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set-up errors were determined using the software in
Somavision. In the present study, the intrafractional organ
motions at each interval were defined as deviations of the
coordinates of each tandmark from those at the initial image
taken at the start of the analysis. The systematic error of the
organ motions for a specific patient, Sp-intra, is calculated
as the mean of the organ motions evaluated six times for
15 min in the analysis of that patient. The mean of the Sp-
intra values for all the patients in a given population is
denoted by u-intra, whereas its SD is given by Z-intra. The
random error of the organ motions for a specific patient, op-
intra was calculated as the SD of the intrafractional organ
motions from interval to interval. To characterize the
random errors of the organ motions in a given population,
an appropriate average is by the root mean square of the gp-
intra values for all the patients, and is denoted by g-intra.
The distribution of the intrafractional organ motions in a
given population is characterized by the set (u-intra,
Z-intra, o-intra).

Results
Interfractional setup errors and intrafractional
organ motion errors

The values for the set of parameters (u-INTER, Z-INTER,
a-INTER) and (u-intra, Z-intra, ¢-intra) measured for the
four bony landmarks are shown in Tables 1 and 2,
respectively. Since, deviations of the coordinates in the
cranio-caudal direction were measured on both lateral and
AP films, a larger deviation was adopted as a representative
error for the bony landmarks. Positive values in the lateral,
antero-posterior (AP), and cranio-caudal (CC) direction
represent deviations in the right, cranial, and posterior
direction of the patients. The mean of the systematic set-up
errors {u-INTER) for all the landmarks ranged within 1 mm
along all the coordinates. The distribution of the interfrac-
tional set-up errors of the mandible is shown graphically in
Fig. 2. The SDs of the systematic set-up errors (Z-INTER)
distributed with a range of 0.7-1.3 mm. The average of the
individual random set-up errors (o-INTER) ranged from 0.7 to
1.6 mm.

As shown in Table 2, nine of eleven measured mean
systematic errors for the intrafractional organ motions {u-
intra) in all the directions ranged within 0.2 mm. The largest
mean value of u-intra was 0.4 mm in the AP direction of
cervical vertebrae. Fig. 3 shows the distribution of the
intrafractional organ motions of the mandible. The SDs of
the systematic errors for the organ motions {Z-intra) ranged
within 1t mm (0.2-0.8 mm). The average of the individual
random.errors for the argan motions {s-intra) ranged from
0.3 to 0.6 mm. In the present study, no significant
differences in the magnitude of the interfractional set-up
errors and intrafractional organ motions were observed
among the four bony tandmarks.

PTV- and PRVY-margin

According to Stroom et al., the overall errors in a given
patient group can be characterized by the overall distri-
bution of systematic errors, X - total= X — INTER*+
= —intr@?, and the overall distribution of random errors,
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o~ total= /o - INTER® + ¢ —intra?, respectively [26].
Stroom et al. proposed an equation for the PTV margin
[PTV-margin=2X-total +0.75-total} [25]. The criterion was
that more than 99% of the CTV should at least get 95% of the
prescribed dose. McKenzie et al. proposed the rec-
ommended margin around the ORs, the planning organs at
risk volume (PRV-margin). They proposed the equation {PRV-
margin=1.3%2+0.54] for serial ORs or small, parallel ORs
{14]. The criterion was that the mean position of the edge of
the ORs in any single direction would be completely
encompassed by this margin in 90% of cases.

In the present study, the interfractional set-up errors and
int- afractional organ motions were analyzed in the different
pa‘ient groups. Therefore, when X-total and ¢-total values
were calculated using the Z-INTER, o-INTER, X-intra, and g-
intra in the present study (Table 3), the obtained values did
not strictly represent the overall distributions of the errors
for the patient group of the head and neck tumors treated
with IMRT at our department. However, both the groups
were treated with IMRT using the same immobilizing system,
and by the same treatment staffs, so the calculated PTV- and
PRV-margins are clinically available for applying the
appropriate margins to new patients with head and neck
tumors treated with IMRT at our department. The calculated
PTV- and PRV-margins using the equations by Stroom et at.
and McKenzie et al. are shown in Table 4. The calculated
PTV- and PRV-margins ranged from 2.0 to 3.6 mm and from
1.6 to 2.4 mm, respectively.

Discussion

When applying a new treatment technique including a
new immobilization device or extending the indication of the
technique to malignancies at other sites, one should analyze
both the interfractional set-up errors and intrafractionat
organ motions in an initial group of patient (n=10) for
calculating the appropriate PTV margins [26]. However, in
setting of the PTV-margins for head and neck tumors, the
management of the organ motions is a subject of con-
troversy. Gieleau et al. [6] claimed that the intrafractional
organ motions of head and neck tumors could be neglected
for calculating the PTV-margin since the values were trivial.
Rosenthal et al. [22] analyzed the intrafractional organ
motions of paranasal sinus carcinomas during a single
fraction (approximately 16 min), and reported that the -
intra values (SDs of the systematic errors of the organ
motions), ranged from 0.4 to 0.5 mm. The present study
revealed that the X-intra values ranged from 0.2 to 0.8 mm
during 15-min-treatment time. Although the SDs of the organ
motiohs were revealed to be the sub-millimeter values in the
present study, they should be taken account in calculating
the PTV-margins in head and neck IMRT. IMRT commonly
introduces relatively steep dose gradients around the PTV,
and insufficient PTV-margins may yield the ‘cold spot’ in the
CTV [8]. We combined the SDs of the set-up errors and organ
motions, and showed that the PTV-margins ranged from 2.0
to 3.6 mm in head and neck IMRT. Since, no significant
differences in the magnitude of the set-up errors and
organ motions were observed among the four bony land-
marks, a 5-mm margin was adopted as the PTV-margin for
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Fig. 2. The distribution of the interfractional set-up errors of the mandible. The displacements of the coordinate of the mandible between beam
fitms and simulation films are plotted for the left-right {L-R) direction, anterior-posterior (A-P) direction, and cranio-caudal {C-C) direction.

tumors at any site in head and neck IMRT at our department,
except tongue or laryngeal cancer, which is discussed later
in this chapter.

