ditional washes in PBS, 3,3'-diaminobenzidine tetrahydrochlo-
ride (DAB) was applied then sections were counterstained with
hematoxylin. The entire procedure with the exception of incu-
bation with primary antibody was conducted at room tempera-
ture. Formalin-fixed, paraffin-embedded sections of human
uterine adenocarcinoma expressing RCAS1 protein were used
as positive controls for RCAS1. Non-immunized mouse IgM
for RCAS1 was substituted for the primary antibody in nega-
tive controls.

CD45 {leukocyte common antigen) staining. To identify infiltra-
tion by TILs, paraffin-embedded gastric adenocarcinoma sec-
tions were stained for CD45 (leukocyte common antigen).
Deparaffinized and rehydrated sections were microwave irradi-
ated in 10 mM sodium citrate (pH 6.0) for 10 min at 500 W.
After cooling by immerslon in PBS, sections were blocked with
serum (Histofine SAB-AP kit; Nichirei, Tokyo) for 30 min and
incubated with mouse anti-human CD45 monoclonal IgG
{Dako, Carpinteria, CA) diluted at 1:70 for 60 min. All incuba-
tions proceeded at room temperature. After three washes in 0.1
M Tris-buffered saline (TBS), sections were incubated with bi-
otinylated secondary antibody for 30 min. Sections were then
washed three times in TBS and incubated with streptavidin-
conjugated alkaline phosphatase for 30 min. After three addi-
tional washes in TBS, alkaline phosphatase substrate (fast blue)
was applied. CD45-positive immunocytes appeared blue when
viewed under a light microscope, and the morphology was al-
most exclusively lympheid (i.e., TILs).

Immunocyte cell death detection by CD45/TUNEL dual staining.
We detected apoptotic cells and bodies by terminal deoxynucle-
otidyl transferase-mediated deoxyuridine triphosphate nick end
labeling (TUNEL) using an in situ Apoptosis Detection Kit
(TaKaRa Biomedicals, Kyoto) according to the manufacturer's
instructions. CD45/TUNEL dual staining allowed apoptotic
TILs to be identified and quantified. Gastric adenocarcinoma
sections were initially stained for CD45 as described. Follow-
ing digestion with proteinase K (0.2 ug/ml in 10 mM Tris-Cl,
pH 7.6) for 30 min, sections were washed in PBS and endoge-
nous peroxidase activity was blocked with 3% hydrogen perox-
ide in methanol for 30 min, After three washes in PBS, sections
were incubated with terminal deoxynucleotidyl transferase
(TdT) in a humid chamber at 37°C for 60 min, TdT was omit-
ted from negative control slides, which were included in each
run. To localize cells containing labeled DNA strand breaks,
sections were washed and incubated with sheep anti-fluorescein
Ab Fab fragment conjugated with horseradish peroxidase in a
humid chamber at 37°C for 30 min. After washing, TUNEL-
positive color (red) was developed by incubating the sections
with aminoethylcarbasol (AEC). When viewed under a light
microscope, CD45-positive cells were stained blue, while
CD45/TUNEL dual staining positive cells had a red nucleus
and blue cytoplasm/surface,

Cell counting and labellng indices. One or two representative
tissue sections were taken from each tumor, and the whole ar-
eas were surveyed under a microscope at x 100 magnification.

Cells were counted at x400 magnification in at least five ran-
dom fields. The RCASI1 labeling index was defined as the per-
centage of tumor cells displaying immunoreactivity in the
¢ytoplasm or on the membrane among 1000 tumor cells in each
section. Tissue sections with less than 5% reactive cells were
defined as negative, and those with more than 5% reactive cells
were defined as positive, following previous reports.

To quantify the infiltration of CD45-positive cells and apo-
ptosis of these cells in RCAS1-positive and negative tumor re-
gions of gastric cancer, sections were analyzed under light
microscopy as follows. RCAS1-positlve and RCAS1-negative
tumor regions were located on a RCAS1-stained gastric tumor
section by one investigator. A consecutive, CD45-stained slide
from the same tumor was superimposed on the RCAS1-stained
slide. Using histological landmarks, the corresponding RCAS1-
positive and negative areas were located on the superimposed
slide. The RCAS1-stained section was removed, and a second
investigator, who was blinded to the local status of RCASI,
counted the number of CD435-positive cells in the area located
by the first investigator. A similar approach was used to enu-
merate CD45/TUNEL dual-positive TILs within RCASI-posi-
tive and negative areas of gastric cancer. Labeling indices of
TIL infiltration are expressed as the percentage of CD45-posi-
tive cells per 2000 total nuclel counted at x400 magnification.
Labeling indices of TIL apoptosis are expressed as the percent-
age of CD45/TUNEL dual-positive cells per 500 total CD45-
positive cells counted at X400 magnification.

