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Mucoepidermoid carcinoma of the lung

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 (D31 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 dlfferentl-
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-
guently, 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.

Immunohistochemical 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 lung [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
etal. [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
pattern 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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Abstract Mucoepidermoid carcinomas in the bronchial
tree are extremely rare tumors. Such tumors are classi-
fied into low-grade and high-grade on the basis of histo-
logical criteria. Fluorine-18-fluorodeoxyglucosc positron
emission tomography (F-18 FDG PET) is a useful tech-
nique for the evaluation of pulmonary lesions; however,
to our knowledge, F-18 FDG PET findings in mucocpi-
dermoid carcinoma of the bronchus have been described
in only a few cases. Identifiable focal F-18 FDG uptake
has been reported in high-grade mucoepidermoid carci-
noma, but it is unclear whether F-18 FDG accumulates
in low-grade mucoepidermoid carcinoma. Here, we
present the case of a 37-year-old woman, with pathologi-
cally proven low-grade mucoepidermoid carcinoma,
who underwent high-resolution computed tomography
(CT) and F-18 FDG PET/CT before treatment.

Keywords Mucocpidermoid carcinoma - Low-grade
tumor - F-18 FDG PET/CT - Lung

Introduction

Mucoepidermoid carcinoma of the bronchus is a very
uncommon tumor, comprising only 0.1%~0.2% of
primary fung cancers [1]. The tumor has been reported
in patients ranging in age from 3 months to 78 ycars, but

T. Ishizumi () - U, Tateishi - T. Macda - Y. Arai
Divisions of Diagnostic Radiology and Nuclcar Medicine,
National Cancer Center Hospital. 5-1-1. Tsukiji. Chuo-Ku.
104-0045 Tokyo. Japan

e-mail: tishizumi@hotmail.co.jp

T. Ishizumi - S. Watanabe
Divisions of Thoracic Surgery. National Cancer Center Hospital.
Tokvo. Japan

almost half of the reported cases have been in patients
younger than 30 years [2-4]. The tumor is thought to
originate from the minor salivary glands lining the
bronchi [4], and is classified as low-grade or high-grade
on the basis of histological criteria [1, 4, 5].

Fluorine-18 fluorodeoxyglucose (F-18 FDG) positron
emission tomography (PET) is increasingly used in the
diagnostic workup of pulmonary lesions that are sus-
pected to be malignant tumors. However, there are only
a few reports of F-18 FDG PET findings in mucoepider-
motid carcinoma of the bronchus [6, 7]. Here, we describe
F-18 FDG PET/computed tomography (CT) imaging in
a case of low-grade mucoepidermoid carcinoma of the
bronchus.

Casc report

A 37-year-old woman with no significant past history
was referred to our hospital for the examination and
treatment of an abnormal shadow on a chest roentgeno-
gram. The patient had noted occasional blood-tinged
sputum, cough, and episodic fevers for 6 months prior
to admission. A chest roentgenogram revealed a left
hilar mass (Fig. 1). Laboratory data showed an elevated
serum sialyl Lewis X-i antigen (SLX) level (74 U/ml).
Radiologic e¢valuation with a high-resolution CT
(HRCT) scan showed a well-defined mass with a smooth
margin. The contour of the tumor was oval. Intratumoral
calcification was unclear on a non-enhanced CT scan,
but an enhanced HRCT image showed marked hetero-
geneous enhancement with foci of relatively low attenu-
ation (Fig. 2).

The lesion was thought to be a carcinoid or benign
tumor, but its exact nature could not be determined from
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Fig. 1 Posteroanterior chest radiograph shows a well-defined mass
adjacent to the left hilum (arrow)

Fig. 2 High-resolution computed tomography (HRCT) findings
of the left hilar lesion (arrow). A lobulated. helerogeneous mass is
seen adjacent to the pulmonary artery

the CT scans. Therefore, ¥DG PET imaging was
requested to atlow differentiation of benign and malig-
nant tumor and to evaluate the clinical stage. F-18 FDG
PET/CT was performed with a PET/CT scanner (Bio-
graph; Siemens/CTIMI, Knoxville, TN, USA). The
transverse field of view (FOV) was 16.2¢m, and 47 image
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planes were produced. To correct for photon attenua-
tion, a transmission CT scan was obtained prior to the
emission scan. CT scanning was performed using a 16-
detector row CT scanner (Toshiba Medical Systems,
Tokyo, Japan). CT images were obtained using the fol-
lowing scan parameters: 120kVp, 200-250 mA/rotation,
30-40cm of FOV and a 512 x 512 matrix. The subjects
were examined while In a supine position, and nonc
received a contrast material. All images were obtained
with the subject in deep inspiration. The patient fasted
for at least 6h before the PET/CT study and was tested
to ensure a normal glucose level (range 4.9-6.7 mmol/l)
before the PET scanning. An emission scan from the
base of the skull to the mid-thigh was obtained starting
60min after an intravenous injection of 296 MBq of F-18
FDG. The resulting F-18 FDG PET/CT fused images
localized the abnormal uptake to the bronchial lesion
(Fig. 3). The maximal standardized uptake value (SUV)
of the tumor was 3.63, and there was no abnormal F-18
FDG uptake in the mediastinum.

Bronchoscopy was performed preoperatively. The
tumor was easily visualized and was found to have filled
the bronchial lumen. However, bronchoscopic biopsy
was not performed because the tumor was covered with
a highly vascular mucosa. The patient underwent left
upper lobectomy with lymphadencctomy and pulmo-
nary artery plasty. The pathological diagnosis was low-
grade mucocpidermoid carcinoma of the bronchus. The
surgical margins were all negative for tumor invasion,
and there was no evidence of microscopic metastasis in
the regional bronchopulmonary lymph nodes. Postop-
cratively, the patient has been healthy with no evidence
of local or extrathoracic recurrence.

