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Current status of postoperative follow-up for lung cancer in Japan:
questionnaire survey by the Setouchi Lung Cancer Study Group—A0901
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Abstract
- Purpose. There is no recommended standard follow~up
program after resection for lung cancer. Under these
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circumstances, each doctor establishes his or her own
follow-up protocol. This questionnaire survey was con-
ducted to grasp the current status of postoperative fol-
low-up in Japan.

Methods. The questionnaire survey was aimed at deter-
mining what examinations were performed and at what
frequencies in the setting of postoperative follow-up.
Based on these results, examinations performed at a fre-
quency of >50% and the time points after resection at
which they were performed were selected and presented
as components of an average follow-up program.
Results. Questionnaires were sent to 44 institutions, and

26 doctors responded to the questionnaire. All 26 of the

doctors performed physical examinations, blood exami-
nations, chest radiography, and computed tomography
(CT) routinely, but their frequencies varied widely
among the doctors. The average frequencies of the fol-
low-up examinations as judged from this survey are as
follows: Physical and blood examinations are performed
three to four times a year for the first 3 years and twice
a year during the next 2 years. CT is scheduled at 6 and
12 months after resection and is repeated annually there-
after. Chest radiography is performed three to four times
a year for the first 3 years and once a year thereafter,
between the CT examinations. ‘
Conclusion. The follow-up programs used in clinical
practice vary widely among institutions and doctors in .
terms of the types of examination performed and the
frequiencies at which they are performed.

Key words Lung cancer - Postoperative follow-up -
Postoperative surveillance - Recurrence
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Introdﬁction

Surgical resection with curative intent is selected for the

treatment of localized non-small-cell lung cancer
(NSCLC). The S-year survival rate after complete resec-
tion for NSCLC is approximately 60%, and many
patients develop recurrences after resection.' To detect
recurrences, several examinations are performed peri-
odically as part of the postoperative follow-up or sur-
veillance. The purpose of postoperative follow-up is to
detect recurrences and/or metachronous tumors, so ade-
quate treatment can be offered in an attempt to improve
the survival duration and the quality of life. Some inves-
tigators have suggested that the survival duration is
" greater in patients with asymptomatic recurrences
detected by follow-up examinations than in those with
symptomatic recurrences, and that follow-up examina-
tions after resection are useful for detecting asymptom-
_atic recurrences.”® At the same time, several investigators
have reported that the benefit of postoperative follow-up
is questionable from the point of view of efficacy and
cost-effectiveness.*® Thus, the benefits and efficacy of
postoperative follow-up remains controversial.

The board of the Japan Lung Cancer Society drew
up a clinical practice guideline for lung cancer in 20035,
and periodic follow-up after resection is not recom-
mended in this guideline because there was still no clear
persuasive evidence to support it.” Under these circum-

‘stances, each institution or each doctor establishes his or
her own postoperative follow-up program in clinical
practice. It is suspected that these postoperative follow-
up protocols applied in clinical practice vary widely in

terms of the examinations performed and their fre-

quency. To grasp the current status of follow-up after
resection for NSCLC in Japan, a questionnaire survey
of the institutions affiliated with the Setouchi Lung
Cancer Study Group was performed to determine the
kinds of examination and the frequencies at which they
are performed in the setting of postoperative follow-up.
In addition, examinations that were performed fre-
quently and the time points after resection at which they
were performed were selected, and the average follow-up
protocol based on the results of the questionnaire survey
is presented.

Methods

A questionnaire designed to obtain information regard-
ing the postoperative follow-up protocol adopted for
NSCLC patients was sent by mail to 44 institutions affili-
ated with the Setouchi Lung Cancer Study Group. The
questionnaire consisted of the following questions.

1. Is a standardized follow-up protocol followed at the

institution?
2. Does the follow-up schedule differ depending on the
disease stage?

