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disasters on pneumonia incidence was overlooked in developing
countries with relatively young populations.

A comparable event may have been observed in Japan after the
Hanshin-Awaji earthquake that occurred in Hyogo Prefecture
(where 15% of the population were aged >65 years) in January
1995. Among 1948 patients admitted for illness during the first
15 days after the earthquake, 418 (21%) had pneumonia. Their
average age was 66 years,?* although population-based impact
estimates were unavailable. In contrast, no pneumonia outbreak
was documented after Hurricane Katrina, which occurred during
the summer.”® ¢ Freezing temperatures may be a critical factor
in pneumonia outbreaks after a disaster.

In our study, eight cases of near-drowning-related pneumonia
were identified. Pneumonia associated with the aspiration of
tsunami water drew global attention after a series of melioidosis
cases among the Indian Ocean tsunami survivors was
reported.®7*® This condition has been sometimes referred to as
‘tsunami lung’, which is defined as pneumonia caused by the
aspiration of tsunami water containing soil, oil and sewage.?” *®
However, there is no evidence that this condition is distinct
from seawater drownings unrelated to tsunami disasters.
Furthermore, the clinical characteristics of victims of the Indian
Ocean tsunami may not be comparable to those of patients in
settings where Burkholderia pseudomallei is not endemic, as in
our case. Natural disasters do not cause new diseases that are
not endemic to the affected area.”*! The term ‘tsunami lung’
must be used with caution to avoid media sensationalism.

The limitations of our study arise from the nature of hospital-
based data collection. In Japan, 70% of the medical costs for

people aged <70 years and 80-90% of the medical costs for
people aged >70years are covered by insurance” and all
medical fees for the disaster-affected people were waived after
11 March.>® The cost was not a barrier to hospitalisation
throughout the study period. Non-pneumonia diseases, such as
heart failure, might have been misdiagnosed as pneumonia
during the post-disaster period especially among older patients.
However, the cases in this study were confirmed by experts
using a standardised case definition, and the microbiological
confirmation rate was similar between the pre-disaster and post-
disaster period. Thus, the impact of misclassification and poten-
tial changes in admission criteria on our incidence estimates
must be minimal. However, due to the limited microbiological
data, the aetiology of our cases was not fully established.

Pneumonia and pneumonia-related deaths among older
people have been overlooked in emergency preparedness and
humanitarian responses, most likely because both are common
events in this population. The key findings of our study are:
disaster-affected people, especially those exposed to stressful
living conditions, are at high risk of developing pneumonia
and pneumonia-related death during the emergency phase of a
disaster; and the pneumonia burden becomes substantial in
areas with an aging population. This situation may arise in low-
income and middle-income countries, as their populations
are rapidly aging.>* In addition to using the PPV23 or pneumo-
coccal conjugate vaccine for disaster-affected populations, the
provision of optimal living conditions, medical check-ups and
oral hygiene care must be a priority for older people after
natural disasters.>’
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Mutations in the epidermal growth factor receptor (EGFR) gene
confer it with cancer driver gene functions in non-small cell lung
cancer (NSCLC). Epidermal growth factor receptor -tyrosine kinase
inhibitors are effective agents against NSCLC with a mutated
EGFR gene. Accordingly, many guidelines recommend the use of
an EGFR mutation test in NSCLC. However, not all patients are
tested in most countries where tissue samples are mainly used
for the test. As of 2011, most of the patients with advanced
NSCLC are tested in Japan, and the use of cytological samples
has significantly contributed to this success. A portion of samples
used to determine a definite diagnosis of NSCLC, either tissue
samples or cytological samples, is ensured to contain cancer cells,
and is then investigated by an EGFR mutation test that is applica-
ble to both tissue samples and cytological samples. Cytological
samples now account for one-third of all the samples investi-
gated. EGFR mutation is detected in cytological samples at a simi-
lar rate with tissue samples. The criterion ensuring an EGFR
mutation test to have satisfactory sensitivity and specificity for
use in both tissue and cytological samples is presented. Cytologi-
cal samples are valuable clinical sources being collected less inva-
sively than tissue samples, and should therefore be extensively
used in EGFR mutation testing. (Cancer Sci 2013; 104: 291-297)

C ancer driver genes are mutated genes that confer a signifi-
cant growth advantages on cells and play key roles in the
cancer development 12" Therapies targeting cancer driver
genes have presented dramaUC responses in many malignan-
cies, including lung cancer,*™® leukemia,”” and melanoma.®
Information on cancer driver gene is indispensable for select-
ing an appropriate treatment for particular cancers.

Somatic mutations in the epidermal growth factor receptor
(EGFR) gene are frequently observed in non-small cell lung
cancer (NSCLC).“™'V The mutated EGFR gene is a cancer
driver gene and NSCLCs harboring it responds well to treat-
ment with EGFR—lyrosmc kmase lnhlbltOI‘S (EGFR-TKIs) such

as gefitinib and erlotinib.®*™® Many therapeutic guidelines rec-
ommcnd the use of EGFR-TKIs for the treatment of NSCLC
with mutated EGFR."*'* Accordingly, an increasing number
of patients with NSCLC have been tested for EGFR mutatlons
The procedures for testing have been discussed.">™'” How-
ever, a significant proportion of patients are still untested in
many counties, simply because tissue samples are not avail-
able. In contrast, almost all patients have been tested in Japan,
where either tissue samples or cytological samples are used for
the mutation test. Cytological samples have advantages over
tissue samples: the former is collected using less-invasive
procedures than the latter, while the former is suited to EGFR
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mutation test similarly to the latter. Here, we summarize the
sampling and testing scheme enabling EGFR mutation test in
cytological samples. The scheme may be useful worldwide and
applicable to many solid tumors other than NSCLC.

Importance of cytological samples for EGFR mutation test
in NSCLC

Figure 1 shows the sequence of events in NSCLC diagnosis
and treatment in clinical practice. First, lung cancer is provi-
sionally diagnosed by the imaging studies. Next, samples are
collected from the legion suspicious of cancer. Pathologists
examine the sample and determine a definite diagnosis. Treat-
ment is started thereafter.

By dividing the samples submitted for pathological examina-
tion into aliquots [Fig. 1(B)], the mutation test can be per-
formed for all patients without the need to collect additional
samples. Moreover, information on the mutation status is read-
ily applicable to the determination of the treatment regimens.
Determination of EGFR mutation status at this timing is the
most practical and useful.

