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Summary

Background Currently, crizotinib is the only drug that has been approved for treatment of ALK-rearranged non-small-
cell lung cancer (NSCLC). We aimed to study the activity and safety of CH5424802, a potent, selective, and orally
available ALK inhibitor.

Methods In this multicentre, single-arm, open-label, phase 1-2 study of CH5424802, we recruited ALK inhibitor-
naive patients with ALK-rearranged advanced NSCLC from 13 hospitals in Japan. In the phase 1 portion of the study,
patients received CH5424802 orally twice daily by dose escalation. The primary endpoints of the phase 1 were dose
limiting toxicity (DLT), maximum tolerated dose (MTD), and pharmacokinetic parameters. In the phase 2 portion of
the study, patients received CH5424802 at the recommended dose identified in the phase 1 portion of the study orally
twice a day. The primary endpoint of the phase 2 was the proportion of patients who had an objective response.
Treatment was continued in 21-day cycles until disease progression, intolerable adverse events, or withdrawal of
consent. The analysis was done by intent to treat. This study is registered with the Japan Pharmaceutical Information
Center, number JapicCTI-101264.

Findings Patients were enrolled between Sept 10, 2010, and April 18, 2012. The data cutoff date was July 31, 2012. In
the phase 1 portion, 24 patients were treated at doses of 20-300 mg twice daily. No DLT5s or adverse events of grade 4
were noted up to the highest dose; thus 300 mg twice daily was the recommended phase 2 dose. In the phase 2
portion of the study, 46 patients were treated with the recommended dose, of whom 43 achieved an objective response
(93-5%, 95% CI 82-1-98-6) including two complete responses (4-3%, 0-5-14-8) and 41 partial responses (89-1%,
76-4-96-4). Treatment-related adverse events of grade 3 were recorded in 12 (26%) of 46 patients, including two
patients each experiencing decreased neutrophil count and increased blood creatine phosphokinase. Serious adverse
events occurred in five patients (11%). No grade 4 adverse events or deaths were reported. The study is still ongoing,
since 40 of the 46 patients in the phase 2 portion remain on treatment.

Interpretation CH5424802 is well tolerated and highly active in patients with advanced ALK-rearranged NSCLC.
Funding Chugai Pharmaceutical Co, Ltd.

Introduction

A fusion tyrosine kinase gene comprising the EML4 gene
and the ALK gene has been identified in non-small-cell
lung cancer (NSCLC) with inversion of chromosome 2p.
Mouse 3T3 fibroblasts expressing EMIL4-ALK had
increased transforming activity and tumorigenicity.!
Transgenic mice expressing EML4-ALK fusion gene in
lung alveolar epithelial cells were generated and ex-
hibited development of adenocarcinoma in lungs shortly
after birth,? suggesting that the EML4-ALK fusion gene
could be a driver mutation for NSCLC and serve as a
promising candidate for a therapeutic target.”” Therefore,
the introduction of new ALK inhibitors is expected to
improve the treatment of patients with ALK-rearranged
NSCLC.?

and other countries. In the phase 1 trial of crizotinib in
patients with ALK-rearranged NSCLC, 87 of
143 evaluable patients had an objective response
(60-8%, 95% CI 52-3-68-9). Median progression-free
survival (PFS) was 9-7 months.® In a retrospective study’
comparing survival outcomes in crizotinib-treated
patients enrolled in the phase 1 trial and crizotinib-
naive controls screened during the same period,
crizotinib therapy was associated with better survival.
However, resistance to crizotinib occurs by a number of
mechanisms, including ALK gene alterations, such as
ALK point mutations and copy number gain, and
activation of bypass signalling through activation of
other oncogenes.* Additionally, poor penetration of
crizotinib across the blood-brain barrier is thought to

So far, crizotinib, a multi-targeted receptor tyrosine
kinase inhibitor of ALK, MET, and ROSI oncogene,* is
the only agent that has been approved for ALK-
rearranged NSCLC in the USA, European Union, Japan,

be associated with a higher incidence of brain
involvement if relapse occurs.” In the crizotinib phase
2 trial, the most common site for single organ disease
progression was the brain.”
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CH5424802 (RO5424802; Chugai Pharmaceutical Co,
Ltd, Tokyo, Japan) is a novel, highly selective oral ALK
inhibitor. In-vitro kinase assays showed that this
compound selectively inhibits ALK. CH5424802 also
shows high anti-tumour activity both in vitro and in vivo
against tumour cell lines with some type of ALK gene
alteration, such as NSCLC and anaplastic large-cell
lymphoma lines harbouring an ALK fusion gene and a
neuroblastoma line harbouring amplified ALK gene.
More importantly, CH5424802 yielded potential anti-
tumour activity against the gatekeeper Leull96Met
mutation in EML4-ALK”* which has been identified in
tumour cells refractory to crizotinib.”

We report the results of a phase 1-2 study of CH5424802
(AF-001JP study) that was designed to identify the
maximum tolerated dose (MTD) and pharmacokinetic
parameters of the drug, and subsequently to assess its
activity and safety in ALK inhibitor-naive patients with
ALK-rearranged NSCLC.

Methods

Study design and patients

This study was a multicentre, single-arm, open-label,
phase 1-2 trial (AF-001JP). Patients were eligible if they
were aged 20 years or older; had histologically or
cytologically confirmed advanced or metastatic ALK-
rearranged stage IIIB, IV, or recurrent NSCLC; had an
Eastern Cooperative Oncology Group performance status
(ECOG PS) of 0 or 1; had measurable lesions as defined
by Response Evaluation Criteria in Solid Tumors
(RECIST; version 1.1) (for the phase 2 portion only);
received two or more (phase 1 portion) or one or more
(phase 2 portion) previous chemotherapy regimens;
and had adequate haematological, hepatic, and renal
function. We excluded patients who had received pre-
vious treatment with any ALK inhibitor. Other exclusion
criteria included symptomatic brain metastases or brain
metastases requiring treatment, history of serious
cardiac dysfunction, clinically significant gastrointestinal
abnormality that would affect the absorption of the study
drug, and pregnant or lactating women.

To identify whether patients were positive for
ALK fusion gene expression, formalin-fixed paraffin-
embedded sections from previous diagnostic or surgical
procedures were sent to the laboratory in the Cancer
Institute, Japanese Foundation for Cancer Research,
Tokyo, Japan, and screened using anti-ALK immunohisto-
chemistry with iAEP method (ALK Detection Kit,
Nichirei Bioscience, Tokyo, Japan).** In patients who
were positive by immunohistochemistry, the fluores-
cence in-situ hybridisation (FISH) test was subsequently
done for confirmation. An experienced pathologist (KT)
judged these tests. Additionally, we did a multiplex RT-
PCR method (SRL, Tokyo, Japan) on samples of cells or
frozen cancer tissue sections. We deemed patients to be
positive for ALK fusion gene expression when either
FISH or RT-PCR showed positive results.

www.thelancet.com/oncology Vol14 june 2013

In this study, patients gave written informed consent
for ALK assessment by a central laboratory. If tumours
were confirmed to be ALK positive, patients signed
another informed consent form for enrolment into this
trial. Patients participating in the study were treated at
13 hospitals in Japan. The study was approved by the
institutional review board at each participating
institution, and done in accordance with the Declaration
of Helsinki and Good Clinical Practices.

Procedures

In the phase 1 portion of this study, patients received
CH5424802 orally twice daily (once in the morning and
once in the evening) in an open-label, sequential-cohort,
dose-escalation study. We did the dose escalation with an
accelerated titration design” under fasting conditions
from 20 mg to 300 mg twice daily. We determined a dose
of 300 mg twice daily as the highest planned dose on the
basis of the available safety information about the additive
formulation in Japan. Patients fasted for 2 h before
administration and 1 h after administration. We pre-
defined dose-limiting toxicities (DLIS) as a treatment-
related adverse event that occurs during the DIT
assessment period (from day 1to day 3 in cycle 0 and from
day 1 to day 21 in cycle 1) and met any of the following
criteria: grade 4 thrombocytopenia, grade 4 neutropenia
continuing for 4 days or more, non-haematological toxic
effects of grade 3 or worse (excluding transient electrolyte
abnormalities and diarrhoea, nausea, or vomiting that
recovers to grade 2 or lower with appropriate treatment),
and events that required suspension of treatment for at
least7 days. The recommended dose was to be determined
after taking into comsideration tumour response in
addition to the MTD, safety, and pharmacokinetic
parameters under fasting conditions. While this fasting
part was ongoing with DLT assessment in the cohort of
patients given 300 mg twice daily, we amended the study
to conduct a non-fasting part at doses of 240 mg and
300 mg twice daily by a traditional 3+3 design. We
assessed the effect of food by comparing results under
fasting and non-fasting conditions at both doses in the
two groups of patients.

