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carcinoma was positive for IQGAP1. However, squamous
cell carcinoma frequently showed membranous staining,
whereas normal stratified squamous epithelium showed both
cytoplasmic and membranous staining. This altered localization
of IQGAP1 may relate to the dysfunction of cell adhesion or
signal transduction during carcinogenesis in squamous cell
carcinomas.

Concerning glandular cells, the cytoplasm of normal
bronchial serous glands were specifically stained, whereas
mucous glands were not. Well-differentiated adenocarcinoma
frequently showed a cytoplasmic staining pattern, whereas
moderately- or poorly-differentiated adenocarcinoma showed
membranous staining or reduced expression. Thus, our
findings are similar to gastric (15) and endometrial (16)
cancer. This might result in a worse prognosis for patients
with lung adenocarcinoma showing membranous or reduced
staining patterns. An inverse correlation of membranous
expression of IQGAP!1 and either E-cadherin or a-catenin
(15,16) might explain some dedifferentiated features of cancer
cells. Since the most common cause of death in this series
of patients was distant metastasis, abnormal localization of
IQGAP1 might play a role in local invasion and distant
metastases.

In summary, the expression pattern of IQGAP1 in lung
cancer was different according to histologic type, which may
reflect the features of cancer cell origin. In adenocarcinoma,
cytoplasmic staining was fregnently observed in the well-
differentiated type, and survival of patients with this type
was better than those with membranous or reduced
expression. Therefore, the expression pattern of IQGAP1 can
predict survival in patients with lung adenocarcinoma.
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Gefitinib in the adjuvant setting: safety results from a phase
[l study in patients with completely resected non-small cell

lung cancer

Masahiro Tsuboi?, Harubumi Kato®, Kanji Nagai®, Ryosuke Tsuchiya®,
Hiromi Wada®, Hirohito Tada®, Yukito Ichinose', Masahiro Fukuoka® and

Haiyi Jiang"

Standard therapy for stage |1-llIA non-small cell lung
cancer (NSCLC) is surgery, although adjuvant therapies are
required to prevent disease recurrence and improve patient
survival. This is the first study that planned to administer
adjuvant gefitinib (Iressa) 250 mg/day or placebo to
randomized patients with completely resected NSCLC
(stage IB-111A) 4-6 weeks following surgery, for 2 years,
until recurrence/withdrawal. However, recruitment was
stopped after the randomization of 38 patients, because
interstitial lung disease (1LD)-type events were being
increasingly reported in Japan in the advanced disease
setting. Finally, the trial was halted. Safety data for 38
recruited patients (18 gefitinib and 20 placebo) showed no
unexpected adverse drug reactions (ADRs), with the most
common being grade 1/2 gastrointestinal and skin
disorders in 12 and 16 patients receiving gefitinib and in
five and six patients receiving placebo, respectively. Grade
3/4 ADRs occurred in four patients receiving gefitinib and
one patient receiving placebo. ILD-type events were
reported in one patient receiving gefitinib (concomitantly
with other ILD-inducing drugs) who died and two patients
receiving placebo. Eight patients receiving gefitinib
withdrew due to ADRs compared with three patients
receiving placebo. Adverse events associated with surgical
complications were reported for six patients receiving

Introduction

Non-small cell lung cancer (NSCLQC) is generally not
diagnosed until the disease is symptomatic, by which
time more than two-thirds of patients are in the advanced
stages of discase and have a poor prognosis [1].
Approximately 25% of patients with NSCLGC are diag-
nosed when their disease is in the carly stages; however,
as many of these patients frequently have undetectable
metastases, disease often recurs in distant sites [2].
Adjuvant therapies are therefore required to help prevent
disease recurrence and as they will need to be given to
patients post-operatively for a prolonged period, they
should be well tolerated.

Although some clinical trials in NSCLC have shown a
significant survival benefit with adjuvant uracil plus
tegafur (UFT) and cisplatin-based chemotherapy [3-7],
others have not observed a significant improvement in
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gefitinib and four patients receiving placebo. In the
adjuvant setting there were no unexpected adverse
events observed. Gefitinib had no impact on surgery-
related complications when given within 4-6 weeks
post-operatively. Anti-Cancer Drugs 16:1123-1128 © 2005
Lippincott Williams & Wilkins.
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survival [5,8,9]. At the time of commencing this study,
there were no standard adjuvant treatment regimens for
NSCLC.

Gefitinib (Iressa), an orally active epidermal growth
factor receptor tyrosine kinase inhibitor (EGFR-TKI),
was approved in Japan for the treatment of inoperable or
recurrent NSCLC in 2002. Two large phase II trials,
IDEAL (Iressa Dose Evaluation in Advanced Lung
cancer) 1 and 2, observed objective responses and stable
disease in more than 40% of pre-treated patients with
NSCLGC receiving 250 mg/day gefitinib, with the majority
of adverse events (AEs) being mild to moderate
gastrointestinal and skin disorders {10,11]. Gefitinib
was not associated with the well-recognized AEs observed
with cytotoxic chemotherapy (e.g. bone marrow depres-
sion, neurotoxicity, nephrotoxicity). The tolerability
profile of gefitinib has been confirmed by data from the
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Expanded Access Programme, through which more than
39000 patients have received gefitinib 250 mg/day on a
compassionate-use basis. Furthermore, a retrospective
analysis of 9515 US patients who had received gefitinib
for 1 year or more via the Expanded Access Programme
showed a 1-year survival rate of 33% [12], which compares
with the IDEAL studies [10,11]. Recently, Onn et 4/.
observed efficacy (16% with objective responses and 45%
with stable disease) and a low incidence of grade 3/4 AEs
in Japanese patients with NSCLC, most of whom had
been treated with second-line gefitinib or above (99% of
patients) [13].

To date, there is no experience of using gefitinib in the
post-operative adjuvant setting. This phase III trial was
initially undertaken to compare survival rates in patients
with completely resected stage IB-IIIA NSCLC who had
been treated with adjuvant gefitinib 250 mg/day or
placebo. However, in October 2002, recruitment was
halted following high-profile media activity around
reports of gefitinib-related interstitial lung disease
(ILD)-type events in patients with advanced or meta-
static NSCLC in Japan. In March 2003, the trial was
halted because of an iflcreased withdrawal rate. As
enrollment could not be resumed until the prospective
investigation into gefitinib-related ILD-type events in
Japan was completed, the trial was closed. Consequently
survival data are not available, although data from
patients recruited to the study have been subsequently
analyzed for safety.

Methods

Patients

Patients were eligible for inclusion in the trial if they had
histologically confirmed NSCLC (post-operative stage
IB-IIIA) that had been completely resected 4—6 weeks
before the start of treatment. Patients were required to
be 20-75 years of age, with a WHO performance status
(PS) 0-1, no previous history of chemotherapy, radio-
therapy or immunotherapy for NSCLC and no co-
"malignancies within the past S years. All patients gave
written, informed consent to participate in the trial,
which was conducted in accordance with the Declaration
of Helsinki [14] and Good Clinical Practice guidelines.

Study design

This randomized (1:1), double-blind, placebo-controlled,
phase III multicenter survival study planned to recruit
670 patients (335 per group) and randomize them to
receive either gefitinib (250mg) or placebo (Fig. 1).
Treatment was to be continued for 2 years, or until
recurrence/secondary carcinoma or withdrawal criteria
were met. An Independent Data Monitoring Committee
(IDMC) was set up to assess the efficacy and safety of
gefitinib post-operatively, and would advise whether the
study should be continued, changed or discontinued.

Fig. 1

Randomization
46 weeks
post-operatively

Dosing 24 months

!

Trial design schema.

Assessments

Efficacy

Disease recurrence or secondary carcinogenesis were
assessed using X-rays every 3 months during treatment
and every 6 months during the follow-up period.
Computed tomography (CT) scans were carried out 8
weeks after the first dose (where necessary, the pre-
operative thoracoabdominal CT scan could be used), at
week 48 during treatment, at week 104 after withdrawal/
completion and every 52 weeks thereafter, unless disease
recurrence was observed.

Safety

AEs were to be recorded and coded using MedDRA
(Medical Dictionary for Regulatory Activities) version
6.0, graded using National Cancer Institute Common
Toxicity Criteria (NGI-CTC) version 2.0 and assigned
causality by the investigators. AEs associated with post-
operative complications were defined as events occurring
within 90 days after surgery and were recorded without
regard to causality. Treatment could be interrupted for up
to 14 days, although the IDMC later recommended that
drug interruption could be allowed for more than 14 days
in cases where ILD-type events were suspected, but
could not be confirmed, in order to ensure the safety of



patients who remained in the trial after recruitment was
halted. Hemartology, biochemistry and urinalysis were also
measured at baseline and during the study.

