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Survey on the Compliance of Patients with Continuous Infusion of 5-Fluorouracil via Portable Infusion Pumps:
Junya Sato*'*%, Kazufumi Terui*'#, Akemi Awatsu **, Motoi Koyama **, Jugoh Itoh ***, Yasuo Saijo *** and Makoto Hayakari **
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Summary

A portable infusion pump is essential to sustain the 46-hour continuous administration of 5-fluorouracil in the folinic acid,
fluorouracil, and oxaliplatin (FOLFOX) and folinic acid, fluorouracil, and irinotecan (FOLFIRI) protocols in colorectal cancer
chemotherapy. However, the accuracy of the 5-fluorouracil dose administered via the infusion pump and patient compliance
varies because the infusion rate changes depending on the viscosity of the drug, temperature, etc. In addition, the termination
of administration based on the patient’s judgment may influence these factors.

In the present study, the amount of 5-fluorouracil remaining in the infusion pump and the administration time were
investigated.

As a result, the median amount that was found to remain in the pump was 49 mg, which was 2. 0% of the average dosage,
and an median administration time delay of 70min was obtained. A questionnaire survey revealed that a majority of the
patients felt insecurity about inadequate administration and administration time delays. These results indicate that customiz-
ing capacity modulation in the infusion pump corresponding to the patient’s usage or seasonal variability of air temperature,
and patient education may be important to improve patient compliance. Key words: Cancer chemotherapy, 5-fluorouracil,
Portable infusion-pump (Received Jul. 7, 2009/Accepted Sep. 11, 2009)
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Background: Pleomorphic carcinoma of the lung is a malignant epithelial tumor that contains carcinoma-
tous and sarcomatoid components. Due to its rarity, few studies have been reported, and its clinical and
pathological characteristics remain unclear.

Method: We retrospectively investigated 22 cases of pleomorphic carcinoma of the lung.

Results: Fifteen cases were diagnosed by surgical resection, 4 by autopsy, and 3 by transbronchial biopsy.

’;]engrd“‘:h. . Nineteen patients were male and 3 were female, and their mean age at diagnosis was 68.3 years (+£10.1).
FDegT)g_p ¢ carcinoma Eighteen were current- or ex-smokers with substantial smoking histories (mean 46.4 pack-years). Sixteen
Surgery patients had symptoms: hemoptysis and cough were ¢ ly seen. Chest comp (cT)
Chemotherapy findings revealed that the tumors were quite large (mean diameter 45.3 +21.9 mm; range 14-110 mm),
Gefitinib and 21 tumors were peripherally located. Positron emissi with 18-fluorodeoxy-glucose
Prognosis (FDG-PET) was performed in 12 patients, and the Standardized Uptake Value (SUV) tended to be high

(9.44+4.98). In the 15 patients who underwent surgical resection, recurrence was common; systemic
metastases were also frequently found. Patients who had received surgical treatment with proper follow-
up care survived longer than those who did not undergo surgery. Responses to chemotherapy were
generally poor, although 1 patient exhibited partial response to gefitinib.
Conclusions: Pulmonary pleomorphic carcinoma has strong malignant potential with frequent distant
metastases, as has already been reported. However, this study demonstrated that surgical treatment and
appropriate follow-up therapy might result in better prognoses.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction If the tumor consists of only spindle cells or only giant cells, it is
defined as a spindle cell or giant cell carcinoma, respectively, which
are other subgroups of sarcomatoid carcinoma. Carcinosarcoma,

which contains carcinoma and sarcoma, is another subgroup. Sar-

According to the World Health Organization classification of
lung tumors, pleomorphic carcinoma of the lung is one of five sub-

groups of sarcomatoid carcinoma [1], which itself is defined as a
group of poorly differentiated tumors characterized pathologically
by a combination of epithelial and mesenchymal elements. Pleo-
morphic carcinoma s histologically defined as either non-small cell
carcinoma combined with neoplastic spindle and/or giant cell or a
carcinoma that consists of only spindle cell and giant cell. At least
10% of the neoplasm should be pleomorphic.

* Corresponding author. Tel.: +81 11 706 5911; fax: +81 11 706 7899.
E-mail address: soizumi@med.hokudai.ac.jp (S. Oizumi).

0169-5002/$ - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.lungcan.2009.06.002
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coma components differentiate to osteosarcoma, chondrosarcoma,
and rhabdomyosarcoma. Bone, cartilage, muscle, fat, and neuron
are sometimes detected pathologically in tumors. Pulmonary blas-
toma is a very rare type of sarcomatoid carcinoma characterized as
biphasic tumor containing a primitive epithelial component resem-
bling well-differentiated fetal-type adenocarcinoma and a primary
mesenchymal stroma.

Since its diagnostic criteria were confirmed, pulmonary pleo-
morphic carcinoma has been diagnosed more frequently. It is
essential to understand its clinical behavior for effective man-
agement of patients with this disease. However, as pulmonary
pleomorphic carcinoma is rare (only 0.1-0.4% of all malignant
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tumors of the lung) [2-4], its clinical and pathological character-
istics are not well known. We have retrospectively investigated
22 patients with pulmonary pleomorphic carcinoma diagnosed by
surgical resection, autopsy, or transbronchial biopsy (TBB). Radi-
ological findings, results of positron emission tomography with
18-fluorodeoxy-glucose (FDG-PET), treatment, and clinical course
are described in this report.

2. Material and methods
2.1. Patients

‘We retrospectively analyzed 22 pulmonary pleomorphic carci-
nomas from a total of 2447 primary lung cancers (including 1022
cases of resected lung cancer) that we experienced between January
2005 and December 2008 at seven institutes (Hokkaido University
Hospital, National Hospital Organization Hokkaido Cancer Cen-
ter, Fukushima Medical University School of Medicine, National
Hospital Organization Dohoku National Hospital, Hokkaido Social
Insurance Hospital, Hokkaido Chuo Rosai Hospital, and KKR Sap-
poro Medical Center). Pathological diagnosis was made by surgical
resection, autopsy, or TBB. The incidence of pulmonary pleo-
morphic carcinoma was 0.90%. This study was approved by the
institutional review boards of each institute, and all patients pro-
vided written informed consent.

2.2. CT and FDG-PET protocol

Chest computed tomography (CT) was performed in all patients.
The size, location, and internal density of the tumor, and the pres-
ence of a cavity were evaluated. Hilar and mediastinal lymph nodes
were measured, and if the short-axis diameter of a lymph node was
equal to or longer than 10 mm, it was considered positive. Abdomen
CT was also performed to detect metastases to abdominal organs
such as liver, kidney, and adrenal gland.