Discussion

The dissemination of F-18 FDG PET technology has
enabled a functional approach to the evaluation of a
pulmonary lesion that complements the anatomic assess-
ment provided by chest radiography and CT scanning.
Pulmonary lesions are difficult to diagnosce accurately
due to the limited sensitivity of non-invasive imaging,
technical limitations of biopsy, and the high frequency
of benign lesions. However, F-18 FDG PET is generally
considered to have excellent sensitivity for the determi-

_ nation of malignancy in a pulmonary nodule (8, 9]; for

example, Gould et al. found a sensitivity of 96.8% in a
meta-analysis of the accuracy of F-18 FDG PET in the
diagnosis of pulmonary nodules of 1cm or more in
diamcter.

Low-grade malignant tumors of the lung, such as
bronchioloalveolar carcinoma and carcinoid tumor, are
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Fig. 3 Axial Fluorine-18-
fluorodeoxyglucose positron
cmission tomography (F-18
FDG PET image) (a) shows a
hypermetabolic area in the
left lung. Axial (b) and
coronal (¢) fused images of
PET/CT show a single focus
of abnormal F-18 FDG
uptake in the tumors (arrow’).
The maximal standardized
uptake value (SUV) of the
tumor was 3.63

typically negative in F-18 FDG PET imaging, and even
it such tumors are positive they usually have lower F-18
‘FDG uptake than that expected for high-grade malig-
nancies [10-12]. For example, Erasmus ct al. reported
that pulmonary carcinoid tumors of low-grade malig-
nancy have lower F-18 FDG uptake than malignant
tumors: 86% of the examined carcinoid tumors were
found to be hypometabolic with an SUV < 2.5 [10].
Kruger et al. found that the SUV is <2.5 in half of pul-
monary carcinoid tumors and recommended surgical
resection or at least biopsy for solitary pulmonary
nodules that arc clinically suspected of being carcinoid,
even if they are not hypermetabolic on F-18 FDG PET
images [13]. However, even typical carcinoid tumors can
show intense FDG uptake [14-16], and Daniels et al.
have suggested that the overall PET sensitiviry for detec-
tion of carcinoid tumors is 75%.

Few reports have described F-18 FDG PET findings
in low-grade mucoepidermoid carcinoma of the lung.
Focal F-18 FDG uptake has been reported in high-grade
mucoepidermoid carcinoma [7], but the extent of F-18
FDG accumulation in low-grade mucoepidermoid car-
cinoma is unknown. In the present case, the patient
underwent F-18 FDG PET/CT scanning preoperatively

because the nature of the lesion could not be defined by
HRCT imaging. The F-18 FDG PET/CT image of the
tumor showed abnormal FDG uptake and the maximal
SUV of the tumor was 3.63. This result suggests that the
tumor had mild accumulation of FDG for the size of
the lesion. Therefore, we first suspected the pulmonary
lesion to be a benign or low-grade malignant tumor,
such as a carcinoid tumor, based on HRCT and F-18
FDG PET imaging. Hence, if mild accumulation of F-18
FDG for tumor size is observed in a well-defined tumor
with a smooth margin, we suggest that mucoepidermoid
carcinoma should be considered as a differential diagno-
sis. Howcever, cxaminations of F-18 FDG PET/CT
images of mucocpidermoid carcinoma of the bronchus
are insufficient because of the rarity of the tumor. The
F-18 FDG PET/CT characteristics of the tumor must
thercfore be evaluated in more cases. '

Conclusions
We demonstrated F-18 FDG PET/CT images of low-

grade mucoepidermoid carcinoma of the bronchus. The
F-18 FDG PET/CT image of the tumor in this case
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showed abnormal F-18 FDG uptake. If mild accumula-
tion of F-18 FDG for tumor size is observed in a well-
defined tumor with a smooth margin, mucoepidermoid
carcinoma should bce considered as a differential
diagnosis.
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In lung cancer, somatic mutations of epidermal growth factor
receptor (EGFR) are concentrated in exons 18-21, especially in
adenocarcinoma (Ad), but these mutations have rarely been
reported in small cell lung carcinoma (SCLC). Combined SCLC is rare,
and the EGFR mutation status and its relationship to the
clinicopathological features of this tumor type have not yet been
elucidated. We retrospectively studied six patients with combined
SCLC with Ad components among 64 consecutive patients who
underwent resection of SCLC. The clinicopathological features of
each patient were reviewed, especially for the distribution pattern
of the Ad component and lymph node metastases. EGFR mutations
were screened by high-resolution melting analysis in each case,
and were confirmed by sequencing of each mutation in the
microdissected SCLC or Ad components. Regarding EGFR, no specific
mutation was detected in five of the six patients, whereas one
female patient who had never smoked had a missense mutation. In
this case, both the SCLC and Ad components shared the same
mutation in exon 21 (L858R). We identified a patient with
combined SCLC with Ad sharing an identical EGFR mutation in both
the SCLC and Ad components. In addition to the clinicopathological
characteristics of this rare histological type of lung cancer, these
findings provide useful information for better understanding the
biology. natural history and clinical management of SCLC. (Cancer
S¢i 2007; 98: 1714-1719)

Small cell lung carcinoma (SCLC) accounts for 15-20% of
all lung cancers worldwide.!? SCLC is known to be more
sensitive than non-SCLC to chemotherapy, but shows a more
aggressive clinical course. The median survival time without
treatment is 2—4 months.®® Approximately 20% of patients with
limited SCLC achieve a cure, but most patients with SCLC will
relapse, and relapsed or refractory SCLC has a uniformly poor
prognosis with a 5-year survival rate of less than 5%.%

According to the 2004 World Health Organization (WHO)/
International Association for the Study of Lung Cancer (IASLC)
classification of lung and pleural tumors,® ‘combined SCLC’ is
defined as SCLC combined with an additional component that
consists of any of the histological types of non-SCLC, usually
adenocarcinoma (Ad), squamous cell carcinoma (Sq) or large
cell carcinoma. Combined SCLC is rare, and has been reported
to account for less than 1-3.2% of all SCLC.®" However, a high
proportion (12-26%) of SCLC patients who undergo surgical
resection show combination with non-SCLC.%-'2

