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Conclusion: Mucoepidermoid carcinoma of the bronchus is often visualized as marked heteroge-
neous contrast enhancement on HRCT images. The results of this study suggest that the presence
of abundant microvessels, detected immunohistochemically by microscopic examination, affects
the enhancement pattern on HRCT.

© 2007 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Mucoepidermoid carcinoma of the lung is an extremely
rare tumour, comprising less than 5% of primary bronchial
tumours and 0.1—0.2% of all lung cancers [1—4]. The largest
series (56 cases over 26 years) has been published by Yousem
and Hochholzer [3]. These tumours are thought to originate
from bronchial gland of minor salivary gland-type lining the
bronchi, and are classified into low grade and high grade on
the basis of histological criteria [1,3,5]. The most important
factors in the prognosis include the histological grade and
whether complete surgical resection is possible. Completely
resectable low-grade tumours generally have an excellent
prognosis [3,6].

The radiological appearance of mucoepidermoid carci-
noma of the lung depends on tumour tocation, size and
whether obstructive pneumonia is present. The reported
computed tomographic (CT) appearance of mucoepider-
moid carcinoma of the lung is a well circumscribed oval
or lobulated mass arising within the bronchus [7]. Although
some investigators have reported the CT features of this
tumour [7—10], few reports have included detailed find-
ings of high-resolution CT (HRCT) or correlated them
with histopathologic features. The purpose of this study
was to characterize the HRCT findings of mucoepider-
moid carcinoma of the lung and correlate them with the
histopathologic features.

2. Materials and methods

The patients investigated in this study presented at the
National Cancer Center, Tokyo, Japan, for diagnosis and
treatment during the period from January 1999 through
December 2005. Only patients with primary mucoepider-

moid carcinoma of the lung were included; patients with

pulmonary metastasis from remote sites were excluded.
Five patients underwent HRCT and were treated for primary
mucoepidermoid carcinoma. The diagnosis was confirmed
by histopathologic examination of the surgical specimen in
all five patients. All clinical records, including the follow-
up information, HRCT findings, endoscopic images and-gross
and microscopic specimens, were reviewed retrospectively.

2.1. HRCT protocols

HRCT was performed with either a 4-row or 16-row
multi-detector CT (MDCT) scanner (Aquilion V-detector,
Toshiba Medical Systems Corp., Tokyo Japan). The patients
were evaluated with the ‘MDCT scanner by using axial
2.0mm x 4 mm or 16 modes, 120kVp, 200—-250 mA, and thin-
section CT images were obtained using 1.0mm sections
reconstructed at 2.0mm intervals with a high-spatial-
frequency algorithm and retrospectively retargeted to each

lung with a 20cm field of view (FOV). All patients were
intravenously injected with 80—150 ml of non-ionic contrast
medium at a rate of 2.0-3.0ml/s with an autoinjec-
tor (Autoenhance A-250, Nemoto Kyorindo, Tokyo, Japan),
and scanning was started after a 40s delay. Hard-copy
images were photographed at window settings for the lung
(center, —600HU; width, 2000HU) and the mediastinum
(center, 35HU; width, 400HU). The intervals between
the CT examinations and surgery ranged from 2 days
to 4 weeks. All patients were followed up regularly in
our institute. Follow-up CT images were obtained in all
patients.

The HRCT images were assessed by two independent
observers without reference to the clinical findings. The
location of the pulmonary nodule was classified as peripheral
or central. Nodules present within the peripheral two-thirds
of the lung were arbitrarily classified as peripheral type and
those within the central one-third or in contact with lobar or
segmental bronchi were classified as central. The CT analy-
sis included determination of the attenuation coefficient of
the pulmonary lesion. CT attenuation coefficient was evalu-
ated before and after administration of contrast media. The
contrast enhancement of the tumour was compared with
that of the chest wall musculature. Whether intratumoral
calcification was present was also noted. After making inde-
pendent initial evaluations, the two observers reviewed all
cases in which their interpretations differed and reached a
final consensus.

2.2, Histopathologic examination

Surgical specimens were inflated and fixed by transpleural
and transbronchial infusion with formalin. The specimens
were sectioned transversely in the same planes as the
HRCT images, stained with hematoxylin-eosin and immunos-
tained for the endothelial marker CD31. One of the
authors, an experienced pulmonary pathologist, reviewed
the histopathologic findings. The characteristics of the
tumours on the HRCT images were compared with the
histopathologic findings.

3. Results

3.1. Clinical features

The clinical data are summarized in Table 1. The five
patients (two males and three females) ranged in age from
22 to 58 years, and their average age was 41.6 years.
Only two of them were smokers. Four of the patients com-
plained of chronic symptoms, including cough, increased
sputum production and episodic fevers. These symptoms
were related to bronchial irritation, partial or complete
bronchial obstruction and distal pneumonia. The remain-
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Table 1 Clinical data of patients with mucoepidermoid carcinoma of the bronchus
Case Age (year) Sex Symptom Tumour location Tumour site Preoperative diagnosis
1 22 M Cough, sputum Central Lt. LLB (B6) Mucoepidermoid Ca.
2 40 w Fever, chest pain Central Rt. MLB Mucoepidermoid Ca.
3 58 w Cough, sputum, fever Central Rt. BB (B9) Non-typed malignant tumour
4 51 M None Peripheral Rt. MLB (B4a) No malignancy
5 37 w Cough, sputum, fever Central Lt. UDB No biopsy

Lt. LLB, Left lower lobe bronchus; Rt. BB, right basal bronchus; Rt. MLB, right middle lobe bronchus; Lt. UDB, left upper division

bronchus.

ing patient was asymptomatic, and the lesion was detected
during routine health examination.

The serum sialyl Lewis X-i antigen (SLX) values were high
in all five cases. The serum carcinoembryonic antigen (CEA)
and carbohydrate antigen 19-9 (CA19-9) values were high
in three cases. The serum cytokeratin fragment 19 (CYFRA
21-1), squamous cell carcinoma antigen (SCC), neuron spe-
cific enolase (NSE), progastrin-releasing peptide (pro-GRP)
values were all within the normal range.

3.2, HRCT findings

On the CT images, the tumours ranged in diameter from
18 to 38 mm (mean, 28.4mm) (Table 2). The lesions were
located in the central lung in four cases and in the periph-
eral lung in one. All the lesions were well defined nodules
or masses with a smooth margin (Fig. 1). The contour of the
tumours was round (n=1), oval (n=3) or lobulated (n=1).
Non-enhanced CT scans revealed intratumorat punctate cal-
cification in one of the five lesions (Case 1). CT findings
suggestive of bronchial stenosis or obstruction were seen in
all cases (distal obstructive pneumonia in four cases, distal
bronchial dilation in four and atelectasis in three). Atelecta-
sis with recurrent or non-resolving pneumonia was observed
distal to the site of obstruction.

CT attenuation coefficients were evaluated before and
after administration of contrast medium. Thus, the change
of CT attenuation or the degree of contrast enhancement
was described. CT images enhanced by intravenous con-
trast medium showed marked heterogeneous enhancement
with foci of relatively low attenuation in four of the five
lesions and mild heterogeneous enhancement in the other
lesion. Measurement of Hounsfield unit (HU) data was pos-
sible in every patient. The attenuation coefficients of the
four markedly enhanced tumours (range, 95—-139 HU; mean,
118.5HU) were much higher than those of the chest wall
musculature (range, 48—68; mean, 61.3 HU), whereas that

. of the one mildly enhanced tumour was slightly higher than

that of the chest wall musculature. The ratio of the atten-
uation coefficient of the tumour to that of the musculature
in the mildly enhanced case was 1.5, whereas those of
the markedly enhanced cases were much higher (range,
2.0-2.2) (Tabte 2). None of the patients had lymphadenopa-
thy in the mediastinum, pulmonary hilum or around the
bronchi, on the basis of the CT findings.

3.3. Bronchoscopic findings

Bronchoscopy was performed in all five cases and the
tumours were easily visualized except the peripheral lesion.
The tumours were located in the lobar or segmentat bronchi
and had filled the bronchial lumen. They were soft, polypoid
with a sessile base and pink like the bronchial mucosa. Three
of the tumours were covered by a highly vascular mucosa.
Although bronchoscopic brushing or biopsy was performed
in four cases, a preoperative diagnosis of mucoepidermoid
carcinoma was made in only two of them. Bronchoscopy in
the other two cases revealed a non-typed malignant tumour
or non-diagnostic inflammatory cells.

3.4. Treatment

The treatment chosen for all patients was surgical resection,
and the procedure consisted of routine lobectomy including
right middle and lower lobectomy (Table 2). The surgical
procedures resulted in tumour-free margins. Lymph nodeé
dissection or sampling of pulmonary hilar and mediastinal
lymph nodes was performed in all cases.

3.5. Histopathologic findings

The histologic diagnosis was low-grade mucoepidermoid car-
cinoma in alt five cases (Table 3). The central tumours

Table 2 HRCT findings of mucoepidermoid carcinoma of the bronchus in four patients

Case Tumour size (mm) Tumour margin

Tumour contour Pattern of enhancement Ratio of attenuation coefficient

1 38x35 Well defined (smooth) Oval’

2 26 x 18 Well defined (smooth) Lobulated .
3 34x22 Well defined (smooth) Oval

4 24 x 24 Well defined (smooth) Round

5 33x29 Well defined (smooth) Ovat

Heterogeneous 2.1
Heterogeneous 1.5
Heterogeneous 2.1
Heterogeneous 2

Heterogeneous 2.2

Ratio of attenuation coefficient: Ratio of the attenuation coefficient of the tumour to attenuation coefficient of the musculature
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Fig. 1  Mucoepidermoid carcinomas of the bronchus were well
defined mass and had a smooth margin. Enhanced CT images
shows marked heterogeneous enhancement with foci of rela-
tively low attenuation (A, Case 1; B, Case 5).