Positron emission tomography with 18-fluorodeoxy-glucose
(FDG-PET) has been used for evaluating tumors of the lung as well
as lymph node and distant metastases. The Standardized Uptake
Value (SUV), which was obtained by placing a region of interest
over the lesion and dividing the value (in microcuries per cubic
centimeter) by the injected dose (in microcuries) divided by the
patient’s body weight (in grams) [5], was measured. In this series,
12 patients underwent FDG-PET.

2.3. Pathological diagnosis

Pleomorphic carcinoma was defined as non-small cell carci-
noma containing at least 10% sarcomatoid components. Patholo-
gists evaluated specimens that were obtained by surgery, autopsy
and TBB. In this study, when a TBB specimen contained both car-
cinomatous and sarcomatoid components, and the non-small cell
lung cancer component was clearly distinct from the spindle/giant
cell carcinoma, the tumor was diagnosed as pleomorphic carci-
noma.

2.4. Evaluation of response to chemotherapy or radiotherapy

Response evaluations for chemotherapy and/or radiotherapy
were assessed using RECIST (Response Evaluation Criteria in Solid
Tumors) guidelines [6]. Overall survival was defined as the time
from the first day of treatment until death from any cause.

2.5. Statistical analysis

In this paper, statistical values are given as mean + standard
deviation. Continuous variables were compared using the Student’s

t-test or Mann-Whitney test, as appropriate. All survival curves
for time-to-event variables were created using the Kaplan-Meier
method [7].

3. Results

3.1. Patient characteristics

Patient characteristics are summarized in Table 1. The
male:female ratio was 19:3. The age at diagnosis was 68.3+10.1
years (range 51-94). Symptoms were seen in 16 patients (72.7%):
common symptoms were hemoptysis (7 cases) and cough (6 cases).
Fever, pain, dyspnea and body weight loss were also seen. Six
patients (27.3%) had no symptoms but were referred to hospi-
tal with lung nodules detected on chest X-rays. Eighteen patients
(81.8%) were current- or ex-smokers, and the remaining 4 (18.2%)
had never smoked. The smoking history was striking: the mean
number of pack-years of the 22 patients was 46.4+36.3, with a
maximum value of 160 pack-years (patient 5); the mean value of
the 18 smokers was 56.7 + 31.8 pack-years.

Biochemical examination revealed that in 14 of the 22 cases
(63.6%), serum carcinoembryonic antigen (CEA) was high, at
18.1 +£41.2 ng/ml (normal 1.0-6.5). In 10 of the 18 cases examined
(55.6%), cytokeratin fragment 19 (CYFRA 21-1) was also increased
(4.0 +4.3 mg/ml; range 0.0-14.1; normal 0.0-2.0). No other tumor
markers examined, including carbohydrate antigen 19-9 (CA19-9),
Sialyl Lewis (x) (SLX), squamous cell carcinoma antigen (SCC-Ag),
pro-gastrin-releasing peptide (Pro-GRP), and neuron-specific eno-
lase (NSE), were specific and useful for diagnosis of pleomorphic
carcinoma of the lung.

3.2. Radiological findings

Chest CT was performed in all 22 cases and revealed fairly large
tumors: 45.3+21.9mm in diameter (range 14-110). All tumors
were observed as mass or nodule, and ground glass opacity pattern
or consolidations were not seen in our study. One case (patient 17)
had a cavity inside the tumor (tumor diameter 50 mm). Twenty-
one tumors (95.5%) were located in the peripheral field of the lung,
while 1 was central (patient 20, non-small cell carcinoma + spindle
cell).In 15 cases (68.2%), the primary tumor was located in the upper
lobe (right: 12 cases; left: 3 cases), and the remaining 7 tumors
(31.8%) were located in the middle or lower lobe. Four cases exhib-
ited internal low densities and heterogeneous pattern (patients
1, 14, 15, and 19). At the time of diagnosis, chest wall invasions
were found in 2 patients (patients 6 and 17) and clinical T4 disease
(malignant pleural and/or pericardial effusion, pleural dissemina-
tion, mediastinal invasion, and metastases to the same lobe) in 4
patients (patients 14, 16, 19, and 22). Clinical nodal involvements on
CT findings were observed in 13 of the 22 patients (7 of 15 patients
who underwent surgical resection).

Twelve patients underwent FDG-PET, and the SUV of the primary
lesions tended to be high (9.44 +4.98; range 3.00-16.6). SUVs of
T1 (<3 cm)and T2 (>3 cm) disease were 7.16 +4.59 and 9.89 +5.16,
respectively. Most of the metastatic lymph nodes and distant metas-
tases also exhibited high SUV.

3.3. Diagnosis and pathological findings

Fifteen cases of pulmonary pleomorphic carcinoma were diag-
nosed by surgical resection (Table 1; patients 1-15). Representative
histological finding of the resected tumor is shown in Fig. 1A
(patient 4, squamous cell carcinoma with spindle cell). Eleven of the
15 tumors were diagnosed as primary lung cancer by sputum and/or
transbronchial brushing cytology, or TBB before surgery. Another 4
cases (Table 1; patients 16-19) were confirmed by autopsy to have
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Fig. 1. Histological findings of pleomorphic carcinoma. (A) A spindle cell carcinoma component seen in a surgically resected tumor (patient 4, hematoxylin and eosin, 100x).
(B) A giant cell carcinoma component in a tumor tissue obtained by transbronchial biopsy (patient 21, hematoxylin and eosin, 100x ).

pulmonary pleomorphic carcinoma. In the other 3 patients (Table 1;
patients 20-22), sarcomatoid elements were successfully detected
with TBB (Fig. 1B, patient 21, large cell carcinoma with giant cell),
and pleomorphic carcinoma was diagnosed without surgical resec-
tion or autopsy.

Sputum cytology was performed in 15 patients. In 2 patients
(13.3%), carcinoma cells but not sarcomatoid elements were
detected: 1 case (patient 10) was diagnosed as squamous cell
carcinoma and the other (patient 4) as adenosquamous cell
carcinoma.

Transbronchial brushing cytology and/or TBB was performed in
21 patients, confirming 17 cases of lung cancer. In 7 of the 17 cases,
sarcomatoid elements were pathologically obtained in specimens.
Three (patients 1,9, and 11) of these patients received surgical resec-
tion, and 1 (patient 18) underwent autopsy. The other 3 (patients
20-22) patients were diagnosed with pleomorphic carcinoma by
the TBB results alone without surgery or autopsy.

We also investigated differences in clinical features according to
pathological subtypes. Large cell carcinoma combined with giant
cell (6 cases, 27.3%) and adenocarcinoma combined with spindle
cell (4 cases, 18.2%) were predominantly observed. We did not find
any statistical differences in clinical or radiological characteristics
according to pathological subtypes.