In the phase 2 portion of this study, patients received
CH5424802 at the recommended dose identified in the
phase 1 portion of the study orally twice a day (once in the
morning and once in the evening). The patients fasted
for 2 h before administration and 1h after administration.
Treatment was continued in 21-day cycles until disease
progression, intolerable adverse events, or withdrawal of
consent.

Tumours were assessed every cycle until four cycles
and every two cycles thereafter, with RECIST version 1.1.
In the phase 2 portion, tumour assessment from brain to
pelvis at baseline was mandatory. Tumour assessment in
this trial was done with CT scans for chest and abdomen;
with CT or MRI for head, neck, and pelvis; and with bone
scintigraphy, PET, x-ray, CT, or MRI for bone. Adverse

591



Articles

events were monitored up to the 28th day after the final
dose, and assessed according to the National Cancer
Institute Common Terminology Criteria for Adverse
Events (CTCAE version 4.0). When vision disorders
occurred during this trial, an ophthalmological
examination was done.

If a patient had thrombocytopenia or neutropenia of
grade 4 or a non-haematological toxic effect of grade 3 or
higher occurred, treatment with CH5424802 would be
suspended until the toxic effects improved to grade 1 or
lower, or the baseline grade. If the period of suspension
was 14 days or less, treatment with CH5424802 could be
resumed at the same dose level. If the period of

 Phase1(n=24) Phase2(n=46)

Age,years | 425(28%67, 48026+ 75,
- 1 390-60:0)  37:5-54- 5)
 Sex

Female 13 (54%) 24 (52%)
~ Male 11 (46%) 22 (48%)

: “Sh'xoki‘ng statpsfi s . o S
Never o aegw 07(59%)
Former . 10(42%) 18 (39%)

\ Present 0 - 1(2%)

H:stologmal ﬁndlngs

Adenocarcinoma 22 (92%) 46 (100%)
Squamous-cell carcinoma 1(4%) 0
Large—cell carcinoma

1(4%) 0
: ,Chmca( stage(atscreemng) ‘ S o

.

ve sy s
’~:,P(’j5’t’<:}pe’rat’iye réeu;(ehte : i 10 (42%) 1 (28%) ‘
- ECOG performance status
0 9(38%) 20 (43%)

1 15 (63%) 26 (57%)
 AlKdignosist =

39/(85%)

| RTPR asm
. EGFR status*
 Wild-type 22 (92%) 41(89%)
- Mutation [¢] 0
Unknown 2 (8%)

5 (11%)

0 oWt

U 1¢ew)
. 10(42%)  9@o%)
13(54%) 15(33%)

¢ ‘Data are medlan (range IQR) or number of patlen’rs (%) ECOG‘ Eastern

'Cooperatnve Oncology Group. FlSH~ﬂuorescence in-situ hybridisal

*Histological findings and EGFR status wer é 'epc'ted bythe in e

TALK diagnosis was performed in two central reference Iaborator es (one for -

: lmmunohrstochemlstry and FISH andthe other for RT -PCR). iRegarded asi o
eligible for inclusion because Telapse occurred wn‘.hln 6 months of completlon of

adjuvant chemotherapy e : i

Table 1: Demographlcs and baselme charactenstlcs

suspension was longer than 14 days, treatment with
CHS5424802 would be resumed at a reduced dose.
Treatment with CH5424802 would be discontinued
permanently if treatment could not be resumed within
21 days of suspension. Additionally to these criteria, at
the initiation of every cycle, treatment with CH5424802
would commence after it had been confirmed that all the
following criteria were met (neutrophil count =1500 cells
per pL [this criterion was amended so that patients with a
neutrophil count =1000 cells per pL could receive the
next cycle of treatment], platelet count =7-5x104 cells per
pL; non-haematological toxic effects of grade <1 or grade
at baseline with exception of investigator’s judgment).

Pharmacokinetics

In the phase 1 portion of the study, we obtained 2 mL
blood samples at pre-dose, 0-5h,1h,2h,4h,6h, 8h,
10 h, 24 h, 32 h, 48 h, and 72 h after single oral admin-
istration of CH5424802, and at pre-dose, 0-5h, 1h, 2 h,
4h, 6h, 8h, and 10 h at steady state under fasting and
non-fasting conditions. The blood samples were
centrifuged at 1500-2000xg for 10 min at4°C. The plasma
samples were then stored at —70°C or less. We measured
drug concentrations in plasma by the liquid chroma-
tography-mass spectrometry and liquid chromatography-
tandem mass spectrometry with limit of quantitation of
0-1ng/mlL.

Statistical analysis

The primary endpoint of the phase 1 portion was
DLT, MTD, safety, and pharmacokinetic parameters. The
primary endpoint of the phase 2 portion was the
proportion of patients who had an objective response, as
determined by an independent review committee, which
was to be confirmed by a subsequent scan. Secondary

. endpoints included safety, the proportion of patients who

achieved disease control, progression-free survival,
overall survival, and pharmacokinetic parameters.

In the phase 1 portion of the study, we did all statistical
analyses in a descriptive manner; and we thus did
no formal hypothesis testing. We analysed plasma
CH5424802 concentrations with Phoenix WinNonlin
Version 6.2 (Pharsight Corporation, Mountain View, CA,
USA). We directly obtained the maximum plasma
concentrations (C_,) from the plasma-concentration
curves for every participant. We calculated the area under
the plasma concentration-time curve (AUC) for every
individual using the linear log trapezoidal method as
implemented in Phoenix WinNonlin.

In the phase 2 portion of this study, initially, we used a
threshold response rate of 25% for reference based on
the response rate of a platinum doublet regimen thatis a
standard treatment for NSCLC,® and an expected
response rate of 70% based on the response rate of the
patients to crizotinib.” Since 12 individuals are necessary
to yield a statistical power of 80% with a two-sided
significance of 5%, we calculated a target sample size of

www.thelancet.com/oncology Vol14 june 2013



Articles

15 patients to allow for dropouts. Subsequently, the
response rate of crizotinib for patients with ALK-
rearranged NSCLC was published.” We amended this
study to test the null hypothesis of a threshold response
rate of 45% for the study drug, based on the reported
response rate of crizotinib.* We kept the expected
response rate at 70%. Consequently, 41 patients were
required to yield a statistical power of 90% with a two-
sided significance of 5%. Allowing for dropouts, we
identified the target sample size in this study as
45 patients. Considering the multiplicity of the analysis,
we determined that the null hypothesis assessing
45 patients with the threshold response rate of 45%
should be tested only when the null hypothesis assessing
15 patients with a threshold response rate of 25% was
rejected.

We did the analysis by intent to treat. The decision as to
whether to reject the null hypothesis that the response
rate of 45% or less was based on whether the lower limit
of the 95% CI estimated using the Clopper-Pearson
method exceeded 45%. We estimated the proportion of
patients who achieved disease control together with an
estimate of the CI with the Clopper-Pearson method.
Additionally, we did a pot-hoc subgroup analysis of
response rate with regard to the age, sex, ECOG PS,
body-mass index (BMI), number of previous
chemotherapy regimens for metastatic disease, history of
treatment with pemetrexed, types of ALK diagnostic
method, and status of brain metastasis. All analyses were
done with SAS version 9.2. This study is registered with
the Japan Pharmaceutical Information Center, number
JapicCTI-101264.

Role of the funding source

This study was designed and funded by the study sponsor
(Chugai Pharmaceutical Co, Ltd) and monitored by a
clinical research organisation (EPS Corporation). The
clinical research organisation collected all data and the
study sponsor did all data analysis and interpretation,
with input from the authors and investigators. The initial
draft of the report was reviewed and commented on by all
authors, and by employees of Chugai Pharmaceutical Co,
Ltd. 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

The first patient identified with ALK-positive NSCLC was
enrolled on Sept 10, 2010, and received their first dose on
Sept 14, 2010. The last patient was enrolled on April 18,
2012, and received their first dose on April 18, 2012. Data
cutoff for this report was July 31, 2012.