With regard to the interfractional set-up errors, de Boer
et al. reviewed three reports analyzing set-up errors in small
patient groups (n=10) with head and neck tumors, and
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reported that the Z-INTER and ¢-INTER values ranged from
1.6 to 2.1 mm and from 1.0 to 2.0 mm, respectively [5}. In
the present study, the X-INTER and ¢-INTER values
distributed with a range of 0.6-1.3mm and 0.9-1.6 mm,
respectively. Our results surpassed the values reviewed by
de Boer et al. Hong et al. [8] reported the set-up errors for

Displacement (mm)

Fig. 3. The distribution of the intrafractional organ motion of the mandible. Two orthogonal films were digitally stored every 3 min for 15 minon
the couch of the X-ray simutator under the same conditions as for the IMRT irradiation. The displacements of the coordinate of the mandible
between the films taken every 3 min and initial film taken at the start of the analysis are plotted for the left-right {L-R) direction, anterior-
posterior (A-P) direction, and cranio-caudal (C-C) direction.
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Table3 ool
Summary of the tota( errors

PTV- and PRV-margins in head and neck IMRT
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advanced head and neck tumors in 10 patients treated with
conventional radiotherapy, in which all the patients were
immobilized by conventional thermoplastic mask covering
head and face. We calculated the I-INTER and o-INTER
values in the report by Hong et al. and found that they
ranged from 2,7 to 4.0 mm and 2.3 to 2.8 mm, respectively.
They incorporated these values in the IMRT treatment
planning and reported that the substantial geometrical
errors can lead to underdosing in the PTV and overdosing
in the PRV. In the present study, we immobilized the
patients with a thermoplastic shell covering head, neck and
shoulder, which was fixed to the treatment couch. In some
reports [6,7,20], a head, neck and shoulder immobilization
shell, which is the same type as used in the present study,
yielded smaller SDs of the set-up errors compared with a
thermoplastic mask covering head and face alone. As
concluded in the report by Hong et al. [8], rigorous
irmmobilization devices such as the head, neck and shoulder
immobilization shetl may be prerequisite for highly con-
formal radiotherapy such as IMRT or 3D conformal radio-
therapy for head and neck tumors. However, one should
keep in mind that although the rigorous immobilization
device and the sophisticated local infrastructure (treatment
couch, linac laser beam system, etc.) are important factors
for reproducibility of the patient positioning, experience and
efforts of treatment stuffs including radiotherapists or
- nurses also depend on accuracy of the set-up [6,20]. Our
extremely accuracy in the patient positioning may be in part
attributable to zealous efforts of our treatment stuffs, such
as adopting the strict criterion for couch position {less than
1 mm from the reference position), appropriate QA, or using
a ink-soaked thin wire for depicting thin set up markers, etc.
Geometric uncertainties of ORs also have impacts on the
dose distributions in Ors [11,16]. McKenzie et al. reported
the recommended PRV-margin [14]. They proposed the
equation [PRV-margin=1.32+0.5¢] for serial ORs or
small, parallel ORs. Since a dose higher than the tolerance
dose for ORs comes broadly from a single direction of the
. high-dose region of an adjacent PTV, the equation of [PRV-
margin =1.3%+0.5¢] is derived from a one-dimensionat
{1D) solution in calculating appropriate PRV-margin [14]. On
the other hand, the boundaries of the CTV are potentially
vulnerable to underdosing in all directions. A three-
dimensional (3D) solution is required for calculating the
appropriate PTV-margin. Since, use of the 3D solution leads
to large values compared with the 1D solution, the PTV-
margin is larger than the PRV-margin in general. One should
keep in mind that if ORs are surrounded by the PTV in all

ranjo-catdal; CV, cervical vertebrae:
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directions, the equation [PRV-margin =1.3%2+0.5¢] should
not be used for calculating the PRV-margin {14,30]. Since, in
head and neck irradiation, salivary glands, spinal cord and
brain stem are prone to be adjacent to the CTV, an
appropriate setting of the PRV-margin is required for
avoiding radiation injury of these ORs. The set-up errors
and organ motions of four distinct bony landmarks estimated
in the present study can be incorporated into the equation
{PRV-margin=1.3Z+0.50] for calculating the PRV-margins.
The calculated PRV-margins distributed with a range of 1.8-
2.4 mm. Therefore, 3-mm has been adopted as the PRV-
margin at our department. However, no margins around
parotid glands have been applied at our department [18],
since the PRV-margins for the parotid glands reduce cover-
age of the nodal regions adjacent to the parotid glands as
reported by Manning et al. {13].

In the present study, we analyzed the interfractional or
intrafractional displacement of the four bony landmarks, not
the treatment isocenter. The magnitudes of the interfrac-
tional and intrafractionat errors were quantified by measur-
ing the displacements of the coordinates of the four bony
landmarks, which were determined relative to the isocenter.
In published reports on analyses of the set-up errors,
displacement of the isocenter on portal fitm or EPID from
that on simulation films was measured by matching visible
bony structures [1,5,6,20]. Since the makxilla, mandible and
cervical spine can move independently with breathing or
swallowing, interfractional or intrafractional displacement
of these landmarks was expected to differ in magnitude, The
dose of irradiation delivered to the PTV is determined by
the position relative to the isocenter. Therefore, measuring
the deviation of the coordinates of the bony tandmarks
relative to the isocenter is appropriate for analyzing set-up
errors or organ motions in head and neck tumors, which are
expected to move with underlying bone. The calculated

4_ : Maxnlla g

V- erwcal vertebrae }'ff :
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PTV-margins in the present study, however, should not be
applied to tongue or laryngeal tumors, the movement of
which is independent of bone, since the organ motions of
these tumors are large compared with the bony landmarks
analyzed in the present study [29]. For analyses of the set-up
errors or organ motions of these tumors, the use of
impltanted gold markers is helpful and feasible, as reported
by van Asselen et al. [28].

We analyzed the intrafractional organ motions with a
convenient and practical method. On the same couch of the
X-ray simulator as the treatment couch has, the set-up
procedure for IMRT was reproduced with the same immobit-
ization device as used at the treatment, and intrafractional
organ motions were monitored every 3 min for 15 min
{6 times). EPID or a real time tracking system for radiopaque
markers implanted within the tumors has been used for the
analyses of the intrafractional organ motions [10,24,30].
However, the quality of the EPID is inadequate to analyze
the errors in sub-millimeters. Although a real time tracking
system is reliable for monitoring the position and movement
of the PTV directly, the availability of this system is limited.
Compared with these systems, our method is available at any
institution without a sophisticated EPID or real time tracking
system. In addition, our method may be able to reduce
random errors of the intrafractional organ motions. By
including the analysis of the organ motions in the prep-
aration for head and neck IMRT, we can know the magnitude
of the intrafractionat organ motions for an individual patient
before the start of the treatment, and reduce the organ
motions by modifying the immabilization devise or educating
the patient, if the magnitude of the organ motions is more
than average at our department.

In conclusion, the calculated PTV-margin and PRV-margin
distributed with a range of 2.0-3.6 mm and 1.8-2.4 mm,
respectively. Therefore, we have adopted a 5-mm margin as
the PTV-margin and 3-mm margin as the PRV-margin at our
department for head and neck IMRT.
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INTERVENTIONAL PULMONGLOGY

Angled Forceps Used for
Transbronchial Biopsy in Which
Standard Forceps_Are Difficult To
Manipulate*

A Comparative Study

Shinji Sasada, MD; Yoshitaka Ogata, MD; Masashi Kobayashi, MD;
Tomonori Hirashima, MD; Kunimitsu Kawahare, MD, PhD; Kaoru Matsui, MD;
and Ichiro Kawase, MD

