotherapy. *Including two patients who did not undergo radiotherapy. tRelated to radiation

Table 2: Adverse events

The two groups did not differ in terms of sites of primary
failure. Of 175 patients who had disease progression, in the
etoposide plus cisplatin group, 30 had local progression
within the radiation field, seven had local progression
outside of the radiation field, 26 had progression to the
brain, and 35 had systemic progression to other sites; in
the irinotecan plus cisplatin group, 27 had local progression
within the radiation field, six had local progression outside
of the radiation field, 33 had progression to the brain, and
38 had systemic progression to other sites (some patients
had progression to more than one site).

In a planned subgroup analysis, women in the etoposide
plus cisplatin group had improved overall survival
compared with those in the irinotecan plus cisplatin group
(median overall survival not reached, 5-year overall survival
55-3% [95% CI 33-8-72-3] vs median overall survival
2-4years[1-6-3-4],5-year overall survival 26 - 1%[10 - 6-44-7]
in the irinotecan group; unstratified HR 2-56;
95% CI 1-20-5-44, one-sided p=0-99) whereas outcomes
for men did not differ between the groups (0-90; 0-65-1-24,
one-sided p=0-25). Other prespecified subgroup analyses,
including age (<60 years old vs >60 years old), stage by
UICC-TNM 7th edition (<IIIA ws =IIIB), ECOG
performance status (0 vs 1), response to induction chemo-
radiotherapy (complete response plus near complete
response vs partial repsonse plus stable disease),
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bodyweight loss during 6 months (5% vs >5%), and
smoking history (<20 packs per year vs =20 packs per year)
did not differ between the two groups (data not shown).
Of 129 eligible patients randomised to the etoposide plus
cisplatin group, 128 (99-2%) had an overall response
(24 complete response; 54 near complete response; 50 partial
response); of 128 patients in the irinotecan plus csplatin
group, 123 (96-1%) had an overall response (30 complete
response; 57 near complete response; 36 partial response).
Table 2 shows side-effects associated with concurrent
chemoradiotherapy and consolidation chemotherapy.
During consolidation chemotherapy, the most common
adverse events of grade 1 or 2 were hypoalbuminaemia
(102 [80%] in the etoposide plus cisplatin group vs 109 [84%)
in the irinotecan plus cisplatin group) and alopecia
(94 [76%] vs 93 [74%]). The most common adverse events of
grade 3 or 4 were neutropenia (120 [95%)] in the etoposide
plus cisplatin group vs 101 [78%)] in the irinotecan plus
cisplatin group), anaemia (4 [35%] vs 50 [39%)]),
thrombocytopenia (26 [21%] vs six [5%)]), febrile neutropenia
(21[179%] vs 18 [14%]), and diarrhoea (two [29] vs 13 [109]).
12% of patients in the in the etoposide plus cisplantin
group and 6% in the irinotecan plus cisplatin group had
infection with grade 3 or 4 neutropenia. However,
grade 3 febrile neutropenia did not differ between the two
groups. Grade 3 or 4 leucopenia was less frequent in the
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Grade 4 N Etoposide plus cisplatin Irinotecan plus cisplatin
Grade1-2  Grade 3 Grade4 N Grade1-2  Grade3 Grade4 N

109 (40%) 273 12(9%) 81(63%) 34(27%) 128  28(22%) 76(59%)  25(19%) 129
0 273 76(59%) 33(26%) 11(9%) 128 72(56%) 42 (33%) 8(6%) 129
0 273 56 (44%) 22(17%) 4(3%) 128  28(22%)  6(5%) 0 129
203 (74%) 273 6(5%) 33(26%) 87(68%) 128  28(22%) 62(48%)  39(30%) 129
271 102(80%) O = 127 109(84%) O 129
0 272 20(16%) O 0 128 21(16%) 0 0 129
0 273 19 (15%) 1(1%) 0 128 29 (22%) 0 0 129
0 273 38(30%) 1(1%) 0 128 47(36%) 0O 0 129
0 273 55(43%) 0O 0 128 35(27%) 0 0 129
0 274 28(22%)  1(1%) 0 128 33(26%) O 0 129
270 94 (76%) 123 93 (74%) 126
274 17(13%) O 128 20 (16%) 1(1%) 129
1(<1%) 274 (64%) 12 (9%) 0 128 78(60%) 16 (12%) 0 129
0 274 0(8%)  2(2%) 0 128 68(53%) 13(10%) 0 129
0 274 34Q27%) O 0 128 34(26%)  1(1%) 0 129
274 82 (64%) 7(5%) 128 82(64%) 7(5%) 129
0 274 16(13%) 0 0 128  15(12%) O 0 129
0 274 26(20%)  3(2%) 0 128 21(16%)  5(4%) 0 129
0 271 21(16%) 0 128 18 (14%) 0 129
0 272 0 15(12%) 0 128 0 8 (6%) 0 129
1(<1%) 274 11(9%)  4(3%) 0 128 16 (12%)  8(6%) 0 129
0 274 9(7%) 1(1%) 0 128 16(12%) O 0 129

431