3.4. Clinical course and prognosis for patients having surgical
treatment

Clinical stages at the point of diagnosis were stage IA in 4 cases
(18.2%), stage IB in 3 cases (13.6%), stage IIB in 4 cases (18.2%),
stage IlIA in 3 cases (13.6%), stage IlIB in 3 cases (13.6%), and
stage IV in 5 cases (22.7%) (Table 1). Of the 15 patients with sur-
gical resection (patients 1-15), pathological stage (p-stage) was
upgraded compared with clinical stage (c-stage) in 4 cases (26.7%).
Pathological stages were stage IA in 3 cases (20%), stage IB in
3 cases (20%), stage 1IB in 4 cases (26.7%), stage IlIA in 2 cases
(13.3%), stage IlIB in 2 cases (13.3%), and stage IV in 1 case (6.7%)
(Table 1). Fig. 2A shows overall Kaplan-Meier survival curve in all
of the enrolled 22 patients. Median survival time (MST) was 213
days.

Of the 15 patients who underwent surgery, 6 patients, including
5 with pNO disease, relapsed after surgery. Four of them had recur-
rence by distant metastases (2 to the brain, 1 to lung, and 1 to bone).
Four of these patients died from relapsed cancer, while 2 patients
(patients 9 and 15) are still alive (1 of them is receiving gefitinib).
The other 9 patients have not developed any recurrence at the time
of analysis, including 2 patients who died of non-cancer-related
disease (pneumonia and heart disease).
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Fig. 2. (A) Kaplan-Meier overall survival of all patients and (B) overall survival of patients treated with surgery (15 patients) or without surgery (7 patients).
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Table 2
Summary of chemotherapy for 5 patients except for adjuvant therapy.

Patient no. Situation ¥ Stage (best respo;

9 :  Recurrence after surgery pTINOMOIA CDDP/DOC (SD)-» Gef.

15 M S Recurrence after surgery PTANOMI IV © " CBDCA/PTX(SD) =

17 © . Noindication of surgery CT3N2M1 IV - | CBDCA/PTX (SD)—> GEM/VNR (PD) )
18 _No indication of surgery CT2N3MO IlIB . - CBDCA/PTX (SD) - GEM/VNR (NE?*

190 No indication of surgery. - ,cT4N1M1 v CBDCA/DOC (SD)

CDDP usplatm DOC: docetaxel, Gef: gefitinib, CBDCA: carboplatin, PTX: paclitaxel, GEM: gemmtablne VNR: vinorelbine, S-1: TS-1, PR: partial response, SD: stable disease,

PD: progressive disease, NE: not evaluated.
2 Occurred drug-induced interstitial pneumonitis.

Four patients (patients 1, 6, 10, and 14) received adjuvant
chemotherapy post-surgery. Patient 6 exhibited pT3NOMO (stage
11B) with chest wall invasion and received chemo-radiation therapy
(cisplatin plus docetaxel and 65 Gy radiation in total). This patient
was still alive without recurrence 441 days after surgery. Other
3 patients received chemotherapy alone. Patient 1 received UFT
(Tegafur/Uracil) and was alive without recurrence 573 days after
surgery. Patient 10 had adjuvant chemotherapy with vindesine, UFT,
and OK432. This patient had recurrence 78 days after surgery and
died after 126 days. Patient 14 received carboplatin and gemcitabine
and was alive 98 days after surgery.

Patients 9 and 15 received chemotherapy for a recurrent tumor
after surgery (Table 2). Patient 9 received cisplatin plus docetaxel
as first-line therapy, and the response was stable disease (SD). It
is noteworthy that the case (a 70-year-old non-smoker woman)
exhibited partial response to gefitinib as second-line therapy. The
pathological subtype of this case was adenocarcinoma combined
with spindle cell. Interestingly, the tumor harbored epidermal
growth factor receptor (EGFR) mutations (L858R).

Fig. 2B shows overall Kaplan-Meier survival curve in the 15
patients who underwent surgical resection. Nine patients were still
alive at the time of analysis, and MST was not determined.

3.5. Clinical course and prognosis for patients who did not
undergo surgery but received chemotherapy, radiotherapy, or best
supportive care

Four (patients 16, 17, 19, and 21) of the 7 cases who did not
undergo surgical resection (patients 16-22) and one (patient 15) of
patients who received surgery had distant metastases at the time of
diagnosis (stage IV). The metastasis sites were bone (2 cases), lung,
adrenal gland, skin, and lymph node (1 case each). Three patients
(patients 18, 20, and 22) did not have surgical treatment because
they had c-stage 1IIB disease (patients 18 and 22) or advanced age
(patient 20; 94 years old). During their clinical course, other metas-
tases to brain, liver and the small intestine appeared. One patient
(patient 18) died of perforation of the small intestine because of
metastasis. Autopsy (patients 16-19) revealed small metastases to
heart, kidney, thyroid gland and distant lymph nodes that could
not be proven by CT or MRI before death. Fig. 2B shows Kaplan-
Meier overall survival curve for the 7 patients who did not undergo
surgery; MST was 118 days.

Three patients received chemotherapy against advanced tumor
without surgical resection (patients 17, 18,and 19). As first-line ther-
apy, the patients received carboplatin plus paclitaxel (patients 17
and 18) and carboplatin plus docetaxel (patient 19). Two received
gemcitabine plus vinorelbine as second-line treatment (patients 17
and 18). Only patient 17 received gefitinib as third-line and TS-1
as fourth-line treatments. Response was very poor, as shown in
Table 2 (there were two NE (not evaluated) cases because of dif-
ficulties in performing follow-up examinations after onset of acute
drug-induced pneumonitis). Even with first-line chemotherapy, no
partial response was observed with the cytotoxic agents. The MST
of these 3 patients (who did not undergo surgical treatment) was
213 days.
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A total of 6 patients received irradiation for primary tumor caus-
ing back pain (patient 22), for brain metastasis (patient 8), for bone
metastasis (patients 9 and 21), and as adjuvant therapy after surgi-
cal resection for pT3 tumors (patients 6 and 7).

Two of 22 patients received best supportive care because of
advanced age and poor Eastern Cooperative Oncology Group Per-
formance Status (ECOG PS) (patients 16 and 20).

4. Discussion

Lung tumors have been reclassified by the World Health Orga-
nization. In 1999, a group named “carcinoma with pleomorphic,
sarcomatoid, or sarcomatous elements” was defined. In 2004, this
group, which contained pleomorphic carcinoma, was renamed “sar-
comatoid carcinoma” [1]. Travis et al. had previously reported
pleomorphic carcinoma of the lung to be very rare (approximately
0.1-0.4% of all lung malignancies) [2-4]. Since its pathological defi-
nition became widely recognized, pleomorphic carcinoma has been
diagnosed more frequently: in our study, its frequency was 0.90%
(22/2447 cases). In another recent study, it was found to be 1.6%
(45/2743) of resected non-small cell lung cancer (NSCLC) [8]. As in
previous reports [8-12], most cases in our study were male with a
history of smoking; they exhibited symptoms such as hemoptysis
and cough.