In a clinical setting, the distinction of SCLC from non-SCLC
is critical because of major differences in patient management
and prognosis. Recently, molecular targeted therapy has been
developed using agents such as epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitor, which exerts antitumor activity
in patients with advanced non-SCLC (especially Ad) with EGFR
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mutations. High expression of EGFR has been reported in various
epithelial malignant tumors, including lung cancer,"*'® and
somatic mutations in the kinase domain of EGFR are suggested
to be strongly correlated with sensitivity to EGFR tyrosine kinase
inhibitor.">'® These mutations are concentrated in exons 18-21
of EGFR, and approximately 90% of EGFR-mutant patients
with lung Ad have mutations in two hot spots: in-frame deletion
at codons 747-749 (DEL) in exon 19, and a missense mutation
at codon 858 (L858R) in exon 21.7-'® Although these mutations
have rarely been reported in SCLC, two recent studies have
demonstrated EGFR mutation in SCLC."92%

In the present study, we retrospectively investigated six resected
cases of combined SCLC with an Ad component to elucidate
the clinicopathological features of this rare tumor, especially
the ratio of each tumor component, the distribution patterns of the
Ad component, and the status of lymph node metastasis. The
EGFR mutation status in surgically resected specimens was also
analyzed for each histological type in the same tumor.

Materials and Methods

Patients and histological diagnosis. A search of our surgical
pathology files covering the period January 1982 to December
2004 yielded 64 consecutive patients with SCLC who had
undergone surgical resection at the National Cancer Center
Hospital, Tokyo, Japan. For the purposes of the present study,
we identified six patients with combined SCLC with an Ad
component. The research protocol was approved by the
Institutional Review Board.

The surgically resected specimens were fixed in 10% formalin.
All sections containing both tumor tissues and surrounding
lung tissues were embedded in paraffin. Additional consecutive
5 um-thick sections were cut from the tissue block and stained
with hematoxylin and eosin. All histological diagnoses were
reviewed by certificated pathologists (K. T., A. M. M. and Y. M.}
based on the most recent WHO/IASLC classification of lung
and pleural tumors.® Both clinical and pathological staging data
for each patient have been reported according to the International
Staging System for Lung Cancer.2" Patient survival was calculated
as the time between operation and death.

Immunohistochemistry and evaluation. For phenotypic analysis,
paraffin section immunochistochemistry was carried out using
the primary antibodies listed in Table 1, followed by subsequent
labeling with the Envision+ horseradish peroxidase (HRP) system
(DAKO, Carpinteria, CA, USA). For heat-induced epitope
retrieval, sections stained for p63 were treated with 1.0 mmol/L

8To whom correspondence should be addressed.
E-mail: ymatsuno@med.hokudai.ac.jp

doi: 10.1111/.1349-7006.2007.00600.x
© 2007 Japanese Cancer Association



Table 1. Results of immunohistochemistry
sCLe Immunoreaction Non-5CLC Immunoreaction No. tumor embolism
Patient no. component component cells per stice" (%)
(%) CgA SYN NCAM TTF-1  p63 (%) CgA SYN NCAM TTF1 p63  SCLC Ad  Sq
1 95 2+ 3+ 3+ 3+ 0 Ad, 5 1+ 1+ 1+ 3+ 0 30 (97) 1(3) -
2 80 3+ 3+ 3+ 3+ 0 Ad, 10 0 1+ 1+ 2+ 1+ 21 (84) 3(12) 1@4)
Sq, 10 0 0 0 0 3+
3 70 1+ 3+ 3+ 3+ 0 Ad, 30 0 1+ 0 3+ 0 38 (93) 3() -
4 55 2+ 3+ 3+ 3+ 0 Ad, 45 0 0 1+ 1+ 0 24 (92) 2(8) -
S 35 3+ 3+ 3+ 3+ 0 Ad, 60 1+ 14+ 1+ 3+ 1+ 17 (100) 0(0) 0 (0)
Sq, 5 0 1+ 0 0 2+
6 ] 5 Not done Ad, 95 Not done Not done

CgA, chromogranin-A; NCAM, neural cell adhesion molecule; SCLC, small cell lung carcinoma; SYN, synaptophysin; TTF-1, thyroid transcription
factor-1. Semiquantitative assessments of the percentage of positive tumor cells (0 = none, 1+ = 1-33%, 2+ = 34-66%, 3+ = 67-100%) were made.
"We counted the number of lymph vessels with tumor embolisms confirmed by staining for D2-40 for a representative slide.

Table 2. Clinical characteristic of the patients with combined small cell lung carcinoma (SCLC) with adenocarcinoma (Ad)

X ECOG Smoking Smoking Tumor Size Stage Preoperative Surgicat

Patient no. Age/Sex PS status index location (mm) (cTNM) diagnosis procedure

1 74/Male 0 Current 2160 Peripheral 31 llb (210) Unknown RLL'

2 66/Male 0 Ever 900 Peripheral 38 lib (210) Unknown RM/LL?

3 62/Female 0 Never 0 Peripheral 31 1b (200) SCLC LUL

4 77/Male 1 Current 570 Peripheral 15 la (100) Unknown Left

pneumonectomy

5 75/Male [ Ever 1000 Peripheral 30 1a (100) Non-SCLC RUL

6 76/Male 0 Current 1120 Peripheral 28 la (100) Ad RUL

Smoking index: (number of cigarettes smoked per day) x years. Adjuvant chemotherapy: *cyclosphosphamide + doxorubicin + vincristine x 1 cycle.
*Cisplatin + etoposide x 1 cycle followed by cisplatin + irinotecan x 3 cycles. LUL, left upper lobectomy; RLL, right lower lobectomy; RM/LL, right

middle and lower lobectomy; RUL, right upper lobectomy.

ethylenediaminetetraacetic acid buffer (pH 8.0). Sections stained
for chromogranin A (1:500, polyclonal; DAKO), synaptophysin
(1:100, polyclonal; DAKO), neural cell adhesion molecule
(NCAM) (1:200, Lu243; Nihon Kayaku, Tokyo, Japan), thyroid
transcription factor (TTF)-1 (1:100, 8G7G3/1; DAKO), p63

(1:100, 4A4; DAKO) and D2-40 (1:50, D2-40; DAKO) were °

treated with 0.02 mol/L citrate buffer (pH 6.0). The slides were
incubated overnight with each primary antibody. Diaminobenzidine
was used as the chromogen, and hematoxylin as the counterstain.