Statistical analysis. Differences between groups were analyzed
using the %2 test, Fisher's exact test or Student’s paired ! test.
Differences in the averages of labeling indices for TIL infiltra-
tion and apoptosis between RCAS1-positive and negative areas
of gastric cancer were compared using the Wilcoxon signed-
rank test for matched pairs. Values of P<0.05 were considered
to indicate statistical significance, and all tests were two-sided.

Results

RCAS1 expression In gastric tissues. Immunchistochemical
staining revealed RCAS1-positivity in 100% of normal gastric
epithelial cells, 90% of intestinal metaplasia, 80% of gastric ad-
enomas and 96% of gastric cancers (Table 1). We identified two
expression patterns of RCASI in gastri¢ cancer cells, Granular
staining enriched in the glandular side of ¢ytoplasm with polar-
ity was defined as a P pattern, and granular staining scattered
diffusely in the cytoplasm and on the cell membranes was de-
fined as a D pattern (Fig. 1). The D pattern predominated in 33
of 54 gastric cancers (61%). Otherwise, the P pattern predomi-
nated in intestinal metaplastic mucosa and gastric adenomas.
Normal gastrc epithelial cells were homogeneously stained in
the cytoplasm and on the cell membranes, and granular staining
was not evident.

Relationship between RCAS1 expression and clinicopathological
varlables in gastric cancer. Clinicopathological variables did not
significantly differ between RCAS1-positive and negalive gas-

Table 1. RCAS1 expression in non-cancerous {egions and cancer of the stomach

Pathological  No. of No. of positive samples (%) Mo. of negative
Diagnesls  samples pn D2 Others? samples (%)
Normal 5 1] 5 {100) 0
Metaplasia 10 9 (90) 1] 1{10)
Adenoma S 4 (80) 0 1(20)
Cancer 54 19(35) 33(61) © 2 (9)

1) P, P pattern; granular stalning enriched in the glandular side of the cytoplasm

with polarity.

2) D, D pattern; granular stalning diffused throughout the cytoplasm and on the

cell membranes.

3) Others, homogeneous staining in the cytoplasm without granular staining.
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tric cancers. Table 2 shows the relationships between the two
patterns of RCAS1 expression and the clinicopathological vari-
ables in gastric cancers, There was a significant relationship be-
tween the RCAS! expression pattern and histological type
(P<0.005). Nineteen of 39 intestinal type carcinomas (49%)
showed the P pattern, and all of 13 diffuse type carcinomas
{100%) showed the D pattern. Moreover, the D pattern of gas-

Table 2. Two patterns of RCAS1 staining in gastric cancer

RCAS1 staining pattern

Characteristics P value
P D
No. of cases 19 33
Gender
Male 15 23 n. s.t
Female 4 10
Age 68.016.6 65.7+£12.0 n.s.
Size (mm) 22.71£259 3444223 <0.1
. Depth of invasion
Mucasa 13 8 <0.01
Submucosa 4 13
Muscularis propria 2 4
Subserosa 0 5
Penetrates serosa 0 3
Histological type
Intestinal 19 20 <0.005
Diffuse 1] 13
L/N metastasis
Positive 2 14 <0.05
Negative 17 19

1} n. 5., not significant.

tric cancers was more frequently recognized in carcinomas with
large size (P<0.01), in those with invasion beyond the submu-
cosa (P<0.01) and in those with regional lymph node metasta-
sis (P<0.05), compared with the P pattern, Of the clinical
variables, histological type was the most important factor ac-
cording to the Cox proportional hazard analysis (data not
shown). Neither gender nor age was associated with the
RCASI staining pattern.