Either. a tissue sample or a cytological sample is submitted
to the pathologists. Tissue samples include surgically resected
samples and biopsy samples. Cytological samples include spu-
tum, bronchoscopy samples (obtained by brushing or washing),
pleural effusion, and samples obtained by fine needle aspira-
tion. Tissue samples are collected from only a portion of
patients, while cytological samples are collected from almost
all patients. For example, a cytological sample (i.e. pleural
effusion) is easily aspirated from patients with malignant pleu-
ral effusion, while a tissue sample is very difficult to obtain
from such patients. Moreover, the invasive procedures required
to collect tissue samples are often contraindicated in patients
with a poor performance status.'® EGFR mutation tests that
are applicable only to tissue samples exclude the patients
described above and thus are unacceptable.

Contamination of the normal cells

Collecting samples that solely contain cancer cells is almost
impossible. Stromal cells and blood cells are normal cells that
inevitably contaminate cancer samples. Normal EGFR gene
sequence in the genomic DNA derived from normal cells
obscures the somatic mutations carried in cancer cells.
Figure 2 shows the percentage of the cancer cells to the total
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(B) Pathological
diagnosis of NSCLC

(C) Treatment

(A) suspect lung cancer
by imaging studies

Use a portion of sample
for the mutation test

Fig. 1. Flow chart showing the routine clinical practice for non-small cell lung cancer (NSCLC) diagnosis and treatment. (A) Lung cancer is sus-
pected by imaging studies. (B) A definite diagnosis of NSCLC is determined by pathological examination. Because a definite diagnosis is manda-
tory before initiating cancer treatment, all patients provide either tissue samples or cytological samples containing cancer cells. At this point,
access to the cancer cells is available and we are able to perform the mutation test. (C) Treatment is initiated after a definite diagnosis is deter-

mined.

number of cells in clinical samples.'” Tissue samples con-
tained many normal cells, and cytological samples contain
more of these cells. Empirically, the lowest percentage of can-
cer cells in pathologically cancer-positive samples is 1%. Sam-
ples with a percentage of <1% may also exist. However,
Figure 2 suggests that pathologists hesitate to determine a defi-
nite diagnosis using such samples and thus request re-sam-
pling. Therefore, 1% is a good estimate of the detection limit
of pathological examination, and thus is a detection limit
obligatory for an EGFR mutation test to be applicable to all
pathologically cancer-positive samples. This is the theoretical
consensus in our country and constitutes qualification criterion
for EGFR mutation tests.*-?°

Procedure ensuring the presence of cancer cells

Figure 3 illustrates sample submission procedures. The pres-
ence of cancer cells should be confirmed before performing
EGFR mutation test, otherwise false-negative results are
obtained. For tissue samples (Fig. 3A), serial thin sections are
made: the presence of cancer cells is confirmed in one section,
and the test is performed with the other sections. For cytologi-
cal samples (Fig. 3B), the cells are suspended and mixed well
in a saline buffer. The suspension is then divided into two
aliquots. The presence of cancer cells is confirmed in one
aliquot, and the other is kept frozen or stored in a
DNA-isolation solution (e.g. AL buffer; Qiagen, Hilden, Ger-

many) until the pathological examination is complete. Tissue
samples may be treated in the same manner as cytological
samples (Fig. 3C). In the last procedure, formalin fixation,
which fragments DNA into small pieces, is avoided, as well as
quick penetration of the DNA-isolation solution into the cells
is enabled. Tissues processed as shown in Figure 3C thus
yields more definitive results in the test than those treated as
shown in Figure 3A.

The procedure shown in Figure 3B,C also applies when
cytological samples are subjected to clinical tests based on
reverse transcriptase-PCR (RT-PCR) reaction, for example,
detection of the fusion genes such as EML4-ALK.®Y In such
case, the following modifications should be made: cells in
the aliquot for the mutation test should be collected by cen-
trifugation (1300g, 5 min) at the earliest convenience after
the sample collection (e.g. 20 min) and stored in a RNA pro-
tect reagent (e.g. RNAprotect Cell Reagent; Qiagen). Many
RNA protect reagents allow us to isolate both DNA and
RNA, and thus to perform both PCR- and RT-PCR-based
investigations.

Recently, liquid-based cytology is often used for the diagno-
sis of NSCLC. It has been reported that EGFR mutation test is
reliably- performed for liquid-based cytology samzples when
combined with high sensitivity detection methods.”® The pro-
cedure shown in Figure 3B,C is applicable to liquid-based
cytology samples, and should be strictly observed.

N
e e a¢ evempeme 17 FFPE samples
Bronchinfal washing
Bronchial brushing
° o oocms 20 Debris of transbronchial biopsy
samples
@ [ w o @ & @wwe 13  Pleural effusion
= pEaw 7  Sputum
1 T FTTIT T TTTTm
1 5 10 50 100 (%)

Cancer cell content

Fig. 2.

Ratios of cancer cells to normal cells in pathologically cancer-positive samples. The ratios of the number of cancer cells to the total num-

ber of cells in a variety of samples are shown (modified from Tanaka et al."®) Archival slides that had enabled a definite cancer diagnosis were
randomly chosen, and the numbers of cancer cells and normal cells were counted. Tissue samples (i.e. formalin-fixed, paraffin-embedded [FFPE]
samples) are indicated by a warm color and cytological samples (i.e. the others) are indicated by cold colors.
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(A) Tissue samples

(B) Cytological samples

Fig. 3. Sample preparation procedures. (A) Tissue
samples. Step 1: Serial sectioning. Step 2: The
presence of cancer cells is confirmed in 1 section.
Step 3: The E£GFR mutation is investigated using
other sections. Macro-dissection may be required to
remove normal tissue before step 1. (B) Cytological
samples. Step 1: Suspend the cells in saline. Divide
the samples into two aliquots. Step 2: Confirm the
presence of cancer cells in one aliquot. Step 3:
Investigate the EGFR mutation using the other
aliquot. (C) Preparation of cytological samples from
tissue. Step 1: Scrape the surface of the tissue.
Suspend the cells in saline.- Step 2: Divide the
samples into two aliquots. Step 3: Confirm the
presence of cancer cells in one aliquot. Step 4:
Investigate the EGFR mutation using the other
aliquot.

EGFR mutation test statistics in Japan

Figure 4A shows the cumulative number of EGFR mutation
tests performed in the three major, commercial Japanese labo-
ratories. An additional 2000 or more samples are tested in uni-
versity or hospital laboratories. The cost of the test was
reimbursed by the National Health Insurance on an once-in-a-
lifetime basis until March 2012. Currently, it is reimbursed on
an every-exacerbation basis. Therefore, the numbers before
March 2012 are almost equal to the numbers of the patients
tested. The number of patients newly diagnosed with advanced
NSCLC is estimated t be 50 000/year.”>** Altogether, most
of the patients with an advanced disease, and thus are the tar-
gets of EGFR-TKIs, were tested in 2011.