3. What are the examination modahtxes chosen in the

setting of postoperative follow-up? At what frequen-
cies are these examinations performed? Please record
your answers in Table 1. :

Based on the information in this survey, the percentage
of the 26 doctors who performed the examinations was
calculated for each of the examinations at each time
point after the resection. Then, examinations that were
performed at a frequency of >50% and the time points
after resection "at which they were performed were
selected and are presented as components of an average
follow-up program in this study. '
The TNM stage was determined according to the
Union for International Cancer Control (UICC) TNM
classification of pathological stage, 6th edition."

~ Results

Questionnaires were sent to 44 institutions affiliated with
the Setouchi Lung Cancer Study Group, 17 (38.6%) of
which responded to the questionnaire. From these 17
institutions, 26 doctors, comprising 2 oncologists and 24
thoracic surgeons, responded to the questionnaire.

Of the 17 institutions, 7 reported that they followed a
standardized institutional follow-up program, whereas
the remaining 10 institutions did not (Table 2). Of the
26 doctors, 11 discontinued the follow-up 5 years after
the resection, whereas the remaining 15 continued fol-

“low-up for >5 years after the resection. Among the 26

doctors, 15 arrange follow-up schedules based on the
disease stage; for example, six doctors classified the
patients into two groups based on the disease stage
(stage TA and other stages), and four classified the
patients into three groups based on the disease stage (1A,
IB/II, and ITIA). Each of the 26 doctors performed blood
examinations, chest radiography, and computed tomog-
raphy (CT) routinely. Six doctors performed positron
emission tomography (PET) or PET/CT, and nine
doctors performed brain magnetic resonance imaging
(MRI) or brain CT routinely. None of the doctors per-
formed sputum cytology or abdominal ultrasonography
(US) in the setting of postoperative follow-up.

Figure 1 shows the frequency of each of the examina-
tions performed after the resection. The Y-axis shows
the percentage of doctors who performed the examina-
tions, and the X-axis shows the time of performance of
the examination after the resection. More than half of
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| Table 2 Results of the questionnaire
o .
S5l o Institutions that responded to the questionnaire 17
Doctors who responded to the questionnaire 26
z = Standardized follow-up program in the institution?
S Yes ) 6
ermie No. 11
w | & Continued follow-up for more than 5 years?
= yed
3 Yes 15
™| o No : 11
. Arrange follow-up schedule by disease stage?
v o
g~ Yes . 15
~>1{ o - 1A/1B,2,3 6
1A/1B,2/3 ‘ 4
R 1213 : , 2
g 1A/1B/2,3 1
R 1/2,3 1
«~ 1,2/3 1
— No 11
o Physical examination?
Yes . 26
£l ) No 0
eS| o 5y Blood examination? .
’go Yes : 26
| g No 0
S Sputum cytology? .
o 8 Yes v » 0
el o 2 No : 26
8 g Chest radiography?
<> e T Yes ; o 26
. No 0
— a Abdominal US? )
o N Yes 0
. 5 No 26
gl e ~ cT? .
o] o § %D Yes 26
e No 0
) é::j g Bone scintigraphy?
b § Yes 5
o =
S 8 NO ‘ 21
2| o =g Brain MRI (CT)?
3 o B Yes 10
>l e o .2 No 16
o 8 PET/CT?
- o~ g Yes : . 7
o ! No S ()
£
=) E =
- is
ol - Y . L .
:;,“: ] g the doctors performed physical examination four times
AR I £38 a year during the first 3 years and twice a year during
© - .
7 ;3 the next 2 years. After 5 years of postoperative follow-
g ; . N
4 T & up, the frequency of the physical examination decreased
< — g . .
g © 3 gradually, although approximately half of the doctors
3 = continued the physical examinations once a year for u
g =13 phy ¥ P
£ ad 8 = to 10 years after the resection. The blood examinations
o 9 ] j . . .
g 58,2 > £18s were performed almost at the same time points as the
$ g 8 3% _‘36 E § @ physical examination. CT was performed at 6 and 12
5 SES T 25 g 58 months after the resection and was repeated annually
ol e U8 B5G o = & =] .
-| 2 Ho g8 g §= 5 5|E 5 thereafter for the next 4 years. Chest radiography
Q — @ ;.. = - .. .
21 8 28888 eESE(TE was performed at each visit during the first 2 years
= ~3 38 galRalo
] 8 =.2 [ =] O Emw |SW
ISR a«mwuélsmmcuo =ge}

and repeated annually thereafter, between the CT
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Fig. 1 Frequency of

examinations at each time
point after resection. C7,
computed tomography; MRI,
magnetic resonance imaging;