Decreased infiltration and increased apoptosis of TiLs in RCASt-
expressing tumor regions. All gastric cancers contained infiltrates
of cells that were immunohistochemically positive for CD45
and almost exclusively of lymphoid morphology, indicating that
they were Tils. To evaluate whether RCAS1 expression on
gastric cancers limited immune effector cell infiltration within
tumors, we counted and compared the TILs in RCAS1-positive
and negative tumor regions on the same sections (Table 3), Of
all gastric cancers examined, only 10 contained separate
RCAS1-positive and negative tumor regions in the same sec-
tions. The other samples had RCAS1-positive and negative tu-
mor cells mixed together in the same tumor nests throughout
the sections. Since RCAS1-positive and negative tumor regions
were not separated, they could not be compared. In the 10 sec-
tions that were suitable for analysis, the amount of TIL infiltra-
tion was significantly reduced in RCASI-expressing tumor
regions (Fig. 2). The RCAS1 expression was associated with a
statistically significant, twofold (mean) reduction in TILs in
RCAS1-positive tumor regions when ¢ompared with RCASI-
negative tumor regions within the same sections (P<0.01).
Thus, RCAS] expression in gastric cancer appears to dramati-
cally inhibit TIL infiltration of the tumor,

We investigated by CD45/TUNEL dual staining whether the
diminished infiltration of TILs observed in RCAS1-expressing
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Fig. 1. Immunchistochemical stalning for RCAS1 expression in gastric tissues. Normal epithelial cells are homogeneously stalned in cytoplasm and
on cell membranes without granular staining {A). Intestinal metaplastic mucosa (B) and gaitric adenoma {C) displayed only the P pattern {granular
staining enriched in glandular side of cytoplasm with polarity). Expresslon patterns of RCAS1 in gastric cancer consist of the P pattern {D} and the
D pattern (diffuse granular localization in cytoplasm and on cell membranes) (E). Rate of negative staining for RCAS1 is 4% (F). Scale bar, 100 um.
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Table 3. Llabeling indices of TiLs and rates of apoptosis of TILs in RCAS1-positive and hegative re-

glons on the same sections of gastric cancers

Tumor % RCAS1- RCAS1-positive region RCAS1-negative region
specimen  positive cells (4 TILs) (% apoptotic TILs) (% TILs} (% apoptotic TiLs)
1 93 3285 0.6 57.0 0.4
2 38 7.6 1.4 155 0.2
3 77 17.8 3.2 29.0 1.0
4 57 39,2 0.8 86.0 0.0
5 18 143 0.6 16.2 0.2
] 68 275 0.6 30.2 0.2
7 73 23.4 0.8 42.8 0.6
8 B8 23.0 0.6 36.2 0.5
9 B84 17.2 0.4 37.0 0.0
10 72 25.0 0.2 333 0.0
Mean 66.8 22910 0,922 38.811 0.32%

7} Mean % TiLs was significantly lower In RCAS1-positive tumor regions than in RCAS1-negative

tumor regions {P<0.01}.

2} Mean % apoptotic TILs was significantly higher in RCAS1-positive tumor regions than in RCAS1-

negative tumor regions {(P<0.01).

.
Y

“
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Fig. 2. Immunohistochemical staining identified RCAS1-positive (A) and negative (B) tumor regions on the same sections of gastric cancer. On
consecutive tumor sections, apoptetic TILs were identified by CD45/TUNEL dual stainlng as blue CD45-positive cytoplasmic/cell surface with a
brown TUNEL-positive nucleus (C and D). The white arrow shows an apoptotic tumor cell and black arrows are apoptatic TILs. Infiltration of TiLs
is reduced and apoptosls of TiLs Is increased in an RCAS1-positive area (C) and infiltration of TILs ks increased and apoptosis of TiLs is decreased in

an RCAS1-negative area {D). Scale bar, 100 um.

gastric cancer tissue was a result of apoptotic depletion (Fig. 2).
The rates of apoptosis of TILs were quantified in RCAS1-posi-
tive and negative tumor regions of the same sections (Table 3).
A statistically significant, threefold (mean) increase in the
TUNEL-positive cell death of CD45-positive TILs was ob-
served in RCASI-positive tumor regions compared with
RCAS1-negative tumor regions (£<0.01). The threefold in-
crease in apoptosis of TILs associated with RCAS1-expressing
tumor regions suggested that the apoptosis of TILs triggered by
RCAS1 expressed by tumors contributed to the depletion of
CD45-positive TILs in these areas.