Role of the funding source

This trial was coordinated and supervised by the principal
investigators, the IDMC and AstraZeneca personnel, with
funding and organizational support from the trial sponsor
AstraZeneca.

Results

Patients

Between August and October 2002, 38 patients were
randomized into the trial — 18 received gefitinib and 20
received placebo. Patient demography was well balanced
between the treatment arms, with the majority of
patients having adenocarcinoma histology and WHO PS
1 (Table 1). When the trial was stopped, four patients in
the gefitinib arm and 11 patients in the placebo arm were

Table 1 Patient demography
Gefitinib 250 mg/day Placebo (n=20)
(n=18)

Sex [n (%)]

male 14 (77.8) 15 (75.0)

female 4 (22.9) 5 (25.0)
Median age [years (range)] 64.0 (49-73) 62.5 (562-73)
WHO PS [n (%)]

0 5 (27.8) 9 (45.0)

1 13 {72.2) 11 (65.0)
Histology [n (%)]

squamous cell carcinoma 4 {22.2) 6 (30.0)

adenocarcinoma 14 (77.8) 14 (70.0)
Stage [n (%)]

IB 7 (38.9) 8 (40.0)

1A 2 (11.1) 1 (5.0}

1iB 3 (16.7) 5 (25.0)

A 6 (33.3) 6 (30.0)
Fig. 2
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still receiving treatment (Fig. 2). Of the 23 patients who
withdrew, 13 did so because of AEs (10 in the gefitinib
arm and three in the placebo arm), five were unwilling to
continue with treatment (three in the gefitinib arm and
two in the placebo arm), two had disease recurrence
(both in the placebo arm) and three withdrew for other
reasons (one patient in the gefitinib arm had incomplete
recovery from surgery that was not drug related, and two
patients in the placebo arm had pre-existing interstitial
pneumonia and were withdrawn at the request of the
sponsor).

Efficacy

From the limited efficacy data, disease recurrence was not
seen in patients receiving gefitinib at data cutoff. Three
patients who received placebo (one with stage IB and two
with stage IIB) experienced disease recurrence — two
patients recurred during the trial and one patient
recurred after the trial had stopped.

ADRs

No unexpected ADRs were observed and, in general, the
frequency of all ADRs was higher for gefitinib versus
placebo (Table 2). The most common ADRs were mild to
moderate grade 1/2 gastrointestinal and skin disorders.
Grade 3/4 ADRs were seen in four patients in the
gefitinib arm and one patient in the placebo arm
(Table 3), all of whom had treatment withdrawn (the
patient with grade 3 eczema had treatment withdrawn
due to grade 2 impetigo).

Respiratory ADRs

The majority of respiratory ADRs were grade 1/2 and
occurred within 1 month of treatment. In the gefitinib
arm, two patients experienced cough (associated with
post-operative complications), one patient had dyspnea,

Registered
n=38

Trial outcome.




1126 Anti-Cancer Drugs 2005, Vol 16 No 10

Table 2 Common ADRs occurring in two or'more patients

Table 4 Exposure of patients to gefitinib

AE (MedDRA term)® Gefitinib 250 mg/day Placebo {n=20)

Gefitinib 250 mg/day Placebo (n=20)

(n=18) (n=18)
Abnormal hepatic function 4 0 Median duration of treat- 86.5 (4-195) 144.0 (20-197)
Acne 2 0 ment [days (range)]
Anorexia 5 1 Dosing period (n)
Cough b 1 <60 days 6 2
Diarrhea 9 2 60-120 days 9 4
Dry skin 3 0 > 120 days 3 14
Eczema 8 2 No. dose interruptions (n)
Elevated ALT/AST 2 0 1 5 6
Fatigue 2 0 2 2 2
Gastritis 3b 0 >3 2 2
Loose stools 4 0
Nausea 3 ]
Rash 5 3
Sputum 0 2
Stomatitis 2 0

#A patient could have more than one AE.
PAll were associated with post-operative complications.

Table 3 Grade 3/4 ADRs

AE (MedDRA term) Grade Gefitinib 250 mg/day

(n=18)

Placebo (n=20)

1

o

Abnormal hepatic
function

Eczema

Elevated ALT

Neutropenia

Pneumonitis

[&]

Swww
P o Yy
o =00

and one patient experienced grade 4 ILD-type events
(pneumonitis) 107 days after starting gefitinib and was
withdrawn from the study. The patient with pneumonitis
had taken concomitant shosaikoto, a Chinese herbal
medicine, and loxoprofen, both of which have previously
been shown to induce pneumonitis [15,16]. Twenty-one
days later bacterial pneumonia related to methylpredni-
solone therapy was diagnosed, and the patient subse-
quently died 37 days later due to both pneumonitis and
bacterial pneumonia. In the placebo arm, one patient who
experienced cough and grade 1 pulmonary fibrosis had
had interstitial changes on their chest X-ray at enroll-
“ment, and in a second patient, pre-existing non-specific
interstitial pneumonia was exacerbated resulting in grade
1 ILD. In both patients, these conditions persisted
following withdrawal of study drug.

Interruptions and withdrawals due to ADRs

ADRs requiring interruptions in therapy were similar
between patients receiving gefitinib or placebo (Table 4)
and were usually for less than 14 days, although.four
patients in the gefitinib arm required treatment to be
interrupted for 14 days (including one patient whose
treatment was interrupted for 20 days). The majority of
ADRs leading to withdrawal were usually mild-to-
moderate grade 1/2 in severity (Table 5). Grade 3 ADRs
leading to withdrawal occurred in two patients receiving
gefitinib (hepatic function abnormalities, elevated ALT)

Table 5 ADRs leading to patient withdrawals

Adverse event Grade Gefitinib 250 mg/day  Placebo (n=20)
{MedDRA term) (n=18) '
Eczema 2 1 0
Elevated ALT/AST 2 1 0
3 1 0
Hepatic function 2 1 0
abnormalities
3 1 0
ILD 1 0 1
Impetigo 2 1 0
Neutropenia 3 0 1
Paronychia 2 1 0
Pneumonitis 4 1 0
Pulmonary fibrosis 1 0 1

and in one patient receiving placebo (neutropenia), and
grade 4 pneumonitis led to the withdrawal of one patient
who was receiving gefitinib. Following withdrawal of
gefitinib treatment, grade 3 abnormal hepatic function
and elevated ALT resolved, and grade 3 neutropenia
persisted.

AEs associated with post-operative complications

As there are no safety data regarding the use of gefitinib
in the post-operative setting, AEs associated with the
healing process were examined to provide preliminary
safety data on the start of the dosing timing in the
adjuvant setting for gefitinib. AEs related to post-
operative complications were observed in six patients in
the gefitinib arm and four patients in the placebo arm. In
the gefitinib arm, the most frequent AEs were grade 1/2
cough (four patients) and gastritis (three patients), and
in the placebo arm grade 1/2 pain (three patients). Grade
1 cough, grade 1 supraventricular archythmia and grade 2
dyspnea were also experienced by three out of four
patients receiving placebo.

Discussion

This trial was designed to compare survival rates in
patients with completely resected stage IB-11TA NSCL.C
who had received adjuvant therapy with gefitinib 250 mg/
day or placebo. However, incidences of ADRs of ILD-



type events in the advanced disease setting have been
increasingly reported since gefitinib was launched in
Japan, and new recruitment was put on hold on 23
October 2002 at the request of the Ministry of Health,
Labor and Welfare. In order to evaluate the ILD and
ensure the safety of the trial patients, two separate Co-
ordination Committee and IDMC meetings (December
2002 and January 2003) were conducted to discuss the
feasibility of continuing the study and management of
the trial patients. Based on the updated information on
ADRs of interstitial pneumonia, the committees con-
cluded that the study could be continued because the
possibility of risk did not exceed that of benefit to
enrolled patients. The IDMC also suggested that top
priority should be given to assure the safety of the
patients receiving gefitinib, and that discontinuation
should be considered if flu-like symptoms including
difficulty in breathing, fever and coughing occurred.