PET, positron emission
tomography
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examinations. A few of the doctors routinely performed
bone scintigraphy, brain MRI or CT, and PET/CT.
Based on the results of-the survey, the examinations
that were performed at a frequency of >50% and the
time points after resection at which they were performed
were selected and are the components of an average
follow-up program presented in this study (Table 3):
Physical examination was scheduled three to four times
a year for the first 3 years, twice a year for the next
2 years, then continued once a year for up to 8 years
after the resection. Blood examinations were performed
approximately at the same time points as the physical

100 prmmmmmmmmimmmmmmm e
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PET/CT

6

examination. CT examination was scheduled at 6 and 12
months after the resection and repeated annually there-
after for up to 5 years after the resection. Chest radiog-
raphy was scheduled three or four times a year for the
first 3 years and repeated once a year thereafter, between
the CT examinations.

Discussion

Several issues need to be discussed in relation to the
follow-up of NSCLC patients after resection. One of the
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o) ' ' issues is that optimal examination modalities for the

gl o
> postoperative follow-up have not yet been identified.
ehw Several guidelines have been proposed for the follow-up
gl oloo ' of NSCLC patients after surgery with curative intent,
A _ but there is a divergence among the guidelines, especially
=i in relation to the recommendations for imaging exami-
2 ol oo hE nations such as CT." The study presented here dem-
g7 ' onstrated that follow-up programs applied in clinical
@ © practice in Japan also vary widely among institutions
: and/or doctors in terms of the examinations performed
200 O and the frequencies at which they are performed. No
o ' optimal or standard examination modalities in the fol-
' . low-up setting have yet been established.
Zle| 000 Another issue pertains to the efficacy and benefits of
>~ : the follow-up examinations after resection. Several
nte studies have suggested that the survival duration is
aloo o _greater in patients with asymptomatic recurrences than
_ in those with symptomatic recurrences, and that follow-
o : up is useful for detecting asymptomatic recurrences.>®
el wlooo On the other hand, several investigators have reported -
S that the survival benefit of postoperative follow-up is
ot questionable.“® The benefit of follow-up thus remains a
controversial subject.
qloo o ; The third issue related to follow-up is cost-effective-
ness, which cannot be ignored nowadays when evaluat-
a © ing the efficacy of a certain modality. Several investigators
sl olooo0O ' have analyzed the cost-effectiveness of postoperative
;§ ’ follow-up and concluded that it is inefficient and that the
mlen] O O survival benefit accruing from the follow-up did not
o ' justify its cost.”*® However, these articles were all pub-
~100 O lished from Western countries; and the medical cost for
_ 1o o follow—up', social acceptability of the medical cost, and
3 the patients’ needs might be different in Japan. There-
3| Bl 0000 * fore, the cost-effectiveness of the follow-up should be
=1 evaluated independently in Japan.
‘% alenl O O To answer these questions, it would be ideal to
:‘g aloo o conduct a randomized controlled study. However, the
] lack of standard follow-up modalities makes to it diffi-
£ lealOOO cult to design a randomized trial: Regarding this point,
g ' our survey might give some helpful information for
9 v 0000 designing such a trial as the survey showed what modali-
g wlooo ‘ ties were commonly used in clinical practice. Another
g . factor that probably makes the randomized trial more
B | ~ difficult to conduct in Japan is ethics. As the first step to
E P 000  evaluate the efficacy of the follow-up, it would be ideal
; - to conduct the randomized trial between a follow-up
2 o group and a no follow-up or minimal follow-up group.
'% '% Ex Follow-up after resection, however, is already com-
& , § {;’é g‘ monly performed in clinical practice and no or minimal
:>; ‘g g :S; 2 follow-up would not be acceptable from an ethical point
| & g6 g .of view—even though there are no recommended follow-
2| & '§§ F up programs and no proven efficacy of follow-up. Con-
&l & ERSO sidering the present circumstances in Japan, a possible
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trial might be comparison between a follow-up group
with average modalities and a follow-up group with
more intensive modalities, such as the average follow-up
modalities + periodical PET/CT.