Pleomorphic carcinoma of the lung was often found as a
large mass, more than 4-5cm in diameter. In our study, the
tumors tended to be located in the periphery of the upper lobes.
Frequently observed hemoptysis might be characteristic of pul-
monary pleomorphic carcinoma in spite of its peripheral location.
We discovered sarcomatoid elements in 7 cases by transbronchial
brushing cytology and/or biopsy; however, there were no cases
diagnosed only with cytological examination. Even when the
component is included in the specimen, definite diagnosis of
pleomorphic carcinoma should be avoided because it is difficult to
differentiate the spindle component from active fibroblasts, as well
as a giant cell component from multinucleated histiocytes. Kim et
al. reported that 86% of pulmonary pleomorphic carcinomas with
an adenocarcinoma component and 100% of those with a large cell
carcinoma component were located in the periphery, while 100%
of the pleomorphic carcinomas with a squamous cell carcinoma
component were located in the central region [10].

They also demonstrated that the CT features of the tumor
appeared to be dictated by its epithelial components. However,
in our study, only 1 tumor was centrally located, the subtype of
which was non-small cell carcinoma combined with spindle cell.
All 3 cases of pulmonary pleomorphic carcinomas with a squa-
mous cell carcinoma component were located in the periphery.
In addition, CT features such as a cavity and heterogeneous den-
sity in the tumor that reflected necrosis or hemorrhage were not
related to tumor subtypes. Neither patient characteristics (age, sex,
smoking history, and symptoms), FDG-PET findings, response to
chemotherapy, nor prognosis differed significantly between patho-
logical subtypes. Mochizuki et al. also described that there were
no significant differences in the overall survival between groups
divided by predominant epithelial component [12].
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FDG-PET was useful in examining patients with pleomorphic
carcinoma of the lung, because it showed higher SUV in primary
lesions even if the size of the tumor was small (minimum size
was 15mm in the 12 examined cases). SUVs of T1 (<3 cm) and
T2-4 (>3 cm) disease were 7.16 +4.59 and 9.89 + 5.16, respectively.
Tournoy et al. has reported mean SUVs of T1 and T2-4 NSCLC as
3.71 and 5.20 [13]. There was a statistically significant difference in
SUV of T2-4 diseases between NSCLC and pleomorphic carcinoma
(P<0.01), whereas there was no significant difference in SUV of T1
diseases (P=0.48). Although there were only 2 T1 tumors in our
study, our FDG-PET result suggests that the SUV of pleomorphic
carcinoma might be higher than that of common non-small cell
lung cancer, which might be helpful in diagnosis.

Biochemical examination revealed serum CEA to be elevated in
63.6% of patients (14 cases). This marker is known to be specific for
other tumors including adenocarcinoma and is affected by external
factors such as smoking. SCC, CYFRA, SLX, Pro-GRP, and NSE were
considered to be non-specific markers for pulmonary pleomorphic
carcinoma.

Distant metastasis was frequently observed in patients with
pleomorphic carcinoma of the lung. The major sites of distant
metastases were the same as those for other malignant epithelial
lung tumors, i.e., bone, brain, lung, liver and adrenal gland, but the
progression of this tumor is particularly rapid, and distant metas-
tases seem to strongly influence prognosis. Autopsies revealed that
pleomorphic carcinomas of the lung tended to expand into various
lesions: minor sites of metastases such as thyroid grand, peri-
toneumand lymph nodes of abdomen could not be found by clinical
examination before death. In particular, metastases to small intes-
tine were revealed by autopsy in 2 patients, 1 of whose death
(patient 18) was a result of intestine perforation.

Chest wall invasions and mediastinal invasions were commonly
observed in the 15 patients who underwent surgical resection,
as postoperative pathological findings rather than preoperative
prediction. Because of pT3 disease, 3 cases were given adjuvant
therapy (irradiation (patient 7) or chemotherapy (patient 1) or
chemo-radiation therapy (patient 6)). Recurrence after surgery was
frequently observed, and it should be noted that 5 cases with pNO
disease also relapsed. While Raveglia et al. reported that nodal
involvement was a determinant prognostic variable of pleomorphic
carcinoma of the lung [9], Yuki et al. commented that even patients
with pNO disease frequently experienced vascular invasion (57.1%)
[8]. We have to keep in mind that pleomorphic carcinoma of the
lung has the potential to recur even if the primary lesion is resected
at an early stage. In our study, the 15 patients who underwent
surgery better prognoses, with 9 patients surviving, compared with
a MST of 118 days for patients who had not received surgery. One
reason might be that some patients properly received chemother-
apy, irradiation, or combination as adjuvant therapy post-surgery
or when the relapsed tumor was found; indeed 4 patients receiving
the treatments are still alive.

Chemotherapy was administered to 9 patients, 4 of whom
received adjuvant chemotherapy after surgery, while the other
5 had recurrence after surgery or advanced cases without
surgery; however, neither platinum-based nor non-platinum-
based chemotherapy was effective. Bae et al. also commented
that advanced pulmonary pleomorphic carcinoma showed poor
response to chemotherapy regimens [11]. Of note is the fact that
we experienced one partial response to gefitinib despite this being
second-line treatment (patient 9). The tumor in this case was diag-
nosed as pleomorphic carcinoma by surgical resection, and EGFR
mutation (L858R) was detected. The presence of EGFR mutation
is related to a patient’s background and pathological subtypes
of the lung cancer: it influences response to gefitinib [14]. This
Japanese patient was female with no history of smoking, and the
subtype of the tumor was adenocarcinoma combined with spindle

cell. She had relapsed 19 months after surgery. First, she received
platinum-based chemotherapy, which caused a SD response, and
then gefitinib as second-line treatment resulted in survival for 890
days after surgery. It was not clear whether gefitinib was effec-
tive for only the adenocarcinoma component and not the spindle
cell component since we could not obtain a tumor tissue sample
after treatment. However, the good response to second-line gefi-
tinib highlighted the importance of molecular targeted therapy for
this entity.