For both the phase 1 and phase 2 parts of this study,
436 patients were screened for ALK and 135 (31%)
patients were identified as ALK-positive. 70 patients were
enrolled and treated in either the phase 1 (24 patients) or
the phase 2 portions (46 patients). The major reason for

www.thelancet.com/oncology Vol 14 june 2013

patients

300 myg (twice daily)

Dose-limiting toxicities

Fasting - ¢
20mg (thce dally) 1 Noné
" 40 mg (twice daily) 1 None
80 mg (twice daily) 1 None
. 160 mg (twice daily) 3 None
240 mg (twice daily) 3 None
- 300 mg (twice daily) 6 None

Non-fasting - : G :

240 mg (twice dally)‘ 3 None
6 None

Table 2: Dose escalation and dose-limiting toxiciﬁes inphase 1 (n=24)

time curve from 0-10 h.

b Patienfs‘ T (h) C...(ng/mL) Coougn (Ng/mL) - AUC ., (ng-h/mL)

Fastmg : i : ' . ‘

20 mg (tWICé dal[y) 1‘ 4-00‘ 255 1946 220

40 mg (twice daily) 1 3.83 63-9 349 479

80 mg (twice daily) 1 2.00 150 105 1310

160 mg (twice daily) 3 4-61(115) 300 (104) 214 (34) 2310 (598)

240 mg (twice daily) 3 3-33(1-15) 385 (100) 262 (115) 2970 (937)

300 mg (twicedaily) 6 399(217)  575(322) 463(369) 4970 (3260)

Non-fasting B S : Sl : :

240 mg (twice daily) 3 524(113)  380(83) 332(79) 3300 (838)
300 mg (twice dally) 6 532(158)  528(138) 425 (150) 4220 (1190)

Dataare mdlwdual values or mean (SD) unless otherwise stated. Tm—tnme to reach maximum concentration.
C,p=maximum plasma concentratlon Cuog=Plasma concentration at trough AUC,;,=area under plasma- concentratlon

Table 3: Pharmacokinetic parameters of CH5424802 at steady state in the patients underfastlng and
non-fasting conditions (n 24)

~10 H

-20

30 —-----

-40 -

-50 |

-60 <

Change from baseline (%)

-70 |

-80 -

-90 |

~100 -

0 mg twice daily
40 mg twice daily
0 mg twice daily
160 mg twice daily
40 mg twice daily
300 mg twice daily

Patients

Figure 1: Waterfall plot of best percentage change in target lesions from baseline on investigator assessment
(20 patients with measurable lesions in phase 1)
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Figure 2: Waterfall plot of best percentage change in target lesions from baseline based on independent review committee assessment (46 patients in phase 2)
*Indeterminate response by early stopping because of safety reasons. tClassified as complete response according to the definition of Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1 for patients for whom lymph nodes were identified as target lesions and which were reduced to less than 10 mm. These responses

(complete response and partial response) were confirmed by subsequent scan.

exclusion of the other 65 ALK-positive patients was
because of other eligibility criteria, or a reason not
specified by investigators.

Table 1 summarises the baseline characteristics of
patients enrolled in this study. In the phase 1 portion of
the study, 15 patients were treated with CH5424802
under fasting conditions in six cohorts (20-300 mg twice
a day), and nine were treated under non-fasting con-
ditions in two cohorts (240 mg and 300 mg twice a day).

All 24 patients in the phase 1 part of the study completed
atleast two cycles, and had at least one adverse event while
on study. Eight (33%) of 24 patients had grade 3 adverse
events. Four patients had six adverse events that were
deemed to be related to the study treatment—neutropenia
(three patients, 13%), blood bilirubin increased (one
patient, 4%), hypophosphataemia (one patient, 4%), and
leucopenia (one patient, 4%). We noted no grade 4 adverse
events or deaths at any dose level. We noted no DLT5 up to
the highest dose (300 mg twice a day; table 2). One patient
had a dose reduction due to rash at a dose of 300 mg twice
a day in the phase 1 portion, but no patient needed drug
discontinuation because of adverse events. Thus, we did
not identify the MTD in this study.

Blood samples were taken from all 24 patients. Table 3
shows the pharmacokinetics parameters at steady state
after multiple dosing (day 21 in cycle 1). T, was between
2-00 h and 4-61 h constantly throughout the dose range
(20-300 mg twice daily), and the AUC, ,, increased in an
approximately linear way within the dose range under

the fasting condition. We compared the absorption of
CH5424802 under fasting and non-fasting conditions at
240 mg and 300 mg twice daily. The plasma exposures at
steady state were similar under fasting and non-fasting
conditions, although it took longer to reach T,,, under
non-fasting conditions.

Of the 24 patients, all 20 (83%) patients with meas-
ureable lesions based on RECIST criteria and treated
with CH5424802 showed tumour shrinkage and 17 (85%)
of 20 patients had a partial response by investigator’s
assessment (figure 1). All 15 patients with measurable
lesions treated at doses higher than 160 mg twice a day
achieved a partial response (240 mg [six patients], and
300 mg [nine patients]). One patient (4%) with non-
measurable lesions met the criteria of RECIST version 1.1
for a complete response. The mean duration of treatment
was 11-8 months (range 3-18) with a median follow-up of
12-05 months (range 4.7-20-8). 16 (67%) patients
enrolled during the phase 1 portion of this trial remained
on study treatment as of July 31, 2012.

On the basis of these results, the planned highest dose
(300 mg twice daily) was judged as acceptable to be the
recommended dose in the phase 2 portion.

Of the 46 patients enrolled in the phase 2 portion of the
trial (all of whom had measureable lesions), two patients
(4-3%, 95% CI 0-5-14-8) achieved a complete response,
41 patients (89-1%, 76-4-96-4) had a partial response,
and one patient (2-2%, 0-1-11-5) had stable disease by
independent review committee assessment (figure 2). No
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patient had progressive disease; two patients (4-3%) had
an unknown response because of early withdrawal. Thus
43 patients (93-5%, 95% CI 82-1-98-6) had an objective
response, and 44 (95-7%, 95% CI 85-2-99-5) achieved
disease control. We noted no apparent differences in
response when analysed by age, sex, ECOG PS, BMI,
number of previous chemotherapy regimens for
metastatic disease, history of treatment with pemetrexed,
types of ALK test, and status of brain metastasis (data not
shown).

Figure 2 shows a waterfall plot of the best percentage
change in the size of target lesions from baseline. All
patients had a reduction in tumour size of more than
30%. Response to treatment was noted early, and
30 (65%) of 46 patients reached the criteria for partial
response within 3 weeks (cycle 1) and 40 (87%) patients
did so within 6 weeks (cycle 2; figure 3).

The study is still ongoing; 40 (87%) of 46 patients
remained on treatment as of data cutoff and more follow-
up is needed for precise estimation of treatment duration
and progression-free survival in the phase 2 portion. The
median treatment duration as of data cutoff had already
passed 7-1 months (range 1-11) with a median follow-up
period of 7-6 months (3-4-11-3).

Of the 46 patients in the phase 2 portion, 15 (33%)
patients had known brain metastases, of whom 12 (26%)
had previous radiation for CNS metastases and three
(7%) were clinically stable without symptoms at baseline.
Seven patients had prolonged periods of disease control
for more than 6 months on CH5424802 treatment
(average 6-5 months, range 0-8-11-3). No progression of
CNS lesions in any of the patients was noted by the time
of data cutoff, although radiotherapy before treatment
might have affected the natural history of brain disease.
Of the patients with CNS lesions, 12 were on treatment at
data cutoff, and three patients had discontinued
treatment because of brain oedema, tumour
haemorrhage, and progression of non-CNS tumour
lesions. Two of the three patients who had baseline CNS
lesion but no radiation continued the study medication
for more than 300 days without progression of brain
metastases.

Adverse events were recorded in all 46 patients included
in the safety analysis. Grade 3 adverse events were reported
in 17 (37%) patients, but no grade 4 adverse events or
deaths were reported. Serious adverse events occurred in
five (11%) patients (brain oedema, radius fracture, tumour
haemorrhage, cholangitis sclerosing, and alveolitis
allergic). Four (9%) patients discontinued treatment
because of adverse events (brain oedema, tumour
haemorrhage, interstitial lung disease, and sclerosing
cholangitis), which were considered related to CH5424802
with the exception of brain oedema. 22 (48%) patients
suspended treatment whithin the 21-day limit because of
adverse events. No patients required dose reduction.

Table 4 shows treatmentrelated adverse events
reported in 10% of patients or more. Treatment-related

www.thelancet.com/oncology Vol 14 June 2013
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Number of cycles*
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Figure 3: Number of patients who had tumour size reduction of 30% or more by treatment cycle in phase 2

*One cycle lasted 3 weeks.

All grades Grade3
Dysgeusia 14 (30%). 0
Increased AST 13 (28%) 0
Increased blood bilirubin 13 (28%) 102%)
g Increased blood creatmme 12 (26%) 0 -
Rash S 12(26%) 0 1(2%) ‘
Constipation 11 (24%) 0
Increased ALT 10 (22%) 1%y
Decreased neutrophll count 8 (17%) 2 (4%)
i Increased blood CPK 7(15%) : : a2 (4%)
Stomatitis 7 (15%) 0
. Increased blood ALP- 6 (13%')’ G0 ‘
" Myalgia 6 (13'%)' 0
; ‘NaUsea > 6 (13% : 0
AST-aspartate amlnotransferase AlT=alanine amlnotransferase CPK*creatme' :
phosphokmase ALP-aIkaIme phcsphatase R -
Table4 Treatment—relatecl adverse events reported in 10% or more of : .
pat|ents enrolled in phase 2(n= 46) :

adverse events were noted in 43 (93%) of 46 patients.