The follow-up programs identified in this survey seem

_relatively intensive compared with those that are com-
monly accepted worldwide. A possible reason might be
related to our medical insurance system. All Japanese
citizens are covered by public medical insurance, and the
cost of the follow-up examinations is not a burden on
the patients. This circumstance makes access to hospitals
easy and makes the postoperative follow-up examina-
tions relatively intensive. We do not have information
about the follow-up programs adopted in other areas of

Japan, but we assume that their programs are similar to

those presented in this study.
~ In this survey, one question pertained to “blood
examinations (tumor markers)”, and it is uncertain what
kinds of tumor markers were measured. In the preopera-
tive setting and in cases of advanced/recurrent lung
cancer, tumor markers such as carcinoembryonic antigen
(CEA) and cytokeratin 19 fragments (Cyfra), among
others, are commonly measured as parameters of the
tumor aggressiveness or for evaluating the effectiveness
of thé treatment. In the follow-up setting, therefore, it
is assumed that similar tumor markers would be
measured. :

¥R _Fluorodeoxyglucose (FDG)-PET/CT enables
examination of the whole body, excluding the brain, in
a noninvasive manner; it also can differentiate, if not
always definitively, between malignant and benign
lesions. Because of these advantages, FDG-PET/CT was
applied as one of the follow-up examinations at six of
the institutions. Several investigators have reported the

usefulness of FDG-PET/CT in the setting of postopera-:

tive follow-up for NSCLC."**® However, FDG-PET/CT
cannot be recommended commonly in the postoperative
follow-up setting because of limitation of availablility in
Japan, cost-effectiveness and unknown efficacy.

A total of 15 of the 26 doctors based their follow-up

schedules on the disease stage. They performed the

examinations less intensively in patients with an early
stage of the disease and more intensively in those with
more advanced disease. These schedule changes based
on the disease stage might be reasonable because recur-
rence develops more frequently in patients with advanced
disease. ‘

Conclusion

A questionnaire designed to obtain information on the
follow-up program adopted for NSCLC patients after

complete resection was conducted to grasp the current
status in our area. The follow-up programs vary widely
among institutions and doctors in terms of the examina-
tions performed and the frequencies at which they are
performed. The efficacy of the follow-up for NSCLC
patients after resection is still unclear, and further studies
are needed to answer questions about it.
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Abstract. The epidermal growth factor receptor (EGFR)
gene is highly polymorphic and its expression and activity
may be affected by various polymorphisms. There have
been several studies examining associations between EGFR
polymorphisms and clinical outcome of lung cancer therapy;
however, the underlying mechanism is largely unknown. The
present study investigated EGFR polymorphism status and
its correlation with clinicopathological features in Japanese
non-small cell lung cancer (NSCLC) patients. We investi-
gated 5 polymorphisms in the EGFR gene (-216G/T, -191C/A,
8227G/A, D994D and R497K) in 274 surgically-treated
NSCLC patients. TagMan single nucleotide polymorphism
(SNP) genotyping assays and a PCR-based assay were used
to analyze these polymorphisms. In our cohort of patients we
did not find any evidence of the -191C/A polymorphism. Our
results showed that the patients with the 8227GA or AA type
in intron 1 had a significantly better prognosis with the anti-
EGFR therapy than the patients with the GG type (p=0.0448)
in terms of recurrence of lung cancer. No significant associa-
tion was observed between 3 other SNPs (-216G/T, D994D
and R497K) and clinicopathological features. The EGFR
8227G/A polymorphism in intron 1 may be associated with
clinical outcome in NSCLC patients treated with EGFR tyro-
sine kinase inhibitors.
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Introduction