Table 3  Histopathologic findings and outcome

Fig. 2 High-magnification photomicrograph showed the
epithelial component of the tumours consisted of mucin-
secreting cells, squamoid cells and intermediate-type cells that
displayed no specific differentiation.

protruded into the lumen of the bronchus and almost totally
occluded it. On cut sections, the tumours were light yellow
or tan polypoid masses. The margins and contours of the
tumours were smooth, and they were well circumscribed
and oval or round, consistent with their CT appearance.
Microscopically, the tumours were seen to arise from
bronchial glands and to have infiltrated the bronchial wall.
The epithelial component of the tumours consisted of mucin-
secreting cells, squamoid cells and intermediate-type cells
that displayed no specific differentiation (Fig. 2). Cystic
change predominated in some areas, and the solid areas
comprised mucin-secreting columnar epithelium that had
formed small glands, tubules and cysts. There were no
prominent nucleoli, and mitotic figures and necrosis were
absent or minimal (less than five mitoses per 50 high-power
fields). Keratinization was rare or absent in the epidermoid
areas. These pathologic findings are characteristic of low-
grade mucoepidermoid carcinoma. There was an admixed
distribution of areas that are heterogeneous in the densi-
ties of blood vessels, as highlighted by immunohistochemical
staining of CD31. Most mucin-secreting areas of the tumours
showed more densely distributed blood vessels, mostly cap-
illaries, in between tumour cell nests, whereas other areas
did less (Fig. 3). Stromal calcification and ossification with
a granulomatous reaction was observed in Case 1. The his-
tologic specimens in Case 1, in which intratumoral punctate
calcifications were observed on non-enhanced HRCT scans,
showed microscopic calcification. Distal obstructive pneu-

Case Treatment p-Stage (TNM) Grade CD31 Outcome
1 Left lower lobectomy TZNOMO 1B Low-grade (++) NED
2 Right middle and lower lobectomy TINOMO 1A Low-grade (++) NED
3 Right lower lobectomy TZNOMO 1B Low-grade (+) NED
4 Right middle lobectomy TINOMO 1A Low-grade (++) NED
5 Light upper lobectomy T2NOMO 1B Low-grade (++) NED

NED: No evidence of disease.
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Fig. 3  (A) Immunohistochemical findings showing a border of
areas with and without dense blood vessels as highlighted by
anti-CD31 antibody. Note the abundant glands with mucus pro-
duction in the right half, where there are more vessels labeled
by anti-CD31 antibody. (B) Higher magnification of the area with
plenty of mucin-secreting glands. Immunoreactive CD31 label
the surface of endothelial cells, but not mucin of the tumour.

monia was observed in four patients with lesions of the cen-
tral type, and distal bronchial dilation and mucoid impaction
was seen in all five cases. The secondary findings associated
with bronchial stenosis or obstruction on the HRCT scans
largely reflected these pathologic findings. No lymph node
metastasis was found in any of the surgical specimens.

4. Discussion

Mucoepidermoid carcinoma of the lung was first reported
by Smetana et al. [11], and accounts for only a very small
proportion of primary lung cancers. The tumours are clas-
sified as low grade or high grade based on their histologic
appearance, and grading is based on cellular atypia, mitotic
activity, local extension and tumour necrosis. Low-grade
mucoepidermoid carcinoma is the most common type, and
all five of the tumours in our series were low-grade. Although
there is good clinicopathological evidence for the existence
of the low-grade type, it has been questioned whether the
high-grade type is a separate entity, mainly because of its

histological similarity to mixed pulmonary carcinomas [5].
The high-grade variant is occasionally difficult to differenti-
ate from adenosquamous carcinoma [12—14].

The most common symptoms are related to intralumi-
nal growth, and these include persistent cough and sputum,
wheezing, dyspnea, recurrent pneumonia, and, less fre-
quently, hemoptysis [15]. Since the symptoms do not differ
from those of other forms of lung tumour, they do not
contribute to the differential diagnosis. Most patients with
mucoepidermoid carcinoma are misdiagnosed as having
bronchitis or lung carcinomas of other types. In our series,
one patient was asymptomatic and the others had such simi-
lar symptoms that they were initially misdiagnosed as having
chronic obstructive airway disease or other airway tumours.

Although the central-type tumours in our series were
readily visible, only two of them were diagnosed preop-
eratively as mucoepidermoid carcinoma. Since mucoepi-
dermoid carcinomas of the bronchi are usually covered by
normal respiratory mucosa, bronchial brushing and lavage
are seldom diagnostic, and it is better to perform a
biopsy with forceps. Despite the theoretical risk of severe
hemorrhage by performing a biopsy on a vascular mass, hem-
orrhage has never been reported as a complication of biopsy
for mucoepidermoid carcinoma of the bronchus. Neverthe-
less, care is required because of the highly vascular nature
of many of the tumours.

CT scan is non-invasive and useful for evaluating
suspected endobronchial lesions, and fine morphological
features have been revealed since the introduction of HRCT.
In this series, HRCT images were essential for identifying the
more detailed characteristics of the tumours, such as the
margin, shape, density and pattern of enhancement. For
the most part, the HRCT images reflected the pathologic
features of the tumours well. There have been a few case
reports of the HRCT appearance of mucoepidermoid carci-
noma of the lung [7,10]. The HRCT features of the tumours
in our series, such as a smooth margin and a well defined
oval or round shape, were similar to those reported by Kim
et al., who also found intratumoral punctate calcification
on non-enhanced CT scans. Secondary findings associated
with bronchial stenosis or obstruction, such as distal obstruc-
tive pneumonia, bronchial dilatation and atelectasis, were
also seen. Although in their series Kim et al. reported
mucoepidermoid carcinoma of the bronchus as showing mild
contrast enhancement on CT scans, the three lesions of
the central type and one lesion of the peripheral type in
our series demonstrated marked contrast enhancement on
HRCT images. The attenuation coefficients of the markedly
enhanced tumours were much higher than those of the chest
wall musculature.

Immunochistochemical staining for CD31 highlighted the
heterogeneous distribution of blood vessels from mucin-
secreting areas to non-secreting areas in a single tumour.
In other words, these lesions may have characteristics of
both hypervascular and hypovascular components, and the
presence of both was probably the explanation for the
features we observed on HRCT. The results of this study
suggested that the presence of abundant microvessels,
detected immunohistochemically by microscopic examina-
tion, affected the enhancement pattern on HRCT. These
histopathologic findings correlated with the HRCT findings
in all patients.
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Bronchogenic carcinomas with more common histo-
logic features, including adenocarcinoma, squamous cell
carcinoma and small cell carcinoma have a variety of
radiologic manifestations. Adenocarcinoma is often dis-
tinct from the other histologic subtypes of lung cancer.
Non-solid nodules (ground glass opacities) and partly solid
nodules (mixed solid/ground glass opacities) are recog-
nized patterns of adenocarcinoma. Henschke et al. reported
that the malignancies in subsolid nodules were typically
bronchioloalveolar carcinomas or adenocarcinomas with
bronchioloalveolar features, whereas in solid ones the
malignancies were typically other subtypes of adenocar-
cinoma [16]. The proportion occupied by the non-solid
component based on volumetric analysis by CT scan is a reli-
able predictor of tumours without vessel invasion in patients
with adenocarcinoma of the tung [17]. Central squamous cell
carcinoma is characterized by two major patterns of spread:
intraepithelial spread with or without subepithelial invasion,
and endobronchial polypoid growth. Polypoid tumours often
occlude the bronchial lumen, resulting in atelectasis and
obstructive pneumonia. Peripheral squamous cell carcino-
mas are seen as solid nodules, occasionally with cavitation
and irregular margins. Approximately 90—95% of all small
cell lung cancers are located centrally and show mediastinal
or hilar lymphadenopathy with displacement or narrowing
of the tracheobronchial tree or major vessels [18]. These
common histologic types of lung cancer usually show mild
or less contrast enhancement on CT images. Since these
CT findings in common forms of lung carcinoma differ from
those of mucoepidermoid carcinoma, which are relatively
characteristic, contrast-enhanced CT may be helpful for
lesion characterization and tumour classification in affected
patients. If a marked heterogeneous contrast enhancement
pattern is observed in well circumscribed oval or round
masses of the bronchus, mucoepidermoid carcinoma can be
considered in the differential diagnosis.

Large cell neuroendocrine carcinoma shows non-specific
CT findings similar to those of other non-small cell lung
cancer. On contrast-enhanced CT scans, tumour attenua-
tion varies from slightly less to more than that of the chest
wall muscle, with a homogeneous or heterogeneous pattern
[18,19]. However, large cell neuroendocrine carcinoma is
more likely to appear in the peripheral lung. Adenosqua-
mous carcinoma of the peripheral type also usually shows
heterogeneous soft-tissue attenuation [20}. Histopathologi-
cally, adenosquamous carcinoma is occasionally difficult to
differentiate from high-grade mucoepidermoid carcinoma,
which invades the pulmonary parenchyma in nearly 46% of
the cases [3,12—14].

Pulmonary carcinoid tumours, which are low-grade
malignancies accounting for 2—3% of all lung neoplasms [21],
show CT findings similar to those of mucoepidermoid carci-
noma. Pulmonary carcinoid tumours are also known to be
vascular, and often show marked contrast enhancement on
CT images [18,22]. Therefore, it is difficult to differentiate
pulmonary carcinoid tumour from mucoepidermoid carci-
noma on the basis of the CT contrast enhancement pattern
alone.

Follow-up information was available for all five of the
present cases. The clinical course of the patients was
correlated with the histologic grade of their tumours. Low-
grade mucoepidermoid carcinoma generally grows locally

and is amenable to complete surgical resection. Low-grade
tumours spread to regional lymph nodes by local growth in
less than 5% of cases, and distant spread is rare [3,15]. The
prognosis of low-grade tumours is usually excellent, with no
evidence of local recurrence or metastasis. However, Barsky
et al. [23] reported cases that were diagnosed as well differ-
entiated and low-grade malignancy histologically but were
rated as high-grade malignancy clinically. It can therefore
be concluded that the histologic malignancy level of the
tumour is not always the same as its clinical malignancy
level. This suggests that complete surgical resection plus
lymph node dissection should be performed for low-grade
mucoepidermoid carcinoma of the bronchus as well as high-
grade mucoepidermoid carcinoma. All five patients in our
series underwent lobectomy plus lymph node dissection or
sampling, and all are currently alive without evidence of
disease at an average of 50.4 months after surgery (range,
15—82 months; median, 57 months).