Objectives: To evaluate the usefulness of the Sasada transbronchial angled forceps (STAF) in
patients with peripheral pulmonary lesions (PPLs), which are difficult to manipulate with
standard forceps.
Methods: We have invented the STAYX, a forceps with an angled tip. One hundred ten patients with
PPLs that were difficult to reach with standard forceps were retrospectively evaluated. The
patients first underwent bronchoscopy with a standard forceps and then with the STAF. The
specimens obtained with standard forceps and those obtained with STAF were separately fixed
and analyzed histologically. We compared the histologic diagnosis of the specimens obtained by
STAF with that obtained by the specimens obtained with standard forceps. Statistical significance
was calculated with the McNemar x” statistic.
Results: The diagnostic yield of all lesions from the specimens obtained with STAF (86 of 110
lesions; 78.2%) was significantly higher than that of lesions from the specimens obtained with
standard forceps (43 of 110 lesions; 39.1%; p < 0.001). Among malignant lesions, the yield
obtained with STAF (60 of 72 lesions; 83.3%) was significantly higher than that obtained with
standard forceps (32 of 72 lesions; 44.4%; p < 0.001). Among benign lesions, the yield obtained
with STAF (26 of 38 lesions; 68.4%) was also significantly higher than that obtained with standard
forceps (11 of 38 lesions; 28.9%; p < 0.001). Among the different lesion areas, the right upper
Iobe plus the left upper division gave the greatest difference in yield (STAF, 46 of 60 lesions;
76.7%; standard forceps, 22 of 60 lesions; 36.7%; p < 0.001). Among the different size ranges, the
diagnostic yields obtained with STAF were significantly higher than that obtained with standard
forceps except for the size range of =< 10 mm. There were two complications, pneumothorax and
bronchial bleeding, both of which were controlled easily.
Conclusions: The STAF was shown to be useful for obtaining specimens that were sufficient for
histologic diagnosis from PPLs that were difficult to manipulate with standard forceps.
(CHEST 2006; 129:725-733)

Key words: angled forceps; peripheral pulmonary lesions; transbronchial biopsy
Abbreviations: CS = curve-shaped; CTGNB = CT scan-guided needle biopsy; NSCLC = non-small cell lu.n cancer;

PPL = pe?heral pulmonary lesion; STAF = Sasada transbroanchial angled forceps; TBB = transbronchial biopsy;
VATS = video-assisted thoracic surgery

S

\ ince the 1970s, transbronchial biopsy (TBB) of
the lung performed through a flexible broncho-
gcope has gained wide acceptance and has become
e most common method of performing lung tissue
"$i0psy.'~4 The numbers of patients with peripheral
Pilmonary lesions (PPLs) have increased along with
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the incidence of lung adenoccarcinoma.>® Patients in
whom a diagnosis cannot be made by flexible fiber-
optic bronchoscopy need to undergo CT scan-guided
needle biopsy (CTGNB) or video-assisted thoracic
surgery (VATS).”® However, CTGNB is associated
with critical complications, including air embolism
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and pleural dissemination.1° On the other hand, in
patients with poor performance status or in elderly
patients, VATS is not always performed. Therefore,
TBB with a flexible bronchoscope is still the recog-
nized first-choice procedure used to diagnose PPLs.
Nevertheless, we have experienced diagnostic failure
with PPLs, even though PPLs can be visualized by
radiographic fluoroscopy. With such lesions, conven-
tional straight forceps are difficult to reach, and we
cannot obtain a sufficient amount of material for
histologic diagnosis. To solve this problem, we in-
vented the Sasada transbronchial angled forceps
(STAF). Our experience with 110 patients is re-
ported in the present study.

MATERIALS AND METHODS

Patient Eligibility

We enrolled patients with PPLs that had been visualized by
radiographic fluoroscopy and were difficult to manipulate by
using standard forceps. Difficult-to-manipulate lesions presented
in some situations as follows: the forceps could not really reach
them, could hardly reach them, or could barely reach them. Such
lesions were defined as difficult PPLs, and they mainly included
solitary pulmonary lesions and mediastinum-involved tumnors.
Patients with diffuse pulmonary lesions or invasive shadows were
excluded from the study. We judged the eligibility of the patient
during bronchoscopy.

Study Design

The study was designed to retrospectively evaluate the useful-
ness of TBB with STAF in patients with difficult PPLs. Patients
with difficult PPLs first underwent bronchoscopy with a standard
forceps and then with STAF. The specimens obtained with
standard forceps and those obtained with STAF were separately
fixed and analyzed histologically. When either forceps absolutely
could not reach a lesion that had been visualized by radiographic
fluoroscopy, we did not perform a biopsy for safety reasons. Both
specimens were diagnosed by two pathologists. We compared the
histologic diagnosis obtained from the specimens by STAF with
that from the specimens obtained by standard forceps. Cytologic
and bacterial examinations were excluded in this study, because
technical contamination was possible and could have caused
misciagnosis. Informed consent was obtained from all patients
prior to undergoing the procedure.

*From the Departments of Thoracic Malignancy (Drs. Sasada,
Kobayashi, Hirashiina, and Matsui) and Pathology (Dr. Kawa-
hara), Osaka Prefectural Medical Center for Respiratory and
Allergic Diseases, Osaka, Japan; and the Department of Respi-
ratory Medicine, Allergy and Rheumatic Diseases (Drs. Ogata
and Kawase), Osaka University Graduate School of Medicine,
Osaka, Japan.

Manuscript received March 31, 2005; revision accepted Septem-
ber 23, 2005.

Reproduction of this article is prohibited without written permission
from the American College oF Chest Physicians (www.chestjournal.
org/misc/reprints.shtml}).
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Equipment

We have invented a new forceps, called STAF (HBF-2010SH;
Machida; Tokyo, Japan), that has an angled tip for obtaining
adequate amounts of tissue from PPLs for histologic diagnosis,
The structure of STAF is basically the same as that of standard
forceps. STAF has a 12° angle 10 mm from the tip, so that the tip
is perpendicular to the direction of the opening and shutting of
the cup (Fig 1). STAF is a reusable product that can be fitted to
any standard bronchoscope with channels having a diameter of
= 2.2 mm (eg, BF 1T-30, 40, or 1T-200, 240; Olympus; Tokyo,
Japan). The cost is alinost the same as that of standard forceps.

A New Biopsy Technique

To obtain adequate amounts of tissue for diagnosis, we in-
vented a new biopsy technique called curve-shaped (CS) TBB,
The CS-TBB method consists of five steps (Fig 2), which are
clearly different from those of the conventional TBB method.
First, we use standard forceps to identify the bronchus nearest to
the lesion. Second, we switch to STAF and open the cup in front
of the lesion. We search for a part of the lesion while letting the
STAF tum and slide. Next, we make a CS motion by operating
the bronchoscope, enabling a more perpendicular approach to
the lesion. Finally, we push the forceps forward and perform the
biopsy.

Statistical Analysis

The proportion of positive samples using STAF was compared
with the proportion of positive samples using standerd forceps.
The patients who underwent bronchoscopy using STAF were
exactly the same as those who underwent bronchoscopy using
standard forceps. The statistical significance was calculated with
the McNemar x? statistic. A difference with a p value of < (.05
was considered to be significant. The statistical analysis software
was used for the analysis.