A ‘Supplemental Explanation Sheet and Informed Con-
sent Form’ was provided four times to enrolled patients,
offered updated information and methods to assure and
manage any safety issues, and confirmed the patients’
willingness to continue participating in the study. In
December 2002, AstraZeneca KK gave the principal
investigators the option to suspend gefitinib treatment at
once. With the extensive monitoring of the trial patients
in terms of safety, there were still an increasing number of
withdrawals. In addition, enrollment could not be
resumed until the prospective investigation on gefiti-
nib-related ILD was completed. Based on these facts, the
sponsor finally decided to terminate the trial in March
2003.

The types of AEs reported in this trial were similar to that
already reported in the large phase II IDEAL 1 and 2
trials for patients with locally advanced or metastatic
NSCLC [10,11]. Three patients experienced ILD-type
events — two in the placebo arm and one patient in the
gefitinib arm (this patient was also taking two other
medications known to induce ILD) [15,17]. It has
generally been observed that a higher frequency of
ILD-type events are reported in Japanese patients taking
gefitinib compared with those in other south-east Asian
countries and the rest of the world (1.6, 0.3, and 0.3%,
respectively) [18]. The occurrence of ILD in Japanese
patients and the reasons for such an ethnic stratification
in ILD incidence following gefitinib treatment require
further clarification.

The most common reason for withdrawal in both
treatment arms was due to toxicity, with the majority of
drug-related AEs being grade 1/2 in severity. In the
advanced or metastatic disease setting, few patients who
experience grade 1/2 drug-related AEs withdraw from
treatment with gefitinib, and in IDEAL 1, which

Gefitinib: safety results in patients with NSCLC Tsuboi etal. 1127

recruited Japanese patients, two out of 103 patients
who received gefitinib 250 mg/day withdrew from therapy
due to ADRs [18]. Several factors may explain the high
number of withdrawals (including withdrawal of treat-
ment for less severe ADRs) reported in this trial data
compared with previously reported studies. These
reasons include the fact that patients with early-stage
NSCLC may be less tolerant of AEs compared with
patients with advanced NSCLC who have received prior
chemotherapy. In contrast to the other studies, the
impact of heavy media coverage surrounding gefitinib-
related ILD cannot be ignored.

It has been suggested that the dosage and schedule of
gefitinib used in this study may not best suit patients
with completely resected NSCLC in terms of tolerabilicy
and a number of adjustments may need to be taken into
consideration when planning an adjuvant study of
gefitinib in the future. It is unlikely that the time frame
of 4-6 weeks is too short before starting adjuvant
treatment, as other adjuvant trials conducted in Japanese
patients have used similar time frames [3,4]. It may be
possible to lengthen the duration by which gefitinib
could be interrupted for toxicity, since 14 days may be too
short for patients recovering from AEs such as hepatic
enzyme elevation, or to reduce the dose following toxicity
to perhaps 250 mg every other day, although this would
require further study into the efficacy of such an
approach. .

With no experience of using gefitinib in post-operative
patients there was a concern that EGFR-TKIs might
impact on surgery-related complications (especially on
the healing process) due to their mode of action. In order
to assess this, the trial was designed to allow a safety
review of the first 60 patients. Due to the early
termination of the study, we have only 38 patients’ (18
on gefitinib) data for review; however, there does not
seem to be any impact on surgery-related complications
when gefitinib was administered within 4-6 weeks after
surgery, as evidenced by a similar number of these AEs
that occurred in both groups. This indicates that it may
be feasible to administer gefitinib in the adjuvant setting
within this time frame.

In conclusion, this is the first study to investigate the use
of EGFR-TKIs as adjuvant therapy. Despite the absence
of survival data, there were no unexpected AEs seen in
the adjuvant setting compared with those already
reported for patients with locally advanced or metastatic
NSCLC. However, it was observed that there were more
AEs leading to withdrawal in the gefitinib arm, even
though the majority of AEs were grade 1/2 in severity,
suggesting that a daily dose of gefitinib 250 mg may not
best suit patients with completely resected NSCLC in
terms of tolerability.
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Locally Recurrent Central-Type Early
Stage Lung Cancer < 1.0 cm in
Diameter After Complete Remission by

Photodynamic Therapy*

Kinya Furukawa, MD, PhD; Harubumi Kato, MD, PhD;

Chimori Konaka, MD, PhD; Tetsuya Okunaka, MD, PhD;

Jituo Usuda, MD, PhD; and Yoshiro Ebihara, MD, PhD

Background: It is well known that central-type early stage lung cancer < 1.0 cm in diameter shows
almost 100% complete response (CR) to photodynamic therapy (PDT). However, we have
encountered cases of local recurrence after CR of tumors with a surface diameter < 1.0 cm.
Patients and methods: Ninety-three patients with 114 lesions were followed up, and cases of
recurrence after CR has been obtained with initial tumors that had a diameter < 1.0 cm were
examined. We compared the cytologic findings of local recurrence after CR to the cytologic
findings before PDT. The relationship between the cell features and the depth of bronchial
tumor invasion before PDT and on recurrence was evaluated.

Results: The CR and 5-year survival rates of patients with lesions < 1.0 cm were 92.8% (77 of 83
patients) and 57.9%, respectively; meanwhile, in the group of patients with lesions = 1.0 cm, CR
and 5-year survival rates were 58.1% (18 of 31 patients) and 59.3%. There was a significant
difference in efficacy between the two groups (p < 0.001). Recurrences after CR were recognized
in 9 of 77 lesions (11.7%) < 1.0 em. When the recurrent tumor cells showed type I-II
(low-to-moderate atypia) at the same site initially treated, CR could be obtained by a second PDT.
Type IIX cells (high-grade atypia) showed the characteristics of tumor cells from deeper layers of
the bronchial wall. Local recurrence at the same site may be caused by residual tumor cells from
deep layers because of inadequate laser irradiation and penetration.

Conclusions: To reduce the recurrence rate, it is essential to accurately grasp the tumor extent
and the depth of the bronchogenic carcinoma before performing PDT. Analysis of cell features
of recurrent lesions after CR appears to be a useful source of information as to the depth of
cancer invasion in the bronchial wall. (CHEST 2005; 128:3269-3275)

Key words: early stage lung cancer; occult lung cancer; photodynamic therapy; porfimer sodium
Abbreviations: AFB = autofluorescence bronchoscopy; CIS = carcinoma in situ; CR = complete remission;

EBUS = endobronchial ultrasonography; ESLC = early stage lung cancer; PDT = photodynamic therapy; PR = partial
remission

Lung cancer has a tendency to develop in older

people, with a very poor prognosis. A total of
55,000 Japanese died from lung cancer in 2003,
which made it the number-one cause of cancer
death. Although diagnostic techniques such as high-
resolution CT scan, video bronchoscopy, fluores-
cence bronchoscopy, and endobronchial ultrasonog-
raphy (EBUS) have been developed recently, many
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patients with newly detected lung cancer still have
inoperable advanced cancer. Therefore, the detec-
tion of early stage lung cancer (ESLC) is considered
essential to reduce the mortality rate. Meanwhile,
even when ESLC is detected, some cases are inop-
erable because of cardiopulmonary dysfunction due
to age. Endoscopic procedures that are minimally
invasive and do not compromise pulmonary function
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are considered useful modalities for centrally located
lung cancer. In particular, photodynamic therapy
(PDT) is considered a useful and attractive modality
for central-type ESLC."-7 Its action mechanism is
considered to involve singlet oxygen, which is gen-
erated through photochemical reactions and causes
degenerative necrosis of cells that have taken up the
photosensitizer, ie, tumor cells.8

PDT using red laser light and a tumor-specific
photosensitizer was established as a new therapeutic
modality for central-type ESLC in 1982.1 The length
of longitudinal tumor extent was the only indepen-
dent predictive factor for complete remission (CR),
and 100% CR in lesions < 1.0 cm in diameter
treated by PDT was reported.5 However, we have
encountered local recurrences after CR of tumor
even in cases with a surface diameter < 1.0 cm.
Therefore, we investigated the characteristics and
cytomorphologic features of primary lesions and
recurrences after CR in patients with lesions < 1.0
cm in diameter.

MATERIALS AND METHODS

Patient Selection

A total number of 145 patients with 191 lesions of endoscopic
ESLC underwent PDT from February 1980 to April 2001 in the
Department of Tokyo Medical University. Of the 145 patients

with 191 lesions, 93 patients with 114 lesions were followed up, .

and cases of recurrence after CR was obtained with initial tumors
with a diameter < 1.0 cm were examined.