5. Conclusions

We reviewed the HRCT and pathologic findings in five cases
of mucoepidermoid carcinoma of the lung. Mucoepider-
moid carcinoma is often visualized as marked heterogeneous
contrast enhancement on HRCT images. The presence of
abundant microvessels, detected immunohistochemically
by microscopic examination, may affect the enhancement
pattermn on HRCT. However, examinations of HRCT images
of mucoepidermoid carcinoma of the lung are insufficient
because of the rarity of the tumour. The HRCT character-
istics of the tumour must therefore be evaluated in more
cases.
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Randomised phase Il trial of innotecan plus cisplatin vs irnotecan,
cisplatin plus etoposide repeated every 3 weeks in patients with
extensive-disease small-cell lung cancer
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Small-cell lung cancer (SCLC), which accounts for approximately
14% of all malignant pulmonary tumours, is an aggressive
malignancy with a propensity for rapid growth and early
widespread metastases (Jackman and Johnson, 2005). A combina-
tion of cisplatin and etoposide (PE) has been the standard
treatment, with response rates ranging from 60 to 90% and median
survival times (MSTs) from 8 to 11 months in patients with
extensive disease (ED)-SCLC (Fukuoka et al, 1991; Roth et al,
1992). A combination of irinotecan and cisplatin (IP) showed a
significant survival benefit over the PE regimen (MST: 12.8 vs 9.4
months, P=0.002) in a Japanese phase III trial for ED-SCLC (Noda
‘et al, 2002), although another phase III trial comparing these
regimens failed to show such a benefit (Hanna et al, 2006). Thus,
irinotecan, cisplatin and etoposide are the current key agents in
the treatment of SCLC. A phase II trial of the three agents, IPE
combination, in patients with ED-SCLC showed a promising
antitumour activity with a response rate of 77%, complete
response (CR) rate of 17% and MST of 12.9 months (Sekine
et al, 2003).

We have developed these IP and IPE regimens in a 4-week
schedule where irinotecan was given on days 1, 8 and 15. The dose
of irinotecan on day 15, however, was frequently omitted because
of toxicity in both regimens (Noda et al, 2002; Sekine et al, 2003).
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Patients with previously untreated extensive-disease small-cell lung cancer were treated with irinotecan 60mg m~2 on days | and 8
and cisplatin 60 mg m™2 on day | with (n=55) or without (n= 54) etoposide 50 mg m~2 on days |-3 with granulocyte colony-
stimulating factor support repeated every 3 weeks for four cycles. The triplet regimen was too toxic to be considered for further
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The objectives of this study were to evaluate the toxicities and
antitumour effects of IP and IPE regimens in the 3-week schedule
in patients with ED-SCLC and to select the right arm for
subsequent phase III trials,

PATIENTS AND METHODS

Patient selection

Patients were enrolled in this study if they met the following
criteria: (1) a histological or cytological diagnosis of SCLC; (2) no
prior treatment; (3) measurable disease; (4) ED, defined as having
distant metastasis or contralateral hilar lymph node metastasis; (5)
performance status of 0-2 on the Eastern Cooperative Oncology
Group (ECOG) scale; (6) predicted life expectancy of 3 months or
longer; (7) age between 20 and 70 years; (8) adequate organ
function as documented by a white blood cell (WBC) count
>4.0 x 10° ™", neutrophil count >2.0 x 10° ™', haemoglobin
>9.5gdl™!, platelet count >100x10>47", total serum
bilirubin<1.5mgdl ™", hepatic transaminases<100IU1™", serum
creatinine <1.2mgdl™, creatinine clearance >60mimin™", and
Pa0, >60torr; and (9) providing written informed consent.
Patients were not eligible for the study if they had any of the
following: (1) uncontrollable pleural, pericardial effusion or
ascites; (2) symptomatic brain metastasis; (3) active infection;
(4) contraindications for the use of irinotecan, including
diarrhoea, ileus, interstitial pneumonitis and lung fibrosis; (5)
synchronous active malignancies; (6) serious concomitant medical
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iliness, including severe heart disease, uncontrollable diabetes
mellitus or hypertension; or (7) pregnancy or breast feeding.

Treatment schedule

In the IP arm, cisplatin, 60mgm™2, was administered intra-

venously over 60min on day 1 and irinotecan, 60 mgm™?, was
administered intravenously over 90min on days 1 and 8.
Prophylactic granulocyte colony-stimulating factor (G-CSF) was
not administered in this arm. In the IPE arm, cisplatin and
irinotecan were administered at the same dose and schedule as
the IP arm. In addition, etoposide, 50 mgm™2, was administered
intravenously over 60min on days 1-3. Filgrastim 50 ugm™? or
lenograstim 2 ugkg™' was subcutaneously injected prophylacti-
cally from day 5 to the day when the WBC count exceeded
10.0 x 10° pl ™. Hydration (2500 ml) and a 5HT; antagonist were
given on day 1, followed by an additional infusion if indicated in
both arms. These treatments were repeated every 3 weeks for a
total of four cycles.

Toxicity assessment, treatment modification and response
evaluation

Toxicity was graded according to the NCI Common Toxicity
Criteria version 2.0. :

Doses of anticancer agents in the following cycles were modified
according to toxicity in the same manner in both arms. Objective
tumour response was evaluated ‘according to the Response
Evaluation Criteria in Solid Tumors (RECIST) (Therasse et al,
2000).

Study design, data management and statistical
considerations

This study was designed as a multi-institutional, prospective
randomised phase II trial. This study was registered on 6
September 2005 in the University hospital Medical Information
Network (UMIN) Clinical Trials Registry in Japan (http://
www.umin.ac.jp/ctr/index.htm), which is acceptable to the Inter-
national Committee of Medical Journal Editors (ICMJE) (http://
www.icmje.org/faq.pdf). The protocol and consent form were
approved by the Institutional Review Board of each institution.
Patient registration and randomisation were conducted at the
Registration Center. No stratification for randomisation was
performed in this study. The sample size was calculated according
to the selection design for pilot studies based on survival (Liu et al,
1993). Assuming that (1) the survival curve was exponential for
survivals; (2) the MST of the worse arm was 12 months and that of
the better arm was 12 months x 1.4; (3) the correct selection
probability was 90%; and (4) additional follow-up in years after the
end of accrual was 1 year, the estimated required number of
patients was 51 for each arm. Accordingly, 55 patients for each arm
and their accrual period of 24 months were planned for this study.

The dose intensity of each drug was calculated for each patient
using the following formula as previously described:

The dose intensity (mg m~? week ™)
__ Total milligrams of a drug in all cycles per body surface area
- Total days of therapy/7

where total days of therapy is the number of days from day 1 of
cycle 1 to day 1 of the last cycle plus 21 days for both arms
(Hryniuk and Goodyear, 1990).

Differences in the reason for termination of the treatment and
the frequencies of grade 3-4 toxicities were assessed by % tests.
Survival was measured as the date of randomisation to the date of
death from any cause or the date of the most recent follow-up for
overall survival and to the date of disease progression or the date
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of death for progression-free survival (PFS). The survival of the
arms was estimated by the Kaplan-Meier method and compared
in an exploratory manner with log-rank tests (Armitage et al,
2002).

RESULTS

Patient characteristics

From March 2003 to May 2005, 55 patients were randomised to IP
and 55 patients to IPE. One patient in the IP arm was excluded
because the patient was ineligible and did not receive the study
treatment. The remaining 109 patients were included in the
analyses of toxicity, tamour response and patient survival. There
were no differences between the two arms in any demographic
characteristics listed (Table 1).

Treatment delivery

Treatment was well tolerated with respect to the number of cycles
delivered in both arms (Table 2). Among reasons for termination
of the treatment, disease progression was noted in nine (17%)

Table | Patient characteristics
P (n=54) IPE (n=55)
Sex
Female I 8
Male 43 47
Age (years)
Median (range) 63 (42-70) 62 (48-70)
PS
0 1 12
I 42 41
2 | 2
Weight loss
0-4% 38 43
5-9% 10 10
210% 6 2
Table 2 Treatment defivery
IP (n=54) IPE (n=55)
No. (%) No. (%)
Number of cycles delivered
6* — 1 (2)
4 41 (76) 36 (65)
3 6 (1) 6(10
2 3(8) 6 (1)
| 4 6(11)
Reasons for termination of the treatment! -
Completion 40 (74) 35 (64)
Disease progression 97 2(4)
Toxicity 3(6) 13 (24)
Patient refusal 2(4) 47
Others 0(0) 1 (2
Total number of cycles delivered 192 (100) 186 (100)
Total number of omission on day 8 35 (18) 37.(17)
Total number of cycles with dose reduction 28 (15) 31 (17

'P=0.013 by x* test. *Protocol violation.
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patients in the IP arm and in two (4%) patients in the IPE arm,
whereas toxicity was noted in three (6%) patients in the IP arm and
13 (24%) patients in the IPE arm (P =0.013) (Table 2). The dose of
irinotecan on day 8 was omitted in 35 (18%) cycles in the IP arm
and 37 (17%) cycles in the IPE arm (Table 2). The total dose and
dose intensity of cisplatin and etoposide were similar between the
IP and IPE arms in the present study (Table 3).