Nakamura et al,

Discussion

We demonstrated that the expression of RCAS1 was frequent in
precancerous and cancerous gastric tissues. Immunohistochemi-
cally, RCAS1 was expressed in 96% (52/54 specimens) of gas-
tric cancers, The incidence of RCAS] expression in gastric
cancers was similar to the reported levels,'? that are the highest
among the various types of cancers investigated. Clinicopatho-
logical variables did not significantly differ between RCAS1-
positive and negative gastric cancers, However, we discrimi-
nated two staining patterns of RCAS1 in gastric cancer cells: 1)
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a localized, granular staining in the glandular side of cytoplasm
with polarity (P pattern) and 2) diffuse granular staining in the
cytoplasm and on the cell membrane (D pattern). The staining
patterns correlated with size of tumors, depth of tumor inva-
sion, histological type and lymph node metastasis. Among
these clinical variables, histological type was the most impor-
tant according to the Cox propertional hazards analysis (data
not shown). In fact, 19 of 39 intestinal-type carcinomas
(49%) had the P pattern, and all of 13 diffuse-type carcino-
mas (100%) had the D pattern. RCAS1 may be associated with
differences in biological or pathogenetic characteristics be-
tween intestinal and diffuse types of gastric cancer. Moreover,
the D pattern appeared to be associated with malignant nature
of the cancer cells. The differences in the RCAS1 distribution
might be related to differences of function, including a death
ligand for immune cells, malignant transformation or progres-
sion. The two staining patterns of RCAS1 are barely discernible
in other types of cancer.’t One study of lung cancer indicates
that RCAS]1 is expressed intensely on the cell membrane of
squamous cell carcinoma and diffusely in the cytoplasm of ade-
nocarcinoma cells.” RCAS1 expression might reflect the bio-
logical features of each type of cancer. Further studies are
required to determine differences in RCAS] expression pat-
terns.

RCAS1 was homaogeneously expressed in normal gastric epi-
thelial cells and the staining pattern did not correspond with ei-
ther of the P or D patterns. RCASI1 is also expressed in normal
uterine endometrial glands and normal bronchial ciliated co-
lumnar epithelial cells.>” The biological functions of RCAS1
secreted by non-cancercus tissues remain to be investigated.
Moreover, RCAS1 was expressed as the P pattemn in all precan-
cerous gastric tissues, RCAS] might be a useful marker of ma-
lignant transformation and progression in gastric cancer.

RCAS1 expressed on tumor cells has been considered a
death ligand that allows tumor cells to evade host immune sur-
veillance.® In the present study, we first directly analyzed the
effects of RCAS1 expression on TIL infiltration using tumor
tissue specimens of gastric cancer, and demonstrated that
RCAS]1 expression was significantly associated with reduced
infiltration of TILs and increased apoptosis of TILs. Previously,
it was reported that apoptetic lymphocytes surround RCASI1-
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positive, but not RCAS1-negative Hodgkin and Reed-Sternberg
cells of Epstein-Barr virus-associated Hodgkin’s disease.'®
Thus, RCAS1 expressed on tumor cells unquestionably contrib-
utes to tumor escape from host immune surveillance by induc-
ing the apoptosis of TILs. However, which populations of TILs
(T cells, B cells, NK cells, dendritic cells or macrophages) are
affected by the RCAS] signal is not known. Even in RCASI-
positive tumor regions, significant numbers of TILs remained.
This might be due to differences in the expression of RCAS1
receptor on these cells or in the sensitivity of RCAS1 to the sig-
nal.

The notion that RCAS1 expression on tumor cells induces
apoptosis in RCAS] recepter-positive immune cells is reminis-
cent of the case of Fas ligand (FasL)/Fas. Several investigators
have demonstrated that Fasl. expressed on tumors engages the
Fas receptor expressed on the surface of immune cells, causing
them to undergo apoptosis and granting the tumor immune-
privileged status.!’-1" Bennett ez gl. reported that FasL expres-
sion in esophageal and gastric cancers induced apoptosis of
TILs.'®'% We also examined the relationship between FasL, ex-
pression and the number of TILs or apoptosis of TILs. How-
ever, in our series of 54 gastric cancers, FasL-positive areas
were not separated from FasL-negative areas on the same sec-
tion (data not shown).