Lung cancer is a major cause of mortality from malignant
diseases due to its high incidence, malignant behavior and lack
of major advancements in treatment strategy (1). There is a large
body of accumulated evidence that the epidermal growth factor
receptor (EGFR) and its family members are heavily involved
in the development and progression of numerous human tumors,
including lung cancer (2,3). The EGFR tyrosine kinase inhibitor
(TKI), gefitinib, was approved for the treatment of non-small
cell lung cancer (NSCLC) in Japan in 2002. Two original
studies have revealed that EGFR mutation status at the tyrosine
kinase (TK) domain in NSCLC patients was correlated with a
good response to gefitinib (4,5). From the results of the Iressa
Pan-Asia Study (IPASS), EGFR mutations are the strongest
predictive biomarker for progression-free survival (PFS) and
tumor response to first-line gefitinib therapy for NSCLC (6).

The EGFR gene is highly polymorphic and its expression
and activity are significantly affected by various polymor-
phisms (7-9). As for interethnic differences in CA repeat length
in intron 1, a length of less than 17 in Japanese individuals is
less frequent than in Caucasians (10). However, the frequency
of EGFR mutations is higher in the Japanese population than
in other ethnic groups. In intron 1, the -216G/T and -191C/A
polymorphisms in the EGFR promoter are associated with
altered promoter activity and gene expression (8). CA simple
sequence repeats (CA-SSRs) in intron 1 (1s45559542) (8,12,13),
-216G/T (rs712829) (8,12) and D994D (rs2293347) (11) poly-
morphisms have been reported to influence clinical outcomes
in gefitinib-treated NSCLC patients. In addition, the 8227G/A
polymorphism (1s763317) located in intron 1 has been reported
to be associated with smoking status and gender in lung adeno-
carcinomas in the Taiwanese population (14).

To determine the EGFR polymorphism status and its
correlation with clinicopathological features in lung carci-
noma in the Japanese population, we investigated EGFR gene
status using TagMan single nucleotide polymorphism (SNP)
genotyping assays. These findings were analyzed in relation to
the clinicopathologic features of lung cancer.
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Materials and methods

Patients and treatment. The study group included 261 lung
cancer patients who had undergone surgery at the Nagoya
City University Hospital, Japan, between 1997 and 2011.
Thirty-three patients were treated with gefitinib for the recur-
rence of lung cancer following surgery. We also investigated
polymorphisms for 13 NSCLC patients who had been treated
with gefitinib for the recurrence of cancer at the Kinki-chuo
Chest Medical Center, Osaka Japan. The lung tumors were
classified according to the general rule for clinical and patho-
logical recording of lung cancer in Japan, as well as according
to the WHO classification. All tumor samples were immedi-
ately frozen and stored at -80°C until assayed.

The clinical and pathological characteristics of the 274 lung
cancer patients were as follows: 194 (70.8%) were male and 80
were female; 192 were diagnosed as adenocarcinoma and 82
were diagnosed as other types of carcinoma (63 squamous cell
carcinomas, 6 adenosquamous carcinomas, 6 large cell carci-
nomas, 3 carcinoids, 3 pleomorphic carcinomas, 1 adenoid
cystic carcinoma and 1 carcinosarcoma); 187 (68.2%) were
smokers (current or former smoker) and 87 were non-smokers
(Table I). Written informed consent was obtained from the
patients and the Institutional Ethics Committee of the Nagoya
City University approved the study.

Genotyping assays for the EGFR polymorphism. Genomic
DNA was extracted from peripheral blood (n=109) taken
prior to surgery or from adjacent normal lung tissues taken
at surgery using the Wizard SV Genomic DNA Purification
system (Promega Corp., Madison, WI, USA) according to the
manufacturer's instructions. EGFR mutation statuses at the
kinase domain were investigated using the TagMan PCR assay
(Applied Biosystems, Foster City, CA, USA). The results of the
TagMan PCR assay have been previously reported (15).