Toxicity
The myelotoxicity was more severe in the IPE arm (Table 4). Grade

3 febrile neutropaenia was noted in 5 (9%) patients in the IP arm
and 17 (31%) patients in the IPE arm (P = 0.005). Packed red blood

Table 3 Total dose and dose intensity

3.week regimens in this study 4-week regimen®

IP (n=54) IPE (n=55) IPE (n=130)
Median (range) Median (range) Median (range)
Total dose (mgm™2)
Cisplatin 240 (60-240) 240 (60-360) 240 (60-240)
Irinotecan 420 (60—480) 390 (60—-720) 563 (60-720)
Etoposide 0 600 (150-900) 600 (150-600)
Dose intensity (mgm ™ week™ ')
Cisplatin 19 (14-25) 20 (16-34) 1S (12—-15)
Irnotecan 33 (14-40) 35 (15-55) 35 (19-45)
Etoposide 0 48 (34-68) 37 (28-38)
From our previous study (Sekine et al, 2003).
Table 4 Grade 3-4 toxicities
IP (n=54) IPE (n=55)
Grade3 4 3+4(%) Grade3 4 3+4(%)
Leukocytopaenia 9 I 10 (19) 18 29 (53)*
Neutropaenia 17 i 28 (52) 24 28 52 (95)*
Anaemia 18 0 18Q5 13 9 25 (45)
Thrombocytopaenia 2 0 2(4) 13 o 1303
Febrile neutropaenia S 0 59 17 0 703
Diarrhoea 8 0 8(I9 I 2 13(Q29)
Vomiting 4 0 4 3 0 3(
Fatigue | 0 Q) 5 o6 (y?
Hyponatraemia 9 3 1222 i 2 13(24)
AST elevation 0 0 0(0) 3 0 3(
CRN elevation ! 0 1 (2) 0 0 0(0

*P<0.001; 'P<001; and P =0.054 by x* test.

1.0 1

o o o
> o ©

Proportion progression free  3»
o
M

0 6 12 18 24 30 36 42
Months
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cells were transfused in 4 (7%) patients in the IP regimen and 14
(26%) patients in the IPE regimen (P=0.011). Platelet concen-
trates were needed in none in the IP regimen and 2 (4%) patients
in the IPE regimen (P =0.16). Grade 3-4 diarrhoea was observed
in 8 (15%) patients in the IP arm and 13 (24%) patients in the IPE
arin (P = 0.262). Grade 3-4 fatigue was more common in the IPE
arm with marginal significance (2 vs 11%, P=0.054). The severity
of other non-haematological toxicities did not differ significantly
between the arms. No treatment-related death was observed in this
study.

Response, treatment after recurrence and survival

Four CRs and 37 partial responses (PRs) were obtained in the IP
arm, resulting in the overall response rate of 76 with 95%
confidence interval (Cl) of 65-87%, whereas six CRs and 42 PRs
were obtained in the IPE arm, and the overall response rate was
87% with a 95% CI of 79-96% (P =0.126). Median PFS was 4.8
months (95% CI, 4.0-5.6) in the IP and 5.4 months (95% CI, 4.8-
6.0) in the IPE arm (P =0.049) (Figure 1A). After recurrence, 22
(44%) patients in the IP arm and 8 (16%) patients in the IPE arm
received etoposide-containing chemotherapy. The MST and 1-year
survival rate were 12.4 months (95% CI, 9.7-15.1) and 54.8% (95%
CI, 41.4-68.2%) in the IP and 13.7 months (95% CI, 11.9-15.5)
and 61.5% (95% CI, 48.6-74.4%) in the IPE arm (P=0.52),
respectively (Figure 1B).

DISCUSSION

This study showed that the IPE regimen in a 3-week schedule with
CSF support produced a promising response rate, PFS and-overall
survival. Haematological toxicity in the IPE arm, however, was
very severe in spite of the G-CSF support with the grade 3 febrile
neutropaenia noted in 31% of patients.

In comparison between the 3-week IPE regimen in this study
and the 4-week IPE regimen in the previous study, the delivery of
cisplatin and etoposide was improved in the 3-week IPE regimen
when compared with the 4-week IPE regimen at the cost of the
irinotecan total dose. The response rate and MST were 87% and
13.7 months, respectively, in the 3-week IPE regimen and 77% and
12.9 months in the previous 4-week schedule, and toxicity profiles
were comparable to each other (Sekine et al, 2003).

The MST of 12.4 months in the IP arm in this study was
comparable to that of the previous phase III study, with an MST of
12.8 months (Noda et al, 2002). Thus, this study showed the
reproducible excellent survival outcome of patients with ED-SCLC
who were treated with the IP combination. In contrast, a recent
American phase III study of the PE regimen vs IP regimen failed to
show the superiority of the IP regimen to the PE regimen; the MST

0]
o o o =
P o )
" . :

Proportion surviving

I
[

0 6 12 18 24 30 36 42 48
Months

Figure | Progression-free survival (A) and overall survival (B). Thick line indicates the IPE regimen and thin line indicates the [P regimen.
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for the PE regimen was 10.2 months and that for the IP regimen
was 9.3 months (Hanna et al, 2006). The discrepancy between the
Japanese and American trials may be explained by the different
cisplatin dose schedules; cisplatin was delivered at a dose of
60mgm™> on day 1 every 3 or 4 weeks in the Japanese trials,
whereas cisplatin was delivered at a dose of 30 mgm™2 on days 1
and 8 every 3 weeks in the American one. A platinum agent
administered at divided doses was associated with poor survival in
patients with ED-SCLC in our previous randomised phase II study
(Sekine et al, 2003).

The issue of adding further agents to the standard doublet
regimen has been investigated in patients with ED-SCLC. The
addition of ifosfamide or cyclophosphamide and epirubicin to the
cisplatin and etoposide combination produced a slight survival
benefit, but at the expense of greater toxicity (Loehrer et al, 1995;
Pujol et al, 2001). Phase III trials of cisplatin and etoposide with or
without paclitaxel showed unacceptable toxicity with 6-13% toxic
deaths in the paclitaxel-containing arm (Mavroudis et al, 2001;
Niell et al, 2005). The results in these studies and the current study
are consistent in the increased toxicity despite the G-CSF support
and no definite survival benefit in the three or four drug
combinations over the standard doublet in patients with ED-SCLC.
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In conclusion, the IPE regimen was marginally more effective
than the IP regimen, but was too toxic despite the administration
of prophylactic G-CSF.
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Summary: The vitamin D receptor (VDR) is a transcriptional factor responsive to la,25-dihydroxyvit-
amin D; and lithocholic acid, and induces expression of drug metabolizing enzymes CYP3A4, CYP2B6
and CYP2C9. In this study, the promoter regions, 14 exons (including 6 exon 1’s) and their flanking in-
trons of VDR were comprehensively screened for genetic variations in 107 Japanese subjects. Sixty-one
genetic variations including 25 novel ones were found: 9 in the 5’-flanking region, 2 in the 5 -untranslated
region (UTR), 7 in the coding exons (5 synonymous and 2 nonsynonymous variations), 12 in the 3-UTR,
19 in the introns between the exon 1’s, and 12 in introns 2 to 8. Of these, one novel nonsynonymous varia-
tion, 154A >G (Met52Val), was detected with an allele frequency of 0.005. The single nucleotide poly-
morphisms (SNPs) that increase VDR expression or activity, -29649G > A, 2T >C and 1592(*308)C> A
tagging linked variations in the 3'-UTR, were detected at 0.430, 0.636, and 0.318 allele frequencies, re-
spectively. Another SNP, -26930A > G, with reduced VDR transcription was found at a 0.028 frequency.
These findings would be useful for association studies on VDR variations in Japanese.

Key words: VDR; SNPs; nonsynenymous variation; Japanese

Introduction

The vitamin D receptor (VDR) is a nuclear receptor,
which acts as a transcriptional factor upon binding of
the active form of vitamin D, la,25-dihydroxyvitamin
D, [1,25(0OH),D,], and lithocholic acid.'"? Ligand-acti-

As of August 16, 2007, the novel variations reported here are not
found in the database of Japanese Single Nucleotide Polymorphisms
(http:/snp.ims.u-tokyo.ac.jp/), dbSNP in the National Center for
Biotechnology Information (http:/www.ncbi.nlm.nih.gov/SNP/), or
PharmGKB Database (http:/www._pharmgkb.org/).

This study was supported in part by the Program for the Promotion of
Fundamental Studies in Health Sciences from National Institute of
Biomedical Innovation and the Health and Labor Sciences Research
Grants from the Ministry of Health, Labor and Welfare.

vated VDR forms a heterodimer with retinoid X recep-
tor, binds to the vitamin D responsive-element and in-
duces expression of its target genes, resuiting in partial
arrest in Go/G, of the cell cycle, induction of differentia-
tion, or control of calcium homeostatis and main-
tenance of bone. In addition, VDR has been shown to
be involved in induction of drug metabolizing enzymes
CYP3A4, CYP2B6 and CYP2C9 in human primary
hepatocytes,>® and CYP3A4 in intestinal cell lines.”
VDR and pregnane X receptor share 63% amino acid
sequence identity in their DNA binding domains.? Like
pregnane X receptor and constitutive androstane recep-
tor, VDR transactivates CYP3A4 through binding to its
distal DR3 and proximal ER6 elements.*® Recently,
CYP3A4 has been shown to catalyze hydroxylation of
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1,25(OH),D; in human liver and intestine, suggesting
negative feedback control of 1,25(0OH),D; action.®

The VDR gene consists of 6 exon 1’s (exons 1f, le, la,
1d, 1b, and Ic in this order) and 8 other exons (exons 2
to 9), and spans approximately 100 kb at chromosome
12q13.11.7 The VDR protein is expressed in many tis-
sues including kidney, skin and liver.” Alternative usage
of exon 1’s yields 14 transcripts including 3 major types:
exon la-lc, exon 1d-1c or exon 1f-1c combinations, fol-
lowed by common exons 2-9.” A translational initiation
codon in exon 2 is used in transcripts starting from exon
la or 1f. In the transcript from exon 1d (1d transcript),
translation could initiate from the ATG codon in exon
1d, generating an active protein 50 amino acids longer
than that from the exon la- or 1f-containing transcript
(la or 1f transcript).”® However, the 1d and 1f tran-
scripts are assumed to be minor (expression levels were
less than 10 and 20%, respectively, of the la tran-
script).”