Positive staining was defined as distinct linear membrane
staining for neural cell adhesion molecule, cytoplasmic staining
for chromogranin A and synaptophysin, and nuclear staining for
TTF-1 and p63. Immunostaining of each of the SCL.C and non-
SCLC components was graded on a scale of 0—3+ according to
the percentage of positive tumor cells (0 =none; 1+ = 1-33%;
2+ = 34—-66%; 3+ = 67-100%). We then carried out immuno-
histochemical identification of lymph vessels with or without
tumor embolisms for a representative slide.?> After independent
evaluation by two of us (T.F. and K. T.), judgment consensus
was obtained by joint viewing of the slides using a multiheaded
microscope.

Analysis of EGFR mutational status. In our previous study, we
established a practical and precise non-sequencing method for
detecting EGFR mutations involving high-resolution melting
analysis (HRMA) using LCGreen 1 dye (Idaho Technology,
Salt Lake City, UT, USA).®® First we screened for the EGFR
mutations, DEL and L858R, using the HRMA method in
formalin-fixed paraffin sections obtained from surgically
resected combined SCLC with Ad. Human genomic DNA (Roche
Diagnostics, Basel, Switzerland) was used as a control sample
with wild-type EGFR. Second, we used 10% formalin-fixed,
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paraffin-embedded surgical specimens of primary combined
SCLC from patients demonstrating DEL or L858R by HRMA,
and the DNA was extracted from each of the SCLC and Ad
components, respectively, the areas of which were clearly deter-
mined morphologically after laser capture microdissection
(Arcturus Engineering, Mountain View, CA, USA) of the tumor
tissue.®” Nested polymerase chain reaction (PCR) was carried
out to amplify exons 19 and 21 of EGFR using previously
described primers.“” The PCR products were electrophoresed on
2% agarose gels and subcloned into the TA vector (TOPO TA
Cloning Kit, Invitrogen, Carlsbad, CA, USA), then the sequences
were determined with M13 primers using an ABI Prism 3100
Genetic Analyzer (Applied Biosystems, Foster City, CA, USA)
according to the manufacturer’s instructions.

Results

Clinical characteristics. The clinical characteristics of the six
patients are shown in Table 2. All patients were Japanese, aged
between 62 and 77 years (mean 71.7 years). Five patients were
male and one was female. Five patients were smokers whereas
the remaining patient had never smoked. The median survival
time of the six patients was 16.8 months (range 0.4-27.4 months);
one patient died of heart failure 13 days after left pneumonectomy.

All six tumors were located in the peripheral portion of the
lung. On clinical evaluation, three patients were staged as Ia
(TINOMO), one as Ib (T2NOMO) and two as IIb (T2N1MO). Pre-
operative pathological diagnoses were obtained in three patients
and comprised one case each of SCLC, non-SCLC and Ad.

Pathological findings. Among six patients with combined SCLC
with Ad, histological examination demonstrated that four had
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Table 3. Histological findings of primary tumor and lymph node metastases, and epidermal growth factor receptor (EGFR) mutation

Ratio of each

Histological type
of lymph node

- . 0 -
Patient no. Stage (pTNM) component (%) metastasis elg):tAecnlsliZerx EGFR mutation
SCLC Ad Sq Mediastinal Hilar

1 lla (110) 95 5 0 Non' SCLC Absent Wild type

2 lia (220) 80 10 10 SCLC SCLC Present Wild type

3 litb (410) 70 30 0 Non' Ad Present L858R

4 lilb (420) 55 45 0 Ad SCLC or Ad? Present Wwild type

5 Nia (220) 35 60 S Ad SCLC or Ad? Present Wild type

6 Ib (200) ‘ 5 95 0 Nont Non' Present ‘Wild type

tThe patient had no mediastinal or hilar lymph node metastasis. $+The patient had lymph node metastasis only from the SCLC component, and
another lymph node showing metastasis only from the Ad component. Ad, adenocarcinoma; BAC, bronchioloalveolar carcinoma; hilar, hilar lymph
node; L858R, mutation at codon 858 of £GFR; medical, mediastinum lymph node; pTNM, pathological TNM; SCLC, small cell lung carcinoma;

Sq, squamous cell carcinoma.

SCLC combined only with an Ad component (ratio of Ad in
the tumor: S, 30, 45 and 95%), whereas two had both Ad and
Sq components (ratio of Ad/Sq: 10%/10% and 60%/5%,
respectively). On pathological staging, one patient was staged as
Ib (T2NOMO), one as lla (TINIMO), two as Illa (T2N2MO)
and two as lIb (T4ANIMO and T4N2MO). In five of the six
patients, the Ad components were observed in the peripheral

1716

Fig. 1. Combined small cell lung carcinoma
(SCLC) with adenocarcinoma (Ad). (a) The
periphery of this tumor consisted of a non-
mucinous  bronchioloalveolar carcinoma-like
extension (patient no. 3). (b) The transitional
zone between the SCLC and Ad components had
poorly differentiated cells, shown by the
immunohistochemical studies (patient no. 1). (¢}
D2-40 with a membranous staining pattern of
the lymph vessels. Tumor embolism of lymph
vessels was confirmed by D2-40 staining (patient
no. 3). (¢-1) SCLC cell embolisms increased in
number around the primary lesion. (c-2) Ad cell
embolisms invaded the lymph vessels.

part of the tumor showing a lepidic extension pattern, simulating
bronchioloalveolar carcinoma. In the remaining one patient, Ad
formed a minor component comprising approximately 5% of the
tumor (Table 3). The Ad components in two patients showed a
micropapillary growth pattern, whereas mucin production was
not detected in any patient (Fig. 1a). The boundary between
the SCLC and Ad components was not clear, and showed an

doi: 10.1111/j.1349-7006.2007.00600.x
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indeterminate component that suggested gradual morphological
transition from one to the other (Fig. 1b). In the two patients
who also had combined Sq, the Sq component showed
keratinization and was distinct from the SCLC component, but
the border between the Ad and Sq components was unclear.