REPRESENTATIVE CASES

Case 1

A 25-year-old woman had a 23-mm lesion in the right upper
lobe (Fig 3, top, A). Bronchoscopy was performed to confirm the
diagnosis of the lesion. TBB with standard forceps failed to obtain
specimens through the right Bla because the forceps could not
reach the mass (Fig 3, bottom left, B). However, TBB with STAF
succeeded in obtaining a sufficient amount of tissue for the
specimens (Fig 3, bottom right, C), and the diagposis of tuber-
culasis was histologically confirmed. The culture from the spec-
imen was negative for tuberculosis.

Case 2

A d4-year-old man had a 30-mm lesion in the left lower lobe
(Fig 4, left, A). Bronchoscopy was performed, and TBB per-
formed with standard forceps failed to obtain specimens through
the left B10e. However, TBB with performed STAF succeeded
in obtaining a sufficient amount of tissue from the specimens to
confinm a diagnosis of hamartoma (Fig 4, right, B).

Case 3

A 54-year-old man had a mediastinum-involved tumor in the
left lung (Fig 3, left, A). Only STAF was able to reach the lesion
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FIGURE 1. STAF. Left, A: Open position; the STAF has an angled tip. Right, B: the general shape of
the STAF is almost the same as that of a standard forceps except for the angled tip.

(Fig 5, right, B), and a sufficient amount of tissue was obtained
for the specimens to confirm a diagnosis of non-small cell lung
cancer (NSCLC).

Case 4

A 74-year-old man had a 15-mm nodule in the right upper lobe

(Fig 6, top, A). Specimens were obtained with standard forceps .

and STAF through the right B3a. The specimens obtained with
standard forceps revealed only a normal bronchial wall (Fig 6,
bottom left, B); in contrast, the specimens obtained with STAF
revealed adenocarcinoma (Fig 6, bottom right, C).

Case 5

A 34-year-old man had a 14-mm nodule in the right lower lobe
{Fig 7, top, A). Specimens were obtained with standard forceps

Tumor]]

<—Standard
forceps

—

<+ STAF

—

f

Step2

f

Step1

Step3

and STAF through the right B6b. The specimens obtained with
standard forceps were insufficient for pathological diagnosis,
revealing only normal bronchial wall (Fig 7, bottom left, B).
However, the specimens obtained with STAF revealed necrotiz-
ing epithelioid granuloma (Fig 7, bottom right, C), which sug-
gested pulmonary tuberculosis. TBB with STAF succeeded in
obtaining a specimen large enough for histologic examination,

RESULTS

One hundred ten consecutive patients with diffi-
cult PPLs who underwent bronchoscopy between
August 2001 and July 2004 at the Osaka Prefectural
Medical Center for Respiratory and Allergic Dis-
eases were enrolled into the study. Of the 110

= Y =)

Step4 Step5

FIGURE 2. Method of performing CS-TBB. Step 1: search for the bronchus nearest to the lesion by
using a standard forceps. Step 2: switch to STAF. Step 3: open the cup in front of the lesion. Step 4:
turn and slide the STAF at the same time, and push forward. Step 5: make a CS motion by operating

the bronchoscope, and obtain some tissue.
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FIGURE 3. Case 1. A tuberculoma. Top, A: a chest CT scan reveals a coin lesion in the right upper lobe.
Bottom left, B: a bronchoscopic image shows a standard forceps approaching a tumor through the right Bla.
Bottom right, C: bronchoscopic image shows the STAF approaching the tumor. It forms a CS (ie, J-shape).

patients, 64 were men and 46 were women. The
median age of the group was 67 (range, 25 to 86).
The median size of the longest diameter of a lesion in
the group was 20 mm (range, 6 to 60 mm). The
longest diameters of all lesions revealed by chest CT
scan were récorded.

Table 1 shows the diagnostic yields, and Table 2
shows the pathologic diagnoses in the 110 patients.
The diagnostic yield of all lesions from the specimens
obtained with STAF (86 of 110 lesions; 78.2%) was
significantly higher than the that of lesions from the
specimens obtained with standard forceps (43 of 110

FICURE 4. Case 2. A hamartoma. Left, A: a chest CT scan reveals a lesion in the left lower lobe. Right,
B: a bronchorcopic image shows the STAF approaching a tumor through the left B10e. It forms a CS
(ie, S-shape).
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FIGURE 5. Case 3: NSCLC. Left, A: a chest CT scan reveals a mediastinum-involved tumor shadow on
the left side. Right, B: a bronchoscopic image shows the STAF approaching the tumor through the left

B3c.

lesions; 39.1%; p < 0.001). In malignant lesions, the
yield obtained with STAF (60 of 72 lesions; 83.3%)
was significantly higher than that obtained with
standard forceps (32 of 72 lesions, 44.4%;
p < 0.001). The pathologic diagnoses and the yields
obtained with STAF included the following: adeno-
carcinoma, 86% (43 of 50 lesions); squamous cell

carcinoma, 90% (9 of 10 lesions); small cell carci-
noma, 100% {2 of 2 lesions); undifferentiated carci-
noma, 80% (4 of 5 lesions); metastasis, 50% (2 of 4
lesions); and carcinoid tumor, 0% (0 of 1 lesion). In
benign lesions, the yield obtained with STAF (26 of
38 lesions; 68.4%) was significantly higher than that
obtained with standard forceps (11 of 38 lesions;

FIGURE 6. Case 4: a lung adenocarcinoma. Top, A: a chest CT scan reveals a coin lesion in the right
upper lobe. Bottom left, B: the bio Sﬁ specimen obtained with standard forceps through the right B3a

reveals only normal bronchial wall (|

ematoxylin-cosin, original X40). Bottom right, C: STAF biopsy

specimen reveals adenocarcinoma (hematoxylin-eosin, original X40).

www.chestjournat.org
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FIGURE 7. Case 5: a tuberculoma. Top, A: a chest CT scan reveals a coin lesion in the right lower lobe.
Bottom left, B: the biopsy specimen obtained with standard forceps through the right B6b reveals a
normal bronchial wall (hematoxylin-eosin, original X40). Bottom rfht, C: STAF biopsy specimen

reveals necrotizing epithelioid granuloma (hematoxylin-eosin, origin

28.9%; p <0.001). The diagnoses and yields ob-
tained with STAF included the following: nonspe-
cific inflammation, 57.1% (8 of 14 lesions); mycobac-
teriosis, 77.8% (7 of 9 lesions); hamartoma, 50% (4 of
8 lesions); organizing pneumonia, 100% (4 of 4
lesions); cryptococcosis, 100% (2 of 2 lesions); and
lung abscess, 100% (1 of 1 lesion). Three patients
underwent a second bronchoscopy when the first
procedure failed to yield a specific diagnosis. Two of
the specimens obtained in the second bronchoscopy
resulted in a diagnosis.

Table 3 shows the diagnostic yield for each lesion
area. Among the different lesion areas, the right
upper lobe plus the left upper division gave the
greatest difference in yield (STAF, 46 of 60 lesions

Table 1—Diagnostic Yields From PPLs Biopsied With
STAF and Standard Forceps

Standard
STAF Forceps
No./Total 'No./Total
Variables No. % No. %  p Value*
Positive sample ~ 86/110  78.2  4%110 391 < O0.001
Malignant 60/72 83.3 32772 444 <0.001
Benign 26/38 68.4 11/38 2868 <0001

*By McNemar test.
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X40).