5. Conclusion

In conclusion, we retrospectively analyzed 22 cases of pul-
monary pleomorphic carcinoma in a total of 2447 cases of
primary lung cancer. Pulmonary pleomorphic carcinoma had strong
malignant potential with frequent distant metastases. We demon-
strated that surgical treatment and appropriate follow-up therapy
including the use of a molecular targeting drug (e.g., gefitinib
for patients with adenocarcinoma as carcinomatous component)
might improve outcomes. Some other important findings regard-
ing the characteristics and clinical course of the tumor have been
described in this report, and further investigations will be needed
to elucidate more definitive clinical features and to establish appro-
priate methodological strategies for pleomorphic carcinoma of the
lung.
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To evaluate the combination of transbronchial biopsy (TBB) using endobronchial ultrasonography with
a guide sheath (EBUS-GS) and positron emissi with fl ose (FDG-PET) for
the diagnosis of small peripheral pulmonary lesions (PPLs) <30mm in mean diameter. A total of 74
PPLs (69.2%) were diagnosed by TBB using EBUS-GS with X-ray fluoroscopy. Diagnostic yield by FDG-PET
was 78.5% for the 107 PPLs examined. Diagnostic yield with the combination of TBB using EBUS-GS and
FDG-PET (90.7%) was significantly higher compared with that for each procedure alone. A significant
increment in diagnostic yield with this combination was seen for PPLs >20 mm and <30mm and for
malignant lesions. Combination of TBB using EBUS-GS and FDG-PET is useful for the diagnosis of small
PPLs.

Positron emission tomography with
fluorodeoxyglucose
Standardized uptake value

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Various procedures have been developed to diagnose peripheral
pulmonary lesions (PPLs). Transbronchial biopsy (TBB) proce-
dures, which use a bronchoscope under fluoroscopic guidance,
have been performed since the 1970s, with a diagnostic accu-
racy of 36-86% [1-5]. This diagnostic accuracy is influenced
by lesion size. Schreiber and McCrory reported in a system-
atic review that the diagnostic accuracy for lesions <20 mm
was 33% [1]. Other studies have found a diagnostic accuracy of
35-50% for benign lesions, lower than that for malignant lesions
[2-5].

Currently, small-caliber radial-type ultrasound probes can be
used for the clinical application of ultrasonography to examine
tracheal-bronchial lesions. Endobronchial ultrasonography (EBUS)
has been used for imaging guidance for TBB of PPLs [6,7]. Further-
more, Kurimoto et al. and our own preliminary study have shown
the feasibility and effectiveness of TBB using EBUS with a guide
sheath (EBUS-GS) [8,9], and several reports have since demon-
strated the safety and efficacy of this method [10,11]. Nevertheless,
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the diagnostic yield of TBB using EBUS-GS in PPLs has been reported
as 58-77% [8-13].

Recent advances in positron emission tomography with fluo-
rodeoxyglucose (FDG-PET) have made significant contributions to
differentiating between malignant and benign PPLs. Several reports
have suggested that FDG-PET examinations reduce the number of
patients with indeterminate PPLs undergoing unnecessary surgical
biopsy [14-18]. However, FDG-PET is not always diagnostic, partic-
ularly for PPLs <30 mm in mean diameter. Malignant lesions such as
well-differentiated adenocarcinoma and bronchiolo-alveolar carci-
noma are frequently not identified on FDG-PET due to low glucose
metabolism, while active inflammation sometimes shows positive
FDG uptake due to high glucose metabolism [14-17].

These reports led us to the idea that the combination of TBB
using EBUS-GS and FDG-PET might improve diagnostic yields for
PPLs. The present study therefore evaluated a combination method
for the diagnosis of small PPLs <30 mm in diameter.

2. Materials and methods

2.1. Patients

Medical records of 107 patients with 107 small PPLs (mean
diameter, <30 mm) who underwent both TBB with EBUS-GS and
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FDG-PET between August 2003 and March 2006 at Hokkaido
University Hospital were retrospectively reviewed. PPLs were
defined as lesions surrounded by pulmonary parenchyma that
were endoscopically invisible (no evidence of endobronchial lesion,
extrinsic compression, submucosal tumor, narrowing, inflamma-
tion or bleeding of the bronchus). All chest computed tomography
(CT) images were reviewed, and mean diameters of PPLs were
recorded. This study was approved by the Internal Review Board at
our institution. All patients had provided written informed consent
to undergo the procedures described below.

2.2. TBB using EBUS-GS

TBB using EBUS-GS was performed as described previously [8,9].
A 20-MHz mechanical radial-type probe (UM-S20-17R; Olympus
Medical Systems, Tokyo, Japan) with an external diameter of 1.4 mm
(1.4-mm probe) was most often used, and a 20-MHz mechanical
radial-type probe (UM-S20-20R; Olympus) with an external diam-
eter of 1.7 mm (1.7-mm probe) was used for PPLs assumed to be
easily reached before bronchoscopy. The probe was connected to
an EU-M30S endoscopic ultrasound system (Olympus). A flexible
fiberoptic bronchoscope with a 2.0 mm diameter working channel
(BF-P-260F; Olympus) and a guide sheath with an external diameter
of 1.9mm (B01-836-12; Olympus) were used for the 1.4-mm probe,
and a flexible fiberoptic bronchoscope with a 2.8 mm < diameter
working channel (BF-1T30 and BF-1T260; Olympus) and a guide
sheath with an external diameter of 2.7mm (B01-836-13; Olym-
pus) were used for the 1.7-mm probe. After the bronchoscope
was inserted under local anesthesia as deeply as possible into the
target bronchus under direct vision, an EBUS probe was inserted
into the guide sheath, and the guide sheath-covered probe was
then inserted through the bronchoscope working channel into the
bronchus leading to the area suspected of containing the PPL. EBUS
imaging and radiographic fluoroscopy were used to confirm that the
probe and guide sheath had reached the PPL. When an EBUS image
of the PPL was not obtained, the probe was removed from the guide
sheath and a double-hinged curette was inserted into the guide
sheath. The appropriate bronchus was then selected by manipu-
lating the curette under fluoroscopic guidance. Once the bronchus
was determined, the curette was removed from the guide sheath
and the probe was again inserted into the guide sheath to obtain an
EBUSimage of the PPL. After locating the PPL on the EBUS image, the
probe was removed from the guide sheath and the sheath was left
in the PPL. Biopsy forceps and bronchial brushes were introduced
via the guide sheath, and pathological and cytological specimens
were obtained under fluoroscopic guidance. Bronchoscopic proce-
dures were performed by eight pulmonary fellows, each with >4
years of training and experience in bronchoscopy.

When a definitive diagnosis was not obtained by TBB
using EBUS-GS, the patient underwent other procedures (e.g.,
video-assisted thoracoscopic surgery (VATS), percutaneous needle
biopsy) or clinical and radiological follow-up examinations to con-
firm diagnosis of the PPL.

2.3. FDG-PET

FDG-PET was performed 60min after injection of 4.5 MBq/kg
body weight of fluorodeoxyglucose using an EXACT 47 scanner
(Siemens, Munich, Germany). Patients had to fast for =6 h prior
to FDG administration. Scanning itself encompassed an emissi

Table 1
Established diagnosis in all 107 lesions.