The percentage of the samples with a mutated EGFR gene
decreased as the number of the tests approached the number of
patients with advanced NSCLC. This is likely because of an
increase in the number of samples with fewer mutations; that
is, samples with non-adenocarcinoma histology, or samples
collected from aged male patients.

Figure 4B shows the fraction of samples submitted to the
test according to category. Almost 40% were cytological sam-
ples. This demonstrates that the use of cytological samples is

Hagiwara and Kobayashi

Step 1: Scrape the surface using
backside of a scalpe
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Step 2: Confirm the presence of cancer cells

Step 1: Make serial sections

Step 3: Submit other sections
to the mutation test

Step 2: Confirm the
presence of cancer
cells in one aliquot

Step1: Shake well. Divide the sample into two aliquots

Step 3: Submit the other
aliquot to the
mutation test

(C) Conversion of tissue samples into cytological samples

Step 1: Needle aspirate the
tumor in saline

Step 3: Confirm the presence of cancer cells
in one aliquot

Step 2: Shake the sample well. Divide into two
aliquots

Step 4: Submit the other aliquot to the
mutation test

indispensable for testing all advanced NSCLC patients.
Accordingly, almost all EGFR mutation tests have been per-
formed by one of three highly sensitive, PCR-based methods
that include the PNA-LNA PCR clamp, 19252 the Cye-
leave method,” and the PCR invader,?® all of which detect
EG}(';%) mutations in samples with a ratio of cancer cells of
1%

Figure 4C shows the rates of EGFR mutations according to
sample categories. The mutation rates for tissue samples and
cytological samples were similar. A direct comparison between
each category may be inappropriate because an inherent differ-
ence should exist in the mutation rate between the categories.
For example, the mutation rate for pleural effusion is likely to
be high because malignant pleural effusion is mostly caused
by adenocarcinoma. The rate of samples in which DNA failed
to be amplified by PCR is high in formalin-fixed, paraffin-
embedded (FFPE) samples, probably because of the fragmenta-
tion of DNA by formalin.®%2°

Clinical studies and cytological samples
The use of cytological samples enables a rapid accrual of
patients for a variety of clinical trials. Clinical studies in which

Cancer Sci | March 2013 | vol. 104 | no.3 | 293
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Fig. 4. The EGFR mutation test in Japan. (A) The number of the EGFR mutation tests performed in three major commercial laboratories in
Japan. The rate of EGFR mutation-positive samples, which was curated from the database of one of the laboratories, is also shown. (B) The sam-
ple categories, which were summarized from approximately 17 000 samples submitted to one of the laboratories in 2009.%% Tissue samples (i.e.
formalin-fixed, paraffin-embedded [FFPE] and frozen tissue) are indicated in warm colors, while cytological samples (i.e. bronchoscopy specimens
and pleural effusion) are indicated in cold colors. (C) The rate of EGFR mutations according to sample category summarized from the data for
approximately 17 000 samples.®® The failure rate represents the proportion of samples for which polymerase chain reaction (PCR) fails to
amplify the target DNA. Tissue samples are indicated in warm colors, and cytological samples are indicated in cold colors.

mutation in the EGFR gene have mostly been tested in cyto-
logical samples include a phase TI study,”” a randomized
phase T study,” and a phase IT study for patients with poor
performance status."'® The last study is particularly important
because cytological samples were the only samples available
for many of the patients.

Criterion required for the kits testing EGFR mutation

After years of clinical investigations and discussions, Japanese
clinicians treating NSCLC have reached a consensus that com-
prises the following elements: (i) cytological samples are valu-
able clinical specimens for testing EGFR mutations; (ii) a
complete review of all patients with advanced NSCLC for
EGFR mutations is very difficult to achieve without employing
cytological samples; and (iii) in order to test both tissue and
cytological samples, the EGFR mutation test should be able to
detect mutations in samples with a ratio of cancer cells of 1%.

To attain the consensus above, we describe our provisional
criterion that the kit used for EGFR mutation test is required
to satisfy (Table 1).

294
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Issues associated with the DNA-based mutation test

We discuss some of the issues frequently raised in relation to
EGFR mutation test. Detection of somatic mutations in organs
other than the lung may share common issues.

DNA amount. When cells are sampled from a mixture of
cancer cells and normal cells, the number of cancer cells con-
forms to a binomial distribution. When 100 cells (~650 pg
DNA) are sampled from a cell mixture in which the ratio of
cancer cells is 1%, there is a 37% chance that no cancer cells
are sampled. When 800 cells (5 ng DNA) are sampled, there
is more than a 96% chance that the ratio of cancer cells in the
sample is more than 0.4%, and there is more than a 90%
chance that the ratio is more than 0.6% (Fig. 5). Considering
sampling errors, the mutation test should be performed using
more than 5 ng DNA.

Use of serum samples for mutation detection. Several stud-
ies have reported the detection of mutated genes in
serum.®’™*¥ The use of serum is attractive because serum
collection is less invasive than many other sampling pro-
cedures. However, a serious concern arises when mutated

doi: 10.1111/cas. 12081
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Table 1.

Specifications for the EGFR mutation tests that can be used in the clinical practice

Criterion

Kits used for EGFR mutation test are required to detect the type of mutations described in the Mutations section (see below) from the samples
with a ratio of the cancer cells of 1%. To attain this, the kits are required to pass the assay described in the Assay section.

Mutations
Mandatoryt
E746-A750del (2235-2249delGGAATTAAGAGAAGCQ)
E746-A750del (2236-2250delGAATTAAGAGAAGCA)
L858R
G719S
T790M
Recommendedt
L747-5752del P753S (2240-2257delTAAGAGAAGCAACATCTC)
L747-E749del A750P (2239-2247delTTAAGAGAA, 2248G > ()
G719A
G719C
L861Q

Assay

Mutations that occur at the same position are usually detected at similar sensitivity. Therefore, only a single exon 19 deletion is included in
the assay. The assay uses plasmid constructs each containing Del E746-A750 (2235-2249delGGAATTAAGAGAAGC), L858R, G719S, or T790M.
Each plasmid DNA is mixed with normal human genomic DNA (10 ng/uL) to make the Assay Samples by achieving a copy number ratio of 1-
200 of mutant EGFR sequence to normal EGFR sequence (Fig. 51). This simulates the test conditions in which the ratio of cancer cells to normal
cells is 1-100 (Fig. 2). For the assay, 100 Assay Samples comprising 20 samples for each of the four mutants, and 20 Assay Samples containing
only the normal human genomic DNA (10 ng/ul), are set up. There are randomized, and then investigated. This test is expected to correctly
identify both presence and type of mutations in 95% of the samples (Fig. 52). Use of more than 5 ng of DNA from each Assay Sample is
mandatory. Because the copy number of the mutant EGFR gene sequence conforms to a binomial distribution, use of <5 ng DNA causes

significant sampling errors {see Fig. 5).