The results of immunohistochemical studies carried out in
five cases are shown in Table 1. The specimen from patient no. 6
was not available. All of the SCLC components showed positive
staining for at least one neuroendocrine marker. In addition, the
Ad components in all five patients examined showed positive
staining for at least one neuroendocrine marker, although
semiquantitative assessments of the percentage of positive Ad
cells were lower than those for SCLC cells in the same tumor.
Also, the Ad components showed positive staining for TTF-1 in
all five patients. TTF-1 staining of the SCLC component tended to
be similar to that of the Ad component in terms of the percentage
of positive cells. p63 immunostaining served as a good marker
of Sq differentiation.

Status of lymph node metastasis. Five patients had pathologically
confirmed hilar lymph node metastases, and three of them also
had histologically proven mediastinal lymph node metastases,
which had not been evident at the time of preoperative clinical
evaluation (Table 3). Among these five patients with hilar lymph
node metastases, two showed only SCLC in the metastatic
lesion, one showed Ad only, and two showed SCLC or an
Ad component that had developed separately in each lymph
node. Among the three patients with mediastinal lymph node
metastases, one had only SCLC in the nodes, and two had an Ad
component only. Metastatic Ad components were found only in
patients with a primary tumor in which Ad accounted for more
than 30% of the total volume.

In the six patients, we identified tumor embolism of the
lymph vessels immunohistochemically with D2-40 staining.
There were approximately 800-1000 lymph vessels in each of
these tumors per representative slide. The major component
invading the lymph vessels around the tumors was SCLC cells.
Even in the two patients who had mediastinal lymph node
metastases with an Ad component, the SCLC cells tended to
spread to the lymph vessels rather than the Ad cells (Table 1).

EGFR mutational status. First, we analyzed 10 surgically resected
samples from six patients with combined SCLC and Ad by
HRMA. Analysis of exon 19 demonstrated curves identical to
those of the control (wild type) in all samples, as shown in
Fig. 2a. In the analysis of exon 21, thorough melting curves
were obtained for two samples from patient no. 3, showing a
. different curve from the control, whereas the other eight samples
demonstrated curves identical to the control (wild type), as
shown in Fig. 2b. The normal lung tissue from patient no. 3,
who was a female non-smoker, showed a wild-type curve,
and therefore we judged that this patient had L858R in exon 21
of EGFR.

Next we confirmed this mutation in the SCLC and Ad com-
ponents in patient no. 3. DNA was extracted from each SCLC
and Ad component separately using laser capture microdissection
or by manual microdissection, which was carried out for each
clearly determined component on paraffin-embedded sections.
Sequence analysis of subcloned PCR products obtained from
the separate components was carried out. Examination of both
SCLC and Ad components showed an identical mutation
(L858R) in exon 21 (Fig. 3), confirming the results obtained
by HRMA.

Discussion

The present study using microdissected tumor tissue is the first
1o report a patient with combined SCLC with Ad showing the
EGFR mutation in both the SCLC and Ad components. EGFR
mutations, especially DEL and L858R, have been reported in
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Fig. 2. Results of high-resolution melting analysis (HRMA). Adjusted

melting curves obtained by HRMA of combined small cell lung
carcinoma (SCLQ) with primers designed to detect mutations in (a) exon
19 or (b) exon 21 of epidermal growth factor receptor (EGFR). Two
samples from patient no. 3 were identified as containing the L858R
mutations (T). The DNA extracted from normal lung tissue of patient
no. 3 was identified as wild type (not shown).

Ad of the lung. These somatic mutations in the kinase domain
of EGFR have been shown to be predictive molecular markers
for sensitivity to kinase inhibitors such as gefitinib (Iressa;
AstraZeneca, Osaka, Japan). However, these mutations have
rarely been demonstrated in SCLC. To our knowledge, there
have been two reported cases of metastatic SCLC harboring
DEL in exon 19 of EGFR showing responsiveness to EGFR
tyrosine kinase inhibitors."*?? Considering that the diagnosis
of SCLC is often based on small biopsy specimens that may not
be sufficiently representative of the total tumor, there is a
possibility that any combined component may be overlooked.

In a clinical setting, the distinction of SCLC from non-SCLC
is critical because of major differences in management and
prognosis between the two cancers. SCLC is well known to
be more common in men and smokers, but so far SCLC with
EGFR mutations has been detected only in female patients who
have never smoked,"'*? as was the case in our present female
patient. Thus it seems reasonable to suggest that in clinically
unusual SCLC patients, for example those who are non-smokers
and female, showing peripheral nodular lesions and histological
combination with Ad, EGFR mutation status should be analyzed
because previous studies have shown that EGFR tyrosine kinase
inhibitors are effective in patients with metastatic SCLC with
EGFR mutations.