12 (26%) patients had treatment-related grade 3 adverse
events, including two patients each having decreased
neutrophil count and increased blood creatine phospho-
kinase. Other treatment-related grade 3 adverse events
were noted in one patient each only.

The most frequently reported treatment-related adverse
events were dysgeusia, followed by increased aspartate
aminotransferase (AST), increased blood bilirubin, in-
creased blood creatinine, rash, constipation, and in-
creased alanine aminotransferase (ALT; table 4). Almost
all events were grade 1 or 2 (118 of 125 events, 94%).

All cases of dysgeusia were of grade 1 in nature and
were not accompanied by loss of appetite. Increased
blood bilirubin of grade 3 was noted in one patient, and
other changes in laboratory values were limited to
transient increases in AST and ALT and an increase in
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Dblood bilirubin of grade 1 or 2, and no case met Hy's law
criteria® to suggest liver injury. The rash reported was
clinically different from that caused by EGFR tyrosine
kinase inhibitors, and limited to grade 1 or 2 in almost all
patients. All increases in blood creatinine were grade 1
or 2. Visual disorders were rare with only visual
impairment in one patient (2%), and blurred vision in
another patient (2%), both of which were grade 1.
Gastrointestinal toxic effects were mild, including nausea
(six patients, 13%), diarrhoea (two patients, 4%), and
vomiting (one patient, 2%). No cases of grade 3 nausea,
diarrhoea, or vomiting were reported. All other adverse
events were mild in severity.

Discussion

The results of this phase 1-2 study showed that
CH5424802, given at a dose of 300 mg twice daily, is safe
and active in patients with ALK-rearranged NSCLC.
Almost 94% of patients achieved an objective response,
and early reductions in tumour size of at least 30% were
noted in most patients within the first 6 weeks. The
proportion of patients who achieved an objective
response noted here for CH5424802 is substantially
higher than that of crizotinib (60-8% and 53%) in two
separate early phase trials (panel).%? Although median
progression-free survival has not yet been reached, the
median treatment duration at the time of data cutoff had

already passed 7-1 months,
remained on treatment.

The activity of CH5424802 could be explained by its
potency and highly selective inhibitory effect on ALK.
Whereas crizotinib is a multitargeted receptor tyrosine
kinase inhibitor of ALK, MET, and ROS1, CH5424802 is
highly selective for ALK without activity against MET
and ROSIL. In preclinical studies using Ba/F3 cells
expressing the EMI4-ALK fusion protein, CH5424802
showed more than two-fold higher potency than did
crizotinib.*? Moreover, the trough concentration of
crizotinib given at the clinically recommended dose
(250 mg twice daily) is reported to be 292 ng/mlL*
whereas that of CH5424802 (at 300 mg twice daily) is
463 ng/mlL, suggesting that sustained high blood
concentrations can be achieved. Thus, sufficiently high
exposure of CH5424802 was achieved in the clinical
setting. Since ALK expression in normal adult tissues is
extremely low,* the high selectivity for ALK might
contribute to the better activity and safety profile of
CH5424802 than crizotinib. On the other hand, there
may be ethnic differences in pharmacokinetics of
CH5424802 between Asian and non-Asian populations,
as noted with crizotinib, which will be assessed in an
ongoing phase 1-2 study in the USA (NCT01588028).”

Although most ALK-rearranged NSCLCs respond to
treatment with ALK tyrosine kinase inhibitors, resistance
to treatment with crizotinib often develops within the
first year. This resistance is thought to be attributed to
point mutations and amplification of the ALK fusion
gene in a third of cases or activation of bypass signalling
in other cases.®® Most notably, the Leul196Met aminoacid
substitution has been shown to confer resistance
to crizotinib, which corresponds to the gatekeeper mu-
tations of EGFR (Thr790Met) and BCR-ABL (Thr3151le),
a mechanism of resistance to gefitinib and imatinib,
respectively.®® The fact that CH5424802 inhibits EML4-
ALK Leull96Met-driven cell growth” is another reason
that CH5424802 could be more active than crizotinib.
Currently, a clinical study assessing the activity of
CH5424802 in patients who failed to respond to
crizotinib-based treatment is ongoing (NCT01588028).”

Although limited by the small number of patients,
and potential confounding by previous treatment with
radiotherapy, CH5424802 seems to have activity in
patients with CNS disease. In the three patients with
CNS metastases but who did not receive brain irradiation,
CNS lesions showed responses to treatment, which is
encouraging considering almost half of patients treated
with crizotinib have CNS relapse.”

In the present study, we did immunohistochemistry and
FISH tests, and we deemed patients with double-positive
results, or those confirmed by RT-PCR, as being positive
for ALK fusion gene expression. By contrast, the crizotinib
phase 1 trial** included patients who were positive by
FISH test only, and later it was reported® that a higher
response rate was noted in patients with double-positive

and 40 of 46 patients
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results, suggesting that there might have been patients
with false-positive results by FISH test. Therefore, the
difference in the diagnostic methods might contribute to
the observed difference in the activity between the two
drugs, and this should be explored in future studies.

CH5424802 was generally well tolerated with
manageable adverse events. Although four patients
discontinued treatment because of adverse events in this
study, all 42 patients continued treatment with
CH5424802 without any dose modification at the time of
data cutoff. No adverse events specific to CH5424802
leading to discontinuation were identified either. Among
43 events in 22 patients with drug suspension, 24 events
(56%) were due to the strict cycle initiation criteria. Since
this is a first-in-human trial and safety profile of ALK
inhibitors were not well known at the initiation of this
study, strict cycle initiation criteria were defined, in
addition to treatment suspension and dose reduction
criteria. Patients with grade 2 non-haematological toxic
effects or decreased neutrophil count suspended
CH5424802 until they resolved to grade equal to or lower
than 1 or grade at baseline at the initiation of each
following cycle. Symptoms such as visual and
gastrointestinal disorders (diarrhoea, vomiting, and
nausea) that were frequently reported with crizotinib
occurred at a low rate in this study. This could be related
to the high selectivity of this compound to ALK kinase.
The inhibitory activity against other kinases, such as
MET and ROS1 by crizotinib, might be a reason for these
side-effects of crizotinib.

Almost a third of the patients screened for ALK
assessment were identified as ALK positive. This ALK-
positive ratio is higher than that previously reported,’
which might be due to bias by selecting patients with
negative EGFR mutations, younger age, or non-smoking
status. Limitations of this study can include a lack of any
EMI4-ALK mutational data. The study was also limited
by a rather small enrolment and short follow-up period,
and by its non-randomised nature.

Based on the results of the present study, CH5424802
could be an effective and safe option for the treatment of
ALK-rearranged NSCLC. Further studies to confirm the
efficacy of the drug and to assess its activity in patients
resistant to crizotinib are ongoing.
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Introduction: Smoking status is one of the prognostic factors in
advanced non—small-cell lung cancer NSCLC). Currently, adenocar-
cinoma (Ad) histology is considered a predictive factor in advanced
NSCLC. We investigated the correlation between histology or smok-
ing status and survival of NSCLC patients receiving chemotherapy.
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Methods: We retrospectively reviewed clinical data from stage I1IB
or IV NSCLC patients who started first-line chemotherapy at affili-
ated institutions of West Japan Oncology Group from 2004 to 2005.
We also collected information on pack-years of cigarette smoking
and years since cessation. Overall survival was compared using log-
rank test, and Cox regression analysis was used to identify indepen-
dent prognostic factors.

Results: In total, 2542 consecutive patients were enrolled at 40 insti-
tutions. Of those, 71 were excluded because of unknown smoking
history. The median overall survival of nonsmoking Ad patients (593
days) was longer than that of smoking Ad, nonsmoking non-Ad, and
smoking non-Ad patients (384, 374, and 319 days, respectively; p
< 0.001). In Cox regression with sex, age, stage, performance, and
treatment as covariates, we found significant interaction (p = 0.039)
between histology (Ad/mon-Ad) and smoking status (smoker/non-
smoker); smoking conferred a hazard ratio of 1.34 (95% confidence
interval, 1.15-1.55) in Ad, but only 0.99 (0.75-1.31) in non-Ad.
Higher pack-years and shorter period since cessation were signifi-
cantly associated with poorer survival in Ad (p < 0.001), but not in
non-Ad (p = 0.434).

Conclusion: Ad histology is associated with better prognosis, and
only smoking status had a prognostic impact in Ad.