Genetic polymorphisms of transcriptional factors in-
volved in induction of drug metabolizing enzymes could
influence their expression levels, and as a result drug
pharmacokinetics/pharmacodynamics. As for VDR,
several polymorphisms with functional significance have
been reported.” For example, the single nucleotide poly-
morphism (SNP) 2T > C (Fokl polymorphism) in the
first ATG codon of la and If transcripts results in
generation of a three amino acid shorter protein, which
has a significantly higher transcriptional activity than
the longer transcript.”'? Another SNP -29649G > A up-
stream of exon le (thus exons la and 1d) is located in
the Cdx2 (an intestinal transcriptional factor)-binding
element. This nucleotide change facilitates Cdx2 bind-
ing, resulting in increased VDR transcription.®!"

Recently, Nejentsev et al. resequenced VDR and
found 245 genetic variations in Caucasians (Britons).'?
However, no comprehensive screening of VDR poly-
morphisms has been reported for Asian populations in-
cluding Japanese. In this study, we searched for VDR
variations by resequencing the promoter regions, all 14
exons and their surrounding introns from 107 Japanese
subjects.

Materials and Methods

Human genomic DNA samples: One hundred and
seven Japanese cancer patients administered paclitaxel
were analyzed. Written informed consent was obtained
from all subjects. The ethical review boards of the Na-
tional Cancer Center and the National Institute of
Health Sciences approved this study. DNA was extract-
ed from whole blood, which was collected from the
patients prior to paclitaxel administration.

SNP57 (463)

DNA sequencing

Amplification of exon 1’s, and exons 2 to 6: First,
three sets of PCRs were separately performed to ampli-
fy exons If to 1b (Mix 1 primer set), the Cdx2 region
(Mix 2), and exons Ic to 6 (Mix 3) from 50 ng of genom-
ic DNA using 1.25 units of Z-Taq (Takara Bio Inc., Shi-
ga, Japan) with 2 uM of each primer designed in the in-
tronic regions (Table 1, 1st PCR). The first PCR condi-
tions were 30 cycles of 98°C for 5 sec, 55°C for § sec,
and 72°C for 190 sec. Next, exon !’s and exon 2 with
high GC content were amplified separately from the 1st
PCR product as a template with 2.5 units of LA-Taq
(Takara Bio Inc.) in GC buffer I and | uM of each
primer (2nd PCR in Table 1). For the Cdx2 region and
exons 3 to 6, PCR reactions were performed using Ex-
Taq (1 unit, Takara Bio Inc.) and 0.4 uM of primers in
Table 1. The second PCR conditions were 94°C for §
min, followed by 30 cycles of 94°C for 30 sec, 60°C for
1 min, and 72°C for 2 min, and then a final extension
for 7 min at 72°C.

Amplification of exons 7 to 9: These exons were di-
rectly amplified from 50 ng DNA. Amplification was
performed with Ex-Taq for exons 7 to 8, 9-1 and 9-3,
and with LA-Taq in GC buffer I for exon 9-2. Primer
concentrations, polymerase units and PCR conditions
were the same as described above for the second round
PCR.

Sequencing: PCR products were treated with a PCR
Product Pre-Sequencing Kit (USB Co., Cleveland, OH,
USA) and directly sequenced on both strands using an
ABI BigDye Terminator Cycle Sequencing Kit ver. 3.1
(Applied Biosystems, Foster City, CA, USA) with se-
quencing primers listed in Table 1 (Sequencing). Excess
dye was removed by a DyeEx96 kit (Qiagen, Hilden,
Germany) and the eluates were analyzed on an ABI
Prism 3730 DNA Analyzer (Applied Biosystems). All
novel SNPs were verified by sequencing PCR products
obtained by a new genomic DNA amplification. Under
the conditions used, up to 1,640 bases upstream of exon
If, up to 4,090 (4,460) bases upstream of exon la (1d),
all exons and their flanking introns were successfully se-
quenced for all subjects. VDR genomic sequence (NT_
029419.11) and cDNA sequence (exon la-1¢ transcript,
NM_000376.2) obtained from GenBank were used as
reference sequences. Nucleotide positions based on
cDNA sequence were numbered from the adenine of the
translational start site (10416202 in NT_029419.11 and
161 in NM_000376.2) or the nearest exons (for introns 2
to 8).

Other analysis: Hardy-Weinberg equilibrium and
linkage disequilibrium (LD) analyses were performed
with SNPAlyze version 3.1 (Dynacom Co., Yokohama,
Japan), and pairwise LDs between variations were ob-
tained for rho square (%) values. P-values for Hardy-
Weinberg equilibrium were corrected by false-discovery
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Table 1. Primers used for sequencing VDR
se(?lf:shc?legeziron Forward primer (5’ to 3’) Reverse primer (5’ to 3’) 13;??1::)
1st PCR Mix 1 Exon If TTGTTGACTCTCCTGGCTTTATCAG CCAGTCACTTTGAAGAGAAACCTGC 3,823
Exon le, 1a, 1d, 1b TGGTCCCTTCTGTCTTTCTAACTCC TTGGGAGGATGTAGAACCGTGGGAT 10,421
Mix 2 Cdx2 ACTGGTGGTGCCCTACTCTTTCT TTGGGAGGATGTAGAACCGTGGGAT 11,835
Mix 3 Exon Ic to Exon 2 GCTAAAAGTGGCAGAAAACATCCTG TTGTGTTGACAGAGAGACCCCAAGT 5,476
Exon 3 TAGCATCCTTACTTCTCATAGCGGC CCTGTTCTGTGACTTATCCTCTGTC 2,556
Exons 4 to 6 TGGTGTGGCTGGCAGAAACAGGTCT TCTCTCAAAGTGTTGGGATAGGCAT 4,847
Exons 7 to 8 AACACTCTTGTCCCTTCCAG TCTGTGTCTCCTTTTGCTAC 753
Exon 9-1 GTCAGCAGTCATAGAGGGGT CAGATGGAGAAGATGCGGCT 1,327
Exon 9-2 AGAGGGTCTGGAGAAGCAGT AATGAGGGGATTGACTCGTT 1,012
Exon 9-3 TCTTCAGTGGGAGAAAACAC CTGTCAAATGGGGGTAATAA 1,417
2nd PCT Exon If GAACCCTTTTCTCTGCCCTCACCTT AGACAGAGGACTGGAGAAGGAGATA 606
ACTCTGCTCCTTCACCACCTCTACA AAACTGAGTGCGTGTGAGTGAGAGA 628
GCTGGAGGTGTTGAACTGGTTGCTT CGCATACCCGACACTTGTTCACCTC 851
Cdx 2 GTAATCCTTCCACCTCAACTTCCTA CCACAGAGTCCAAAGAAAGGCAGGG 1,148
Exon le AGAGGAGAGGGTCTGGAGAG TTCCAACCACCAATACCTTG 640
Exon le to la GCAGAGAATGTCCCAAGGTA GACCGTCGTCCATAGGGCAA 1,411
Exon lato 1d AGAAGCGTGCCTTGCCCTAT CTGAACATCTATTGACAGGC 871
Exon 1b CTGGAAGGCAAATAGGAAAC GCCGTGTAAAGCAGTGGTTA 368
Exon Ic GCTGTGAGAGGAGAAGGAGT GCAAAATCCTGGGTGGTATC 517
Exon 2 GTGAACCACTAAACCCAAAT GAAGGAGATGTGAAAAATGC 528
Exon 3 TCTGTTGGAGAAATGGAGAC GCCTCTGACACCAACACACA 478
Exons 4to 5 TGCCTTCCTTTTCACCATAG AGAGGGGCTGTTGTGAAGAC 912
Exon 6 TGAAAGAGGCAGAGAGAGTC GGTTATAGTGAGCCAAGATAGTG 719
Sequencing Exon If GAACCCTTTTCTCTGCCCTCACCTT AGACAGAGGACTGGAGAAGGAGATA
ACTCTGCTCCTTCACCACCTCTACA AAACTGAGTGCGTGTGAGTGAGAGA
GCTGGAGGTGTTGAACTGGTTGCTT CAGGACAGCAGGACCTTCAGGGAAC
CACTGACTCTCACCTTCCTTTCCTC  CGCATACCCGACACTTGTTCACCTC
GGTGGCTCCCTCCTGCTGTGTGG
Cdx2 AGGAAGGAAGGAAAAGAGGAT TGGAGTTAGAAAGACAGAAGGGACC
Exon le TGTTTTTTAGAGGCAGCAT TTCCAACCACCAATACCTTG
TAGAGGCAGCATGAAACAGT GATGGATGGATTCTCTACCT
Exon le to la GCAGAGAATGTCCCAAGGTA CTCACAAAATCATCCAGCAG
CTGGCTAAAGGAGGTCATCG CGCTCGCCAACCTGTTACTG
CAGTAACAGGTTGGCGAGCG GACCGTCGTCCATAGGGCAA
CGACTGCTGGATGATTTTGT CGATGATTATAGGTGCGGAT
Exon la AGCGTGCCTTGCCCTATGGA TTTACCGCTGAGACTTAGAC
ERxon 1d AAACTTGGCTACTGAGGTCC TAAAAGACCCAACTCCACC
Exon tb CTGGAAGGCAAATAGGAAAC GCCGTGTAAAGCAGTGGTTA
Exon Ic CTTCCCACTGCTCCTGCTAC GGTGGTATCCCTTCCTTCCC
Exon 2 GTGAACCACTAAACCCAAAT GAAGGAGATGTGAAAAATGC
Exon 3 TCTGTTGGAGAAATGGAGAC GCCTCTGACACCAACACACA
Exon 4 TGCCTTCCTTTTCACCATAG CGTCCCTACCCCAGTTCTGT
Exon 5§ ACAGAACTGGGGTAGGGACG AGAGGGGCTGTTGTGAAGAC
Exon 6 TGAAAGAGGCAGAGAGAGTC, GAAGTTTCTTACCTGAATCCTGG
Exon 6 CACTCATCCACCACTTCTTT TGGTGTCTGGTGCCTGTAATCCC
Exons 7to 8 AACACTCTTGTCCCTTCCAG TCTGTGTCTCCTTTTGCTAC
Exon 9-1 GGTGCTGCCGTTGAGTGTCT ACATCAGTCAGCAGCCACTT
AAGTGGCTGCTGACTGATGT GAAGATGCGGCTCACTGCTT
Exon 9-2 AGCCGCATCTTCTCCATCTG GCCGCATTCCCCAAACTCAA
TTGAGTTTGGGGAATGCGGC AATGAGGGGATTGACTCGTT
Exon 9-3 TCTTCAGTGGGAGAAAACAC ATGTTGGTCAGGTTGGTCTC
GGAGGCTGAGGCAGAAGAAT CCAGGGCTGAGTAACTGATA
CTGTCAAATGGGGGTAATAA