TagMan SNP genotyping assays (Applied Biosystems)
were used for genotyping 4 polymorphisms in the EGFR gene
(-216G/T, -191C/A, 8227G/A, assay ID: C_2310200_10; and
D994D, assay ID: C_15970737_20; Table II) according to the
manufacturer's instructions (16). The cycling conditions for
the TagMan SNP assays were as follows: 95°C for 10 min,
followed by 40 cycles of 95°C for 15 sec and 60°C for 1 min,
with a 1-min extension at 25°C following the last cycle. The
R521K (rs11543848, also assigned as R497K in the literature)
polymorphism was examined by the PCR-RFLP method as
described previously (17). Sixty-four lung cancer samples were
analyzed for EGFR gene amplification using fluorescence
in situ hybridization (FISH) and the results have been previ-
ously reported (18).

Statistical analyses. Statistical analyses were carried out using
the Mann-Whitney U test for unpaired samples and Wilcoxon's
signed rank test for paired samples. Linear relationships
between variables were determined by means of simple linear
regression. Correlation coefficients were determined by rank
correlation using Spearman's test and the y? test. The overall
survival (OS) of lung cancer patients was examined using the
log-rank test. All analyses were performed using the StatView
software package (Abacus Concepts Inc, Berkeley, CA, USA)
and differences were considered significant when p<0.05.

SHITARA et al: EGFR POLYMORPHISM IN LUNG CANCER

Table I. Clinical and pathological characteristics of the 274 lung
cancer patients.

Patients (n=274)

No. %

Age (years)

<60 78 285

>60 196 715
Gender

Male 194 70.8

Female 80 292
Smoking status

Non-smoker 87 31.8

Smoker 187 68.2
Pathological subtype

Adeno 192 70.1

Other 82 299
EGFR mutation

Positive 81 299

Negative 190 70.1

Smoker, current or former smoker; Adeno, adenocarcinoma; EGFR,
epidermal growth factor receptor.

Results

EGFR gene mutation and amplification statuses. Of the
274 patients, 42 had the deletion-type EGFR mutations in
exon 19; 35 had the missense point mutations (5 G719S,
29 L858R and 1 L861Q) in exon 18 or 21; and 4 had exon 20
insertion mutations (15,20). Sixty-four samples were studied
for EGFR gene amplification using FISH analyses. According
to the criteria by Cappuzzo et al, 21 were FISH-positive and 43
were FISH-negative (19).

EGFR polymorphisms in Japanese lung cancers. In our
Japanese cohort, there was no -191C/A polymorphism and we
did not perform any further analyses for this polymorphism.
For 15712829 (-216G/T), 255 patients were GG, 19 were GT and
no TT was found. For rs2293347 (D994D), 125 patients were
CC, 110 were CT and 39 were TT. For rs11543848 (R497K),
93 were AA, 135 were GA and 46 were GG. No correlation
existed between these 3 SNPs (-216G/T, GG vs. GA+AA;
D994D, CC+CT vs. TT; R497K, GG vs. GA+AA) and clinico-
pathological features of the lung cancers.

Of the 274 patients, 87 had the 8227G/A EGFR variant
(9 AA and 78 GA). Of these, 64 were male and 23 were
female, 24 were non-smokers, 59 were smokers and 4 were
unknown. Adenocarcinomas were significantly more frequent
in GG-type patients (139/187, 74.3%) than in the GA- or
AA-type patients (53/87, 60.9%, p=0.0331). However, the
polymorphism did not correlate with gender (p=0.5687),
smoking (non-smokers vs. smokers, p=0.3325), or EGFR
mutation (p=0.1539) statuses of lung cancer (Table III). EGFR
gene amplification as identified by FISH positivity was not
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Table II. Genotyping approach for polymorphism analysis of the EGFR gene.