Key Words: Non—small-cell lung cancer, Histology, Adenocarcinoma,
Smoking status.

(J Thorac Oncol. 2013;XX: XX~-XX)

ung cancer is the leading cause of cancer-related mortality

in Japan, and the rest of the world, with more than one
million people dying from it each year. Non—small-cell lung
cancer (NSCLC), which accounts for nearly 80% of all lung
cancers, comprises several histological types, including
adenocarcinoma (Ad), squamous cell carcinoma (Sq), and
large-cell carcinoma (La). NSCLC had been treated as
a single disease because of similar therapeutic effects of
conventional chemotherapeutic agents. In the last few decades,
however, treatment with new drugs, such as epidermal
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growth factor receptor tyrosine kinase inhibitors (EGFR-
TKIs), bevacizumab, and pemetrexed revealed that tumor
histology has profound impact on the benefits of a variety
of chemotherapy or targeted-therapy regimens for advanced
NSCLC. Thus, histology came to be considered a predictive
factor for the effectiveness of specific chemotherapy in
patients with advanced NSCLC. However, there is no previous
report on histology as a prognostic factor, that is, a variable
determining survival irrespective of the chemotherapy
regimen administered.

Previous studies showed that cigarette smoking is an
independent prognostic factor in patients with NSCLC,>*7
but a dose-response relationship between the quantity of
smoking and survival has not been established. Although
Yelena et al.® noted that patients who had smoked up to 15
pack-years had a longer survival than those with more than
a 15 pack-year history, other cutoff points for the amount of
cigarette smoking have not been considered. In addition, the
relationship between smoking and survival was not investi-
gated with respect to differences in NSCLC histological sub-
types, and the studies that did evaluate survival in Sq versus
non-Sq patients did not reach a firm conclusion.”® However,
Kawaguchi et al.’ showed that Ad had better prognosis than
Sq in never-smokers, but not in ever-smokers, suggesting that
the prognostic impact of cigarette smoking may differ among
histologic subtypes in NSCLC.

We hypothesized that Ad histology and lower smoking
status would result in better overall survival (OS) in advanced
NSCLC. To test this hypothesis, we investigated the impact
and possible interaction of histology and smoking status on
survival of advanced NSCLC patients receiving chemother-
apy in the clinic.

PATIENTS AND METHODS

Study Patients

We sent case report forms to 40 affiliated institutions
of West Japan Oncology Group, and requested them to pro-
vide demographic and clinical data from medical records
for all patients with stage IIIB or IV NSCLC, who started
first-line systemic chemotherapy between January 1, 2004
and December 31, 2005. Patients who had a relapse after sur-
gery or radiotherapy were excluded. The case report forms
were submitted by the participating institutions during the
period from September 2008 to January 2009. This study was
approved by the institutional review board of each participat-
ing institution.

Demographic and Clinical Variables

We obtained the following baseline demographic and
clinical information from the case report forms: age, sex,
histology, disease stage, Eastern Cooperative Oncology
Group performance status (PS), smoking status, type of first-
line chemotherapy, number of treatment regimens, and the
year in which first-line chemotherapy was started. Disease
stage was determined according to the tumor, node, metasta-
sis system.’ Staging classification was performed by physi-
cal examination, chest-abdominal computed tomography,

brain magnetic resonance imaging, bone scan, and positron
emission tomography if necessary. Patients were categorized
into nonsmokers and smokers according to smoking status.
Nonsmokers were defined as those who had smoked less than
100 cigarettes. Among smokers, exsmokers were defined as
those who had quit smoking 1 year or more before diagnosis,
and current smokers as those who continued their smoking
habit at diagnosis. Pack-years of smoking were calculated by
multiplying the number of packs (20 cigarettes in one pack)
smoked per day by the number of years smoked, and catego-
rized as less than 10, 10 to 19, 20 to 29, 30 to 39, 40 to 49,
50 to 59, and 60 or more. Years of smoking cessation were
categorized as 1 to 4, 5 to 9, 10 to 14, 15 to 19, and 20 or
more. Type of first-line chemotherapy was categorized into
platinum-based combination, nonplatinum combination,
and single-agent chemotherapy. Because the only approved
EGFR-TKI for the treatment of inoperable or recurrent
NSCLC in Japan before October 2007 was gefitinib, we col-
lected information on gefitinib usage during the observation
period and noted the starting day of gefitinib treatment. OS
was calculated from the start of first-line chemotherapy to
the date of death. Patients still alive were censored as of the
last known follow-up.

TABLE 1. Patient Characteristics
Parameter Ad (n=1731) Non-Ad (n = 740) P
Men/women 1056/675 641/99 <0.001
Smoking status <0.001
Nonsmoker 659 79
Exsmoker 300 165
Current smoker 772 496
Stage I1IB/IV 444/1287 271/469 <0.001
PS 0.002
0 546 206
1 873 402
2 191 96
3 90 25
4 31 11
Histology —
Sq —_ 516
La — 71
Others —_ 153
Chemotherapy 0.181
Single-agent 354 137
P doublet 1306 571
Non-P doublet 71 32
Regimen <0.001
1 536 285
2 445 201
3 322 115
>4 428 139
Gefitinib Y/N 959/772 146/594 <0.001

Ad, adenocarcinoma; PS, performance status; Sq, squamous cell; La, large cell;
P, platinum,; Y, yes; N, no.
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Histology and Smoking in Advanced NSCLC Survival

Statistical Analysis

Demographic and clinical variables were compared
among groups according to lung cancer histology, using the
¥* test. The primary endpoint of this study was OS. Survival
curves were calculated by the Kaplan—-Meier method and
compared using the log-rank test. Prognostic importance of
histology and smoking status were analyzed using the Cox
regression analysis adjusted for sex, age, disease stage, PS,
type of first-line chemotherapy, and the year in which first-
line chemotherapy was started. For detection of possible
interaction between histology and smoking status, the terms
of interaction of the two variables were evaluated by the like-
lihood ratio test. Because gefitinib was the preferred choice
in patients with Ad, another Cox regression analysis was per-
formed, in which patients were censored at the start of gefi-
tinib administration, and the results were compared with the
original Cox analysis. Significance level was set at a p value
of 0.05. Statistical analyses were performed with SAS version
9.2 software (SAS Institute, Cary, NC).

RESULTS
Between January 1, 2004 and December 31, 2005, 2542
consecutively treated patients were enrolled at 40 institutions.
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Of these, 71 were excluded because of unknown smoking
history. The characteristics of the study population, categorized
into Ad and non-Ad, are listed in Table 1. There were 1731
Ad and 740 non-Ad patients (29.9% and 70.1%, respectively).
Among them, we confirmed 1346 and 599 deaths in Ad and
non-Ad patients, respectively. There were significantly more
women (39.0% in Ad versus 13.4% in non-Ad) and nonsmokers
(38.1% in Ad versus 10.7% in non-Ad) in the Ad group than
in the non-Ad group. Patients who received single-agent
chemotherapy accounted for approximately 20% of the study
population. Compared with combination regimens, single-
agent chemotherapy was associated with old age (63.6 years
for combination regimens versus 71.1 years for single-agent
chemotherapy), high proportions of female patients (29.3%
versus 40.0%), nonsmokers (27.8% versus 34.0%), stage IV
(69.4% versus 78.3%), and PS 0 to 1 (60.9% versus 87.1%).
The proportion of Ad histology was not significantly different
between single-agent and combination regimens (72.1% and
69.5%, respectively). The OS was 464 days in Ad compared
with 326 days in non-Ad (p < 0.001; Fig. 14). Between Ad and
non-Ad, which was divided into Sq and La, Ad had significantly
better survival than the other two histological groups
(Sq, 341 days; La, 254 days; p < 0.0001; Fig. 1B). With regard
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TABLE 2. Survival Analysis by Cox Proportional Hazards
Model (n=2471)

Parameter HR 95% CI P
Sex

‘Women 1

Men 1.342 1.168-1.541 <0.001
Age yrs 1.007 1.002-1.012 0.005
Smoking status

Nonsmoker 1

Exsmoker 1.178 0.997-1.391 0.054

Current smoker 1.335 1.155-1.543 <0.001
Clinical stage

Stage IIB 1

Stage IV 1.505 1.358-1.669 <0.001
PS

0 1

1 1.609 1.446-1.790 <0.001

2 2.229 1.910-2.601 <0.001

3 3.048 2.455-3.785 <0.001

4 5.487 3.864-7.790 <0.001
Histology

Ad 1

Sq 1.143 1.015-1.286 0.028

La 1.542 1.182-2.011 0.001

Others 1.397 1.159-1.683 <0.001
Chemotherapy

Single-agent 1

Non-P doublet 0.842 0.657-1.080 0.175

P doublet 0.793 0.699-0.899 <0.001

HR, hazard ratio, CI, confidence interval; PS, performance status; Ad, adenocarcinoma;
Sq, squamous cell; La, large cell; P, platinum.