1tThese mutations except for T790M confer sensitivity to the EGFR-TKIs and account for the mutations occurring in 77% of the patients.

(11,19)

T790M confers resistance to the EGFR-TKls. TThese mutations account for the mutations occurring in 10% of the patients.('""?
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Fig. 5. Sampling errors. The number of cancer cells sampled from a

mixture of cancer cells and normal cells conforms to a binomial distri-
bution. It is assumed that the ratio of cancer cells to normal cells in
the cell suspension is 1:100. When 800 cells are collected from the
suspension, there is a 96% chance that the ratio of cancer cells in
the collection is more than 0.4% (i.e. 32 cells) and a 90% chance that
the ratio is more than 0.6% (i.e. 48 cells).

genes are not detected in serum, because the reason for
this is difficult to ascertain. Possible explanations include
(i) the serum does not contain sufficient cancer-derived
DNA; and (ii) the cancer cells do not contain the mutated
gene. The rate at which serum is shown to contain an
insufficient amount of cancer-derived DNA is signifi-
cant,® which inflates the false-negative rate. The muta-
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tion test for detecting mutated gene in serum is currently
unacceptable for clinical practice.

Use of circulating tumor cells for the detection of muta-
tions. Circulating tumor cells (CTCs) are the cells detached
from the tumor, enter the blood stream, and circulate through-
out the body. Circulating tumor cells are a very attractive tar-
get for the mutation testing because they may be readily
collected from peripheral blood.®” However, a simple calcula-
tion casts doubt on their clinical utility. The pulmonary capil-
laries have a diameter of 5 pm and trap particles with a size
of 10-60 pm, which is the size of the ° "Tc-macro-aggregated
albumin that is used to embolize and image the pulmonary
capillaries in pulmonary perfusion scintigraphy. The diameter
of NSCLC cells is usually much larger than 5 um, and they
are thus considered unable to pass through the pulmonary cap-
illaries. Rather, they are likely to be trapped at the entrance of
the capillaries and subsequently eliminated. It is thus assumed
that CTCs are eliminated during a single passage through the
pulmonary circulation. Therefore, for 10 CTCs to be detected
in 1 mL of blood, 10 (CTCs)/mL x 5000 (mL/min: cardiac
output) x 1440 (min/day) = 7.2 x 10’ CTCs/day (i.e. almost
a gram of cells) are required to enter into circulation. Consid-
ering that cancer cells have a doubling time of more than
24 h, this formula indicates that a gram of cancer tissue should
be present in the patients that doubles in 24 h and release half
of the descendant cells into the circulation. This suggests that
the patient has a large tumor burden, and thus is in a very
advanced stage of the disease. Circulating tumor cells are con-
sidered difficult to isolate from patients in the early stages of
NSCLC and thus may have limited clinical utility.

A detection system with a higher sensitivity. A mutation test
may detect mutations in a sample in which the ratio of cancer
cell is 0.1%. However, because the copy number of genomic
DNA conforms to a binomial distribution, more than 50 ng of
genomic DNA (DNA from 8000 cells) should be used for a
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successful test. The requirement for a large amount of DNA
may increase the stress associated with sample collection on
patients. An increase in the sensitivity of the test may not par-
allel an increase in its clinical utility.

Clinical samples in .which the ratio of cancer cells is
<1%. While ascertaining the presence of cancer cells in one
aliquot of the sample (Fig. 3), pathologists may notice that the
ratio of cancer cells in the sample may be <1%. On such occa-
sions, the pathologists should notify clinicians that the sample
may not be suitable for mutation testing and that re-sampling
may be required. Cooperation of clinicians and pathologists is
highly recommended for reducing the false-negative rate that
stems from samples of unsatisfactory quality.

Future perspectives

Our ever-expanding understanding of cancer driver genes
lengthens the list of the gene mutations to be tested. In con-
trast, patients desire clinical procedures to be less stressful by
the collection of smaller or fewer samples. Mutation testing
aims to select patients suitable for specific treatments. At the
same time, it excludes patients not suitable for certain treat-
ments. If negative for mutations, excluded patients may be dis-
appointed recalling their undergoing stressful sampling
procedures only to obtain negative results. A long list of genes,
therefore, does not justify the collection procedures much more
stressful than those currently used.

The sample quality should be determined at the time of sam-
pling. If inappropriately handled, DNA or RNA may be
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degraded immediately after sampling. Clinician training is very
important such that they are prepared to handle the samples
for the mutation test. Currently, most clinicians are aware of
sample-processing methods for pathological examinations.
However, most of these procedures are inappropriate for DNA
and RNA. For example, formalin fixation fragments DNA,
while paraffin embedding makes DNA purification difficult.
Following suitable procedures for DNA or RNA examination
significantly reduces the amount of sample required for the
test.

Next-generation sequencing is being introduced for mutation
testing. We anticipate an increase in the number of genes
tested and a reduction in the cost of testing. However, what-
ever method is used, sensitivity of the test is limited by the
amount of DNA available (Fig. 5), and the amount of DNA is
limited by the size and type of cancer lesion and sampling pro-
cedures. As a result, sensitivity of the mutation tests stays, at
least for the time being, around the current level. Development
of sampling procedures that is far less invasive to the patient
than those currently used and thus, able to collect more can-
cer-derived DNA, is wanted to overcome the limitation of sen-
sitivity, and will contribute greatly to future mutation testing.
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Abstract Before 2009; nonsmall cell lung cancer (NSCLC)
was one disease entity treated by cytotoxic chemotherapy that
provided a response rate of 20-35 % and a median survival
time (MST) of 10-12 months. In 2004, it was found that
activated mutations of the epidermal growth factor receptor
(EGFR) gene were present in a subset of NSCLC and that
tumors with EGFR mutations were highly sensitive to EGFR
tyrosine kinase inhibitors (TKI). Four phase III studies (North
East Japan (NEJ) 002, West Japan Thoracic Oncology Group
(WJTOG) 3405, OPTIMAL, and EUROTAC) prospectively
compared TKI (gefitinib or erlotinib) with cytotoxic chemo-
therapy as first-line therapy in EGFR-mutated NSCLC. These
studies confirmed that progression-free survival (PFS) with
TKIs (as the primary endpoint) was significantly longer than
that with standard chemotherapy (hazard ratio [HR]=0.16~
0.49) from 2009 to 2011. Although the NEJ 002 study showed
identical overall survival (OS) between the arms (HR=0.89),
quality of life (QoL) was maintained much longer in patients
treated with gefitinib. In conclusion, TKI should be consid-
ered as the standard first-line therapy in advanced EGFR-
mutated NSCLC. Since 2009, a new step has been introduced
in the treatment algorithm for advanced NSCLC.