Primer sequences -216G/T (rs712829) -191C/A (rs712830)
VIC-MGB AGCCTCCGCCCceC CCTCGGCCGCGTCG
FAM-MGB CAGCCTCCTCCCCC CCTCGGCCGCGGCG
Forward primer CCCGCGCGAGCTAGAC CCCCGCACGGTGTGA
Reverse primer GGGCGCTCACACCTG GGCTAGCTCGGGACTCC

VIC-MGB, VIC dye-labeled TagMan MGB probe; FAM-MGB, FAM dye-labeled TagMan MGB probe; EGFR, epidermal growth factor receptor.

Table III. Association of the EGFR 8227G/A polymorphism
with clinicopathological data of 274 lung cancer patients.

GG GA+AA

Factors No. %o No. %  p-value
Age (years)
<60 52 278 206 299 0.7741
>60 135 722 61 701
Gender
Male 130 695 64 736 0.5687
Female 57 305 23 264
Smoking status
Non-smoker 63 337 24 276 03325
Smoker 124 663 59 724
Pathological subtype
Adeno 139 743 53 609 0.0331
Others 48 257 34 391
EGFR mutation
Positive 61 326 20 238 0.1539
Negative 126 674 64 762

Smoker, current smoker or former smoker; Adeno, adenocarcinoma;
EGFR, epidermal growth factor receptor.

correlated with polymorphism statuses, including D994D
(p=0.5884), -216G/T (p>0.9999), R497K (p=0.2043) and
8227G/A (p>0.9999).

Correlation between clinical course of lung cancer patients and
EGFR polymorphisms. The OS of the 225 lung cancer patients
who did not receive gefitinib, with follow-up until June 30, 2011,
was studied in reference to the EGFR polymorphism status. The
prognosis was not significantly different between the EGFR
8227G/A types (GA+AA, 23/73 were deceased; GG, 53/152
were deceased; p=0.1753; Fig. 1). No significant association
was observed between the other 3 SNPs (-216G/T, D994D and
R497K) and disease outcome (data not shown).

Correlation between clinical course of gefitinib-treated
lung cancer patients and EGFR polymorphism. The OS of
46 gefitinib-treated lung cancer patients, with follow-up until
June 30, 2011, was studied in reference to the EGFR polymor-
phism status. In this analysis, 12 patients had EGFR 8227GA
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Figure 1. The overall survival of 225 lung cancer patients who were not treated
with gefitinib was studied in reference to the EGFR polymorphism (8227G/A)
status. The prognosis was not significantly different between the patients
with 8227GG type (53/152 were deceased) and the patients with 8227GA or
AA type (23/73 were deceased) (log-rank test, p=0.1753). EGFR, epidermal
growth factor receptor.
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Figure 2. The overall survival of 46 gefitinib-treated lung cancer patients was
studied in reference to the EGFR polymorphism (8227G/A) status. The patients
with 8227GA or AA type (5/12 were deceased; median follow-up, 33.3 months)
had significantly better prognosis than the patients with 8227GG type (26/34
were deceased; median follow-up, 20.0 months) (log-rank test, p=0.0448).
EGFR, epidermal growth factor receptor.

or AA types. Of the 46 patients, 31 had EGFR mutations and
11 were EGFR 8227GA or AA. There was a tendency towards
higher EGFR mutation ratio in the 8227GA- or AA-type
patients compared with GG-type patients (p=0.0702). Other
clinical backgrounds, including gender (p=0.3071), smoking
(p=0.4893) and pathological status (p=0.3059) were not
correlated with 8227G/A polymorphism status. The prognosis
following gefitinib therapy was significantly better for the EGFR
GA- or AA-type patients (5/12 were deceased; mean survival,
1,014 days) when compared with the 8227GG-type patients
(26/34 were deceased; mean survival, 607 days; log-rank test,
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p=0.0448; Fig. 2). Using the multivariate analysis, EGFR muta-
tion (p=0.0316; hazard ratio, 2.174) but not 8227G/A (p=0.2232;
hazard ratio, 1.587) was the independent prognostic factor for
gefitinib-treated patients.