Tumor cells acquire the ability to evade host immune surveil-
lance through several strategies that include the secretion of im-
munosuppressive factors such as transforming growth factor-B
and IL-10,22Y down-regulation of cell surface MHC class I
expression®2¥ and expression of death ligands such as FasL on
tumor cells. 229 Our results show that RCAS1 expressed on tu-
mor cells is one mechanism through which tumors can escape
host immune surveillance,

In conclusion, we observed two distinctive patterns of
RCASI expression. We also demonstrated that RCAS1 might
be a useful marker of malignant transformation and progression
of gastric cancer, might reflect the biological characteristics of
intestinal and diffuse types of gastric cancer, and might contrib-
ute to tumor escape from host immune surveillance by inducing
the apoptosis of its receptor-positive TILs. Protecting TILs
from RCAS] could be a promising therapeutic strategy.
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CT-Guided Transbronchial Biopsy Using
an Ultrathin Bronchoscope With Virtual

Bronchoscopic Navigation*

Naofumi Shinagmea, MD; Koichi Yamazaki, MD, PhD; Yuya Onodera, MD;

Kazuo Miyasaka, MD, PhD; Eiki Kikuchi, MD;

Hirotosht Dosaka-Akita, MD, PhD; and Masaharu Nishimura, MD, PRD

Study objectives: We evaluated the feasibility, safety, and efficacy of CT-guided transbronchial
biopsy (TBB) using an ultrathin bronchoscope with navigation by virtual bronchoscopy (VB) for
small peripheral pulmonary lesions of < 20 mm in diameter.

Design: A pilot study.

Setling: A national university hospital,

Patients: We performed CT-guided TBB after VB navigation for 25 patients with 26 small
peripheral pulmonary lesions (average diameter, 13.2 mm) between June 1, 2001, and October
31, 2002. Of the 26 lesions, 10 were in the right upper lobe, 2 were in the right middle lobe, 6
were in the right lower lobe, and 8 were in the left upper lobe. Nineteen lesions were not
detected on chest radiographs.

Interventions: VB images were reconstructed from helical CT scans. CT-gulded TBB was
performed using an ultrathin bronchoscope after studying the VB image.

Results: CT-guided TBB was performed safely without any complications for all patients. The
bronchi seen under VB imaging were highly consistent with the actual bronchi confirmed using
an ultrathin bronchoscope. The ultrathin bronchoscope was inserted between the fifth and eighth
generation bronchi. The average durations of the initial scan, the first biopsy, and the total
examination were 5.46, 12.96, and 29.27 min, respectively. Seventeen lesions (65.4%) were
diagnosed from pathology exaninations (primary lung cancers, 13; atypical adenomatous hyper-
plasia, 1; metastatic cancer, 1; sarcoidosis, 1; and nontuberculous mycobacteriosis, 1). Diagnoses were
not obtained for the remaining lesions due to an insufficient number of specimens (six specimens} or
to the inability to reach the lesions even using the ultrathin bronchoscope (three specimens).
Conclusions: In summary, CT-guided TBB using an ultrathin bronchoscope with VB navigation was

safely performed and was effective for diagnosing small peripheral pulmonary lesions.

Key words: benign disease; CT-guided transbronchial biopsy; primary lung cancer; small peripheral pulmonary lesion;
stereotactic radiotherapy; uitrathin bronchoscope; virtual bronchoscopic navigation

Abbreviations: AAIl = atypical adenomatous hyperplasia; FFB = flexible fiberoptic bronchoscope; HRCT = high-resolu-
tion CT; SRT = stereotactic radiotherapy; TBB = transbronchial biopsy; VB = virtual bronchascopy

(CHEST 2004; 125:1138-1143)

With recent advances in CT scan screening, an
increase in the detection of faint nodules in the
peripheral lung has been noted. The transbronchial
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approach using a flexible fiberoptic bronchoscope
(FFB) remains one of the most feasible and safest
methods of diagnosing those lesions. The accuracy of
diagnosing peripheral pulmonary lesions from tissue
samples retrieved using the FFB is reportedly 20 to
84% in cases of malignant lesions, and 35 to 56% in
cases of benign lesions.’-? The yield of FFB is lower
in peripheral lesions,}-24-7 compared with those of
central and intermediate lesions, and is lower in
small lesions.’-36-% Baaklini and colleagues! re-
ported that lesions < 2.0 em in diameter had a
diagnostic yield of 14% when located in the periph-
eral third, compared with 31% when located in the
inner two thirds of the lung.