[76.7%]; standard forceps, 22 of 60 lesions {36.7%)];
p <0.001). Table 4 shows the diagnostic yield for
each size range. Among the different size ranges, the
diagnostic yields obtained with STAF were signifi-
cantly higher than that obtained with standard for-
ceps except for those with a size of =< 10 mm.

Of 24 patients in whom a diagnosis could not be
established, 11 were operated on. Diagnosis was

Table 2—Clinical Diagnosis of PPLsin 110 Patients
Who Underwent Bronchoscopy With STAF

Lesions No/Tota} No. {%)
Malignant
Adenocarcinoma 43/50 (86)
Squamous cell carcinoma 9/10 (S0)
Small cell carcinoma 2/2 (100)
Undifferentiated carcinoma 4/5 (80)
Metastasis 2/4 (50)
Carcinoid 0/1 (0)
Total 60/72 (83.3)
Benign
Nonspecific inflammation 8/14 (57.1)
Mycobacteriosis 719 (71.8)
Hamartoma 4/8 (50)
Organizing pneumonia 4/4 (100)
Cryptococcosis 2/2 (100)
Lung abscess 1/1 (100)
Total 26/38 {68.4)
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Table 3—Effect of Lesion Area on Diagnostic Yield of
PPLs Obtained With STAF and Standard Forceps*

Standard
STAF Forceps
'N o./Total [Noll‘ otal
Lesion Area No. % No. %  p Valuet
RUL + LUD 46/60 76.7 22/60 367 <0.001
RML + Lingula 13717 76.5 517 29.4 0.004
Lower superior 10711 90.9 4/11 36.4 0.014
(B6)

Lower basal 17722 773 12/22 54.5 0.025

sRUL = right upper lobe; LUD = left upper division; RML = right
middle lobe.
By McNemar test.

made by transbronchial needle aspiration in two
further patients. In 1 patient diagnosis was made by
transcutaneous needle biopsy, and in 10 further
patients it was made by serial observations. There
were two complications (pneumothorax and bron-
chial bleeding), both of which were controlled easily.

Di1scussION

Flexible fiberoptic bronchoscopy is routinely used
for the diagnosis of PPLs. Flexible fiberoptic bron-
choscopy in conjunction with TBB, bronchial brush-
ing, or bronchial washing cytology has given physi-
cians an additional procedure to aid in diagnosis. In
patients with peripheral lung cancer, transbronchial
needle aspiration has been developed.1}12 However,
benign pulmonary lesions are not usually diagnosed
by cytologic examination, and thus lung resections
are ultimately needed. Active tissue biopsy is re-
quired for the improvement of the diagnostic effi-
ciency of PPLs, including benign lesions.

We had a patient in whom a critical air embolism
developed during CTGNB, and we were thus con-
fronted with the necessity of developing a new
diagnostic procedure. We considered that the follow-

Table 4 —Effect of Lesion Size on Diagnostic Yield of
PPLs Obtained With STAF and Standard Forceps*

Standard
STAF Forceps
‘NofI‘ ‘otal ! [No./'l" otal
Lesion Size, mm No. % No. %  p Valuet
= i0 277 28.6 217 28.6 NS
>10to = 20 39/49 79.6 17/49 34.7 < 0.001
< gt>20 to < 30 28/31 90.3 16/31 51.6 <0.001
> 30 17723 73.9 8/23 34.8 0.002

*NS = not significant.
1By McNemar test.
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ing three conditions are required in a new method.
The first is that it must be safe for the patient and the
staff. The second is that it should be inexpensive and
easily introduced into many institutions. The final
condition is that it is able to obtain specimens that
can be used to histologically diagnose even benign
lesions. Therefore, to satisfy these requirements, we
should approach a lesion more perpendicularly by a
standard bronchoscope to improve tissue collection.

We invented STAF as a new device for diagnosis
to be used with a standard bronchoscope (Fig 1).
STAF has a 12° angle 10 mm from the tip, and this
structure was the most controllable in our experi-
ence. If the tip angle is = 10°, the forceps cannot
grasp the edge of the lesion. On the other hand, if
the tip angle is > 15°, the forceps flexes too much
during the approach. We also invented a new biopsy
technique to control STAF more effectively (Fig 2).
The CS-TBB method enables a perpendicular ap-
proach. The slight angle of the tip, the flexural
direction perpendicular to the opening, and the
shutting of the cup are necessary conditions to make
a CS motion successfully. The CS-TBB method has
two typical approach patterns, called the [-shape
(Figs 3, bottom right, C, and 5, right, B) and the
S-shape (Fig 4, right, B) in bronchoscopic images.
These approach patterns are thought to be very
effective for obtaining specimens from PPLs, be-
cause we can apply force directly to the lesion.

In this study, the diagnostic yield from the malig-
nant lesions obtained with STAF was 83.3%. This
result is thought to be almost the same as or greater
than that obtained in patients with PPLs, counting
what a standard forceps can easily reach.!314 Previ-
ous studies!®!6 have reported that the diagnostic
yields in peripheral pulmonary benign lesions were
50 to 65.8%. In the present study, the diagnostic
yield obtained with STAF was 84.6%. This result is
significantly higher than that obtained in previous
studies. In the diagnostic analysis of lesions in each
area of the lung (Table 3), the STAF was often used
to obtain a specimen from a lesion in the right upper
lobe and the left upper division. This reflects the fact
that the upper lobe is difficult to reach anatomically.
STAF was found to be effective for obtaining spec-
imens form these lesions. In the diagnostic analysis
of each size range (Table 4), efficacy was poor for
lesions < 10 mm, which cannot be clearly visualized
by radiographic fluoroscopy. STAF is thought to be
effective for use with all lesions that can be visualized
by radiographic fluoroscopy. Using the STAF, the
lesion can be visualized by radiographic fluoroscopy;
it seems that using STAF has a benefit even if it is
any difficult area.

There are three principal reasons why the diag-
nostic yield from TBB specimens obtained with
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STAF was superior to that from specimens obtained
with standard forceps. First, STAF was able to
approach the lesion after being advanced into the
bronchus of choice by flexure of the tip. Second,
STAF was able to grasp the lesion well by a more
perpendicular application of the conventional biopsy
method. Third, STAF was able to obtain enough
tissue for histologic examination. STAF also has
some original applications. In patients with a medi-
astinum-involved tumor that a standard forceps can-
not really reach, STAF easily reaches the lesion and
can obtain sufficient material for histological exami-
nation. STAF is also useful for benign tumors or
metastatic lesions, which communicate poorly with
the bronchi. In these lesions, we expect that STAF
can break a surrounding bronchial wall and grasp a
lesion. We think that these types of lesions are most
effectively approached using the STAF. To obtain
further effects, several variations of a product are
essential, such as shaft flexibility, flexure angle of the
tip, and shape of the cup.