There was no association between the other 3 polymor-
phisms (-216G/T, p=0.7599; D994D, p=0.1813; and R497K,
p=0.885) and prognosis for the gefitinib-treated patients.

Discussion

In this study, gefitinib-treated patients with an A allele at the
EGFR 8227G/A site were found to have a better prognosis
compared with GG-type patients. However, there was no asso-
ciation between the other 3 polymorphisms (-216G/T, D994D
and R497K) and prognosis following gefitinib therapy.

Previous studies have suggested that -216G/T (8,12) and
D994D (11) polymorphisms are associated with clinical
outcome of gefitinib therapy. In intron 1, CA-SSR of EGFR has
been the most studied polymorphism. CA-SSR has been asso-
ciated with EGFR gene expression and has been reported to
correlate with clinical outcome of gefitinib therapy (8,12,13,21).
Shorter CA repeats have been associated with higher transcrip-
tion levels of EGFR and have been reported to be correlated
with better clinical outcome of gefitinib therapy. Tiseo et al
revealed that patients with the CA-16 genotype had a longer
survival compared with those with other genotypes (13).
Liu et al found that the -216G/T polymorphism and CA-19
genotype are found more frequently in patients with exon 19
deletions (22). On the other hand, Suzuki er al reported that the
EGFR protein expression level was significantly higher in the
shorter CA repeats group than in the longer allele group, but its
length was not associated with EGFR somatic mutations (23).
In a Japanese cohort, Ichihara et al reported that patients with
a short CA-SSR1 had a prolonged OS as compared with those
with a longer CA-SSR, but this difference was not significant
in patients with a drug-sensitive EGFR mutation (p=0.13) (24).
They found that FISH status, CA-SSR1 length and the SNP
status in the promoter region (-216G/T or -191G/A) had no
association with responsiveness to gefitinib in cases of lung
cancer in Japanese individuals, similar to our results. One
explanation for the results is that the variant forms of the
SNPs, -216 G/T (6.6%) and -191G/A (0.6%), were less frequent
in East Asians than in individuals of European descent (60.3
and 37%, respectively) (25). As for the D994D polymorphisim,
using direct sequencing, our group has previously revealed
that the polymorphism did not affect the gefitinib sensitivity
in Japanese individuals (26). This polymorphism is located in
exon 25 and a synonymous SNP does not change the amino
acid sequence of the protein, so it does not influence the
biological function of the protein itself. Ma et al revealed that
the D994D polymorphism did affect PFS but not OS following
gefitinib therapy (11).

The 8227G/A polymorphism is also located in intron 1,
but there have been few studies examining this SNP (14,27).
Jou et al revealed that the EGFR 8227G/A polymorphism
was associated with lung cancer, especially in non-smoking
female lung adenocarcinoma patients in the Taiwanese
population (14). Thus, this variation may lead to the different
modifications of cancer genes, including EGFR, in tumori-
genic pathways among different histological subtypes, gender
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and ethnicity. The 8227G/A SNP is located in intron 1, 6.9 kb
downstream of the CA-SSR1 polymorphism. Additional func-
tional analyses of this SNP are needed to better understand the
mechanism by which the 8227G/A SNP of EGFR affects lung
cancer. In our analysis, although the 8227G/A polymorphism
in intron 1 was not correlated with EGFR somatic mutations,
the GA or AA type was associated with longer survival of the
gefitinib-treated patients. The underlying mechanisms remain
unclear, but it may be that intron 1 of EGFR is associated with
sensitivity to EGFR TKIs in lung cancer patients, and is corre-
lated with certain biomarkers other than EGFR mutations. The
sample size of the present study was too small to address this
hypothesis. The extact effect of the polymorphism on survival
time of patients treated with or without EGFR TKIs needs
further clinical investigation with a larger sample size.

In summary, the 8227G/A polymorphism of EGFR may
influence OS in gefitinib-treated lung cancer patients.
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