Bronchoscopy



Some respiratory physicians prefer to diagnose
small peripheral pulmonary lesions from tissue sam-
ples obtained by percutaneous needle aspiration
cytology or biopsy.}0-13 Although the success rates of
these techniques might be very high, with 76 to 97%
diagnostic accuracy,' these techniques have several
problems. First, they have the potential to spread
malignant cells from the tumor into the pleural
cavity 1011 For patients with poor pulmonary fune-
tion, these techniques result in an increased risk of
pneumothorax. Moreover, systemic arterial air em-
holism is a rare but severe complication.’2!2 Con-
versely, video-assisted thoracoscopic biopsy may be
appropriate for lesions that are strongly suspected to
be malignant. However, this process is invasive for
elderly patients and patients with poor respiratory
function. Thus, diagnosing small peripheral pulmo-
nary lesions more effectively using the FFB is im-
portant to respiratory physicians.

The following three methodological problems
hinder the diagnosis of small peripheral pulmonary
lesions using an FFB: (1) small peripheral pulmo-
nary lesions may not be visible under fluoroscopic
radiograph guidance; (2) curettage for transbronchial
eytology can reach small peripheral pulmonary le-
sions, but not forceps for transbronchial biopsy
(TBB), given the difficulty in maneuvering within
the angles of the bronchi; and (3) identifying acces-
sible bronchial routes to reach small peripheral
pulmonary lesions is not always easy during limited
examination time, CT-guided TBB or cytology has
been developed to avercome the first problem of
incorrect positioning of the forceps or curette.1518
.To overcome the second problem, an ultrathin bron-
choscope has been developed that can be inserted
into more peripheral bronchi than conventional
bronchoscopes under direct vision.!718 Recently, the
working channel of an ultrathin bronchoscope has
become wider, so the collection of tissue specimens
has become possible. This has led to the feasibility of
TBB for diagnosing more peripheral small lesions of
the lung 1920 In addition, rapid progress in computer
technology has resulted in advances in diagnostic
imaging. Virtual bronchoscopy (VB) is the applica-
tion of three-dimensional display techniques to the
airways, enabling the simulation of actual broncho-
scopic procedures. A new method using VB for
navigation to the proper bronchi has been intro-
duced to bronchoscopy.21.22

In the present study, CT-guided TBB, use of an
ultrathin bronchoscope, and VB navigation were
combined in one procedure. The feasibility, safety,
and efficacy of this procedure for diagnosing small
peripheral pulmonary lesions were evaluated.

www.chestjournal.org

MATERIALS AND METHODS

Subjects

Between June 1, 2001, and October 31, 2002, at Holkaido
University Medical Hospital, 29 patients with 30 small peripheral
pulmonary lesions (mean diameter, < 20 mm) underwent chest
CT scans to generate VB images for the navigation of CT-guided
TBB with an ultrathin bronchoscope. Nineteen lesions were not
detected on chest radiographs, but by chest CT scans performed
during the follow-up of other diseases or for check-ups of the
lung, No patients with small peripheral pulmonary lesions < 20
mm in diameter received TBB without information about VB
during this period, but lesions deemed as displaying inflamma-
tion or postinflammatory changes on high-resolution CT (HRCT)
scans were excluded. For small peripheral pulmonary lesions of
< 10 pom in diameter, only those praven to be growing were
included in this study. All patients were given detailed descrip-
tions of the examination and were informed that this was a new
approach. Informed consent was obtained in all cases. Conven-
tional and HRCT scan examinations were performed on all 29
patients before VB images were made.

VB

CT scan examinations were performed using a multidetector
CT scanner (Aquilion; Toshiba; Tokyo, Japan) with the following
parameters: collimation, 0.5 wmmy; four detectors; pitch, 5 to 7; and
rotation time, 0.5 5. Helical volume data sets were acquired
during single breath-hold inhalations. Images were reconstructed
from helical CT scans and transferred to a computer workstation
{Alatoview; Toshiba; or Virtual Place worksite; Medical Imaging
Laboratory; Tokyo, Japan). All VB jmages were made by one
radiologist. The volume-rendering method was used for the VB
algorithm. VB objects were built by autossgmentation, and a
fly-through image was used. Reconstructed VB images were
generated accurately to approximately the fifth generation of
bronchi, as more peripheral bronchi were not visible. We there-
fore generated VB images using the pulmonary artery instead of
invisible peripheral bronchi te predict a more peripheral route
(V. Onodera, MD; unpublished observation; May 2003).