Diagnosis Lesions diagnosed by TBB using
EBUS-GS/total lesions
Malignant 66/91
Lung cancer 59/80
Adenocarcinoma 33/44
Squamous cell carcinoma 12/17
Large cell carcinoma 1/4
Non-small cell carcinoma 6/7
Small cell carcinoma 7/8
Metastatic lung tumor 5/9
Lymphoma 7
Sarcoma 7
Benign 8/16
Non-tuberculous mycobacteriosis 3/4
Tuberculosis mn
Organizing pneumonia 22
Inflammatory change 0/4
Lung abscess 22
Others 0/3

2.4. Statistical analysis

The data that SUVmax and diagnostic yields by TBB with EBUS-
GS alone and FDG-PET alone were analyzed using Pearson x2-test.
The diagnostic yields by combining TBB using EBUS-GS and FDG-
PET were analyzed using McNemar test. Statistical software (SPSS
version 11.0.1; Chicago, IL) was used for all analyses. Statistical sig-
nificance was established at the p<0.05 level.

3. Results
3.1. Diagnostic yield by TBB using EBUS-GS

Mean (+standard deviation) diameter of the PPLs was
21.7+6.1 mm (range, 9.5-30mm). Of the 107 PPLs examined, a
total of 92 PPLs (86.0%) were detected by EBUS. Definitive diag-
nosis was established for 74 PPLs (69.2%) by TBB using EBUS-GS
(Table 1). Diagnostic yields for PPLs <20 mm and for PPLs >20 mm
and <30 mm in mean diameter by TBB using EBUS-GS were 54.5%
(24 of 44 PPLs) and 76.2% (48 of 63 PPLs), respectively. The diag-
nostic yield for PPLs <20 mm was significantly lower than that for
PPLs >20 mm and <30 mm (p <0.05). The diagnostic yield tended
to be lower for benign disease (50.0%) than for malignant disease
(72.5%), but this difference was not statistically significant.

3.2. Diagnostic yield by FDG-PET

In all PPLs, mean SUVmax for FDG-PET was 4.2 +2.9. A signif-
icant difference in SUVmax was seen between malignant disease
(4.5+3.0) and benign disease (2.5+1.6; p<0.01). With malig-
nant disease, a significant difference in SUVmax Was seen between
PPLs <20 mm (2.9 + 1.4) and PPLs >20 mm and <30 mm (5.5 +3.2;
p<0.01). Conversely, with benign disease, no significant differences
were seen according to tumor size (Table 2).

To determine a cut-off value of SUVmax for diagnosing pul-
monary malignancy with FDG-PET, we analyzed the receiver
operating characteristics (ROC) curve of SUVmax in all PPLs. The ROC

scan (2 min) and transmission (3 min) using rotating #3Ge-58Ga rod
sources. Scans were reconstructed with the ordered subsets expec-
tation maximization algorithm. FDG uptake was evaluated using
the maximum standardized uptake value (SUVmax). FDG-PET was
examined within 4 weeks before TBB using EBUS-GS.
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Table 2
Mean maximum standard uptake for FDG-PET.

<20mm >20mm and <30mm Total
Malignant 29+14 55+32 45+30
Benign 25+ 16 25+18 25+16
Total 28+15 52+32 4229

Values represent mean + standard deviation.
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Fig. 1. Receiver operating characteristics (ROC) curve of SUVmax in all PPLs. The
ROC curve showed that the cut-off value of 2.0 offered the highest sensitivity and
specificity.

curve showed that a cut-off value of 2.0 would provide the highest
sensitivity and specificity (Fig. 1). We then selected a cut-off value
of 2.0 of SUVpay for the following analysis in this study.

When using this criterion, diagnostic yield was 78.5% for the 107
PPLs examined. Diagnostic yields by FDG-PET of PPLs <20 mm and
PPLs >20mm and <30 mm were 70.5% (31 of 44 PPLs) and 84.1% (53
of 63 PPLs), respectively. Diagnostic yield was significantly lower for
PPLs <20 mm than for PPLs >20 mm and <30 mm (p<0.01). Diag-
nostic yield was also significantly lower for benign disease (56.3%)
than for malignant disease (82.4%; p<0.01).

3.3. Diagnostic yield with combination of TBB using EBUS-GS and
FDG-PET

Next, the diagnostic yield by combining TBB using EBUS-GS and
FDG-PET was evaluated (Table 3; results for each method are also
shown). Diagnostic yield with the combination of TBB using EBUS-
GS and FDG-PET was 90.7% for the 107 PPLs examined. In addition,
sensitivity, specificity, positive predictive value, and negative pre-
dictive value for combination of TBB using EBUS-GS and FDG-PET
were 94.5, 68.8, 94.5, and 68.8%, respectively. According to size,
diagnostic yield for PPLs >20mm and <30 mm in mean diameter
reached 96.8%, while diagnostic yield for PPLs <20 mm was 81.8%.
When restricted to malignant diseases, diagnostic yield with the
combination of techniques (94.5%) was still significantly higher
than those for each procedure alone (72.5% by TBB with EBUS-
GS alone; 82.4% by FDG-PET alone). Diagnostic yield for malignant
diseases with PPLs >20mm and <30 mm using the combination
method reached 100%. Conversely, no significant differences in

diagnostic yields were seen for benign disease, although diagnostic
yield with the combination method (68.8%) tended to be higher
than those for each procedure alone (50.0% for EBUS-GS alone;
56.3% for FDG-PET alone).

3.4. Non-diagnostic lesions by both TBB using EBUS-GS and
FDG-PET

Even after combining TBB using EBUS-GS with FDG-PET, diag-
nostic yields did not reach 100%, and 10 PPLs were not diagnosed
even by the combination method. These 10 PPLs comprised
five malignant lesions (adenocarcinoma, n=3; large cell carci-
noma, n=1; metastasis of renal cell carcinoma, n=1) and five
benign lesions (pneumonia, n=3; radiation pneumonitis, n=1; and
pneumoconiosis, n=1). Six PPLs (five malignant lesions and one
pneumoconiosis lesion) were diagnosed by VATS, 1 PPL (radiation
pneumonia) by repeated TBB using EBUS-GS, and 3 PPLs (pneumo-
nia) by follow-up examinations. Mean diameter of these PPLs was
16.4 mm. Mean SUVpmax for the five malignant PPLs and five benign
PPLs were 1.39 and 3.53, respectively.