The present study is considerably informative with regard to
the origin and histogenesis of SCLC. EGFR mutation is detected
in patients with pre-invasive adenocarcinomatous lesions such
as atypical adenomatous hyperplasia and bronchioloalveolar
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Fig. 3. Results of DNA sequencing from patient no. 3. The tumor of
patient no. 3 was microdissected into the small cell lung carcinoma
(SCLC) and adenocarcinoma (Ad) components. (a) Sequence analysis of
the subcloned polymerase chain reaction (PCR) products from the
microdissected SCLC component. (b) Sequence analysis of the subcloned
PCR products from the microdissected Ad component. The patient had
a tumor with L858R of EGFR, which was in both the SCLC and Ad
components.

carcinoma, which eventually progress to invasive lung Ad.®®

In addition, EGFR mutations are also linked to Ad with a bron-

chioloalveolar carcinoma component.®” Thus it is suggested
that EGFR mutation occurs and plays a critical role in the early
developmental stage of lung Ad. The mutation is detected more
frequently in Ad in female non-smokers than in male smokers.
In the present study, the only patient with SCLC harboring an
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Immunohistochemical detection of GLUT-1
can discriminate between reactive
mesothelium and malignant mesothelioma

Yasufumi Kato*?, Koji Tsuta?, Kunihiko Seki*, Akiko Miyagi Maeshima?,
Shunichi Watanabe?, Kenji Suzuki?, Hisao Asamura?, Ryosuke Tsuchiya?
and Yoshihiro Matsuno? »

‘Clinical Laboratory, National Cancer Center Hospital, Tokyo, Japan; *Thoracic Surgery Divisions, National
Cancer Center Hospital, Tokyo, Japan and 3Pathology Division, National Cancer Center Research Institute,
Tokyo, Japan

The separation of benign reactive mesothelium (RM) from malignant mesothelial proliferation can be a major
challenge. A number of markers have been proposed, including epithelial membrane antigen, p53 protein, and
P-glycoprotein. To date, however, no immunohistochemical marker that allows unequivocal discrimination of
RM from malignant pleural mesothelioma (MPM) has been available. A family of glucose transporter isoforms
(GLUT), of which GLUT-1 is a member, facilitate the entry of glucose into cells. GLUT-1 is largely undetectable
by immunohistochemistry in normal epithelial tissues and benign tumors, but is expressed in a variety of
malignancies. Thus, the expression of GLUT-1 appears to be a potential marker of malignant transformation.
Recently, in fact, some studies have shown that GLUT-1 expression is useful for distinguishing benign from
malignant lesions. The purpose of the present study was to evaluate the diagnostic utility of GLUT-1 expression
for diagnostic differentiation between RM and MPM. Immunohistochemical staining for GLUT-1 was performed
in 40 cases of RM, 48 cases of MPM, and 58 cases of lung carcinoma. Immunohistochemical GLUT-1 expression
was seen in 40 of 40 (100%) MPMs, and in all cases the expression was demonstrated by linear plasma
membrane staining, sometimes with cytoplasmic staining in addition. GLUT-1 expression was also observed in
56 out of 58 (96.5%) lung carcinomas. On the other hand, no RM cases were positive for GLUT-1. GLUT-1 is a
sensitive and specific immunohistochemical marker enabling differential diagnosis of RM from MPM, whereas it
cannot discriminate MPM from lung carcinoma.
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The separation of benign reactive mesothelium (RM)
from malignant mesothelial proliferation can be a
major challenge. The common cytomorphological
features associated with malignancy, such as high
cellularity/proliferation, marked cytonuclear atypia
and high mitotic rate are of very limited use in this
setting. Thus, it is sometimes very difficult, or
almost impossible even for expert pathologists to
make a definite diagnosis of malignant mesothelio-
ma, especially in small specimens, unless there is
unequivocal invasion of adjacent tissues by tumor
cells.! On the other hand, early diagnosis of

Correspondence: Dr Y Matsuno, MD, Clinical Laboratory
Division, Naticnal Cancer Center Hospital, 1-1, Tsukiji 5-chome,
Chuo-ku, Tokyo 104-0045, Japan.

E-mail: ymatsuno@ncc.go.jp

Received 30 August 2006; accepted 23 October 2006; published
online 22 December 2006

malignant pleural mesothelioma (MPM) in small
closed pleural biopsy samples, or by cytology, is
crucial for patient management and may facilitate
the avoidance of invasive surgical procedures.

A number of immunohistochemical markers have
been proposed to assist conventional morphological
diagnosis, including epithelial membrane antigen
(EMA)>* p53 protein, >’ and P-glycoprotein.**2
Other markers tested have included Bcl-2,23?
platelet-derived growth factor receptor (PDGF-R) B-
chain®®® and desmin.? To date, however, no single
immunohistochemical marker that can unequivo-
cally discriminate RM from MPM has been avail-
able.

GLUT-1 is one of 14 members of the mammalian
facilitative glucose transporter (GLUT) family of
passive carriers that function as an energy-indepen-
dent system for transport of glucose down a
concentration gradient.** GLUT-1 is not detectable
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in a large proportion of cells from normal tissues
and benign lesions, except for erythrocytes, germ-
inal cells of the testis, renal tubules, perineurium of
peripheral nerves, endothelial cells in blood-brain
barrier vessels, and placenta (trophoblasts and
capillaries).’®*® In contrast, GLUT-1 is expressed in
a variety of carcinomas such as those of the breast,
head and neck, bladder, renal cells, and lung.’**
Previous reports suggest that the expression of
GLUT-1 may be a potential marker for malignancy.

Recently, some studies have shown that GLUT-1
expression is useful for resolving the common
diagnostic dilemma of distinguishing benign from
malignant lesions.?>?® Although a few studies have
demonstrated that GLUT-1 is useful for distinguish-
ing RM from metastatic adenocarcinoma in body
cavity effusions,””*° the study cohorts did not
include MPM. Using immunohistochemistry, Godoy
et al'® analyzed coexpression of GLUT-1 and other
GLUT isoforms (GLUT-2 to -6 and GLUT-9) in a
variety of benign and malignant tumors, and
demonstrated that two of four MPMs were positive
for GLUT-1. However, they did not analyze reactive
and normal mesothelium.

The purpose of the present study was to evaluate
the diagnostic utility of GLUT-1 detection for
differential diagnosis between RM and MPM.

Materials and methods
Case Selection

The materials for the present study were extracted
from cases deposited in the pathology files of the
National Cancer Center Hospital, Tokyo, between
1971 and 2005. They comprised 40 cases of RM, 48
cases of MPM (epithelioid, 36 cases; biphasic, 11
cases; sarcomatoid, 1 case), and 58 cases of lung
carcinoma (squamous cell carcinoma, 28 cases;
adenocarcinoma, 30 cases). All diagnoses had been
made on the basis of conventional histopathologic
features evident in slide preparations stained with
hematoxylin and eosin, some special stains, and
immunohistochemical techniques available at that

Table 1 Immunoreactivity of GLUT-1

time.?*3 In the present. study, immunochistochem-
istry for D2-40 and calretinin was added for all cases
to confirm the identity of mesothelial cells (see
below).