The complications from TBB performed with
STAF, such as bronchial bleeding and pneumotho-
rax, were mostly mild. These were similar to those
from conventional TBB. We think that this is be-
cause our new method is basically conventional
bronchoscopy performed with a new device and a
new technique. But a carelessly performed operation
could cause critical complications; for example, the
rupture of great vessels due to approaching adjacent
mediastinal lesions. In addition, if the channel of the
bronchoscope is =2 mm in diameter, a careless
operation may cause fiber damage. The use of
bronchoscopes with a channel diameter of > 2.2 mm
is preferable.

CTGNB and VATS have been performed world-
wide.”8 But CTGNB is considered to be more
invasive than TBB because of the possibility of
critical complications, including air embolism and
pleural dissemination,1® while VATS is not always
performed in patients with poor performance status
or in the elderly. Other transbronchial diagnostic
procedures include bronchoscopy with an ultrathin
bronchoscope coupled with virtual navigation,!” and
endobronchial ultrasonography-guided TBB.2¥ But
these procedures involve complicated methods and
are not yet widely used. Widely used diagnostic
procedures should be safe and easy to use. When we
compare our new diagnostic procedure with other
diagnostic procedures, we find that its safety charac-
teristics are superior to those of CTGNB and VATS,
while its ease of operation is superior to that of the
ultrathin bronchoscope with virtual navigation and
endobronchial ultrasonography-guided TBB. Fur-
thermore, we do not requireé a new investment
because the cost is almost the same as that of
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standard forceps. Consequently, from the point of
view of safety, ease of operation, and cost-effective-
ness, STAF can be used in any patients at any
institution. However, physicians must learn and un-
derstand this biopsy technique well, and training is
necessary.

In some studies,’92° a subgroup of patients with
NSCLC have had specific mutations in the epider-
mal growth factor receptor gene that correlated with
clinical responsiveness to the tyrosine kinase inhibi-
tor gefitinib. But the accuracy of histologic diagnosis
of peripheral lung cancer with TBB specimens is not
always sufficient. We achieved a superior accuracy of
histologic diagnosis in peripheral lung cancer
(89.5%) between April 2002 and March 2003, and it
was thought to be an additive effect of the innovation
of STAF. Successful TBB with a low risk of severe
complications is also important for predicting the
efficacy of target therapies, because such informa-
tion requires repeated biopsies. The adequate TBB
specimens that were obtained with STAF are ex-
pected to contribute to the performance of gene
analysis in patients with NSCLC in the future.

CONCLUSIONS

STAF was shown to be useful for obtaining suffi-
cient specimens for histologic diagnosis from PPLs,
which are difficult to manipulate with standard
forceps, and the use of STAF resulted in a significant
improvement in the diagnostic efficiency of TBB.
CS-TBB performed with STAF can provide a high
accuracy with safety and ease, so that this new device
and technique may become widespread.

ACKNOWLEDGMENT: We thank the Machida Corporation
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In order to establish a rationale for immunotherapy for lung
cancer, we have investigated immunological characteristics of
tumor-associated antigens (TAAs) discovered through molecular
approaches. Preexisting Abs specific to these predicted TAAs were
examined using speci of lung pleural effusions (LPEs} and sera
in non-small cell lung cancer (NSCLC) patients. The novel cancer-
testis (CT) antigens L5145 and L5525 were highly expressed in
approximately half of the NSCLC tissues and established cell lines
examined. When lung cancer patients in the USA and Japan were
screened, 13%, 17%, and 5% were found to have Abs specific to
recombinant 15148, L5525, and NY-ESO-1 protcins, respectively,
whereas 48 normal donors had no Abs to these three CT antigens.
The Ab titers specific to recombinant L5528 and L5145 proteins
were similfar to, and slightly lower than, Abs specific to NY-ESO-1
in stage IV NSCLC patients. To further characterize the preexisting
specific Abs, the epitopes were analyzed using 20-aa length peptides
entirely covering both antigens. An epitope common to the patients’
L514S-specific Abs was identified as aa 85-160 and multiple epitopes,
including a major epitope (aa 141-160), were identified for 15528
specific Abs. The Ab epitopes thus identified are not found in human,
animal, or bacterial proteins, other than L5148, L5528, or XAGE-].
These data dearly demonstrate that both molecularly defined CT
antigens L514S and L5528 are immunogenic, at least in terms of
humoral responses, suggesting that both CT antigens are promising
candidates foxr immunotherapy. :

Introduction

Immunotherapy using cytokines and identified TAAs can
achieve certain benefits for melanoma patients, as suggested
by our accurmulated immunological knowledge of TAAs (1).
However, it is not yet clear that immunotherapy can be applied
to patients with other forms of cancer, nor is it known which
TAAs are best suited to cancers such as lung cancer. Preexisting
immunity in patients is proof of the immunogenicity of TAAs
and can be dramatically enhanced by vaccination (2, 3). Studies
have been undertaken in order to discover novel immunogenic
TAAs and to ascertain how widely these TAAs are recognized by
cancer patients. These TAAs have been categorized as follows:
(i) CT antigens (4, 5, 6); (ii) oncofetal antigens (7, 8); (iii)
overexpressed differentiation antigens (9, 10); and (iv) mutated
antigens (11, 12). Recently, much attention has been devoted to
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CT antigens as they are highly expressed in a wide variety of
tumors and include potent immunogenic TA As such as MAGE,
GAGE, NY-ESO-1/CT6.1, and others (4, 5, 6, 13, 14).

Our study attempts to use molecular methods to identify novel
tumor-specific antigens in NSCLC patients. A couple of these
TAAshad been previously classified as CT antigens by molecular
characterization (£5). Following that, we studied the preexisting
imnounity and characteristics of these CT antigens by assessing
how widely and strongly they are recognized in lung cancer
patients. L514S is a novel antigen expressed in cancer and in
normal testis tissues at the mRNA level. L5525 is a CT antigen
located on the X chromosome that is an alternatively spliced
form of XAGE-1/CT12.1 (16). It has already been determined
that the mRINA expression of these antigens is high in NSCLC
patients. These CT antigens were examined in conjunction with
NY-ESO-1, the well-known CT antigen frequently associated
with both humoral and cellular immune responses (5, 17, 18,
19). L514S and L5528 were recognized by multiple specimens
in a fashion similar to that of NY-ESO-!. Epitope analysis of the
patients’ specific Abs also identified a couple of major epitopes in
15148 and L552S. The homology search that followed confirmed
that the amino acid sequences of major epitopic peptides are
fully specific to L5145, L5528, or XAGE-1.

These data show that L5148 and L5525 induced specific Abs, as
can be seen from the titer of the antibodies detected in NSCLC
patients. A comparable analysis using the known CT antigen
NY-ESO-1 showed that L5145 and L5528 are both immunogenic
and are promising candidates for immunotherapeutic, as well as
diagnostic, use.