Procedures of PDT and Follow-up

The depth of tumor invasion was judged by biopsy specimen
and CT scan, and was also evaluated by bronchoscopic findings
based on the diagnostic criteria of ESLC defined by the Japan
Lung Cancer Society.® To determine tumor size, bronchoscopic
biopsies of the proximal and distal sites of the lesion and
bronchoscopic measurements using forceps were performed.
PDT procedures were performed with the combination of por-
fimer sodium (Photofrin; Wyeth Japan K.K.; Tokyo, Japan) that is
taken up selectively in tumor, and an argon gas laser system
(model 770; Spectra-Physics; Mountain View, CA) or excimer dye
laser (EDL-1; Hamamatsu Photonics; Hamamatsu, Japan). Laser
irradiation was performed via a quartz fiber inserted through the
biopsy channel of the endoscope at 48 h after the IV administra-
tion of 2.0 mg/kg of porfimer sodium. The total energy of the
laser irradiation was 100 J/em®, and energy levels in this range do
not cause any heat degeneration or other adverse effects. The
duration of irradiation required usually 10 to 20 min. Clean-up
bronchoscopies to remove necrotic tissue produced by the PDT
reaction were performed at 1, 3, and 7 days after PDT. Both
eytologic and histologic examinations via fiberoptic bronchoscopy
were performed at 1, 2, and 3 months, and thereafter at 3-month
intervals in the first year and 6-month intervals after the second
year until 5 years after PDT.

Efficacy Evaluation

The antitumor effect of initial treatment was rated based on
endoscopic measurement of tumor size using forceps, morpho-
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logic observations, and histopathologic examination by biopsy,
according to the general rules of the Japan Lung Cancer Society®
and the Japan Society of Clinical Oncology.1® The antitumor
effect was rated at 1 month and 2 months after PDT. Antitumor
effect was rated as CR (no demonstrable tumor microscopically
by brushing and/or biopsy for a period of 4 weeks), partial
remission (PR) {= 50% reduction in tumor size], no change
(< 50% reduction or < 25% increase in tumor size), progressive
disease (> 25% increase in tumor size), or not evaluable.

Evaluation of Cytomorphologic Features of Local Recurrences

In the central-type ESLC < 1.0 cm in greatest dimension, we
have compared the cytologic findings of local recurrence after
CR to the cytologic findings before PDT using bronchial brush-
ing specimen. Cytologic findings were classified into three cyto-
logic morphotypes using the classification of cell features pro-
posed by Konaka and coworkers,! which appears to yield
information as to the depth of cancer invasion in the bronchial
wall. The classification was described as follows: type 1 cell,
low-grade atypia (resembling atypical squamous cell metaplasia);
type II cell, moderate-grade atypia (resembling eary stage
squamous cell carcinoma); and type III cell, high-grade atypia
(resembling invasive squamous cell carcinoma). The biopsy spec-
imens before PDT and on recurrence, or resected materials, in
cases of resection after recurrence, were examined histopatho-
logically, and the depth of bronchial wall invasion was classified
into three groups: grade 1, carcinoma in situ (CIS) or microin-
vasion; grade 2, extramuscular bronchial wall invasion; and grade
3, intracartilaginous to extracartilaginous invasion. The relation-
ship between the cell features and the depth of bronchial tumor
invasion before and after PDT was evaluated.

Statistical Analysis

Statistical analysis were done using statistical software (Stat
Flex for Windows, version 5.0; Artec; Osaka, Japan). The ¥ test
was used to compare the efficacy of PDT between lesions < 1.0
cm and > 1.0 cm in diameter. Differences between the survival
rates of two groups in the Kaplan-Meier survival curves were
analyzed using the log-rank test; p < 0.05 was considered to
indicate a statistically significant difference.

REsuLTs
Results of PDT for Central-Type ESLC

A total of 93 patients with 114 lesions of central-
type ESLC who underwent PDT were examined.
Thirteen synchronous lesions in six cases, 15 meta-
chronous lesions in six cases, and 5 synchronous/
metachronous lesions in one case were observed.
The evaluation of the efficacy of PDT is shown in
Table 1. CRs and PRs were obtained in 75 patients
with 95 lesions (83.3%) and in 18 patients with 19
lesions (16.7%) out of 93 patients with 114 lesions.
Each lesion with PR was subsequently treated with
other modalities, including surgery in 13 cases, che-
motherapy in 5 cases, or radiotherapy in 1 case, and
finally achieved 100% CR. Recurrences after CR
were recognized in 12 of 95 lesions (12.6%). The 114
lesions were classified in two groups according to the
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Table 1-—Results of PDT for Central-Type ESLC*

Tumor Size, Lesions, Recurrence
cm No. CR PR After CRT
< 1.0 83 77 (92.8) 6(7.2) 9(11.7)
=1.0 31 18 (58.1) 13 (41.9) 3(16.7)
Total 114 95 (83.3) 19 (16.7) 12 (12.6)

*Data are presented as No. (%) unless otherwise indicated.
tp < 0.00L.

maximum longitudinal tumor extent. Of these, 83
lesions (72.8%) were < 1.0 cm and 31 lesions
(27.2%) were = 1.0 cm in diameter. The CR and PR
rates in the group of patients with lesions < 1.0 cm
in maximum diameter were 92.8% (77 of 83 patients)
and 7.2% (6 of 83 patients), respectively. Meanwhile,
in the group of patients with lesions = 1.0 cm in
diameter, the CR and PR rates were 58.1% (18 of 31
patients) and 41.9% (13 of 31 patients), respectively.
Neither no change nor partial disease were observed
in these groups. There was a significant difference in
efficacy between the two groups using the x* test
(p < 0.001). Recurrences after CR were recognized
in 9 of 77 lesions (11.7%) in the group < 1.0 cm and
3 of 18 lesions (16.7%) in the group = 1.0 cm in
diameter. The overall 5-year survival rates of the two
groups were 57.9% and 59.3%, respectively (Fig. 1).
There was no significant difference between the two
groups on the basis of the log-rank test (p = 0.207).

Characteristics of Local Recurrence < 1.0 cm in
Diameter After CR

The information on nine patients with nine lesions
in the group of patients with lesions < 1.0 cm in
diameter who had recurrence after CR had been
achieved by initial PDT are presented in Table 2. All
patients with recurrence were male, and the age
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FIGURE 1. The overall 5-year survival rates were 57.9% in the
group of patients with tumors < 1.0 cm and 59.3% in the group
with tumors = 1.0 cm in diameter, respectively. There was no
significant difference between the survival rates of two groups in
the Kaplan-Meier curves on the basis of the log-rank test
(p = 0.207).

distribution ranged from 64 to 71 years (average age,
67.6 years at the time of initial diagnosis). Evidences -
of local recurrence were found in nine patients with
nine lesions at the site of the primary lesion. The
recurrent lesions were located on the trachea in one
patient, lobar bronchus in one patient, segmental
bronchi in five patients, and subsegmental bronchi in
two patients. The average diameter of the nine
recurrent lesions was 0.46 cm. All lesions were
squamous cell carcinoma, and endoscopic findings
showed nodular type in two lesions and superficial
type in seven lesions. The disease-free interval of
these nine patients ranged from 3 to 18 months
(average, 10 months).