Keywords Nonsmall cell lung cancer (NSCLC) - EGFR
mutation - EGFR-TKI - Gefitinib - Erlotinib
Introduction

Recent sequencing of DNA to identify polymorphisms has
catalyzed the quest for protein kinase “driver” mutations,

K. Kobayashi (D<) - K. Hagiwara
Saitama Medical University, Moroyama, Japan
e-mail: kobakuni@saitama-med.ac.jp

which contribute to the transformation of a normal cell to a
proliferating cancerous cell. On the other hand, kinase “pas-
senger” mutations are considered to reflect mutations that
merely build up in the course of cancerous cell replication
and proliferation, At present, there are driver mutations in
nonsmall cell lung cancer (NSCLC), such as epidermal
growth factor receptor (EGFR) mutations [ 1-3], a fusion gene
between echinoderm microtubule-associated protein-like 4
(EML4) and the anaplastic lymphoma kinase (4LK) [4, 5],
and fusion genes with RET proto-oncogene (RET) [6-8], for
which specific agents have been developed. In this manu-
script, a road to personalized therapy by EGFR mutations in
advanced NSCLC, which was the first experience to treat
advanced NSCLC patients individually, is reviewed.

Personalized therapy by EGFR mutations in advanced
NSCLC

Dysregulation of protein kinases is frequently observed in
cancer cells; therefore, protein kinases are attractive targets
in the development of anticancer drugs. Small molecule inhib-
itors that block binding of adenosine-5'-triphosphate (ATP) to
the tyrosine kinase catalytic domain have been developed, and
gefitinib and erlotinib are the first generation of such agents,
which act as tyrosine kinase inhibitors (TKI) at the EGFR. In
2004, three groups of researchers reported that activating
mutations of EGFR detected by direct sequencing were pres-
ent in a subset of NSCLC and that tumors with EGFR muta-
tions were highly sensitive to EGFR-TKI [1-3].

Although this knowledge is the first evidence for division
of subpopulations in NSCLC and of the possibility of treat-
ing NSCLC patients individually, there have been two
streams of clinical studies. Clinical efficacy of EGFR-TKIs
such as gefitinib or erlotinib has been investigated initially
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in unselected patients [9-13] and, subsequently, on the basis
of clinical characteristics [14]. On the other hand, in order to
develop personalized therapy in NSCLC, clinical efficacy of
EGFR-TKIs has been indicated by molecular selection in
phase 3 trials of NSCLC (Table 1) [15~19].

Unselected patients

In the BR.21 phase III comparative study [9], 731 previous-
ly treated NSCLC patients (unselected by EGFR mutations)
were allocated randomly to the erlotinib or placebo groups
at a ratio of 2:1. At the primary endpoints, erlotinib was
significantly superior in terms of both progression-free sur-
vival (PFS) (2.2 months vs. 1.8 months, respectively, hazard
ratio (HR)=0.61, p<0.001) and median survival time
(MST) (6.7 months vs. 4.7 months, respectively, HR=
0:70, p<0.001). On the basis of the results of BR.21, erlo-
tinib has become a standard therapy for previously treated
patients with advanced NSCLC and is now used in previ-
ously treated cases of NSCLC that may or may not have
EGFR mutations.

In order to evaluate gefitinib, a phase III study (Iressa
Survival Evaluation in Advanced Lung Cancer (ISEL)) was
carried out [10]. A total of 1,692 patients refractory to or
intolerant of their latest chemotherapy were randomized to
receive either gefitinib (250 mg/day) or placebo plus best
supportive care (BSC). The primary endpoint, MST, was
5.1 months in the placebo group and 5.6 months in the
gefitinib group, with no significant differences between the
two groups (p=0.087). Therefore, efficacy of gefitinib in
NSCLC patients unselected by EGFR mutations was not
indicated. Another randomized phase III study (INTEREST)
[11] compared gefitinib with standard second-line chemother-
apy using docetaxel in 1,433 previously treated NSCLC
patients unselected by EGFR mutations. As to overall survival
(O8), which was the primary endpoint of the study, the HR
was 1.020 (95 % confidence interval [CI]: 0.905-1.150) and
did not exceed the preset upper limit (1.154), thus endorsing

Table 1 Clinical studies using EGFR-TKI

Second-line First-line treatment
freatment
Unselected patients BR.2]
ISEL
INTEREST
V-15-32
Selection by IPASS
background
Selection by EGFR NEJ Gefitinib Study-02
mutation WITOG 3405
OPTIMAL (CTONG 0802)
EURTAC-SLCG GECP06/01
_@_ Springer
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the noninferiority of gefitinib to docetaxel. However, the V-
15-32 randomized phase ITI study, which aimed to confirm the
noninferiority of gefitinib to docetaxel in regard to OS [12],
was carried out in Japan and involved 490 previously treated
NSCLC patients unselected by EGFR mutations. MST were
14.0 and 11.5 months for the gefitinib and docetaxel groups,
respectively, and the HR was 1.12 (95 % CI: 0.89-1.40).
Thus, the study did not demonstrate noninferiority of gefitinib
to docetaxel. The potency of gefitinib in unselected patients
with NSCLC is considered to be controversial.

Selection by background

In preplanned subgroup analyses of the ISEL trial men-
tioned above [20], gefitinib was shown to extend survival
in Asian patients (MST: 9.5 months vs. 5.5 months, HR=
0.66, p=0.01). In addition, covariate analyses of demo-
graphic subsets among patients of Asian origin treated with
gefitinib showed a survival advantage (HR<1) across never-
smokers (HR, 0.37; p=0.0004) and adenocarcinoma
patients (HR, 0.54; p=0.0028). Therefore, in March 2006,
the Iressa® Pan-Asia Study (IPASS) was initiated to inves-
tigate the effectiveness of first-line gefitinib in previously
untreated patients in East Asia who had advanced pulmo-
nary adenocarcinoma and who were light or nonsmokers
[14]. The TPASS included 1,217 NSCLC patients selected
by backgrounds and compared gefitinib therapy with carbo-
platin (CBDCA)+paclitaxel (PTX) therapy as a first-line
treatment. As to PFS, which was the primary endpoint of
this study, the HR was 0.741 (95 % CI: 0.651-0.845), and it
was reported that the outcome was significantly better in the
gefitinib group. However, since the survival curves for the
two groups crossed each other, it was difficult to interpret
the value of HR (Fig. 1a). Because Cox analysis should be
used in cases having a constant relationship between HR
and time [21], this could not be used when the curves
crossed each other. For example, PFS of gefitinib was better,
the same, or worse than that of CDBCA+PTX at 12, 6, or
3 months, respectively (Fig. 1a).