3.5. Representative cases

The first case involved a 61-year-old man presenting with a small
PPL 10mm in mean diameter in the left segment 4 (Fig. 2). On FDG-
PET, slight FDG uptake was observed in the left upper lobe (SUVax,
1.45). The PPL was diagnosed as lung adenocarcinoma. This case was
representative of a false-negative finding on FDG-PET.

The second case involved a 74-year-old man with chronic
obstructive pulmonary disease (COPD) presenting with a small PPL
of 15mm in mean diameter in segment 6 of the right lung (Fig. 3).
On FDG-PET, high uptake was seen in the right lower lobe (SUVmax,
4.52).TBB using EBUS-GS was not diagnostic, while partial resection
by VATS revealed squamous cell carcinoma. This case was repre-
sentative of cases in which FDG-PET was useful for the diagnosis of
malignant disease, but TBB with EBUS-GS was not.

4. Discussion

The present study combined TBB using EBUS-GS with FDG-PET
for the diagnosis of small PPLs <30 mm in mean diameter. This is the
first report that shows the usefulness of combination of EBUS-GS
and FDG-PET for pulmonary peripheral lesions. As a result, diagnos-
tic yield with this combination was >90%, significantly higher than
with each procedure alone. We have provided novel, important evi-
dence that the combination of TBB using EBUS-GS and FDG-PET is
useful in the diagnosis of small PPLs. Chhajed et al. have already
reported the usefulness of combining TBB with FDG-PET in the diag-
nosis of small PPLs <30 mm in mean diameter [19]. However, they
used conventional bronchoscopy, and the diagnostic yield of bron-
choscopy was 53%, including 8% for endobronchial lesions. As TBB
with EBUS-GS is obviously superior to conventional bronchoscopy,
particularly for the diagnosis of smaller PPLs [8-13], our results will

Table 3
Diagnostic yields of combination TBB using EBUS-GS and FDG-PET.

<20mm >20mm and <30 mm . Total .

EBUS-GS FDG-PET = EBUS-GS/FDG-PET EBUS-GS FDG-PET EBUS-GS/FDG-PET EBU&GS FDG-PET EBUS-GS/FDG-PET
Malignant 571% 74.3% 85.7% (n=35) 78.6% 87.5% 100%! (n=56) 725% 82.4% 94.5% (n=91)
Benign 44.4% 55.6% 66.7%(n=9) 571% . 571% 714% (n=7) ©50.0% :56.3% 68.8% (n=16)
Total 54.5% 705% 81.8% (n=44) 762% 841% 96.8% (n=63) 69.2% 78.5% 90.7%! (n=107)

Data were analyzed using the McNemar test.
“ p<0.01 compared to EBUS-GS.
1 p<0.01 compared to EBUS-GS and p < 0.05 compared to FDG-PET.
i p<0.01 compared to EBUS-GS and FDG-PET.
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Fig. 2. Images from a 61-year-old man with lung adenocarcinoma showing false-negative findings on FDG-PET. (A) On chest CT, a small PPL 10mm in mean diameter is seen
in segment 4 of the left lung. (B) EBUS revealing the PPL, which was diagnosed as adenocarcinoma by TBB using EBUS-GS. (C and D) On FDG-PET, transverse and coronal scans

demonstrate slight FDG uptake in the left upper lobe (SUVpnax, 1.45).

contribute to the development of diagnostic procedures for small
PPLs.

Some previous reports have used a cut-off SUVmax of 2.5 [15,19],
but no obvious validation has been provided for this value, par-
ticularly for small PPLs <30 mm in mean diameter. In the present
study, we selected a cut-off SUVmax of 2.0, as the ROC curve of
SUVmax for all PPLs showed that this value offered higher sensi-
tivity and specificity than 2.5. Bryant and Cerfolio reported that
in small PPLs <25 mm, 24% of nodules with SUVnax <2.5 were
malignant [20]. When using a cut-off of 2.0, diagnostic yield
by FDG-PET was 78.5% for the 107 PPLs examined (82.4% for
malignant, 56.3% for benign), similar to the findings of previous
studies [21]. Determining the optimal cut-off value for FDG-PET in
each study using reliable methods such as ROC curves is impor-
tant.

However, FDG-PET is not always diagnostic, particularly for
small PPLs. Small malignant lesions <30mm in mean diameter
could show lower FDG uptake than larger malignant tumors, due
to partial-volume effects [22]. Malignant lesions such as well-
differentiated adenocarcinoma and bronchiolo-alveolar carcinoma
are frequently missed by FDG-PET due to low glucose metabolism
[12-15,17,18]. In this study, the 44 adenocarcinomas:included 14
PPLs that were false-negative on FDG-PET, and pathological review
showed that these 14 PPLs comprised 11 well-differentiated ade-
nocarcinomas and 3 bronchiolo-alveolar carcinomas. Of note is the
fact that the 11 adenocarcinomas were successfully diagnosed by
TBB using EBUS-GS, even without positive FDG-PET findings.

In contrast, there are false-positives in FDG-PET for detecting
pulmonary malignancy. Physicians always have to consider the
possibility that FDG-PET findings are false-positive as malignant

B

Fig. 3. Images from a 74-year-old man with COPD and squamous cell carcinoma of the lung showing positive findings on FDG-PET. (A) On chest CT, a small PPL 15 mm in
mean diameter is seen in segment 6 of the right lung. (B) On FDG-PET, coronal scan demonstrates higher FDG uptake in the right lower lobe (SUViax, 4.52).
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lesions, especially in pulmonary benign diseases such as sarcoido-
sis or active inflammatory changes. In the case, again, EBUS-GS is
useful; definitive identification can be accomplished by TBB with
EBUS-GS, referring to clinical features or laboratory data. Subse-
quently, patients are able to receive proper treatment.

Even after combining TBB using EBUS-GS with FDG-PET, diag-
nostic yield did not reach 100%. The increment in diagnostic
yield with the combination method was more apparent with
PPLs >20 mm and <30mm and with malignant lesions. Ten PPLs
remained undiagnosed even with the combination method. These
10 PPLs comprised five malignant lesions and five benign lesions,
and mean diameter of these PPLs was 16.4mm. The limitations
of the combination method must be kept in mind, particularly in
small PPLs <20 mm. The present study encountered no complica-
tions associated with TBB using EBUS-GS or FDG-PET that required
hospitalization.