Immunohistochemistry

For immunohistochemical staining, 5-pm-thick sec-
tions were deparaffinized and treated with 3%
hydrogen peroxide for 30 min to block endogenous
peroxidase activity, followed by washing in deio-
nized water for 2-3min. Heat-induced epitope
retrieval with Target Retrieval Solution (DAKO,
Carpinteria, CA, USA) was performed for GLUT-1
and calretinin. After the slides had been allowed to
cool at room temperature for 40min, they were
rinsed with deionized water and then washed in
phosphate-buffered saline for 5 min. The slides were
then stained by overnight incubation with primary
antibodies against GLUT-1 (1:200, polyclonal,
Dako), D2-40 (1:200, clone D2-40, Signet Labora-
tories, Dedham, MA, USA), and calretinin (1:100,
polyclonal, Zymed, San Francisco, CA, USA).
Immunoreactions were detected by the labeled
streptavidin-biotin method, and visualized with 3,
3’-diaminobenzidine, followed by counterstaining
with hematoxylin. Appropriate positive and nega-
tive controls (red blood cells for GLUT-1) were used
for each antibody. The area of GLUT-1 staining was
evaluated on a sliding scale of 0 to 3+ to represent
the percentage of positive cells among mesothelial
cells (indicated by D2-40 and calretinin immuno-
stain) or tumor cells (0= <1%, 1+ =1-25%, 2+
=26-50%, 3+ = >51%). Immunohistochemical
staining was scored independently by two observers
(YK and KT).

Results

The results of immunohistochemistry are summar-
ized in Table 1. GLUT-1 expression was demon-
strated by distinct linear plasma membrane staining,
sometimes with cytoplasmic staining in addition

n GLUT-1 positive (%) Staining area

0 1+ 2+ 3+

Mesothelioma, all subtypes 48 48 (100) 15 15 18

Epithe]ioid 36 36 (100) 0 9 12 15
Biphasic 11 10 (90.9)" 7 (63.6)° 1 4° 6" 3 3 2b 1" 2"

Sarcomatoid 1 1 (100) 0 1 0 o]

Reactive mesothelium 40 0 (0) 40 0 0 o]

Lung carcinoma 58 56 (96.5) 2 12 9 35

Squamous cell carcinoma 28 28 (100) 0 1 3 24

Adenocarcinoma 30 28 (93.3) 2 11 6 11

®Epithelioid areas.
bSarcomatoid areas.
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Figure 1 (a) In the surface area, the tumor cells showed bland cytologic atypia, nevertheless malignant mesothelioma(HE stain, x 10).
Inset: the tumor cells arranged complex branching tubular formation (HE stain, x 10). (b) Most of the tumor cells in the epithelioid MFM
were positive for GLUT-1 and red blood cells were served as internal positive control ( x 10).

Figure 2 (a) More than half of the epithelioid tumor cells were positive for GLUT-1 ( x 10). (b) Most of the sarcomatoid tumor cells were
positive for GLUT-1 ( x 10). The immunoreactivity was observed as distinct linear plasma membrane staining, with weak cytoplasmic

staining in addition.

Table 2 GLUT-1 immunoreactivity acording to MPM histological
subtype

n GLUT-1-positive (%) Staining area

46 (97.8) 1 15 15 16

Epithelioid area 47
8 (66.7) 4 4 2 2

Sarcomatoid area 12

(Figure 1a and b). GLUT-1 immunoreactivity was
seen in 48 of 48 (100%) MPM cases, whereas no RM
cases were positive for GLUT-1.

We also evaluated GLUT-1 immunoreactivity
according to histological subtype, as shown in
Table 2. Immunoreactivity was observed in 46 of

47 (96.7%) epithelioid mesothelioma (Figure 2a)
including epithelioid areas of biphasic mesothelio-
ma, and in seven of 12 (66.7%) sarcomatoid
mesothelioma (Figure 2b) including sarcomatoid
areas of biphasic mesothelioma. However, immuno-
reactive cells more than half of tumor cell was

-only 16 of 47 (34%) of epithelioid mesothelioma

including epithelioid areas of biphasic mesothelio-
ma, and two of 12 (14.1%) of sarcomatoid mesothe-
lioma including sarcomatoid areas of biphasic
mesothelioma. The GLUT-1-positive cells varied
from a few cells to almost all cells in the clusters,
but no characteristic staining pattern was observed
in MPM.

GLUT-1 immunoreactivity was also seen in 56
of 58 (96.5%) cases of lung carcinoma. According
to histological subtype, immunoreactivity was
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Figure 3 (a) D2-40 immunoreactivity was observed in the RM and lymph vessels beneath the pleura, but no immunoreactivity was
observed in the poorly differentiated squamous cell carcinoma { x 10). (b) Most of the tumor cells without peripheral lesion in of the
poorly differentiated squamous cell carcinoma were positive for GLUT-1 (red blood cells were served as internal positive control). On the

other hand, RM showed no immunoreactivity for GLUT-1 ( x 10).

observed in 28 of 28 (100%) cases of squamous cell
carcinoma (Figure 3a and b) and 28 of 30 (93.3%)
cases of adenocarcinoma. In squamous cell carcino-
ma, the area of positive staining was 3+ in 24 of 28
(85.7%) cases, compared with only 11 of 30 (36.7%)
in cases of adenocarcinoma. Also in squamous cell
carcinoma, a characteristic staining pattern was
observed; tumor cells showed more intensely posi-
tive staining in the central area of tumor nests than
in the peripheral area (Figure 3b).