Although the result at the primary endpoint in the IPASS
was inconclusive, the importance of the IPASS report is
demonstrated in its subset analyses [14]. Among 1,217
patients enrolled, an EGFR mutation test (amplification
mutation refractory system) was performed on tumor sam-
ples from 437 patients (36 %). In this analysis, the crossing
of the survival curves seen in Fig. 1a disappeared (Fig. 1b,
¢). In the subgroup of 261 patients who were positive for
EGFR mutation, PFS was significantly longer among those
who received gefitinib than among those who received
CBDCA~PTX (HR=0.48; P<0.001), whereas in the sub-
group of 176 patients who were negative for the mutation,
PFS was significantly longer among those who received
CBDCA-PTX (HR=2.85; P<0.001). Thus, the critical
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Fig. 1 Progression-free survival in IPASS. a Kaplan—Meier curves of
PFS for Asian patients treated with gefitinib or carboplatin plus pacli-
taxel who had pulmonary adenocarcinoma and who were light or

message was that there was no indication for gefitinib in
patients who were negative for the EGFR mutation.

In addition to the EGFR mutation test described above,
the biomarkers analyzed in IPASS were EGFR gene copy
number (fluorescent in situ hybridization (FISH)), and
EGFR protein expression (immunohistochemistry) [22].
PFS was significantly longer with gefitinib. in patients
whose tumors had both high EGFR gene copy number and
EGFR mutation (HR, 0.48) but was significantly shorter
when a high EGFR gene copy number was not accompanied.
by EGFR mutation (HR, 3.85) (Fig. 2). Among the three
biomarkers, EGFR mutations are the strongest predictive
biomarker for PFS and tumor response to first-line gefitinib
vs. CBDCA+PTX. Selection by backgrounds, Asian origin,
adenocarcinoma histology, and light or nonsmoking resulted
in an EGFR mutation-rich population at a rate of 60 % (261
EGFR-mutated patients/437 patients evaluated). Thus, if the
strategy of selection by backgrounds is employed, there
should be a 40 % risk associated with TKI treatment for
patients without EGFR mutations.

b -EGFR-mutation positive-
1.0
HR=0.48
087 (0.36-0.64)
o P<0.001
!
0.4+ Y Gefitinib (n=132)
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0 4 8 12 16 20 24 (M)
c -EGFR-mutation negative
1.0memp
1 HR=2.85
osq b % (2.05-3.98)
%
A P<0.001
0.6« ﬁ%
o / Gef:t’lmb (n=91)
0.2+
0.0
0 4 8 12 16 20 24 (M)

nonsmokers. b and ¢ show PFS for patients with or without EGFR
mutations treated with gefitinib or carboplatin plus paclitaxel, respec-
tively, in subset analyses. [14]

Selection by EGFR mutations

Since 2004 when the pivotal studies reported on the relation-
ship between EGFR mutations and;TKI sensitivity, multiple
phase II studies have confirmed a striking response to EGFR-
TKIs in this population in Japan [23-29]. A combined analy-
sis employing these phase II studies, named /RESSA
Combined Analysis of the Mutation Positives (I-CAMP)
study, indicated longer PFS with gefitinib than with standard
chemotherapy [30]. In March 2006, at the same time that the
TPASS study started, two phase III trials, the North East Japan
(NEJ) 002 study and the West Japan Thoracic Oncology
Group (WJTOG) 3405 [16, 17], were initiated, which com-
pared gefitinib with standard chemotherapy in first-line treat-
ment for EGFR-mutated NSCLC (Table 2). NEJ 002 first
confirmed as the primary endpoint that PFS in the gefitinib
group was significantly longer than that in the CBDCA plus
PTX group (10.8 months vs. 5.4 months, HR=0.30, P<0.001)
[15, 16]. In WITOG3405, the gefitinib group also had signif-
icantly longer PFS compared with the cisplatin plus docetaxel
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Fig. 2 Biomarker for gefitinib. In comparing EGFR mutation, EGFR
gene copy number, and EGFR expression status, EGFR mutation is the
best biomarker for gefitinib. [22]

goup, with a median PFS of 9.2 months vs. 6.3 months (HR
0.489, p<0.0001) [17]. In order to evaluate erlotinib further,
the phase 11T OPTIMAL study [18] was initiated in August
2008. It compared the PFS of erlotinib with gemcitabine plus
CBDCA in the first-line treatment of Chinese patients with
advanced EGFR mutation-positive NSCLC. The median PFS
was significantly longer in erlotinib-treated patients than in
those on chemotherapy (13.1 vs. 4.6 months; HR=0.16;
p<0.0001). In another phase Il study, EURTAC [19], started
in February 2007, PFS with erlotinib was compared with
standard chemotherapy for first-line treatment of European
patients with advanced EGFR mutation-positive NSCLC.
The preplanned interim analysis showed that the median
PFS was 9.7 months in the erlotinib group, compared with

5.2 months in the standard chemotherapy group (HR=0.37;
»<0.0001).

OS was retrospectively compared between advanced
NSCLC patients with sensitive EGFR mutations who began
first-line systemic therapy before and after gefitinib approval
in Japan (January 1999-July 2001 and July 2002-December
2004, respectively) [31]. In 136 (41 %) of the 330 patients
treated at the National Cancer Center Hospital of Japan,
although no significant survival improvement was observed
in patients without EGFR mutations (MST: 13.2 vs.
10.4 months, respectively; P=0.13), OS was significantly
longer among the EGFR-mutant patients treated after gefitinib
approval compared with the OS of patients treated before
gefitinib approval (MST: 27.2 vs. 13.6 months, respectively;
P<0.001). However, a combined analysis of ICAMP and a
post hoc analysis of IPASS suggested identical survival of
patients on gefitinib and chemotherapy in first-line treatment
for EGFR-mutated patients [30, 32]. Furthermore, a secondary
endpoint of both NEJ 002 [33] and WITOG3405 [34] pro-
spectively showed identical OS between gefitinib and chemo-
therapy in first-line treatment of NSCLC patients harboring
sensitive EGFR mutations (Table 2), although OS data from
OPTIMAL and EURTAC are immature at the present time. It
must be explained that in almost all of the patients who were
treated with first-line chemotherapy in NEJ 002 and WITOG
3405, a crossover treatment with gefitinib was undertaken.
Therefore, from the viewpoint of OS, the effect of gefitinib is
additive to that of chemotherapy, indicating that both first-line
and second-line gefitinib are acceptable.