5. Conclusion

In conclusion, based on our retrospective analysis, the combina-
tion of TBB with EBUS-GS and FDG-PET increased diagnostic yield to
>90%, representing a useful method for the diagnosis of small PPLs
<30 mm. In cases where neither TBB using EBUS-GS nor FDG-PET
is diagnostic, the combination strategy supports the decision of the
physician as to whether more invasive procedures or clinical and
radiological follow-up are required for the management of PPLs.
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Abstract Defects in human leukocyte antigen (HLA)
class I expression may allow tumor cells to escape immune
recognition. T cell infiltration is associated with a good
prognosis in many cancers. However, the role of HLA class
I expression and tumor-infiltrating lymphocytes (TILs) in
malignant pleural mesothelioma (MPM) has not been fully
analyzed. In the present study, we investigated the immune
profiles and conducted outcome analyses of MPM patients.
HLA class I expression and TILs (CD4*, CD8", and NK
cells) were detected by immunohistochemistry in a series
of 44 MPM cases. To detect HLA class I expression,
specimens were stained with the anti-pan HLA class I
monoclonal antibody EMR8-5. The expression of HLA
class I was positive in all patients. There was no case that
showed negative HLA class I expression. The density of
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CD4" and CD8" TILs were strongly correlated (R = 0.76,
p < 0.001). A high density of CD8" TILs was a signifi-
cantly better prognostic factor for the survival of patients
with extrapleural pneumonectomy (p < 0.05). Multivariate
analysis revealed that a high density of CD8" TILs is an
independent prognostic factor for patients who underwent
extrapleural pneumonectomy. The presence of intratumoral
CD8* T cells was correlated with an improved clinical
outcome, raising the possibility that CD8* T cells might
play a pivotal role in the antitumor immune response
against MPMs. Thus, the stimulation of CD8" lympho-
cytes might be an efficacious immunotherapy for MPM
patients.

Keywords Malignant pleural mesothelioma -
HLA class I - Tumor-infiltrating lymphocytes (TIL) -

Immunohistoch y - I ..herapy

Abbreviations

HLA  Human leukocyte antigen

TILs  Tumor-infiltrating lymphocytes
MPM  Malignant pleural mesothelioma

Introduction

The incidence of malignant pleural mesothelioma (MPM)
is increasing worldwide as a result of widespread work-
place exposure to asbestos that occurred in the past [1-3].
It has been predicted that 250,000 deaths in Europe and
103,000 deaths in Japan will be caused by MPM over the
next 40 years [4]. MPM is a highly aggressive tumor. It has
a poor prognosis, despite treatment efforts such as
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extrapleural pneumonectomy [5], the new chemothera-
peutic agent pemetrexed [6], and postoperative intensity-
modulated radiotherapy [7]. To improve the prognosis of
MPM, more effective therapeutic strategies, including the
development of immunotherapy, are required. However,
there is still uncertainty about the immune proﬁles in
MPM, which is not an epithelial tumor.

Human leukocyte antigen (HLA) class I antigens are
expressed on the surface of most human cells and present
specific antigens. CD8™ cytotoxic T lymphocytes can
induce tumor killing upon direct recognition of tumor-
specific antigens presented on HLA class I antigens on the
surface of tumor cells.

Tumor-infiltrating lymphocytes (TILs) recognize tumor-
specific antigens, thereby playing an important role in
immune defense. In several cancers, the presence of TILs
and the expression of HLA class I antigen are associated
with prognosis [8-13]. In MPM, however, the role of TILs
and HLA class I antigen is not well understood.

Here, we performed immunohistochemical assessment
of HLA class I expression and TILs in patients with MPM.
We also evaluated whether there is an-association between
immune profiles and clinical outcomes.

Materials and methods
Patients and specimens

Paraffin-embedded tumor specimens were obtained from
44 patients diagnosed with MPM between May 1997 and
January 2008 in four institutes. This study was approved by
the institutional review boards of each institute, and all
patients provided written informed consent. Histopatholo-
gical diagnoses were established by pathologists from each
institute, and clinicopathological information was collected
from patient charts. The TNM stage was based on the
International Mesothelioma Interest Group classification
[14]. A survival analysis of patients who underwent either
curative extrapleural pneumonectomy or chemotherapy
was conducted. Overall survival was defined as the time
from the date of surgery or initiation of chemotherapy to
death from any cause.

Immunohistochemistry

The following primary antibodies were used: anti-human
HLA class I A, B, C (clone EMR8-5, Hokudo, Sapporo,
Japan; 1:100 dilution), anti-human CD4 (clone 1F6,
Novocastra, Newcastle, UK; 1:20 dilution), anti-human
CD8 (clone C8/144b, DAKO, Glostrup, Denmark; 1:50
dilution) and anti-human CD56 (clone 1B6, Novocastra;
1:50 dilution). Tumor specimens were cut into sequential
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S-pm-thick sections and deparaffinized by xylene and
rehydrated by ethanol. Antigen retrieval was performed by
autoclave heating at 121°C for 20 min in 10 nM citrate
buffer (pH 6.0) for anti-human HLA class I and Tris—
EDTA buffer (pH 9.0) for anti-human CD4, anti-human
CD8, and anti-human CD56. Endogenous peroxidase
activity was blocked with 0.3% hydrogen peroxide for
anti-human CD4 and 3% hydrogen peroxide for anti-
human HLA class I, anti-human CDS8 and anti-human
CD56. Then, tissue slides were incubated at room tem-
perature for 1 h with anti-human HLA class I, anti-human
CD4, or anti-human CD56; or, alternatively, the slides
were kept at 4°C overnight with anti-human CD8. After
incubation with the primary antibody, the streptavidin—
biotin complex (SimpleStain MAX-PO kit, Nichirei,
Tokyo, Japan) was used, followed by reaction with
3,3'-diaminobenzidine tetrahydrochloride-hydrogen peroxide
as a chromogen and counterstaining with hematoxylin
solution.

Evaluation of HLA class I and TILs

Expression of HLA class I was assessed by two investi-
gators (N.Y. and EK.) who were not informed of the
patients’ clinicopathological data. To evaluate HLA class I,
the percentage of tumor cells with immunoreactivity on
their membranes was calculated for at least five high-power
(400x) fields. Average in the percentage of HLA class I
positive cells were defined as frequency of HLA class I for
each case.

To examine TILs, the number of cells per microscopic
field (400x) with immunoreactivity to CD4, CD8 and
CD56 were counted in five independent areas with the most
abundant immunoreactive cells. We defined the average
value of the five highest numbers in the slide as the number
of TILs for each case. For analysis of association with
prognosis, the patients were divided into two groups by the
median number as the cutoff.

Statistical analysis

Data were analyzed with Pearson’s chi-squared test. Den-
sities of TILs were compared with the Student’s ¢ test.
Survival probabilities were studied by the Kaplan-Meier
method, and differences in survival time between patient
subgroups were analyzed with a log-rank test. Uni- and
multi-variate analyses were performed with the Cox pro-
portional hazards model to estimate correlations between
the immunohistological factors and overall survival. Sta-
tistical software (SPSS version 11.0.1; Chicago, IL) was
utilized for all analyses. Statistical significance was
established at the p < 0.05 level, and all analyses were
two-sided.
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