to smoking status, nonsmokers (568 days) had significantly
longer survival than smokers (358 days; p < 0.0001; Fig. 1C).
In a combined analysis of smoking status and histology, the
median OS of Ad in nonsmokers was longer than that of Ad
in smokers, non-Ad in nonsmokers, and non-Ad in smokers
(593, 384, 374, and 319 days, respectively; p <0.001; Fig. 1.D).
In Cox regression analysis, sex, age, smoking status, disease
stage, PS, histology, and chemotherapy showed a statistically
significant prognostic impact on survival (Table 2). When
the interaction between histology (Ad/non-Ad) and smoking
status (smoker/nonsmoker) was included in the Cox model,
significant interaction was observed (p = 0.039); smoking
conferred a hazard ratio (HR) of 1.34 (95% confidence
interval [CI], 1.15-1.55) in Ad, in contrast to 0.99 (0.75-1.31)
in non-Ad. In detailed analyses that excluded the 104 patients
(current smokers, 89; unknown, 15) with unknown amount
of cigarette smoking, shorter period since cessation showed
a significant trend for poorer survival in the whole population
(p < 0.001). This trend was also observed in Ad (p < 0.001;
Table 3), but not in non-Ad (p = 0.434; Table 3). When non-Ad
patients were divided into Sq and La or others, the trend
p was 0.534 in Sq and 0.165 in La or others. The prognosis
became significantly worse with higher pack-years of cigarette

smoking in the whole population and Ad (p < 0.001; Table 3),
but no significance was not achieved for the non-Ad group (p
= (0.519; Table 3). When non-Ad patients were divided into Sq
and La or others, the trend p was 0.798 in Sq and 0.380 in La or
others. The prognostic impact of histology and smoking status
remained significant in the Cox regression analysis, in which
patients were censored at the start of gefitinib administration;
positive smoking history, Sq histology, and La or other
histology conferred an HR of 1.51 (95% CI, 1.21-1.88),
1.22 (95% CI, 1.06-1.41), and 1.59 (95% CI, 1.32-1.93),
respectively. The negative prognostic impact of shorter period
since cessation and pack-years of cigarette smoking was also
essentially unchanged (p < 0.001 in both).

DISCUSSION

The consensus report of prognostic factors in NSCLC
at the 1990 International Association for the Study of Lung
Cancer Workshop showed that histology was not a prognostic
factor for advanced NSCLC.!° Our study is the first report
to reveal that histology is a significant prognostic factor for
advanced NSCLC. Importantly, we showed that Ad patients
have the longest survival of all three histological groups (Ad,
Sq, and La). Ad is the most common histological subtype of
lung cancer in nonsmokers,'! who have been reported to have
a better prognosis than smokers.!?14

Smoking has been described as a prognostic factor in
lung cancer. Although multiple studies have demonstrated the
negative effects of smoking in patients with NSCLC, most
included a heterogeneous population comprising patients
with all stages and types of lung cancer.’ In contrast, our
study cohort consisted exclusively of patients with advanced
NSCLC treated with first-line chemotherapy. We showed that
smoking status is an independent prognostic factor for sur-
vival in those patients. Similar data have been shown in for-
mer studies.>® However, those reports did not show whether
smoking conferred any survival impact for advanced NSCLC
irrespective of histological subtypes. In our study, only Ad
histology had significant interaction with smoking status or
smoking index and prognosis. A higher level of smoking was
related to shorter survival in Ad patients, whereas smoking
level and survival were not associated in non-Ad patients.
Although the proportion of non-Ad patients was 29.9% of the
total, the observed number of deaths in this study yielded a
statistical power of more than 80% for detecting an HR of 1.5
at the 5% significance level in both Ad and non-Ad patients.
Others have found that Ad histology is a significant prognos-
tic factor in separate multivariate analysis for never-smokers
in advanced NSCLC.? Yelena et al.® showed that high ciga-
rette smoking, as measured in pack-years, is associated with
decreased survival after diagnosis of stage IIIB/IV NSCLC.
However, the patients of that study received a wide variety of
therapies, raising the possibility that the outcomes might have
been the result of distinct therapeutic responses. Although we
only assessed the prognostic value of smoking status at diag-
nosis, assessment of smoking status at a later point, that is,
at the time of treatment, would also have been of interest to
determine whether cessation at the time of diagnosis leads to
improved survival.
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Histology and Smoking in Advanced NSCLC Survival

TABLE 3. Hazard Ratios According to Quantitative Aspects of Smoking

Ad Non-Ad
HR 95% CI )/ HR 95% CI r
Years after cessation (n=1731) (n=1740)
Current 1.492 1.271-1.750 <0.001 1.204 0.849-1.707 0.297
Exsmoker 1-4 yr 1.438 1.114-1.857 0.005 1.101 0.733-1.653 0.643
Exsmoker 5-9 yr 1.549 1.101-2.180 0.012 1.228 0.700-2.155 0.474
Exsmoker 10-14 yr 1.127 0.783-1.621 0.520 1.235 0.680-2.245 0.488
Exsmoker 15-19 yr 1.199 0.761-1.890 0.433 1.410 0.712-2.794 0.325
Exsmoker 220 yr 0.873 0.834-1.203 0.407 1.103 0.662-1.837 0.706
Trend p <0.001 0.434
Pack-yr (n=1665) (n=1702)
<10 1.267 0.899-1.785 0.176 1.196 0.535-2.672 0.662
10-19 1.118 0.801-1.561 0.513 0.963 0.512-1.812 0.908
20-29 1.346 1.048-1.729 0.020 1.368 0.887-2.109 0.157
30-39 1.345 1.071-1.689 0.011 0.954 0.624-1.458 0.827
40-49 1.370 1.096-1.712 0.006 1.128 0.763-1.669 0.546
50-59 1.483 1.164-1.890 0.001 1.238 0.828-1.851 0.298
260 1.595 1.312-1.939 <0.001 1.135 0.791-1.628 0.491
Trend p <0.001 0.519

« Nonsmokers were set as the reference category.
Ad, adenocarcinoma; HR, hazard ratio; CI, confidence interval.

In agreement with the findings of another study,'® we also
found that a large proportion of Ad patients were nonsmoking.
The prognostic difference between Ad in never-smokers and
smokers may suggest that both are different disease entities.
Of note, tumor-mutational frequencies and spectra suggest
differences between smokers and nonsmokers.!%!” However,
significant differences in the frequency of somatic mutations
in oncogenes such as EGFR and KRAS have been observed
between smoking and nonsmoking lung cancer patients.!
EGFR mutations, clinical predictors of EGFR-TKI therapeutic
benefits, are more frequently found in nonsmoking Ad
patients.!! In another study, EGFR mutations were identified
in nonsmokers (51%), former smokers (19%), and current
smokers (4%)."® Moreover, the incidence of EGFR mutations
decreased with increasing number of pack-years of cigarette
smoking.’® However, KRAS mutations, predicting poor
survival and resistance to EGFR-TKI, are more frequently
found in smoking Ad patients. Interestingly, FGFR and KRAS
mutations are mutually exclusive.!!

Currently, therapeutic options other than EGFR-TKIs
(e.g., bevacizumab and pemetrexed) are available in Japan.
Still, NSCLC subtypes have been showing variable response
rates and adverse events.>**? Non-Sq histology, especially
Ad, is currently the NSCLC subtype with broader and more
efficacious treatment options. At the time of this study, how-
ever, the only approved therapeutic agent for NSCLC in
Japan was gefitinib. Unfortunately, we did not investigate
EGFR mutation status. However, genetic background could
possibly predict response to gefitinib. Along with its retro-
spective nature, this was a limitation of our study. However,
we found that the treatment choice was made on the basis of
clinical background, and we were unable to conclude whether

or not gefitinib contributed to better survival under unknown
EGFR mutation status. Hence, we suggest that decision-
making based on clinical information alone is inappropriate.
Both the V15-32 study? and the Iressa Survival Evaluation
in Lung Cancer (ISEL) study®, support our observations.
Furthermore, the IRESSA Pan-Asia Study (IPASS) study,?
conducted under the hypothesis that EGFR-TKI would be
effective in clinically selected patients, confirmed the strong
predictive value of EGFR mutations for the response of Ad
to gefitinib.

This retrospective study has a few other limitations as
well. First, information on smoking was not obtained from
the interview or the self-administered questionnaire. Smoking
data can be inaccurate, particularly when collected retrospec-
tively. Second, we did not collect data on the procedures for
histological diagnosis. The basis for pathological diagnosis is
important because cytological assessment alone may lead to
underdiagnosis of specific histologic types.