CCTGCCTTCTTCGGGGAACT
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Table 2. Summary of VDR variations detected in this study

SNP ID Position
. - : Amino acid Allele
) dbSNP Location From {he‘ translational Nucleotide change change frequency
This Study (NCBI) NT_029419.11 start site® or from the (n=214)
end of the nearest exon
MPJ6_VDR_001  rs4547172  5’-flanking 10481728 -65526 tecatatttatcT/Crtttatacttct 0.238
MPJ6_VDR_002  rs4583039  5’-flanking 10481720 -65518 tatccttttataC/Tttctttcaagt 0.252
MPJ6_VDR_003  rs7970376  5’-flanking 10481502 -65300 cattaaacagatG/Atatcatcatctg 0.037
MPJ6_VDR_004  rs4237856  5’-flanking 10481356 -65154 cccaggetcageT/Ggecctttgacat 0.196
MPj6_VDR_005* 5‘-flanking 10480937 -64735 tgtgccaggtagG/Cegtggtgeccee 0.028
MPJI6_VDR_006  rs3923693  5‘-flanking 10480935 64733 tgccaggtaggeG/ Atggtgececege 0.327
MPJ6_VDR_007  rs4073726  5’-flanking 10480623 -64421 cgtecteectggG/ Ceaagecatctee 0.037
MPJ6_VDR_008* 5’-flanking 10480382 -64180 cttetggtgeeeC/Geetgetecctea 0.061
MPJ6_VDR_009  rs4073729 5’-ﬂankingb 10480375 -64173 tgeeeccetgetC/Tetcatggecag 0.229
MPJ6_VDR_010 rs11168297 inton 1f-le 10446202 -30000 gtactgggattaC/Taggcctgageca 0.028
MPJ6_VDR_011 1517880972 inton Hf-1¢® 10446166 -29964 aggatttttaatA/Gtgtattttggg 0.028
MPJ6_VDR_012 rs11568820 inton !f-1e® 10445851 -29649 (Cdx2) aactaggtcacaG/Ataaaaacttatt 0.430
MPIJ6_VDR_013* inton 1f-1¢° 10445734 -29532 cattctatttttA/Gecatctggaaca 0.005
MPJ6_VDR_014* inton 1f-1¢® 10445338 -29136 catggggacaggG/Atctctgggagac 0.005
MPJ6_VDR_015 rs11614332 inton If-1¢° 10445204 -29002 gatgaggacaggC/Ttgcagtectgtg 0.028
MPIJ6_VDR 016 inton le-1a° 10443873 227671 aacaaaggctgtG/Aaaaaaagactaa 0.028
MPJ6_VDR_0IT inton le-12° 10443771 -27569 gtcaageaccacA/Taaagtgacttct 0.028
MPJ6_VDR_018 157139166 inton fe-12° 10443640 -27438 tagcttteccacG/Catgettegggea 0.028
MPJ6_VDR_019* inton le-1a® 10443419 27217 cagtgcttaacaA/Gacttcactgttg 0.005
MPI6_VDR 020  rsd516035 inton le-12° 10443132 -26930 (GATA) gegaatageaatA/Gtetteeetgget 0.028
MPJ6_VDR_021 1511574006 inton le-12° 10442825 -26623 tgccacgggeeeG/ Tagggggaaggcy 0.023
MPJ6_VDR_022 1511574007 inton le-1a®  10442819_10442818 -26617_-26616 g8gcegegggegs/insG/aaggeggaactc 0.014
MPJ6_VDR_023  rs11574007 inton le-12° 10442819_10442818 -26617_-26616 gegcregesgge/insGG/aaggeggaacte 0.023
MPI6_VDR_024' inton le-1a° 10442795 -26593 cgggaccagggaC/Teagggaagetga 0.028
MPJ6_VDR_025* inton le-12° 10442587 -26385 tggcgageggagC/Tecgggatttece 0.028
MPI6_VDR_026" inton le-12° 10442542 -26340 cggtgecagtcgG/ Teaggegeccece 0.023
MPJ6_VDR_027 1sl1574012 inton 1d-1b° 10441601 -25399 gatcacctgtgaT/Cggtagagttegg 0.093
MPJ6_VDR_028  rs11168293 exolle_rlb 10437022 -20820 agcccagetggaC/Aggagaaatggac 0.028
(5'-UTR)
MPJ6_VDR_029" exon 1b 10436972 -20770 ccaggeeccgtgC/Tacattgettige 0.014
(5'-UTR)
MPJ6_VDR_030 1511168292 inton 1b-1c” 10436911 -20709 aagtacagttatG/Cttctctagcagg 0.028
MPJ6_VDR_031 1510735810 exon 2 10416201 2 (Fokl) ticttacagggaT/Cggaggcaatgge Translational 0.636
start site change

MPJ6_VDR_032 rs10783218 intron-2 10416049 IVS2+8 ttcaggtgageeC/ Ttecteecagget 0.065
MPJ6_VDR_033* intron 2 10415986 1VS2+71 tecatgaagggaG/Accettgeatttt : 0.005
MPJ6_VDR_034' exon 3 10402259 154 ggcaggcgaagcA/Gtgaageggaagg Met52Val 0.005
MPJ6_VDR_035 rs11168267 intron 3 10394848 1VS3-71 ggacctttacccC/Tcaaccgeaggag 0.151
MPJ6_VDR_036 1511168266 intron 3 10394839 IVS3-62 cccccaaccgcaG/Agaggaaggttte 0.360
MPJ6_VDR_037* intron 3 10394802 1v83-25 ctggecageectC/Tetgactecectt 0.005
MPJ6_VDR_038' intron 4 10394565 IVS4+28 gagaggatgagcC/Tggtecagaggag 0.014
MPJ6_VDR_039* exon § 10394225 576 teactgtatcacC/Ttcticaggtaag Thr192Thr 0.005
MPJ6_VDR_040" intron 6 10392586 1VS6+133 cttgetetgtcaC/Tgeaggctggagt 0.014
MPJ6_VDR_041  rs11168265 intron 6 10392565 IVS6+ 154 gagtgcagtggcG/ Acgatcteggcte 0.150
MPJ6_VDR_042  rs11574093 intron 6 10392429_10392428 1VS6+290_291 atttatttattt/insATTT/ttatttttettc 0.187
MPJ16_VDR_043 exon 7 10383807 846 cttcaccatggaC/Tgacatgtcctgg Asp282Asp 0.005
MPJ6_VDR_044 1511574113 intron 8 10382206 IVS8-112 catagaggggtgG/Cectaggggstge 0.154
MPJ6_VDR_045° intron 8 10382176 1VS8-82 ttgagtgtetgtG/Atgggtegaggst 0.047
MPJ6_VDR_046  rs7975232 intron 8 10382143 1VS8-49 (Apal) tgagcagtgagg G/ Tecccagetgaga 0.318
MPI6_VDR_047 15731236 exon 9 10382063 1056 (Tagql) cgecgegetgatT/Cgaggecatecag Te352lle 0.164
MPJ6_VDR_048" exon 9 10381988 1131 ccegggeagecaC/Tetgetctatgee His377His 0.005
MPJ6_VDR 049 152229829 exon 9 10381913 12067 caagcagtaccgC/Atgectetecttc Argd02Arg 0.014
MPJ6_VDR_050 15739837 3-UTR 10381527 1592 (*308)° ctecaccgetgeC/Ataagtggetget 0.318
MPJ6_VDR_051  rs3847987 3.UTR 10381374 1745(°461)° gataaataatcgG/Tcccacagetece 0.154
MPI6_VDR_052 3'-UTR 10381348 1771 (*487)° ceccacceecttC/Tagtgeccaccaa 0.005
MPJ6_VDR_053* 3'-UTR 10381047 2072 (*788)° cgacctegtectC/Accectgecagtg 0.005
MPJ6_VDR_054 1511574125 3-UTR 10381042 2077 (*793) tegtectecoee/delT/gecagtgectta 0.318
MPJ6_VDR_055* 3-UTR 10330870 2249 (*965)° gaagaattttcaG/Caccccagegget 0.005
MPJ6_VDR 056 rs11574129 3-UTR 10380609 2510 (*1226)° tcaagtgcatgeT/Cetctgeagecag 0.126
MPJ6_VDR_057 rs11574131 3-UTR 10380516 2603 (*1319) aggtgtgcaggaC/Teggtacagaaag 0.042
MPJ6_VDR_058 59729 3'-UTR 10379929 3190 (*1906)° aatcccctcattC/Aaggaaaactgac 0.322
MPl6_VDR_059* 3-UTR 10379840 3279 (*1995)° geggtggetcacG/Acctgtaatecca 0.005
MPJ6_VDR_060  rs2853562 3-UTR 10379692 3427 (*2143) catggtggcgeaA/Tgectgtaateee 0.322
MPJ6_VDR_061* 3-UTR 10379608 3511 (*2227F tgagatcgtgecG/Attactctecaac 0.037

*Novel variations detected in this study.