CT-Guided TBB

Each patient was premedicated using 15 mg pentazocine
hydrochloride and 0.5 mg atropine sulfates, Local anesthesia of
the upper respiratory tract was achieved using 4% lidocaine. All
patients were intubated orally with an 8.0-mm endotracheal tube,
as a routine procedure for TBB in our institute, In this study, an
ultrathin bronchoscope (BF-type XP-40; Olympus; Tokyo, Japan)
with an external diameter of 2.8 mm and a biopsy channel
diameter of 1.2 mm was utilized. After the VB image was
generated and studied, the ultrathin bronchoscope was inserted
into the target bronchus as deep as possihle inder direct vision.
The position of the forceps inserted through s bronchoscope then
was confirmed and adjusted by real-time multislice GT scan,
After the positian was confirmed, a biopsy was performed. The
branchoseopy procedures were performed by two pulmonary
fellows, each with > 5 years of training and experence in
bronchoscopy, who were directly supervised and assisted by the
pulmonary faculty in attendance.

REsuLTS

Twenty-nine patients with 30 small peripheral
pulmonary lesions were enrolled into this study. One
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patient was excluded because the lesion was no
longer visible when the CT scan for VB was per-
formed. VB images were therefore obtained from 28
patients with 29 small peripheral pulmonary lesions.
Three patients with three lesions did not undergo
CT-guided TBB, as the VB images suggested that
the lesions would not be able to be reached using
even an ultrathin bronchoscope. No bronchi reach-
ing the lesions were seen.

Thus, a total of 25 patients (9 men, 16 women)
with 26 small peripheral pulmonary lesions received
CT-guided TBB. The average age was 67.1 years
(age range, 57 to 82 years). On HRCT scans, the
average diameter of target lesions was 13.2 mm. Of
the 26 lesions, 10 were in the right upper lobe, 2
were in the right middle lobe, 6 were in the right
lower lobe, and 8 were in the left upper lobe.

CT-guided TBB was performed safely without any
complications for all 25 patients with 26 small pe-
ripheral pulmonary lesions. The bronchi depicted on
VB images were highly consistent with the actual
bronchi, as confirmed by ultrathin bronchoscopy

LU
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(Fig 1). The ultrathin bronchoscope was inserted
between the fifth and eighth generation bronchi.
The tip of the ultrathin bronchoscope and the tip of
the forceps were visualized clearly along with each
lesion on real-time multislice CT scans in all cases,
confirming the lesions as the origins of the speci-
mens. The average time for an initial scan, including
anesthesia of the trachea and bronchi, using an
ultrathin bronchoscope and inserting the ultrathin
bronchoscope following VB, was 546 min. The
average time for the first biopsy, including the first
scan, the CT scan, and the adjustment of positions
for the bronchoscope and forceps, was 12.96 min.
The average total time for examination once the
ultrathin bronchoscope was inserted into the endo-
tracheal tube was 29.27 min (Table 1). Light bleed-
ing occurred around small peripheral pulmonary
lesions, but severe bleeding was not observed under
CT fluoroscopy.

Adequate tissue was obtained for pathologic diag-
noses in 17 of the 26 lesions (65%) [Table 2]. Lesions
comprised 13 cases of primary lung cancer {adeno-

FicuRE 1. An example of bronchi seen on VB images (left), and images of actual bronchi seen using

ultrathin bronchoscopy (right).
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Table 1—Duration of CT-Guided TBB

Variables Mean % SD, min Range, min
Time to first scan® 546 * 2.25 0.85-10.45
Time to first biopsyt 12.96 * 8.57 3.33-30.58
Total timef 29.27 + 13.09 9.90-55.45

*Including time to anesthetize bronchi using bronchoseope and
insert bronchoscape following VB imaging,

tIncluding time for CT scan and adjusting position of bronchoscope
and forceps,

{Including time for inserting ultrathin bronchescope into endotra-
chial tube.