Results

Molecular characterization of lung cancer antigens

L5148 is an NSCLC-specific antigen that was discovered by the
cDNA-subtraction method (15), although a detailled analysis
of how frequently lung cancer specimens express this antigen
has not been conducted. Real-time PCR analyses were set up,
and Figure 1 shows representative data for L514S in the lung
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squamous cell carcinoma panel. Eleven of twenty squamous
cell carcinomas highly expressed L5145 mRNA, and 40% of
adenocarcinomas were also positive (data not shown), while
normal tissues and cells other than the testis were negative for its
expression. In Table 1, we summarize the mRNA expression of
the three different antigens - L5148, L5528, and NY-ESO-1 - in
NSCLC. About 40% of NSCLCs and more than half of the lung
adenocarcinomas specimens examined highly express 15528
{5, 16). NY-ESO-1 mRINA expression was observed in 12% of
our adenocarcinoma panel; this frequency is similar to those
reported eaxlier for NSCLC (17, 20).

Preexistence of Abs specific to NSCLC antigens in patients

First, the antibody responses to L5148 and L5528 in lung
cancer patients’ sera and in pleural effusions of NSCLC were
examined. A total of 40 pleural effusions collected from
advanced stage NSCLC patients (stage IV) were set up to analyze
Abs specific to both recombinant CT antigens. Recombinant
NY-ESO-1 protein was set up in parallel, as a control antigen.
Pleural effusions that had Abs specific to L514S and L5528 by
ELISA were confirmed by Western blot analysis. Interestingly,
several NSCLC patients whose pleural effusions had Abs
specific to 15148, L5528, and/or NY-ESO-1 were identified.
Representative data are shown in Figure 2A. Pleural effusion
659-23 had Abs specific to recombinant 15148, which had the
expected molecular weight of 16 kDa. The Western blot band
corresponding to recombinant L5148 did not disappear when
E. colilysate was added (data not shown). This appears to confirm
that detectable Ab responses were not specific to contaminated
E. coli proteins, since recombinant proteins were derived from
E. coli and patients frequently had strong Abs specific to E. coli
proteins. Pleural effusion 298-19 had Abs specific to L5145 with

low intensity, and to 15528 with high intensity. Pleura! effusion
574-57 had Abs specific to NY-ESO-1. In contrast, é pleural
effusions of subjects without cancer had no Abs specific to these
CT antigens, including NY-ESO-1 (data not shown).

Antibodies to these CT antigens were also found in the sera of
multiple NSCLC patients. In Figure 2B, the results of Western
blot analysis are shown for each CT antigen. The bands in the
Western blot did not disappear even when E. coli lysate was
added. Moreover, the same patient’s pleural effusion and serum
had Abs specific to the same cancer antigens. For example,
L5525-specific Abs were detected in both the pleural effusion
and the serum of one patient (data not shown). These results
indicate that these three antigens are imarnunogenic in texms of
bumoral responses detected by Western blot analyses, and that
the Abs detected were specific to individual CT antigens.

Comparison of patient Ab titers for the three CT antigens

From the 130 USA patients” specimens and the 48 normal
donors’ sera tested, 6 patients’ pleural effusions, 5 patients’ sera,
and 1 normal donor’s serum were selected as representative
samples and analysed further to determine the Ab titers towards
15148, 15525, and NY-ESO-1. As shown in Figure 3 (A and
B, middle panels), Abs specific to L552S could be detected in

Table 1
L5148, L5525 and NY-ESO-1 expression in non-small cell lung
tumors.

NSCLC Tumor Specimens i CT Antigen Expression
LS14S L5528 | NY-ESO-1
| 19-400 {4¥%0) 10:40(40%0) & 325(12%)
Adenocarcinoma R20 (40%) 1220(60%) 5 3385(120%) |
_Sypwenous cell cocinoms 1126 (55%) 420(20%) ! -
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pleural effusions (LPE 298-19 and G361) diluted 10*-fold and
in sera (serum LB3-109) diluted 10°-fold. The titers were similar
to those of the NY-ESO-1-specific Abs in specimen LPE 574-57,
even though some pleural effusions, such as LPE 659-29, have
a lower titer of L552S-specific Abs (Figure 3A, middle panel).
These data clearly show that L5525-specific Ab responses were
induced in NSCLC patients at a level similar to that seen against
NY-ESO-1.

‘Watanabe et al

similar to or slightly lower than the titer of NY-ESO-1-specific
Abs of LPE 574-57. However, the titers of L514S-specific Abs
in sera (L133, L152, and L175) were significantly lower than
those of 15525- and NY-ESO-1-specific Abs in sera. It has been
suggested that only advanced stage cancer patients have higher
titers of L514S-specific Abs because all of these effusion samples
were from stage IV patients. Moreover, it was ¢bserved that the
specific Abs detected to the three CT antigens were of the 1gG1

-and 1gG3 dass, suggesting that these humoral responses have

In the case of LS14S (Figure 3, left panels), specific Ab
been class-switched with T cell help.

responses were detected in pleural effusions (LPE 659-23, LPE
298-19, and LPE G244) diluted approximately 10*- to 10*-fold,

Figure 2 ] ) B. Serum
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Western blot analysis of NSCLC patients® pleural effusions and sera for Abs against 15148, L5528, and NY-ESO-1. Three picural effusions (A) and three sera (B)
were selected by ELISA using His-tag recombinant proteins L514S {solid arrow), 1.5528 {dotted arrow), and NY-ESO-1 (parm!ly dotted anrow). Thcsc were ndded t0a
nitroccllulose membrane on which the three proteins were blotted. After washing with 0.05% Tween/PBS, the branes were developed by HRP-c anti

1gG and chemiluminescence substrate. The molecular weights of the L5148, L5525, and NY-ESO-1 Ris-tag proteins were determined to be 16 kDa, 18 kDa, and 18 kD3,

respectivdy, by silver staining (left).
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Incidence of Abs spedific to L5148, 15528, or NY-ESO-1 in NSCLC
paticots in the USA and Japan

Next, we screened the sera of 90 and 60 NSCLC patients from
the USA and Japan, respectively, in order to determine if these
CT antigens were vecognized by Abs from patients in the two
countries in a similar manner. The sera of USA patients wexe
analyzed by ELISA and confirmed by Western blot analysis (300-
fold dilution); sera of Japanese patients were analyzed by ELISA
and classified into two groups, low titer (>100-fold dilution)
and high titer (>10'-fold dilution). As shown in Table 2, Abs
specific to NY-ESO-1 were detected in 3.3% and 8.3% of the
sera of NSCLC patients in the USA and Japan, respectively. The
frequency of Abs specific to the other two CT antigens assayed

was high, as much as 12-14% for L514S and 12-23% for 15528
in USA and Japanese patients. In contrast, the 48 normal donors
assayed did not have any Abs specific to the three CT antigens
tested. The absence of NY-ESO-1-specific Abs in normal donors
was consistent with an earlier report (20). Moreover, high titers
of L5525-specific Abs were also observed in Japanese patients,
as high (> 10%fold dilution) as those seen for NY-ESO-1-
specific Abs; however, only low titers of L514S-specific Abs
were observed in this study. Thus far, we have not found any
significant ethnic differences in the rates of Abs specific for these
three CT antigens, even though L5528~ and NY-ESO-1-specific
Abs were relatively more frequent in Japanese patients than in
patients from the USA. More importantly, it was found that