¢ intronic region between the two exon 1’s indicated.
°The position with an asterisk in parenthesis is numbered from the translational termination codon TGA.
%The translational start site in exon 2 was used for numbering according to NM_000376.2.
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rate methods.'?
Results and Discussion

We found 61 genetic variations, including 25 novel
ones, from 107 Japanese subjects (Table 2). Of them, 9
were located in the 5/-flanking region of exon If, 19 in
the introns between the exon 1’s, 2 in the 5’-untransla-
ted region (UTR), 7 in the coding exons (5 synonymous
and 2 nonsynonymous variations), 12 in the 3’-UTR,
and 12 in introns 2 to 8. All observed allele frequencies
were in Hardy-Weinberg equilibrium (p>0.05) after
correction for multiple comparison, except for 3 linked
variations -27671G> A, -26593C>T and -26385C>T.
Deviations from equilibrium were derived from an un-
expected occurrence of one minor allele homozygote in
these low frequency variations. However, the occur-
rence at these positions was confirmed by repeated se-
quencing.

One novel nonsynonymous variation, 154A>G
(Met52Val), was found heterozygously with an allele
frequency of 0.005. The Met52Val is found in the
nuclear localization signal between two zinc finger
regions.'? Furthermore, the precedent amino acid Ser51
is phosphorylated by protein kinase C, which could
modulate the VDR binding to the vitamin D responsive-
element and transactivation activity.'? Thus, functional
significance of this Met52Val variation should be clari-
fied in future studies.

One known nonsynonymous SNP, 2T > C (the Fokl
polymorphism) that results in increased transcriptional
activity, was also detected at a 0.636 allele frequency,
which is similar to frequencies reported for Japanese
women (0.59)'2 and Caucasians (0.62),'® but slightly
higher than that in Chinese (0.53)'” and lower than that
in African-Americans (0.79).'9

Other functionally relevant SNPs are -29649G > A
and -26930A>G. The SNP -29649G > A, leading to
higher affinity for Cdx2 and increased VDR transcrip-
tion, was detected at a 0.430 frequency, which is higher
and lower than those in Caucasians (0.17) and Africans
(0.75), respectively.!® By luciferase reporter and elec-
trophoretic mobility shift assays, the other SNP
-26930A > G was shown to two-fold reduce VDR tran-
scription with decreased binding affinity to a GATA
protein.'® The allele frequency of this variation was
0.028, which is comparable to that in Africans (0.06)
but considerably lower than that in Caucasians (0.43).'®
Since GATA family proteins are expressed in many tis-
sues,!® this variation might be important for interin-
dividual differences in VDR expression levels.

Fang et al. (2005) reported that the 3’-UTR SNPs
1592(*308)C > A, 2077(*793)delT, 3190(*1906)C> A,
3387(*2103)_3406(*2122)A2> A3« and 3427(*2143)
A>T were in high LD in Caucasians, and that the ma-
jor haplotype 1592(*308)C-2077(*793)T-3190(*1906)

Maho Uxkail, et al.

C-3387(*2103)_3406(*2122)A,,-3427(*2143)A showed a
15% lower level and 30% faster decay of VDR mRNA
than the minor reciprocal haplotype.!® However, the
variation responsible for these functional alterations has
not been identified. In our hands, the polymorphism
3387(*2103)_3406(*2122)A> Aj124 could not be pre-
cisely genotyped by direct sequencing and thus is not
listed in Table 2. However, the four other SNPs were in
very high LD (#=0.979) also in our Japanese popula-
tion. Note that IVS8-49G > T (known as the Apal poly-
morphism)® also linked to these four variations
(*=0.979). Thus, VDR mRNA stability is probably in-
fluenced by this haplotype also in Japanese. The tagging
SNP 1592(*308)C> A (or 1VS8-49G >T) was detected
at a 0.318 frequency, which is lower than that in Cauca-
sians (0.55).'® Moreover, it was shown that this SNP
was also closely linked to IVS8+ 283G > A (the Bsml
polymorphism).'® :

In conclusion, we identified 61 genetic variations, in-
cluding 25 novel ones, from 107 Japanese subjects in
VDR. One novel variation results in an amino acid sub-
stitution. Close associations of 5 SNPs [(IVS8-49G> T,
1592 (*308) C> A, 2077 (*793) delT, 3190 (*1906)C > A,
and 3427(*2143)A>T] were also shown in Japanese.
This information would be useful for pharmacogenetic
studies to investigate the associations of VDR variations
with interindividual differences in drug metabolism
catalyzed by VDR-regulated drug metabolizing enzymes
in Japanese.
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Epidermal Growth Factor Receptor Mutation Detection Using
High-Resolution Melting Analysis Predicts Outcomes in
Patients with Advanced Non-Small Cell Lung Cancer
Treated with Gefitinib
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Abstract

Purpose: Epidermal growth factor receptor (EGFR) mutations, especially deletional mutations in
exon 19 (DEL) and L858R, predict gefitinib sensitivity in patients with non — small cell lung cancer
(NSCLC). In this study, we validated EGFR mutation detection using high-resolution meiting
analysis (HRMA) and evaluated the associations between £GFR mutations and clinical outcomes
in advanced NSCLC patients treated with gefitinib on a larger scale.

Experimental Design: The presence of DEL or L858R was evaluated using HRMA and paraf-
fin-embedded tissues and/or cytologic slides from 212 patients. In 66 patients, the results were
compared with direct sequencing data.

Results: HRMA using formalin-fixed tissues had a 92% sensitivity and a 100% specificity. The
analysis was successfully completed in 207 patients, and DEL or L858R mutations were detected
in 85 (41%) patients. The response rate (78% versus 8%), time-to-progression (median, 9.2
versus 1.6 months), and overalt survival (median, 21.7 versus 8.7 months) were significantly better
in-patients with £GFR mutations (P ¢ 0.001). Even among the 34 patients with stable diseases,
the time-to-progression was significantly longer in patients with EGFR mutations. Patients with
DEL (n = 49) tended to have better outcomes than those with L858R (n = 36); the response
rates were 86% and 67%, respectively (P = 0.037), and the median time-to-progression was
10.5 and 7.4 months, respectively (P = 0.11),

Conclusions: HRMA is a precise method for detecting DEL and L858R mutations and is useful

for predicting clinical outcomes in patients with advanced NSCLC treated with gefitinib.

Gefitinib (Iressa; AstraZeneca) is an orally active, selective
epidermal growth factor receptor (EGFR) tyrosine kinase
inhibitor. Phase Il studies have shown gefitinib antitumor
activity in patients with advanced non-small cell lung cancer
(NSCLC; refs. 1, 2). Several studies have shown that the
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response rate to gefitinib is higher in women, patients with
adenocarcinoma, never smokers, and Japanese or East Asians
{1-3); subsequently, somatic mutations in the kinase domain
of EGFR were suggested to be a determinant of gefitinib
sensitivity (4, 5). Since then, many retrospective studies have
consistently revealed that EGFR mutations, mainly in-frame
deletions including amino acids at codons 747 to 749 in exon
19 (DEL) and a missense mutation at codon 858 (L858R) in
exon 21, are associated with tumor response, time-to-progres-
sion, and overall survival in NSCLC patients treated with
gefitinib (6-8).

In our previous study, which clearly showed a correlation
between EGFR mutations and gefitinib sensitivity in patients
with recurrent NSCLC after surgical resection of the primary
tumor (6), we used methanol-fixed, paraffin-embedded surgical
specimens and did laser capture microdissection and direct
sequencing, which we considered to be the most precise
methods available for identifying mutations at that time.
However, these methods are not useful in clinical practice for
the treatment of advanced NSCLC for two reasons. First, .
the diagnostic samples of advanced NSCLC tumors, unlike
surgical specimens, contain a small amount of tumor cells and
are highly contaminated with normal cells. Second, laser
capture microdissection and direct sequencing require special
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Table 1. Patient characteristics (N = 212)
n (%)

Age (y).

Median (range) 62 (29-84)
Sex

Women 92 (43)

Men 120 (57)
Smoking history*

Never smokers 96 (45)

Former smokers 38 (18)

Current smokers 78 (37)
Histology

Adenocarcinoma 193 (91)

Others 19 (9)
Performance status

0 59 (28)

1 123 (58)

2 22 (10)

3 8 (4)
Stage

111 42 (20)

v 75 (35)

Recurrence after surgery 95 (45)
Gefitinib therapy

First line 89 (42)

Second line 66 (31)

Third or more line 57 (27)
*Never smokers were defined as patients who have never had a
smoking habit and former smokers were defined as patients who
had stopped smoking at least 1 y before diagnosis.
T At the beginning of gefitinib therapy.

instruments and cost time and money. Recently, high-resolu-
tion melting analysis (HRMA) using the dye LCGreen I (Idaho
Technology) was introduced as an easy, quick, and precise
method for mutation screening (9), and we established a
method for detecting DEL and L858R mutations using HRMA.
Our cell line study revealed that DEL and L858R mutations
could be detected using HRMA in the presence of 10% and
0.1% mutant cells, respectively (10). We also showed that the
two major mutations could be identified by HRMA using DNA

extracted from archived Papanicolaou-stained cytologic slides
with 88% sensitivity and 100% specificity (10).

In this study, we validated EGFR mutation detection by
HRMA using DNA extracted from archived paraffin-embedded
tissues. We also did the HRMA in advanced NSCLC patients
treated with gefitinib on a larger scale using archived tissues
and/or cytologic slides.

F_'atients and Methods

Patients. Among 364 consecutive patients with NSCLC who began
receiving gefitinib monotherapy (250 mg/d) at the National Cancer
Center Hospital between July 2002 and December 2004, 212 patients
were retrospectively analyzed using HRMA. One hundred fifty-two
patients were excluded from the analysis because tumor samples were
not available (n = 126) or their informed consent to the genetic analysis
was not obtained (n = 26).