Local recurrence at site corresponding to the

Table 2—Recurrent Cases After PDT for Central-Type ESLC < 1.0 cmn in Diameter

Case Patient Size, BF CR,
No. Age, yr Lesion em  Findings mo Recurrence Additional Treatment Prognosis
66 Segmental bronchus rB? 0.3  Superficial 18 PM PDT, OP (RUL) Alive (24 mo)
2 64 Subsegmental bronchus IB* a-b 0.3 Superficial 13 PM PDT, OP (LPn) Dead (56 mo), other
disease
3 69 Subsegmental rB'® a-b 0.4 Superficial 10 PM PDT Brachy Alive (41 mo)
4 64 Segmental bronchus IB* * 2 0.6 Nodular 5 SS(CIS) PDT Alive (24 mo)
5 66 Segmental bronchus B! 0.5 Superficial 3 S8 (CIS) Dead (5 mo), other
disease
6 69 Segmental bronchus IB! * 2 0.4 Superficial 14 SS (CIS) PDT Alive (27 mo)
7 71 Trachea 0.3 Nodular 10 SS (CIS) PDT Alive (27 mo)
8 70 Lobar bronchus rMid.-low 0.9 Superficial 6 SS (intracartilage) OP (RML) Dead (56 mo), other
. disease
9 69 Segmental IB! * 2 B® 0.4 Superficial 11 SS (extracartilage) Nd-YAG, radiation, OP Alive (65 mo)

*PM = peripheral margin initially treated; SS = same site initially treated; OP = operation; RML = right middle lobe; RUL = right upper lobe;

LPn = left pneumonectomy; BF = bronchofiberscopic.

www.chestjournal.org
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Table 3—Cell Feature and Depth of Bronchial

Invasion
Before PDT Recurrence
T i 1
Cytology Cytology
Case (Brush) Pathologic  (Brush) Pathologic
No. Type Grade Type Grade
4 I 1 1 1
5 I 1 1 1
6 I-11 1 I-1X 1
7 I 1 I 1
8 I-11 1 TI-111 3 (intracartilaginous
invasion)
9 1 1 I 3 {extracartilaginous
invasion)

peripheral margin of the lesion initially treated by
PDT was observed in three patients (cases 1 to 3),
while local recurrence at the same site as the initial
tumor initially treated was observed in six patients
(cases 4 to 9). The local recurrences at the site
corresponding to the peripheral lesion were initially
located in the subsegmental bronchus in two of three
primary lesions. The patients with three local recur-
rences at the site corresponding to the peripheral
margin underwent a second PDT session; however,
CR was not obtained in any of these patients.
Therefore, additional conventional surgery was per-
formed in two patients and brachytherapy in one

52

before PDT

patient. The pathologic examinations of two oper-
ated patients showed residual tumor at the periph-
eral site. Right upper lobectomy was performed for
case 1, and the resected material revealed superficial
tumor invasion peripheral to the right B®b. Left pneu-
monectomy was selected for case 2 (ipsilateral double
cancer) because an ESLC was located at the bifurca-
tion of left B%a-b and a malignant lymphoma was in left
BP. This patient died due to malignant lymphoma at 56
months after the initial PDT session. Four patients
(cases 4 to 7) with six local recurrences at the same site
as the initial tumor local showed superficial tumor
invasion (CIS), and a second PDT session was per-
formed in three of four patients. CRs were again
obtained in all three patients, who are presently disease
free. One double cancer patient who had advanced
stomach cancer underwent systemic chemotherapy
without a second PDT but died 5 months after the
initial PDT session. The pathologic examinations of the
two other surgically treated patients (cases 8 and 9)
revealed intracartilagious invasion of the bronchial wall.
One multiple lung cancer patient (case 8) who received
right middle and lower lobectomy after local recur-
rence died of hemoptysis due to another advanced lung
cancer at 56 months after the initial PDT session. At
the last follow-up of the nine patients who had local
recurrence after CR had been obtained by initial PDT
in whom the original primary lesion had been < 1.0 cm

hefore PDT

CR after PDT {2 mon.}

on recurrence (10 mon.)

FIGURE 2. The cytopathologic and bronchoscopic findings in case 7. Bronchoscopic findings showed a
small nodular tumor at the right side of the tracheal wall before PDT. Redness of the tracheal mucosa
was observed on recurrence at 10 months after PDT. Cytologic findings before PDT were classified as
type I because cell features showed a round shape and slight increase of nuclear chromatin but
low-grade nuclear atypia. The biopsy slpecimen showed CIS (grade 1). Cytologic findings on recurrence
were classified as type II because a sheet formation of polymorphic-shaped cells, increase of nuclear
chromatin, and nuclear body were observed. Biopsy specimen on recurrence showed superficial tumor
invasion (CIS) beneath the thin epithelial layer (grade 1). A second PDT was performed, and CR was

again obtained in this patient.
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{Case 8)

before PDT

{Case 9)

. Type lil
on recurrence

before PDT

FIGURE 3. The findings of brushing cytology mainly observed in
cases 8 and 9 before PDT and on recurrence after CR. Cytologic
findings before PDT in case 8 were classified as type II because
of a slight increase of nuclear chromatin. Cytologic findings
before PDT in case 9 were classified as type I because of
low-grade nuclear atypia. The findings of recurrent tumor cells in
cases 8 and 9 were classified as type LI because of severe
increases of nuclear chromatin, high nuclear/cytoplasmic ratio,

and high grade of nuclear atypia.

in diameter, three patients had died of other diseases
and six patients were alive, and there were no deaths
from the primary lesion.

Evaluation of Cytomorphologic Features of
Local Recurrences

As mentioned above, local recurrence of the car-
cinoma at the same site as lesions < 1.0 cm in
diameter initially treated successfully by PDT was
observed in six out of nine locally recurrent patients
(cases 4 to 9). A summary of the cell features and
depth of bronchial wall invasion before PDT and
after recurrence are shown in Table 3. The brushing
cytology specimens before PDT mainly showed type
I or II, and biopsy revealed grade 1 in all six cases.
The majority of cell features in cases 4 to 7 showed
type I or I, and the biopsy specimens showed grade
1 on recurrences. The cytopathologic and broncho-
scopic findings of case 7 are shown Figure 2. Popu-
lations of type I and II cells were predominant in the
recurrent lesions in these cases, which implied that
the recurrent tumor was located in a superficial layer
of bronchial wall. When the recurrent tumor cells
showed type I-II (low-to-moderate atypia) local re-
currence at the same site as the initial tumor initially
treated, CR could be obtained by a second PDT. In
cases 8 and 9, mainly type III cell features were
observed in brushing cytology on recurrence (Fig 3).

www.chestjoumnal.org

These two cases underwent resection, and the re-
sected specimens revealed intracartilaginous tumor
invasion of bronchial wall (grade 3), which implied
the residual tumor located in a deep layer of bron-

chial wall.

Di1scussioN

PDT for cancer using a combination of low-power
laser irradiation and tumor specific photosensitizer
was first applied clinically by Dougherty et al'? in
1978 to the skin metastasis of breast cancer. Since
then, we performed the first reported endoscopic
clinical application of PDT in cooperation with
Dougherty and coworkers.’2 In Japan, PDT using
porfimer sodium, a tumor-specific photosensitizer
and excimer dye laser, was recognized by the gov-
ernment; and from April 1996, hospitals could re-
ceive reimbursement for PDT of early stage carci-
nomas of the lung, esophagus, stomach, and cervix
from the national health insurance system.

The best PDT candidates in lung cancer are cases
with central-type ESLC because of their endoscopic
accessibility; therefore, selection of patient is impor-
tant to achieve CR. Nagamoto et al'3 demonstrated
that no lymph node involvement was found in 59
cancers with a longitudinal extent of <20 mm; in
another study,¢ histology by serial block sectioning
showed that there was no nodal involvement in any
CIS cases. Nakamura et al’s retrospectively analyzed
resected cases of central-type ESLC to clarify the
relation between the endoscopic findings and the
histologic extent of tumor. They demonstrated a
significant difference is the maximum dimension
according to the depth of bronchial invasion between
CIS and extramuscular invasion and CIS and inva-
sion into or beyond the cartilaginous layer. Lesions
with a maximum diameter < 1.0 cm have a high
possibility of being CIS. Their preoperative broncho-
scopic diagnosis of centrally located ESLC was cor-
rect in 74.0%. In another study, Akaogi et all
demonstrated that polypoid or nodular lesions < 1.0
cm and flatly spreading lesions < 1.5 cm in greatest
dimension were limited to within the cartilaginous
layer without regional lymph node involvement.
Also, Furuse et al5> demonstrated that the length of
longitudinal tumor extent was the only independent
predictive factor for CR by PDT, and that lesions
< 1.0 cm in diameter showed 100% CR. According
to these data, therapy for CR requires satisfaction of
the following endoscopic conditions: (1) no evidence
of lymph node metastasis; (2) the lesion is superficial
with a maximum diameter of < 1.0 cm; (3) no
invasion into or beyond the cartilaginous layer; (4)
the histologic type is squamous cell carcinoma; and
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(5) the lesion is located in a position that can be
easily irradiated with the laser.