E:E&gl%y of Abs against L5148, 15528 and NY-ESO-1 in the sera of stage I-FTV NSCLC patients from the US and Japan
Study Group Country Specimens Frequency of Abs against CT Antigen
L5148 L5528 NY-ESO-f
NSCL.C patients s sera 13,90 (14%) 11/90 (12%) 3/90(3.3%)
Japan sera (Jow liler, >xl_0") 60 10/60 1/60
soro (high titer, >x10% | 0760 4160 4160
lotasl 60 (129%) | 1460 (23%) | 3/60 (8.3%)
1IS + Jupan | totad 20/150 (1396) | 25150 (17%) | 8/150 (5.3%)
Normal volunteers | US sera 0/48 (0%) 0/48 (0%%) 0748 (0%)
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{competition by peptide)
kol tT.
l:‘ o
7] !
L514S-Abs €] e
(Efusion 659-23) = “ 2
% - J,lll I|
R '-'"= f“’“‘% Vg e en stz AR AR
2 i ] i i
£ # 01 L5145-peptides
5 1200 | | 140
1 | 130
L552S-Abs ¥ 333} { o
(Efiusion 208-19) £ T P
g ““ ah 0 202 ! whh
g if .................... o ___.M.: _____ .
it i i
ws - # of L552$-pephd
TO0 ¢
eo0
L5528-Abs so0 ¢
(Effusion 659-29) o ; I l
e 1.t l’m-.**:a _______ J
8 iy =
 FER S LR
it x H

# of LS52S-peplides

Epitape analysis of L514$- and L5528-specific Abs in NSCLC patients. For the competitive ELISA (left pancls), plates were coated wtth L5148 (vpper left paned) or
£5528 (middic and Jower left panels) protein and blocked with 10% NFDM/PBS. Diluted (300x} pleural effusion, with or without pooled or individua) peptides of L5148
or L5525, was then added to the plates. For the peplide-based ELISA (right panels), pooled and jndividual peptides of L5148 (upper right panel) or L5525 (middle and
lower right panels) were coated on 96-well plates. After the plates were blocked with 16% NFDM/PRS, diluted (300%) patients’ LPFs were added. Afier washing, both plates

were develuped with HRP-conjugated antihuman 1gG and substrate.
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Figure 5
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Compcetitive Western blot analysis with epitopic peptides of L5145 and L552S. Patient pleural effusions (300-fold dilution: 659-23, G244, and 298-19) were incubated
30 min in the sbsence (Jeft) or presence (right) of L514S peptide #18 or L5525 peptide 429 at = concentration of 10 pg/ml. They were then assessed by Western blot

analysis.

30% or more of the NSCLC patients studied had generated Ab
responses specific to one of the three CT antigens evaluated.

Epitope analysis of L514S- and 1552S-specific Abs

In order to characterize the Abs specific to these CT antigens,
we set up experiments using peptides to identify the epitopes
recognized by the L514S- and L5525-specific Abs in the patients’
specimens. The ELISA plate was coated with L5525 or L514S
protein, and patient Abs and peptides 20-aa in length derived
from these CT antigens were added simultaneously to see how
they competed for Ab recognition (protein-based ELISA). In
parallel, 20-aa peptides covering the entire 15148 and L5528
molecules and overlapping by 15 aa were also utilized for the
peptide-based ELISA to see whether patient Abs bound to
the individual peptides. As shown in Figure 4 (protein-based
ELISA, left panels), peptide pool #11-20 of L5145 blocked the
binding of Abs in pleural effusion 659-23 to L514S-protein,
but peptide pools #1-10 and #21-28 did not block Ab binding
to L514S-protein. This competition by a peptide pool was also
observed with pleural effusion G244 (data not shown), in which
the same peptide pool (#11-20) blocked the binding of Abs to
1.514S protein. Further breakdown into individual peptides
shawed that L514S peptides #18 and #19 included the major
L514S-specific Ab epitope in pleural effusions 659-23 and G244.
This was further demonstrated by the pooled or individual
peptide-based ELISA. Namely, peptides #18 and #19, coated on
ELISA plates were recognized by 1514S-specific Abs in pleural
effusion 659-23 (Figure 4, upper right panel). L514S-specific
Abs in pleural effusion G244 also mainly recognized peptides
#18 and #19 coated on ELISA plates (data not shown). Both the
protein-based and the peptide-based ELISAs clearly showed
that L5148 peptides #18 and #19 include the common epitope
recognized by multiple patients’ L514S-specific Abs. Thus far,
all the patients’ Abs specific to 1L514S protein tested recognized
peptides #18/#19 as the major epitope. Interestingly, rabbit
Abs generated by immunization with the L514S protein also
recognized peptides #18/#19 (data not shown).

In the case of L5528 (Figure 4, middle and lower left panels),
peptide pool #21-29 of L5528 blocked Ab binding to L5525
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protein in pleural effusion 298-19, but peptide pools #1-10 and
#11-20 did not block Ab binding to L552$ protein. In contrast,
peptide pool #1-10 blocked pleural effusion 659-29, but other
peptide pools did not. Further breakdown into individual
peptides showed that the C-terminal peptide #29 is the major
epitope of L552-specific Abs in pleural effusion 298-19, and
peptides #4 and #5 include the major epitope of L552S-specific
Abs in pleural effusion 659-29. The peptide-based ELISA of
15525 further confirmed these findings. As shown in Figure
4 (middle and lower right panels), peptide #29 included the
epitope of L5525-specific Abs in pleural effusion 298-19, and
peptides #4 and #5 included the epitope of the patients’ L5525~
specific Abs. Both the competitive analysis and the peptide-
based ELISA clearly showed that peptides #4/#5 and peptide
#29 included the epitope of L552S-specific Abs in the patients’
pleural effusions. Interestingly, the major epitopes of rabbit Abs
induced by immunization with the L5525 protein were present
in the C-terminal end #29 peptide of L5525. The minor epitopes
localized to the N-terminal of L5528 (data not shown).

These data were confirmed by Western blot analysis. As shown
in Figure 5, the recognition of L514S protein by pleural effusion
659-23 was largely, but not completely, blocked by the addition of
peptide #18 (10 pg/ml). The recognition of L514S protein by Abs
in pleural effusion G244 was completely blocked by the addition
of peptide #18 at a concentration of 10 pg/m). For 15528, the
specific recognition of pleural effusion 298-19 was completely
blocked by the addition of peptide #29 (10 pg/ml). These data
were identical in both types of ELISA. These data also suggest
that the Abs specific to L514S and L5528 are already skewed to
recognize one major epitope of L5145 and 15528,

Sequence homology to the epitopes defined

We searched for amino acid sequences homologous to that
of the epitopes identified in order to explain the Ab specificity
to L5148 and 1552S. A search of the Entrez protein database
showed that the amino acid sequence overlapping peptides
#18 and #19 of 1.514S (aa 86-100; RDAKITPEAFEKLGF) was
found in L514S but not in other molecules. The amino acid
sequence overlapping peptides #4 and #5 of L5525 (aa 16-30;
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