High-resolution melting analysis. On a protocol approved by the
Institutional Review Board of the National Cancer Center Hospital, we
did the following genetic analyses. Formalin-fixed, paraffin-embedded
tissues and/or Papanicolaou-stained cytologic slides containing suffi-
cient tumor cells (at least 1% of nucleated cells) were selected after
micoscopic examination by a pathologist (K.T.). The detailed analysis
method has been described previously (10). Briefly, DNA was extracted
from the tissues and/or cytologic slides using a QlAamp DNA Micro kit
(Qiagen). PCR was done using dye LCGreen I and primers designed to
amplify a region containing E746-1759 of EGFR [DEL-specific primer,
AAAATTCCCGTCGCTATC (forward) and AAGCAGAAACTCACATCG
(reverse)] or L858 of EGFR [L858R-specific primer, AGATCACA-
GATTTTGGGC (forward) and ATTCTTTCTCITCCGCAC (reverse)] on
a LightCycler (Roche Diagnostics). The PCR products were denatured
at 95°C for 5 min and cooled to 40°C to form heteroduplexes.
The LightCycler capillary was then transferred to an HR-1 (Idaho
Technology), a HRMA instrument, and heated at a transition rate of
0.3°C per second. Data were acquired and analyzed using the
accompanying software (Idaho Technology). After normalization and
temperature adjustment steps, melting curve shapes from 78.5°C to
85.5°C were compared between samples and control samples. Human
Genomic DNA (Roche Diagnostics) was used as a control sample with
wild-type (WT) EGFR. Samples revealing skewed or left-shifted curves
from those of control samples were judged to have mutations. All
analyses were done in a blinded fashion.

Table 2. Clinical validation of HRMA and direct sequencing without laser capture microdissection

HRMA without LCM

Direct sequencing without LCM (6)

Formalin-fixed Methanol-fixed Cytologic
tissues tissues slides (10)
n 66 66 29 66
Successfully analyzed, n (%) 63 (95) 66 (100) 28 (97) 66 (100)
True positive 34 36 14 28
True negative 26 29 12 29
False positive 0 0 0 0
Faise negative 3 1 2 9
Sensitivity (%) 92 97 88 76
Specificity (%) 100 100 100 100
Positive predictive value (%) 100 100 100 100
Negative predictive value (%) 90 97 86 76

Abbreviation: LCM, laser capture microdissection.

NOTE: The results of these analyses were compared with those of direct sequencing with LCM (used as the “gold standard” method). True
positive is defined as the correct detection of deletional mutations in exon 19 or L858R.

Clin Cancer Res 2007;13(18) September 15, 2007

5386

www.aacrjournals.org



New Method to Detect EGFR Mutations in Advanced NSCLC

Table 3. EGFR mutations among patient
subgroups

n EGFR mutations P
DEL L858R Total %
Total 207 49 36 85 41
Sex
Women 89 31 17 48 54 0.001
Men 118 18 19 37 31
Smoking history
Never smokers 93 30 19 49 53 0.002*
Former smokers 38 12 10 22 58
Current smokers 76 7 7 14 18
Histology
Adenocarcinoma 189 48 35 83 44 0.007
Others 18 1t 1% 2 11

*Comparison between never smokers and others.
' Pleomorphic carcinoma.
t Adenosquamous carcinoma.

Clinical validation of HRMA. Direct sequencing with and without
laser capture microdissection had been done in 66 patients with
recurrent NSCLC after surgery in the previous study (6). In these
patients, HRMA was done using both formalin-fixed and methanol-
fixed surgical specimens without laser capture microdissection, and the
results were compared with the results of direct sequencing with laser
capture microdissection, which we considered to be the gold standard
method.

Radiologic evaluation. One board-certified radiologist (U.T.) who
was unaware of the patients’ mutational statuses reviewed the baseline,
the first follow-up, and confirmatory imaging studies and classified the
tumor responses into complete response (CR), partial response (PR),
stable disease (SD), and progressive disease (PD) using standard
bidimensional measurements (11). In patients without measurable
lesions, significant clinical benefit and disease progression were defined
as clinical PR and dinical PD, respectively. Patients who died before the
follow-up imaging studies were dassified as PD. SD was subdivided
into minor response (MR), long SD, and short SD. MR was defined as
a 225% decrease in the sum of the products of the perpendicular
diameters of all measurable lesions, and long SD meant that SD lasted
for >6 months. Responders were defined as patients with CR, PR, or
clinical PR.

Statistical analysis. The associations among EGFR mutations,
patient characteristics, and tumor responses to gefitinib were assessed
using a x? test. The differences in time-to-progression and overall
survival according to the patient subgroups were compared using
Kaplan-Meier curves and log-rank tests. The starting point of the time-

to-progression and overall survival was the first administration of
gefitinib. Multivariate analyses using logistic regression models and Cox
proportional hazard models were done to assess the association
between the clinical outcomes and the following factors: age (<70
versus 270 years), sex, smoking history (never smokers versus others),
histology (adenocarcinoma versus others), performance status (0/1
versus 2/3), stage (recurrence after surgery versus III/IV), prior
chemotherapy (yes versus no), and the mutational status of EGFR
(mutant versus WT). All analyses were done using the SPSS statistical
package (SPSS version 11.0 for Windows; SPSS, Inc.).

Results

Patient characteristics. The patient characteristics are listed
in Table 1. All the patients were East Asians: 210 Japanese, 1
Korean, and 1 Chinese. The median follow-up time for the
survivors was 29.7 months (range, 10.7-49.8 months).

Clinical validation of HRMA. The clinical validation of the
HRMA results using various samples is shown in Table 2. The
sensitivity of HRMA using DNA exuracted from formalin-fixed
tissues was 92%, significantly higher than that of direct
sequencing without laser capture microdissection but lower
than that of HRMA using methanol-fixed tissues. The specificity
and positive predictive values were 100% in all the analyses.

Mutational analysis. HRMA was completed in 207 patients.
Five patients could not be successfully analyzed because of
incomplete PCR. Of the 207 patients, 130 were analyzed using
tissue samples (96 samples were obtained by thoracotomy, 17
by mediastinoscopic lymph node biopsy, 9 by thoracoscopic
lung or pleural biopsy, 5 by resection or biopsy of distant
metastases, and 3 by transbronchial lung biopsy), and 117 were
analyzed using cytology samples (43 samples were obtained by
bronchial brushing or washing, 40 from pleural effusion, 9 by
transbronchial needle aspiration, 8 from pericardial effusion,
7 by needle aspiration of superficial lymph nodes, 6 by
percutaneous needle aspiration of lung tumors, and 4 from
sputum). In 40 patients who were analyzed using both tissue
and cytology samples, 4 had inconsistent results; mutations
were detected only in tissue samples and not in cytology
samples (3 patients) or vice versa (1 patient). These four
patients were judged to have mutations because false-negative
results were more common than false-positive results in the
validation of HRMA. Consequently, DEL and L858R mutations
were detected in 49 (24%) and 36 (17%) patients, respectively,
and these mutations were mutually exclusive. The other 122
{59%) patients were classified as having WT EGFR in this study,
although some of them may have had minor mutations. As

Table 4. EGFR mutations and response to gefitinib
Responders SD PD Response rate (%) P
CR PR MR Long SD Short SD

wWT 0 10 2 4 17 89 10/122 (8) <1072
Mutant 2 64* 6 4 1 gt 66/85 (78)

DEL 0 42 2 2 1 2 42/49 (86) 0.037

L.858R 2 22 4 2 0 6 24/36 (67) :
Total 2 74 8 8 18 97 76/207 (37)
*Including four clinical responders without measurable lesions.
*Including a patient who had no measurable lesions at baseline.
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Fig. 1. Kaplan-Meier plot of time-to-progression (4) and overall survival (8) for patients with or without EGFR mutations. Kaplan-Meier plot of time-to-progression
(C) and overall survival (D) for patients with DEL or L858R mutations. TTP, time-to-progression; MST, median survival time.

shown in Table 3, EGFR mutations were detected more
frequently in women, never smokers, and patients with
adenocarcinoma. Patient characteristics were not significantly
different between patients with DEL mutations and those with
an L858R mutation.

EGFR mutations and clinical outcomes. The association of the
mutational status of EGFR and the response to gefitinib is shown
in Table 4. The response rate was significantly higher
in patients with EGFR mutations than in those with WT
EGFR (78% versus 8%; P < 107%). Among patients with
EGFR mutations, those with DEL mutations had a higher
response rate than those with an L858R mutation (86% versus
67%; P = 0.037). Tumor responses were classified as SD in 11
patients with EGFR mutations and in 23 patients with WT EGFR.
Among the patients with SD, a MR and/or a long SD
(>6 months) were observed more frequently (91% versus 26%;
P = 0.0004) and the time-to-progression was significantly longer
(median, 6.9 versus 4.4 months; P = 0.019) in the patients with
EGFR mutations than in the patients with WT EGFR.
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As shown in Fig. 1, the time-to-progression (median, 9.2
versus 1:6 months; P < 0.0001) and overall survival (median,
21.7 versus 8.7 months; P = 0.0001) were significantly longer in
patients with EGFR mutations than in those with WT EGFR.
Patients with DEL mutations tended to have a longer time-
to-progression (median, 10.5 versus 7.4 months; P = 0.11) and
overall survival (median, 24.0 versus 20.4 months; P = 0.22)
than those with an L858R mutation, although the difference
did not reach statistical significance.

Clinical outcomes among subgroups of patients are shown in
Table 5. In the univariate analysis, sex, smoking history, and
histology were significant predictive factors for gefitinib
sensitivity.

In the multivariate analyses, the mutational status of EGFR
was an independent predictive factor of response [odds ratio,
38.9; 95% confidence interval (95% Cl), 15.7-96.5; P < 0.001},
time-to-progression (hazard ratio, 0.33; 95% Cl, 0.24-0.45;
P < 0.001), and overall survival {hazard ratio, 0.48; 95% ClI,
0.34-0.67; P < 0.001). A poor performance status (2/3) was an
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