In conclusion, this survey demonstrated that Ad
histology is associated with better prognosis, and that smoking
status has a prognostic impact only in patients with Ad.
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Recurrence of thymic neuroendocrine carcinoma
24 years after total excision: A case report
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Abstract. A 77-year-old male presented with chest pain in
March 2012. The individual had undergone surgery for an
anterior mediastinal tumor 24 years earlier and the patholog-
ical diagnosis was that of a thymoma. The patient underwent
a medical check-up every 6 months for the next 20 years.
However, ~3 years following the final check-up, sudden
chest pain was reported and the patient was referred again.
Computed axial tomography revealed a mediastinal mass
adjacent to the left lung, pericardium and sternum. There was
no apparent invasion to the adjacent structures. The patient
underwent surgical resection following a diagnosis of recur-
rent thymoma. A posterolateral thoracotomy was performed
under video-assisted thoracoscopy. Severe adhesions were
observed around the tumor, which appeared to invade the left
lung and pericardium, but not the chest wall. The tumor was
extirpated in combination with partial resection of the left lung
and pericardium. The pathological diagnosis of the tumor was
of a well-differentiated neuroendocrine carcinoma (NEC) of
the thymus. The specimen that was excised 24 years earlier
was re-examined by a pathologist and was reported to exhibit
the same histology. Primary NECs of the thymus are rare
among anterior mediastinal tumors and the 5-year survival
rate is ~30%. The present case study reports a case of a thymic
NEC and describes the pathological and clinical features.

Introduction
Thymic neuroendocrine carcinomas (NECs) are rare and

have been estimated to account for 2-4% of all anterior
mediastinal tumors (1). Local and distal metastases frequently
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develop following surgical excision of these tumors (2-4). A
previous study by Fukai et al showed that recurrence occurred
4-99 months after surgery (3) and recurrence after as long
as 9 years has been described (5,6). However, to the best of
our knowledge, no studies have discussed the development
of recurrence >20 years after total excision. Although the
optimal therapeutic modality for the treatment of recurrent
disease has not been determined, more aggressive treatment,
including re-excision of recurrent tumors, may be required to
reduce the incidence of local recurrence and distant metastasis
and to improve survival. The current study presents a rare case
of a recurrent neuroendocrine tumor in the thymus developing
24 years after total excision. Written informed consent was
obtained from the patient.

Case report

Clinical presentation. A T7-year-old male was referred for
an evaluation of an acute onset of chest pain. The patient had
undergone a thymectomy via a median sternotomy for an ante-
rior mediastinal tumor 24 years previously. The pathological
diagnosis was of a World Health Organization (WHO) type B3
thymoma classified as pathological stage I due to the absence
of capsular invasion (Masaoka classification). Regular medical
check-ups had been performed twice a year for 20 years after
the surgery and had been completed without evidence of recur-
rence. However, ~3 years after the final check-up, a sudden
onset of left-sided chest pain was reported and the patient was
referred again. Laboratory examinations revealed elevated
C-reactive protein levels (3.53 mg/dl), but no other abnormal
levels of any tumor markers, including neuron specific enolase.
Computed tomography (CT) revealed an irregularly enhanced
tumor in the anterior mediastinum with a maximum size of
~3 cm (Fig. 1A). Positron emission tomography/CT scans
revealed increased ®F-fluorodeoxyglucose uptake in the mass
(maximum standard uptake value, 3.35), although no abnormal
uptake indicative of distant metastases was observed (Fig. 1B).

Surgery. Surgery was performed under the diagnosis of a
suspected recurrent thymoma. A posterolateral thoracotomy
was performed under video-assisted thoracoscopy. Severe
adhesions were observed around the tumor, which appeared
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Figure 1. Imaging observations. (A) CT revealing an anterior mediastinal
tumor with a maximum size of ~3 cm. (B) PET/CT scan revealing abnormal
uptake of '®F-fluorodeoxyglucose in the tumor. CT, computed tomography;
PET, positron emission tomography.

Scale bar: 1 ¢cm

Figure 2. Macroscopic appearance of the cut sections of the tumor revealing
a yellowish-white mass invading the left upper lobe (arrow).

to have invaded the left upper lung and pericardium, while no
pleural dissemination was observed. Therefore, the tumor was
extirpated in combination with partial resection of the left upper
lung and pericardium, and the excised pericardium was repaired
using a polytetrafluoroethylene sheet. The tumor was found to
be a yellowish-white solid mass invading the lung (Fig. 2).

Histopathology. Histopathologically, atypical carcinoid cells
were observed to be arranged in sheets or small nested patterns
accompanied by necrosis and lymphoid infiltration invading
the surrounding adipose tissue and lungs, while extremely few
mitotic cells were observed (Fig. 3A). An immunohistochemical
analysis revealed that the tumor exhibited immunoreactivity to
neuroendocrine markers, including chromogranin A (Fig. 3B).

TOYOKAWA et al: RECURRENCE OF A THYMIC NEC FOLLOWING TOTAL EXCISION

Figure 3. Microscopic features and immunohistochemical observations.
(A) HE staining demonstrating that the tumor consisted of atypical carci-
noid cells proliferating in sheets or small nested patterns accompanied by
necrosis (arrow). (B) Immunoreactivity to chromogranin A. (C) HE staining
and (D) immunohistochemistry of the specimen that was resected 24 years
earlier demonstrating the same pathological observations of necrosis (arrow)
and immunoreactivity to chromogranin A (original magnification, x200).
HE, hematoxylin and eosin.

Based on these observations, the tumor was diagnosed as a
well-differentiated NEC (atypical carcinoid, due to the presence
of necrosis). The surgical margin of the lung was affected by the
cancer cells. Retrospectively, the specimen that had been excised
24 years previously was re-examined and was reported to exhibit
the same histology, HE results and immunoreactivity to the
neuroendocrine markers as the present tumor (Figs. 3C and D).

There were no post-operative complications. Although the
surgical margins were positive for cancer cells, no medical
intervention was administered due to the patient's age and the
invasiveness of radiation and chemotherapy.

Discussion

Thymic NEC is a rare type of neoplasm arising in the
thymus, accounting for 2-4% of all anterior mediastinal
tumors (1). This form of neoplasm has long been confused
with thymoma, although Rosai and Higa described thymic
NEC as a separate entity from thymoma in 1972 (7). Thymic
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NECs are predominantly or exclusively composed of neuro-
endocrine cells and must be distinguished from other typical
thymic carcinomas with small numbers of neuroendocrine
cells (8). Thymic NECs are divided into two groups, well-
and poorly-differentiated, depending on the degree of tumor
differentiation. The former group contains typical and
atypical carcinoids classified according to the presence of
necrosis and/or the number of mitotic cells, while the latter
group includes large cell NEC and small cell carcinoma.
This categorization is significant in that the prognosis of a
well-differentiated NEC is improved compared with that
of a poorly-differentiated NEC (8). In the present case,
well-differentiated neuroendocrine cells were accompanied
by necrotic components.

Local recurrence and distant metastasis develops frequently
following surgical excision of thymic NECs (2-4). Wang et al
previously reported that local recurrence or distant metastasis
developed 15-60 months after surgery in 4/5 (80%) patients. In
these cases, the sites of relapse included the chest wall, regional
lymph nodes, bones and lungs (2). In addition, Fukai et al
reported that distant metastases developed in 10/13 (76.9%)
of patients who underwent total tumor resection, despite
the absence of local recurrence (3). The study also reported
intervals of 4-99 months between surgery and recurrence,
comparable to that reported by Tiffet et al (22-83 months) (4).
A study by Economopoulos et al identified recurrence in
one case 9 years after surgery (5). However, to the best of
our knowledge, there are no reports of any cases of recurrent
thymic NEC relapsing 10-20 years after surgery. Therefore,
the present case involves the longest period of time between
the recurrence of thymic NEC and surgery. The optimal
therapeutic modality for the treatment of recurrent disease
has not been determined. However, due to the aggressive
nature of tumors prone to recur or metastasize even following
total excision, more aggressive treatments, including routine
adjuvant chemotherapy and re-excision of recurrent tumors,
as performed in the present case, may be required to reduce
the incidence of local recurrence and distant metastasis, and
therefore improve survival.

149

In conclusion, this study presents a case of a surgi-
cally-excised thymic NEC recurring >20 years after the initial
excision. Thoracic oncologists must be aware that thymic
NECs may recur =20 years after surgical treatment.
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Background: We conducted a multicentre feasibility study for single agent long-term S-1 chemotherapy following docetaxel plus
cisplatin in patients with curatively resected stage lI-IlIA non-small cell lung cancer.