Discussion

Morphologic differentiation between RM and MPM
in small specimens can be a diagnostic challenge.
The difficulty is compounded when neoplastic cells
demonstrate only slight atypia. In addition, there are
currently no reliable markers that allow immuno-
histochemical discrimination between RM and
MPM. In the present study, we clearly demonstrated
that GLUT-1 is a sensitive and specific immunohis-
tochemical marker that can differentiate RM from
MPM. To our knowledge, this is the first report to
describe the usefulness of GLUT-1 immunostaining
for discriminating between RM and MPM.

Elevated levels of expression or activation of
GLUT-1, or both, have been shown to be associated
with transformation of cells and malignancy, and to
be modified by changes in the physiological micro-
environment in tissues.?*?-** High GLUT-1 expression
correlates with increased metabolism and glucose
utilization in a number of normal tissues, and this
transporter is overexpressed in a variety of human
tumors.’'® Increased expression of GLUT-1 is also
seen in conditions that induce greater dependency
on glycolysis as an energy source, such as ischemia,
hypoxia, or both.** These data suggest that over-
expression of GLUT-1 may play an important role in
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the survival of tumor cells by maintaining an
adequate energy supply to support their high
metabolism and rapid growth in an often less-than-
ideal physiological environment.*®

GLUT-1 expression has been revealed in a variety
of carcinomas, such as those of the breast, head and
neck, bladder, and renal cells.’®*** In the lung,
about 34.3-100% of lung adenocarcinomas®®?%-22-24
and 100% of lung squamous cell carcinomas?****#
are reported to express GLUT-1 at the primary site.
With regard to MPM, only one article has describe
that two of four studied cases were positive for
GLUT-1.** In the present study, GLUT-1 immunor-
eactivity was observed in all MPMs and 56 out of 58
(96.5%) cases of lung carcinoma. These results
indicate that GLUT-1 cannot discriminate between
MPM and lung carcinoma. Therefore, additional
appropriate positive and negative mesothelial mar-
kers are needed in order to differentiate between
MPM and lung carcinoma.>

The heterogeneity of GLUT-1-positive areas has
been reported previously. In squamous cell carcino-
ma, cells in the center of cancer nests, close to the
necrotic area, were stained more strongly than those
in peripheral areas. In adenocarcinoma, poorly
differentiated areas such as the solid central area
were stained more strongly than well differentiated
areas such as those showing lepidic growth.?*?>* In
the present study, more than half of all tumor cells
were positive for GLUT-1 in 37.5% of MPMs, 85.7%
of lung squamous cell carcinomas, and 36.7% of
lung adenocarcinomas. These results indicate that
GLUT-1 negativity in small samples such as those
obtained by biopsy does not exclude malignancy,
and that positive immunoreactivity for GLUT-1 may
be an aid to accurate diagnosis of malignancy.

The GLUT-1 positivity rate in RM has been
reported to be 0% (present study and Afify et al*9),
3% (Zimmerman et al?®), and 20% (Burstein et al*”).



However, Zimmerman et al and Burstein et al
reported that GLUT-1-positive cells of RM showed
equivocal-to-weak staining and were easily distin-
guishable from unequivocal positivity of other cell
types, so that the specificity of GLUT-1 was not
diminished. According to them, a number of ‘false-
positive’ cases occurred in patients with cirrhosis.
The RM resulting from cirrhosis may be prompted
by glucose intake to compensate for the unfavorable
environment in effusion. Our cohort of RM con-
sisted of surgically resectable cases within the
physiological range or without effusion.

Positron emission tomography (PET) measure-
ments of fluorodeoxyglucose (FDG) accumulation
in different animal tumors has shown a correlation
between tracer FDG uptake and the GLUT-1 mRNA
content. GLUT-1 has been found to be overexpressed
in tumor cells and to promote glucose metabolism
and FDG accumulation in humans.?>?* In MPM,
Carretta et al’® have reported that FDG-PET can
differentiate RM from MPM. These findings are
consistent with the present immunohistochemical
results.

In summary, GLUT-1 appears to be a sensitive and
specific marker for differentiating between RM and
MPM, although it is unable to discriminate between
MPM and lung carcinoma.
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Abstract This paper proposes a method to intra-
operatively visualize the process of tumour resection
until complete resection is accomplished. A fuzzy
connectedness method that is robust against image
noises was used to identify the tumour position and
volume. Based on the tumour segmentation results, the
removed area and the residual tumour tissues were
examined with reference to the electrocautery trace
log. Unique processes that are specific to glioma
resection were introduced in the method to improve
the accuracy of estimation. Invalid data in the trace log
were excluded, and the tumour region surrounded by
valid log points was included in the removed area. The
proposed system also produces an alarm to indicate
whether the electrocautery is being accurately per-
formed within the tumour area. Thus, this surgical
navigation system can assist surgeons in intuitively
monitoring the tumour resection process and properly
removing tumour remnants. Preliminary experiments
and a clinical pilot study showed the feasible applica-
tion of this method.
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‘ Introducﬁon

In neurosurgery, the tumour resection rate significantly
affects patient survival. According to the Japan tumour
registry 2000, the data of survival following malignant
glioma revealed that only complete resection could
improve the five-year survival rate (up to 40%). With
regard to the survival rate, the cases of 95-99%
resection were not considerably different from those in
which no resection was performed. To aid 100% tu-
mour removal without invasion of the adjacent normal
tissues, computer-aided procedures such as surgical
navigation have been introduced {1, 2).

Further, intra-operative magnetic resonance imag-
ing (MRI) has been widely used in the field of neuro-
surgery since the late 1990s. It provides the surgeon
with updated images of the lesion during surgery, thus .
facilitating the verification of the treatment process in
progress. Therefore, the combined use of a surgical
navigation system and intra-operative MRI will allow
surgeons to accurately approach the target area that is
mapped on the updated MR images.

However, a number of navigation systems using in-
tra-operative MRI mainly provide the surgeon with a
series of two-dimensional (2D) images [3—6]. Surgeons
are frequently required to observe the navigation
monitor while approaching the tumour margins, and
they must imagine three-dimensional (3D) objects
based on 2D images. Although several previous navi-
gation systems and relative registration techniques
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