When OS is identical between two arms, improvement in
quality of life (QoL) and disease-related symptoms are among
the key goals in the treatment of NSCLC. IPASS reported better
QoL in EGFR-mutated patients treated with gefitinib than in
those treated with CBDCA+PTX, but this analysis was a post
hoc estimation [35]. With the exception of WITOG3405, the

Table 2 Phase III studies of

TK1 for EGFR-mutated patients Trial Arm Number  RR PFS 08 Ref.
NEJ 002 Gefitinib 114 74 % 108 m 277 m NEIM (2010)
CbPXL 110 31 % 54 m 26.6 m OS: Ann Oncol. (in press)
HR=030* HR=0.89 QOL: Oncologist (2012)
WITOG 3405  Gefitinib 86 62 % 92 m 36 m Lancet Oncol (2010)
CisDTX 86 32 % 63 m 39m 0S: ASCO (2012)
HR=0.49*% HR=1.19
OPTIMAL Erlotinib &3 83 % 131m NR Lancet Oncol (2011)
CbGEM 82 36 % 4.6 m NR QOL: ASCO (2012)
HR=0.16*
EURTAC Erlotinib 86 589% 9.7m NR Lancet Oncol (2012)
Pt doublet 87 15 % 52 m NR
*shows a significant difference HR=037*

between arms
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Wilcoxon signed rank test p<0.00005

(5]

Performance Status

PS BestPS
before the treatment during the treatment

Fig. 3 Performance status (PS) improvement by gefitinib in the NEJ
001 Study. Each line shows changes of PS in a patient. [39]

other three trials listed in Table 2 prospectively investigated
QoL of NSCLC patients with sensitive EGFR mutations who
were treated with EGFR-TKI or standard chemotherapy, and
NEJ 002 and OPTIMAL have presented the results [36, 37]. In
NEJ 002, patients’ QoL was assessed weekly using the Care
Notebook [38], and the primary endpoint of the QoL analysis
was time to deterioration from baseline on each of the physical,
mental, and life well-being QoL scales. Kaplan—-Meier proba-
bility curves and logrank tests showed that time to defined
deterioration in physical and life well-being significantly fa-
vored gefitinib over chemotherapy (HR=0.34; p<0.0001 and
HR, 0.43; p<0.0001, respectively); this indicated that QoL was
maintained much longer in patients treated with gefitinib than
in those treated with standard chemotherapy [36]. In
OPTIMAL, the Functional Assessment of Cancer Therapy
(FACT) measuring system showed that compared with the
gemcitabine/CBDCA group, the erlotinib group had a clinically
relevant improvement in QoL, as assessed by scores on the
FACT-L (73 % vs. 29.6 %,; odds ratio (OR)=6.9; p<0.0001),
the LCSS (75.7 % vs. 31.5 %; OR=6.77; p<0.0001), and the
TOI (71.6 % vs. 24.1 %; OR=7.79; p<0.0001) [37]. These
QoL results conclusively indicate that EGFR-TKI should be
considered as the standard first-line therapy for advanced
EGFR-mutated NSCLC despite the lack of survival advantage.

EGFR-TKIs for EGFR-mutated patients with poor
performance status and advanced age

The multicenter phase II NEJ 001 study was undertaken to
investigate the efficacy and feasibility of gefitinib treatment
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for advanced NSCLC patients harboring EGFR mutations
but who were ineligible for chemotherapy due to poor
performance status (PS) [39]. The overall response rate
was 66 %, and median PFS and MST were 6.5 months
and 17.8 months, respectively. PS improvement rate was
79 % (p<0.00005); in particular, 68 % of the 22 patients
improved from PS >3 at baseline to PS 0 or 1. (Fig. 3) Thus,
the “Lazarus Response” was observed in treatment-naive, poor
PS patients with NSCLC and EGFR mutations [40]. In patients
with sensitive EGFR mutations but with extremely poor PS
(suspected MST less than 4 months with BSC), the difference
in benefit with or without gefitinib treatment was so marked
that a randomized phase 111 study to compare gefitinib to BSC
alone may not be justified. This was the first occasion on which
changes in treatment guidelines were provoked by a phase II
study of NSCLC. Since previously there has been no standard
treatment for these patients with short life expectancy other
than BSC, examination of EGFR mutations as a biomarker is
also strongly recommended in this patient population.

In regard to so-called “fit” elderly patients harboring EGFR
mutations, the NEJ 003 phase II study [41] investigated
patients with chemotherapy-naive history, a median age of
80 years (range: 75-87 years), and PS 0-1, who were treated
with gefitinib as a first-line treatment. The response rate was
74 %, and the median PFS and OS were 12.3 months and
33.8 months, respectively. Considering its strong antitumor
activity and mild toxicity, first-line gefitinib may be preferable
to standard chemotherapy in this population. However, a -
phase III study comparing gefitinib to standard chemotherapy
may be needed to provide the final evidence of benefit in
advanced EGFR-mutated “fit” elderly patients. _

Tarceva Lung cancer Survival Treatment (TRUST) [42]
was an open-label, phase IV study of unselected patients with
advanced NSCLC. In a subpopulation of elderly patients
(=70 years) receiving first-line erlotinib (n=485) in TRUST
[43], the disease control rate was 79 %, median PFS was
4.57 months, and MST was 7.29 months. A total of 87
subpopulation patients (18 %) had an erlotinib-related adverse
event (AE); 4 % had a >3 grade erlotinib-related AE. Erlotinib
was effective and well-tolerated and may be considered for
unselected, elderly patients with advanced NSCLC who are
unsuitable for standard first-line chemotherapy or radiothera-
py. However, there have been few prospective studies of
erlotinib.in advanced, EGFR-mutated, “fit” elderly patients.

EGFR mutation tests

Direct sequencing of EGFR requires histology obtained
by operation. The NEJ 001, NEJ 002, and NEJ 003
series all used the same EGFR mutation test, the pep-
tide nucleic acid-locked nucleic acid polymerase chain
reaction clamp (PNA LNA PCR clamp) [44—46]. This is
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a technological innovation that can make not only
tissue-based assessment but also cytology-based assess-
ment of EGFR mutations. Briefly, genomic DNA frag-
ments surrounding mutation hot spots of the EGFR gene
are amplified by PCR in the presence of a clamp primer syn-
thesized from PNA with a wild-type sequence. This leads to
preferential amplification of the mutant sequence, which is
detected by a fluorescent primer that incorporates LNA to
increase specificity. As a result, a mutant EGFR sequence is
detected in the presence of a 100-fold wild-type sequence. Thus,
by the PNA LNA PCR clamp, a small number of EGFR
mutation-positive cancer cells are detected within 3 h. The
sensitivity and specificity of the PNA-LNA PCR clamp were
97 % and 100 %, respectively [46]. Therefore, EGFR testing by
the PNA LNA PCR clamp was possible in patients with
extremely poor PS and of advanced age.