In this study, excellent efficacy with a significant
difference of CR rate was seen in patients with
lesions < 1.0 cm (92.8%) compared to = 1.0 cm
(58.1%) in diameter; however, the overall 5-year
survival rate of the two groups showed no significant
difference (57.9% vs 59.3%). This may be because it
was possible to perform additional alternative mo-
dalities such as surgery, second PDT, and brachy-
therapy to achieve CR after failure of initial PDT or
recurrence after PDT. Considering that the 5-year
survival rate of pathologic stage Ia (TINOMO) pa-
tients who underwent surgery is approximately
67.0%,'7 our data are favorable because the majority
of the PDT group consisted of patients with ad-
vanced age and poor cardiopulmonary function.
Therefore, we consider that PDT may be used as
first-line therapy for central-type ESLC prior to
surgery, especially in cases with poor cardiopulmo-
nary function. Also, Edell et al!® and Cortese et al1®
demonstrated that PDT is an alternative to surgical
resection in the management of early superficial
squamous cell carcinoma.

In this study, recurrence after CR was recognized
in 9 of 77 lesions (11.7%) in the group of patients
with lesions < 1.0 cm in diameter. Despite the
average diameter of the nine initial lesions being
relatively small (0.46 cm), recurrence was recognized
in eight of nine lesions (88.9%) within 12 months.
Therefore, intensive follow-up studies should be
performed until 1 year after PDT even for small
primary lesions. The reasons why recurrences after
CR were observed in the lesions < 1.0 cm in diam-
eter could be explained by inappropriate estimation
of the peripheral margin in cases of local recurrence
at the site corresponding to the peripheral margin
and insufficient laser irradiation or miss estimation of
tumor depth in the cases of local recurrence at the
same site as the initial tumor.

From our experiences, to achieve CR with PDT
for central-type ESLC, it appears that not only the
analysis of cell features but also the comprehension
of tumor extent to the peripheral site and tumor
invasion to the bronchial wall are of considerable
significance. Kurimoto et al?0 demonstrated that
endobronchial EBUS was useful to determine the
depth of tumor invasion into the bronchial wall, and
the accuracy of EBUS from the histopathologic
findings was 95.8%. The EBUS image at 20 MHz
shows five layers in the cartilaginous portion of
bronchial wall. The third to fifth layers are images of
cartilage. Therefore, it is feasible to evaluate the
depth of invasion using EBUS whether or not the
tumor invades into or beyond the cartilaginous layer..
In lesions with an intact third layer on EBUS, CR
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could be achieved with PDT. Miyazu et al?! demon-
strated that the depth of tumor invasion estimated by
EBUS was accurate by histopathologic findings after
surgical resection. They found 5 of 14 lesions
(35.7%) < 1.0 cm in diameter that showed extracar-
tilaginous invasion on the EBUS image that was later
confirmed histopathologically; also, 3 of 5 lesions
appeared bronchoscopically superficial but were
shown to be extracartilaginous by EBUS. The indi-
cations of PDT for centrally located ESLC with a
longitudinal extension of < 1.0 cm are unquestion-
able: meanwhile, we should realize that even < 1.0
cm in diameter can have extracartilaginous invasion.
To comprehend the surface extent of superficial
tumor invasion in the bronchial lumen, autofluores-
cence bronchoscopy (AFB) is considered useful 22-25
The green autofluorescence of the lesion was de-
creased because of the lack of endogenous fluoro-
phors, thickening of the membrane, and increased
microvasculature.2® We sometimes encountered un-
expected surface invasion by AFB.

It is essential to know the extent of the tumor and
the depth of bronchogenic carcinoma accurately for
the selection of treatment modality. Corresponding
to the previous study by Konaka et al,!! the analysis
of cell features is a useful source of information to
evaluate the depth of cancer invasion in the bron-
chial wall. In addition, we believe that it could be
beneficial information when choosing the treatment
modality, such as recurrence after CR by PDT
demonstrated in our study. Additionally, we now
perform EBUS and AFB to determine the indica-
tions of PDT in all patients who have ESLC for the
purpose of achieving 100% CR and reduction of
recurrence rate. A comparative study of PDT for the
treatment of ESLC before and after the adoption of
EBUS and AFB will enable accurate evaluation of
the benefits of these new diagnostic tools in the near
future. '
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Quantitative Detection of Lung Cancer
Cells by Fluorescence In Situ
Hybridization*

Compai‘ison With Conventional Cytology

Haruhiko Nakamwira, MD, PhD; Idiris Aute, MD, PhD; Norihito Kawasaki, MD:
Masahiko Taguchi, MD, PhD; Tatsuo Ohira, MD, PhD; and

Harubumi Kato, MD, PhD, FCCP

cytology.

Design: Prospective study.

sensitivity was 87.1%.

cytology for the diagnosis of lung cancer.

Study objective: The aim of this study was to clarify whether fluorescence in situ hybridization

(FISH) can diagnose Iung cancer in various clinical specimens in comparison with conventional

Setting: University hospital in a metropolitan area.

Patients: Fifty consecutive patients with abnormal chest radiography or CT scan findings were
enrolled. The patients included 32 men and 18 women, with an average age of 64 years. The final
definitive diagnosis was made by histologic examination, as follows: 38 primary lung cancers (24
adenocarcinomas, 8 squamous cell carcinomas, 2 large cell carcinomas, and 4 small cell
carcinomas); 1 metastatic renal cell carcinoma; and 11 benign lesions.

Methods: Four types of clinical specimens were analyzed. Cells obtained by transbronchial
brushing and transbronchial fine-needle aspiration using a fiberoptic bronchoscope under
fluoroscopy, CT scan-guided percutaneous needle biopsy, and bronchial washings. On every
examination, duplicate slides were made for an
Results: Classifications according to conventiona
I, 15 patients; class Illa, 3 patients; class I1Ib, 5 p
higher than class ITIb was considered to be positive for cancer. For cytology, we found no
false-positive cases and 11 false-negative cases. The specificity was 100%, and the sensitivity was
71.8%. By FISH, 34 cases showed aberrant copy
found no false-positive cases and five false-negative cases. The specificily was 100%, and the

alyses of conventional cytology and FISH.
ytology were as follows: class I, 4 patients; class
atients; and class V, 23 patients. A classification

Conclusion: The ability of FISH to detect aneusomic Iung cancer cells is superior to conventional

Key words: aneuploidy; aneusomy; eytology; fluorescence in situ hybridization; lung cancer

Abbreviations: BW = bronchial washing; FISH = fluorescence in situ hybridization; PN = percutaneous needle
biopsy; SSC = standard saline citrate; TB = transhronchial brushing

numbers in either chromosome 3 or 17. We

(CHEST 2005; 128:906-911)

C onventional cytology plays an important role for

the diagnosis of lung cancer, especially in the
examination of sputum and pleural effusions. In
addition, cell specimens obtained by transbronchial
brushing (TB)? and needle aspiration under fluoros-
copy,® percutaneous needle biopsy (PN) under CT

scanning,? and bronchial washings (BWs)* provide
important information for the differential diagnosis
between benign and malignant disease. Cytologic
diagnoses are made by experienced cytologists who
can properly evaluate the morphologic features of
malignant cells. However, this judgment is some-
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times difficult when the morphologic changes asso-
ciated with malignancy are mild. Such cells are
usually classified as class 111, using the classification
of Papanicolaou, which' is w%(,shve of, but not

conclusive for, malignancy. This is an dmbiguous
judgment for clinical decision making. In addition,
when one obtains a small number of cells from the
lesion, the delfinitive diagnosis is even more difficult.
These limitations of morphology-based conventional
cytology have stimulated the search for more objec-
tive and quantitative methods for an accurate cyto-
logic diagnosis of cancer.

Aneuploidy is the most common feature of many
solid tumors, including lung cancer.® Solid tumors
are characterized by complicated karyotypes by clas-
sic cytogenetics.™ Chromosomal instability?!¢ may
cause the uneven distribution of chromosomes dur-
ing cell division.!142 Thus, malignant tumors can be
diagnosed by detecting aneuploid, usually hyperdip-
loid, cells. A rapid and sensitive method for detecting
aneusomy of a specific chromosome in an individual
cell is fluorescence in situ hybridization (FISH). For
this purpose, specific centromeric DNA probes enu-
merated the chromosomes. FISH was originally
developed as a method to detect chromosomal ab-
errations,' and is now widely used for gene map-
ping,'* the diagnosis of congenital diseases,!® and
detecting specific gene copy number changes in
malignant cells.16-18

One advantage of FISH in detecting malignant
cells is its objective and quantitative evaluation.
However, the specificity and sensitivity of FISH in
the diagnosis of lung cancer is unclear. We report the
results of a prospective study comparing FISH with
conventional cytology to detect lung cancer cells.