Methods: Patients received three cycles of docetaxel (60mgm ~?) plus cisplatin (80mgm ™2 and then received S-1 40mgm ~2
twice daily) for 14 consecutive days with a 1-week rest for >6 months {(maximum, 1 year). The primary end point was feasibility,
which was defined as the proportion of patients who completed' eight or more cycles of S-1 chemotherapy. If the lower 95%
confidence interval (Cl) of this proportion was 50% or more, then the treatment was considered as feasible. The sample size was

set at 125 patients.

Results: One hundred and thirty-one patients were enrolled, of whom 129 patients were eligible and assessable. In all, 109 patients
(84.5%) completed 3 cycles of docetaxel plus cisplatin and 66 patients (51.2%, 95% Cl: 42.5-59.8) completed 8 or more cycles of S-1
treatment. Grade 3/4 toxicities during the S-1 chemotherapy included anaemia (7.3%), neutropaenia (3.7%), and anorexia (3.7%).

Conclusion: The toxicity level was acceptable, although the results did not meet our criterion for feasibility. Modification of the
treatment schedule for S-1 chemotherapy might improve the treatment compliance.
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Long-term S-1 chemotherapy (TORGO809)

Primary surgery is the standard of care for resectable clinical stage I
or II non-small cell lung cancer (NSCLC). The 5-year survival rate
for patients with clinical stage IB and stage II surgically resected
NSCLC was ~ 66% and 50%, respectively. The majority of patients
with recurrences have distant metastases, indicating that systemic
micrometastases are common in patients with completely resected
NSCLC. To control distant micrometastasis and to improve
patients’ survival, adjuvant chemotherapy has been examined in
patients with completely resected NSCLC of pathological stage
I-IIL Several randomised studies and meta-analyses have demon-
strated that cisplatin-based adjuvant chemotherapy improved the
overall survival (OS) in patients with pathological stage IB to III
NSCLC (Arriagada et al, 2004; Hotta et al, 2004; Winton et al,
2005; Douillard et al, 2006; Pignon et al, 2006). However, the
absolute increase in survival was only 4% at 5 years. Thus, new
treatment strategies or drugs are needed to improve the clinical
outcome in patients with resectable NSCLC.

A randomised phase III study demonstrated that adjuvant
chemotherapy with uracil-tegafur (UFT) improved survival among
patients with completely resected pathological stage I adenocarci-
noma of the lung. The 5-year OS was 88% in the UFT group and
85% in the control group (hazard ratio 0.71, 95% confidence
interval (CI) 0.52-0.98) (Kato et al, 2004). S-1 is an oral anticancer
agent comprises tegafur, gimeracil (an inhibitor of dihydropyr-
imidine dehydrogenase, which degrades fluorouracil), and oteracil
(which inhibits the phosphorylation of fluorouracil in the
gastrointestinal tract, thereby reducing the gastrointestinal toxicity
of fluorouracil) in a molar ratio of 1:0.4:1 (Shirasaka et al, 1996).
S-1 is approved for the treatment of NSCLC as well as gastric,
colorectal, head and neck, breast, pancreatic, and biliary tract
cancer in Japan. In a phase II trial, S-1 monotherapy produced a
response rate of 22% as a first-line treatment in patients with
advanced NSCLC (Kawahara et al, 2001). S-1 is believed to have a
stronger antitumour activity against NSCLC than UFT, since UFT
monotherapy produced a response rate of only 6% in another
phase II study (Keicho et al, 1986). A randomised phase III trial
demonstrated that S-1 plus carboplatin (CBDCA) was non-inferior
in terms of OS, compared with paclitaxel plus CBDCA, in patients
with advanced NSCLC (Okamoto et al, 2010). Another rando-
mised phase III trial also demonstrated that S-1 plus CDDP was
non-inferior in terms of OS, compared with docetaxel plus CDDP,
in patients with advanced NSCLC (Katakami et al, 2012). Previous
phase II trials demonstrated that S-1 monotherapy produced a
response rate of 7-14% as a second-line treatment for advanced
NSCLC (Totani et al, 2009; Govindan et al, 2011; Shiroyama
et al, 2011).

Recent phase III trials have demonstrated that switch main-
tenance chemotherapy consisting of pemetrexed or erlotinib
prolonged the OS of patients with advanced NSCLC who showed
no signs of progression after four cycles of platinum-based
chemotherapy (Ciuleanu et al, 2009; Cappuzzo et al, 2010).
Continuation maintenance with pemetrexed also prolonged the OS
in patients with non-squamous NSCLC in another randomised
trial (Paz-Ares ef al, 2012a,b). Maintenance chemotherapy has thus
received considerable attention.

The Thoracic Oncology Research Group (TORG) conducted a
randomised phase II study comparing docetaxel (DOC) plus
CDDP with paclitaxel (PTX) plus CBDCA as an adjuvant
chemotherapy in patients with completely resected stage IB to
IIIA NSCLC (TORG 0503). This study showed that DOC plus
CDDP had a promising activity with a favourable 2-year
recurrence-free survival (RES) rate (74.1% vs 72.5%, respectively)
(Ohira et al, 2011). Taking these rationales into consideration,
we conducted a feasibility study for adjuvant chemotherapy
consisting of DOC plus CDDP followed by single agent long-term
S-1 chemotherapy in patients with completely resected NSCLC
(TORG 0809).

Patient population. Patients were required to have completely
resected stage II or IIIA (according to the Union Internationale
Contre le Cancer (UICC) fifth TNM edition) NSCLC, an age of
20-74 years, and an ECOG performance status (PS) of 0 or 1.
Other criteria included a PaO, at room air >70torr or an SpO,
at room air >95%, and adequate organ function (ie., total
bilirubin <1.2mgdl™!, AST and ALT <100 IU1™', serum
creatinine <1.2mgdl™", creatinine clearance >60mimin~,
leukocyte count >4000 per mm’® and <12000 per mm’,
neutrophil count >2000 per mm?® haemoglobin >10.0gdl ™},
and platelets 3100000 per mm?), Patients were required to start
the protocol treatment within 10 weeks after surgical resection.

Key exclusion criteria were a lack of recovery from surgical
complications; active infection; interstitial pneumonia as deter-
mined using computed tomography (CT) of the chest; acute
cardiac infarction within 6 months; uncontrolled heart disease,
liver dysfunction, or diabetes mellitus; grade 2 or worse peripheral
neuropathy; active concomitant malignancy; pregnancy or breast-
feeding; a history of hypersensitivity to drugs including poly-
sorbate-80; and the concurrent use of flucytosine. Patients who had
undergone a pneumonectomy were also excluded. All the patients
were required to provide written informed consent.

Treatment plan. The treatment schema is shown in Figure 1.
Treatment was started within 1 week after enrolment in the study.
Patients received adjuvant chemotherapy with DOC (60 mgm ™2,
day 1) and CDDP (80 mgm ™2, day 1) every 3-4 weeks for up to
three cycles. After the completion of adjuvant chemotherapy with
DOC plus CDDP, if the leukocyte count was 33000 per mm?, the
neutrophil count was 1500 per mm?®, the platelet count was
>100 000 per mm>, the AST and/or ALT level was <1001U17 7,
the total bilirubin level was <1.5mgdl ™", the serum creatinine
level was <1.5mgdl™!, and all other non-haematological
toxicities were grade 1 or better with the exception of alopecia,
body weight loss, and hyponatraemia, then the patients were
treated with oral S-1 at a dose of 40 mgm ™2 twice daily for 14
consecutive days, followed by a 1-week rest. The actual dose of S-1
was selected as follows: patients with a body surface area (BSA) of
<1.25m” received 80 mg daily; those with a BSA of 1.25m” or
more but <1.5m? received 100 mg daily; and those with a BSA of
1.5 m? or more received 120 mg daily. If the serum creatinine level
was 1.2mgdl ~! or more but < 1.5 mgdl ™ before the initiation of
S-1 chemotherapy, then the S-1 dose was reduced to a lower level.
This 3-week cycle was repeated for 6 months (maximum, 1 year) if
neither unacceptable toxicity nor tumour recurrence was observed.
In the event of a leukocyte count of <2000 per mm?, a platelet
count of <75000 per mm’ an AST and/or ALT level of
>1001U17Y, a total bilirubin level of >25mgdl™!, a serum

Induction chemotherapy Maintenance chemotherapy

S-1
for consecutive 14 days

every 3 weeks,
more than 6 months

DOC, 60 mg m™2, day 1
CDDP, 80 mg m™, day 1
every 3—4 weeks

3 cycles (maximum 1 year)
S-1
BSA < 1.25 m? 40 mg, b.i.d.
1.25m? < BSA < 1.5m2 50 mg, b.i.d.
1.5m2 < BSA 60 mg, b.i.d.

BSA, body surface area.

Figure 1. Treatment schema for this study.
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