In 2012, the performance, sensitivity, and concordance
among five EGFR tests of PCR-Invader®, PNA LNA PCR
clamp, direct sequencing, Cycleave™, and Scorpion
Amplification Refractory Mutation System (ARMS)® were
reported [47]. All tests, except direct sequencing, detected
mutation types at >1 % mutant DNA. Analysis success rates
were 91.4-100 %, and interassay concordance rates of suc-
cessfully analyzed samples were 94.3—-100 %. It was con-
cluded that cytology-derived DNA is a viable alternative to
formalin-fixed paraffin-embedded (FFPE) tissue samples for
analyzing EGFR mutations.

It was clarified that frequencies of EGFR-mutated
NSCLC patients are approximately 31 % and 16.6 % in
Japan and Europe, respectively [46, 48]. In Japan, approx-
imately 50,000 patients were newly diagnosed as NSCLC in
1 year. In 2011, approximately 48,000 tests for EGFR muta-
tions were carried out under national health insurance, indi-
cating that most patients with NSCLC were screened in
Japan. Under circumstances where EGFR mutations,
EML4-ALK fusion gene, and RET fusion genes should be
tested, routine screening for all of these will be required
when making diagnosis of NSCLC.
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Effectiveness of Gefitinib against Non—Small-Cell
Lung Cancer with the Uncommon
EGFR Mutations G719X and L861Q
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Intreduction: In non-small-cell lung cancer, an exon 19 deletion
and an L858R point mutation in the epidermal growth factor recep-
tor (EGFR) are predictors of a response to EGFR-tyrosine kinase
inhibitors. However, it is uncertain whether other uncommon EGFR
mutations are associated with sensitivity to EGFR-tyrosine kinase
inhibitors.

Methods: A post-hoc analysis to assess prognostic factors was
performed with the use of patients with EGFR mutations (exon
19 deletion, L858R, G719X, and L861Q) who were treated with
gefitinib in the NEJ002 study, which compared gefitinib with
carboplatin-paclitaxel as the first-line therapy.

Results: In the NEJ0O02 study, 225 patients with EGFR mutations
received gefitinib at any treatment line. The Cox proportional hazards

*Bioscience Medical Research Center, Niigata University Medical and Dental
Hospital, Niigata, Japan; tDepartment of Internal Medicine, Division of
Pulmonary Medicine, Infections Disease, and Oncology, Nippon Medical
School, Tokyo, Japan; jDepartment of Respiratory Medicine, Miyagi
Cancer Center, Miyagi, Japan; §Department of Respiratory Medicine,
Tohoku University, Sendai, Japan; || Department of Pulmonary Medicine,
Sendai Kousei Hospital, Sendai, Japan; {Department of Medical
Oncology, KKR Sapporo Medical Center, Sapporo, Japan; #Department
of Respiratory Medicine, National Hospital Organization Hokkaido
Cancer Center, Sapporo, Japan; **Department of Pulmonary Medicine
and Clinical Immunology, Dokkyo Medical University School of
Medicine, Mibu, Japan; 1Department of Respiratory Medicine, Saitama
Medical University, Saitama, Japan; and {fDepartment of Respiratory
Medicine, Saitama International Medical Center, Saitama, Japan.

The first two authors contributed equally to this work.

Disclosure: Dr. Yoshizawa received grants and lecture fees from AstraZeneca,

Dr. Maemondo received lecture fees from AstraZeneca and Chugai; Dr.”

Inoue received lecture fees from AstraZeneca and Chugai; Dr. Gemma
received grants and lecture fees from AstraZeneca; Dr. Hagiwara received
patent fees from Mitsubishi Chemical Medience, consulting fees, and lec-
ture fees from AstraZeneca; Dr. Kobayashi received grants from Novartis,
Nihon Kayaku, Chugai, Shionogi, Kyowa Kirin, Yakult, Taiho, and
AstraZeneca and lecture fees from AstraZeneca, Chugai, and Bristol-Myers
Squibb. The remaining authors declare no conflict of interest.

Address for correspondence: Hirohisa Yoshizawa, MD, PhD, Bioscience
Medical Research Center, Niigata University Medical and Dental
Hospital, 1-754 Asahimachi-dori, Niigata, 951~8510, Japan. E-mail:
nnys@med.niigata-u.ac.jp

Copyright © 2013 by the International Association for the Study of Lung

Cancer '

ISSN: 1556-0864/14/0902-0189

model indicated that performance status, response to chemotherapy,
response to gefitinib, and mutation types were significant prognos-
tic factors. Overall survival (OS) was significantly shorter among
patients with uncommon EGFR mutations (G719X or L861Q) com-
pared with OS of those with common EGFR mutations (12 versus
28.4 months; p = 0.002). In the gefitinib group (n = 114), patients
with uncommon EGFR mutations had a significantly shorter OS
(11.9 versus 29.3 months; p < 0.001). By contrast, OS was similar
between patients with uncommon mutations and those with common
mutations in the carboplatin-paclitaxel group (n = 111; 22.8 versus
28 months; p = 0.358).

Conclusions: The post-hoc analyses clearly demonstrated shorter
survival for gefitinib-treated patients with uncommon EGFR muta-

- tions compared with the survival of those with common mutations

and suggest that the first-line chemotherapy may be relatively effec-
tive for non-small-cell lung cancer with uncommon EGFR mutations.

Key Words: Gefitinib, G719X, L861Q, NEJ002, Uncommon epider-
mal growth factor receptor mutations.

(J Thorac Oncol. 2014;9: 189-194)

The clinical efficacy of epidermal growth factor
receptor-tyrosine kinase inhibitors (EGFR-TKIs), such
as gefitinib and erlotinib, has been demonstrated in non—
small-cell lung cancer (NSCLC) patients in whom standard
chemotherapy has failed.'* Further studies have revealed
that the presence of activating mutations in the EGFR kinase
domain is strongly associated with the therapeutic efficacy of
EGFR-TKIs.3# :

Randomized phase 3 trials have demonstrated that
EGFR-TKIs significantly improve median progression-free
survival (PFS) compared with platinum-doublet therapy in
EGFR-mutated patients.>® However, not all mutations in the
EGFR kinase domain are responsive to EGFR-TKI treatment.
These phase 3 trials have shown that EGFR-TKISs are effective
for patients with common EGFR mutations, such as an exon
19 deletion or the L858R point mutation, which account for
more than 90% of EGFR mutations. Retrospective studies and
cas€ reports suggest that some uncommon mutations are asso-
ciated with sensitivity to EGFR-TKIs.>® These mutations
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