MATERIALS AND METHODS

Paticnts

Fifty consecutive patients who underwent cytologic examina-
tion for whnormal chest radiography or CT scun findings at Tokyo
Medical University Hospital from July 2003 to January 2004 were
enrolled in this prospective study. The patients included 32 men
and 18 women, with an average age of 64 years. The final
definitive diagnosis was made hy lust()]ugrlc examination, as
follows: 38 primary lung cancers (24 adenocarcinomas, 8 squa-
mous cell carcinomas, 2 luge cell carcinomas, and 4 small cell
carcinomas); 1 metastatic renal cell carcinoma; and 11 benign
Jesions. All patients with Jung cancer were staged according to the
Jatest Union Intermationale Centre le Cancer criteria.'? Cases
included 1O tumors in stage 1A, 5 in stage 1B, 1 in stage I1A, 3 in
stage B, 10 in stage IIIA, 6 in stage 1118, and 3 in stuge 1V
{Table 1).

Cells gathered from fung lesions were independently analyzed
by conventional cytology and FISH. Informed consent for the
eytologic examinations and genctic analyses of the specimens
were obtained [rom all patients.
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Table 1—Histology and Stage of Lung Cancer in This
Series Of Patie"_ts:l:

Cuse Age Gender | Specimen Histology Stage
1 59 M T3 Sq clilA
2 43 o PN B NA
3 43 M s Ad PHIA
4 70 M ™ Ad CIvV
5 77 M TB Ad PIiA
6 73 M PN Ad PIA
7 58 M TN Ad PIA
8 71 M BW Ad plHA
9 7 M BW La piB
10 66 IF TN RCC NA
11 65 F B Sm cIlIB
12 68 F PN Ad PIA
13 69 F BwW Ad pIVv
14 52 I ™ Ad plia
15 75 o TN Sq pIA
16 37 M PN B NA
17 64 M PN Ad pliB
18 58 F B B NA
19 73 F PN "Ad plA
20 62 M PN B NA
21 69 M TB B NA
29, 76 M BW La cllIB
23 6 M PN Ad cllIB
24 75 M PN Ad piB
25 65 M BW Sm cllIA
26 23 M PN B NA
27 T4 M BwW Ad clV
28 72 o PN B NA
29 80 M TB B NA
30 56 M Bw Ad plB
31 G4 M B B NA
32 58 M PN Ad clIA
33 72 ¥ PN Ad pIA
34 72 M PN Ad clllA
35 66 I TB Sm clIB
36 52} M B Ad pHB
37 T2 F ™ Ad piB
38 52 M PN B NA
39 G4 M TB Ad plA
40 79 F TB Sq cIB
41 39 M TR B NA
42 78 M BW Sq clIIB
43 62 M TB Sq cITIA
44 57 M TB Sq pIIA
45 70 M PN Ad plA
46 55 o PN Ad PIA
47 58 ¥ TN Sq clIIB
48 66 F TN Ad pIIB
49 62 M BwW Sm cITIA
50 72 F BwW Sq cltiA

M = male; F = female; TN = transbronchial - needle  biopsy;
Ad = adenocarcinoma; Sq = squamons cell carcinoma; La = large
cell carcinoma; Sm = small cell carcinoma; RCC = renal cell carci-
nom B = henign lesion; ¢ = clinical stage; p = pathologic stage;
NA = not applicable.

Cell’ Sainples
In this study, the following four types of cell specimens were

analyzed: cells obtained by TB (n=18) and transhronchial
fine-needle aspiration (n = 5) using a fiheroptic bronchoscope
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under fluoroscopy, CT scan-guided PN using the 19-gauge Tokyo
Medical University Needle® (n=17), and BWs (n = 10). On
every examination, duplicate specimens were made [or simulta-
neous analyses of conventional cytology and FISH.

For conventional cytology, cells were stained by the Papanico-
laou method. 5 Diagnosis was made by cytologists in the Depart-
ment of Pathology at Tokyo Medical University Hospital. The
various classes in conventional cytology are defined as follows:
class I, absence of atypical or abnormal cells; class 11, atypical
cytology but no evidence of malignancy; class 111, cytology
suggestive of, but not conclusive for, malignancy (IIIa, mild
dysplasia; I1Ib, advanced dysplasia); class IV, cytology strongly
suggestive of malignancy; and class V, cytology conclusive for
malignancy.

FISH

For FISH, cells on glass slides were air-dried overnight and
stored at ~80°C until they were used. Direct fluorochrome-
labeled centromeric probes were used for the enumeration of
different chromosomes. Spectrum-orange-labeled or Spectrum-
green-labeled probes for the respective centromeric regions of
chromosomes 3 and ,l;.7 were purchased (Vysis Inc; Downers
Grove, IL), and dual<olor FISH was performed. Slides were
denatured by incubation with 70% formamide (two times the
standard saline citrate [SSC] solution) at 74°C for 2 min in a
water bath. Then, slides were dehydrated through a graded
ethanol system (70% for 2 min, 85% for 2 min, and 100% for 2
min). A hybridization solution (10 pL) was applied to each slide,
which was coverslipped and sealed with rubber cement. The
hybridization solution contained 1 puL each DNA probe in 70%
formamide (two times the SSC solution), and 10% dextran sulfate
solution (cot I DNA). After incubation for 16 h at 37°C in a
humidified chamber, slides were washed (two times SSC solu-
tion) for 3 min at 74°C. A di-amidinophenylindole antifade
solution (8 L) was applied to each spot and coverslipped. The
slides were observed under a fluorescence microscope that was
connected to a cooled charge-coupled device camera and an
image analyzer system (CytoVision; Applied Imaging, Ltd; New-
castle, UK).

FISH signal analysis was performed as follows. All cells in a
fluorescence microscopy field, except for those with damaged or
overlapped nuclei, were evaluated. One hundred cells were
counted, and the numbers of each centromeric signal were
recorded. If there were < 100 cells on the slide, as many cells as
possible were counted. When the percentages of byperdisomic
cells (ie, more than three copies for at least one chromosome)
were > 10%, we judged the lesion to be malignant.

Comparison of Conventional Cytology and FISH

FISH diagnoses were made without clinical information or the
results of conventional cytology. The results of FISH analysis
were not shown to the cytologists. Thus, both diagnoses were
independently made in a blind fashion.

Statistical Analysis

Difterences in the number of countable cells according to the
histology of the lung lesions or the cell-gathering methods used
were analyzed by the Kruskal-Wallis test. A p value of < 0.05 was
considered to be significant.

RESULTS

Cells countable for FISH analyses ranged from 5
to 100 (maximum). Cell counts according to the
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FiGUure 1. Countable cells according to the type of clinical
specimen. Although cell counts obtained by PN were the lowest,
no statistical significance was obtained by the Kruskal-Wallis test
(p = 0.1117). Error bars indicate standard error. TN = trans-
bronchial fine-needle aspiration.

cell-gathering method did not differ significantly, but
the fewest cells were obtained by PN (Fig 1).
Although the fewest cells were obtained from small
cell carcinomas, no significant difference was seen
according to the histologic type of lung cancer (Fig 2).

The results of conventional cytology according to
the Papanicolau classification were as follows: class I,
4 cases; class 11, 15 cases; class IIIa, 3 cases; class
IlTb, 5 cases; and class V, 23 cases (Table 2).
Twenty-eight cases showing a higher grade than class
ITIb were considered to be positive for lung cancer.
By cytology, we found no false-positive cases and 11
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F1GURE 2. Countable cells according to histology. Although cell
counts obtained from small cell lung cancer (Sm) were the
lowest, no statistical significance was obtained by the Kruskal-
Wallis test (p = 0.2369). Error bars indicate SE. Ad = adeno-
carcinoma; B = benign lesion; La = lm‘ge cell carcinoma;
RCC = renal cell carcinoma; S = squamous cell carcinoma.
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Table 2—Results of FISH and Conventional Cytology™

Six Copies Hyperdisomy,

Three Copies Four Copies Five Copies or More % .

Countable : — — ' — | Cytology
Case Cells C3/C17 C3/C17 C3/Ch17 C3/C17 C3/CL7 FISH Stage
1 100 28/18 1072 2/2 00 40/22 Positive \Y
2 B 0/0 0/0 010 0/0 0/ Negative 11
3 100 14/9 4/4 1”1 0/0 18713 Positive \%
4 100 16/8 /1 1/0 0/0 17/ Positive 4
5 52 2/0 1/0 /0 0/0 3/0 Negativet 11t
6 100 9/0 173 1/0 0/0 10/3 Paositive 1Ilat
7 44 773 0/ 1/0 0/) 1877 Positive It
8 100 6/6 0/2 2/2 0/0 8/10 Positive \Y
9 5 00 0/0 0/0 0/0 0/0 Negativet It
10 100 17/26 9/5 1/2 0/0 20/33 Positive 11t
11 100 38/37 9/2 3/0 10 51/39 Positive \Y
12 17 /3 2/1 10 0/0 29/29 Positive \Y
13 79 5/11 5/3 4/1 /) 18/19 Positive b
14 100 /3 0/0 0/0 10 §8/3 Negativet 11t
15 100 90 1/3 1/0 0/0 13 Positive 11t
16 49 /1 0/0 0/0 0/0 0/2 Negative 1I
17 100 22/16 211 3/5 0/1 27/33 Positive \Y
18 100 2/0 0/0 0/0 0/0 2/0 Negative 1
19 .26 5/8 0/0 0/0 /0 19/31 Positive 1Ih
20 100 /1 0/0 00 0/0 1 Negative 11
21 100 0/0 0/0 0/0 0/0 0/ Negative I
22 100 17/14 31 2/2 /1 23/18 Positive 11Ib
23 5 /1 /0 0/0 0/0 20/20 Positive 11ih
24 100 22/23 5/7 1/3 2/1 30/34 Positive A%
25 37 13/10 177 1/0 010 41/46 Positive \Y%
26 8 0/0 0/0 0/0 0/) 0/0 Negative 1Ia
27 43 1/1 0/0 0/0 00 2/ Negativet It
28 100 0/0 0/0 0/0 0/0 0/0 Negative I
29 44 0/0 0/1 0/0 0/0 0/2 Negative 11
30 100 8/6 /1 0/1 0/0 9/8 Negativet IIb
31 100 2/0 0/0 0/0 0/0 2/0 Negative 1I
32 8 2/3 /1 1/0 0/0 50/50 Positive \Y%
33 21 4/5 10 0/0 00 24/24 Positive \%
34 57 27/31 5/2 /1 /1 60/61 Positive \Y
35 40 10/9 2/3 4/0 02 40/35 Positive \%
36 100 15/15 1/4 /1 0/0 17/20 Positive \%
37 38 /4 0/0 0/0 0/0 5/11 Positive \Y%
38 23 0/1 0/0 0/0 0/0 0/4 Negative 11
39 45 9/9 1/4 /1 0/0 27/31 Positive \%
40 79 14/12 1/1 1/0 0/0 20/16 Positive \Y%
4] 30 o1 00 0/0 00 (V] Negative 11
42 100 17/6 3/1 /1 0/0 20/8 Positive \Y
43 100 19/18 3/6 4/1 2/0 28/25 Positive It
44 100 18/15 1/5 /1 0/0 19/21 Positive \Y
45 100 1177 /1 0/0 0/ 11/8 Positive \Y
46 14 4/3 0/) 0/0 0/0 29/21 Positive A%
47 100 15/15 /8 /1 0/0 15/24 Positive \Y%
48 48 8/6 0/1. 0/0 00 1715 Positive v
49 25 4/6 0 0/0 0/0 20/24 Positive v
50 100 21/28 5/5 /1 0/ 27/34 Positive lat

+C3 = chromosome 3; C17 = chromosome 17.
tFalse-negative result.

false-negative cases. Thus, by conventional cytology,
specificity was 100%, and sensitivity was 71.8%.

In FISH analyses, 34 cases showed aberrant copy
numbers in either chromosome 3 or 17. Represen-
tative findings of conventional cytology and FISH

www.chestjournal.org

are shown in Figure 3. We- found no false-positive
cases and five false-negative cases. For FISH analy-
ses, specificity was 100%, and sensitivity was 87.1%.

Seven cases, including one with metastatic renal
cell carcinoma, had negative cytology findings and
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positive FISH findings. In these cases, the cytologic
classifications were as follows: class 11, five cases; and
class ITla, two cases. One case was cytology-positive
and ISH-negative. In this case, the portion of
aneusomic cells were observed to be 8 to 9%, which
is just below the predetermined cutoff value.

DiscussioN

We demonstrated here the usefulness of FISH
analyses in diagnosing lung cancer using various
clinical specimens. Similar results about the effec-
tiveness of FISH analyses have been reported by
several authors. Schenk et al20 examined 23 patients
with lung cancer by FISH with probes specific for
chromosomes 3, 8, 11, 12, 17, and 18 for malignant
effusions and primary tumors. In that study, chro-
mosomal alterations always consisted of gains in
chromosomal signal numbers, and all chromosomes
were found to be aneusomic to a similar extent.
According to this observation, we used only two
probes in the present study, which were specific for
chromosomes 3 and 17.

Recently, Sokolova et al2! analyzed BW specimens
from 48 patients with lung cancer by FISH using
four probes (ie, centromeric region of chromosome
1, 5p15, 8q24 (c-myc), and 7p12 [epidermal growth
factor receptor]). In that report, FISH detected 15 of
18 specimens that were falsely negative by cytology.
The sensitivity of FISH for the detection of lang
cancer was 82% compared with 54% sensitivity by
conventional cytology. The same group?? used a
similar FISH probe set to show that significantly
higher frequencies of abnormal cells were found in
each of the 20 surgical specimens of non-small cell
arcinoma (100%) and in the 3 sputum specimens
(100%) from lung cancer patients. These probes
detected a 4.8 to 7.3% rate of abnormal copy num-
bers in normal control specimens. In these retro-
spective studies, FISH detected lung cancer cells in
touch preparations of resected tumors and BWs.
Thus, we planned a prospective study to compare
conventional cytology with FISH using various spec-
imens from lung lesions.

In our study, we determined the cutoff value for
the percentage ofhyperdisomic cells to be 10%, be-

Ficure 3. Hyperdisomic cells detected by FISH. Red signals are
the centromeric region of chromosome 3, and green signals are
the centromeric region of chromosome 17 Representative find-
ings of conventional eytology (Papanicolaon stain, original X400)
and IFI1SH in the sume cases, as follows: fop left, A adenocarci-
noma (case 39); top right, B: squamous ce.{] carcinoma {case 1);
Dottom left, C: lavge cell carcinoma (case 24); and hotton right,
D: small cell carcinoma (case 11).
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cause we often count =6% hyperdisomic cells in
normal cell specimens, probably due to counting
sister chromatids as two copies. When we set the
cutoff value at 10%, a specificity of .100% and a
sensitivity of 87.1% were obtained by FISH, whereas
the sensitivity of cytology was 71.8%. As a 1esu]t, we
successfully detected seven lung cancer cases that
were cytology-negative. Amonv these cases, two
were class I11a that we could not diagnose as malig-
nant based on morphologic features. FISH may
provide decisive information for the detection of
malignancies, especially cases with I1Ia classification.

Although the sensitivity of FISH is superior to that
of conventional cytology, there are some disadvan-
tages to FISH analyses. First, we do not generate
information about the histologic type of lung cancer
since we cannot observe morphologic features. Sec-
ond, FISH is expensive. Third, FISH signal counting
under fluorescence microscopy is time-consuming.
Thus, the present FISH assay system probably can
play a complementary role to that of conventional
cytology

We had five cases that we could not correctly
diagnose by FISH. There are two possible reasons
for owr false-negative FISH results. One would be
the failure to obtain proper cell material from the
lesion, resulting in the absence of cancer cells on the
slide. The other would be that the cancer cells were
near-diploid, such that we could not detect aneu-
somy in two target chromosomes. We could probably
detect more aneusomic cells using additional suit-
able probes for other chromosomes or chromosomal
regions as reported by Romeo et al,22 who success-
fully diagnosed 100% of lung cancer cases by FISH
using a set of four probes. In our previous study,??
chromosomal instability detected by FISH was asso-
ciated with poor survival in patients with lung cancer.
The finding of multiple chromosomal changes by
FISH may be used as a prognostic factor and in the
selection of patients for different therapeutic pro-
grams in the future.

In conclusion, FISH can detect lung cancer cells
with aneusomy in various clinical specimens. The
sensitivity was superior to that of conventional cytol-
ogy. FISH should be used in conjunction with
conventional cytology.
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