carcinoma, 12 cases; large cell carcinoma, 1 case), 1
case of atypical adenomatous hyperplasia (AAH), 1
case of metastatic cancer of the colon, and 2 cases of
benign disease (sarcoidosis, 1 case; nontuberculous
mycobacteriosis, 1 case). Of these 17 lesions, 10 were
treated by surgical resection. Five lesions diagnosed
as primary lung cancer were treated with stereotactic
radiotherapy (SRT), as a physical examination had
revealed poor pulmonary or cardiac function. Two
lesions diagnosed as benign lesions were monitored
without intervening therapy. Of the nine lesions that
could not be diagnosed by CT-guided TBB, five
were treated by surgical resection. Four then were
diagnosed as representing primary lung cancer, and
one was diagnosed as AAH. The diagnostic sensitiv-
ity of this procedure was 65.4% for the 26 lesions in
which CT-guided TBB was performed. Of the 22
lesions in which a final diagnosis was made, the
sensitivity, specificity, negative predictive value, pos-
itive predictive value, and accuracy were 75.0%,
100.0%, 28.6%, 100.0%, and 77.3%, respectively.
No significant differences were observed regard-

Table 2—Diagnosis and Trealment of

Examined Lesions
Lesions, Lesions,
CT-Guided TBB Procedure No. Treatment No.
Diagnosed
Lung cancer Surgery 11
Adenocarcinoma 12 Radiotherapy 4
Large cell carcinoma 1 Observation 2
Metastasis of colon cancer 1
Nontuberculous 1
Mycobacterium
Sarcoidosis 1
AATI 1
Total 17 (65%) 17 (65%)
Not diagnoscd
Treatment
Surgery* . 5
Observation 4
Total 8 {35%)

*Lung cancer, 4; AAH, 1.
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ing age, sex, average diameter or size of the lesion,
time of the initial scan, time of the first biopsy, total
time of the examination, the number of biopsies, or
the ability to obtain a diagnosis (data not shown). Of
the nine lesions for which diagneses could not be
obtained, six lesions had an insufficient number of
biopsy samples taken and the other three lesions
were inaccessible, even using an ultrathin broncho-
scope with VB navigation.

DiscussioN

A transbronchial approach under radiograph fluo-
roscopic guidance has been the most generally ac-
cepted method for diagnosing peripheral pulmonary
lesions since the 1970s.457 However, obtaining di-
agnostic samples from small peripheral pulmonary
lesions < 2.0 cm in diameter is difficult.”=? In our
institute, the diagnostic sensitivity of FFB for small
peripheral pulmonary lesions (average diameter,
< 20 mm) under radiographic fluoroscopic guidance
in the past year was 35%, and the rate for obtaining
diagnostic biopsy samples was as low as 13% (data
not shown). In the present study, we combined
CT-guided TBB, an ultrathin bronchoscope, and VB
navigation for diagnosing small peripheral pulmo-
nary lesions, The diagnostic sensitivity of this proce-
dure was as high as 65.4% in small peripheral
pulmonary lesions examined in our institute during
this period. Moreover, cytologic procedures using
brushes or washing might enhance diagnostic sensi-
tivity at least for malignant diseases, although these
procedures were not performed in the present study.
Notably, all diagnoses were made from biopsy sam-
ples, and included two lesions from benign diseases,
which have typically been diagnosed from histologic,
rather than cytologic, samples. An accurate diagnosis
by TBB may circumvent unnecessary surgery with
general anesthesia for the treatment of these benign
diseases. In addition, even video-assisted thoraco-
scopic biopsy would retain considerable risk for
elderly patients or patients with poor respiratory or
cardiac function. For such patients, SRT has been
recommended as an appropriate alternative.23:2¢ Of
the 13 patients found by this procedure to have lung
cancer, 5 received SRT and have shown no signs of
recurrence for > 1 year. Those cancers may go into
complete remission without surgical treatment after
accurate diagnosis by bronchoscopy.

We successfully obtained VB images from helical
CT scan information, and used them for the simula-
tion and navigation of appropriate bronchial routes
to small peripheral pulmonary lesions. Several
groups have reported using VB images for the
simulation of major endobrenchial abnormalities,?s
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and for the assessment of tracheobronchial stenosis?
and bronchial malignant disease 27 To navigate cases
of thoracic disease, several investigators?®2% have
used VB images for guidance in transbronchial aspi-
ration biopsies of mediastinal lymph nodes. For
peripheral lesions, Morya and colleagues®! have
reported using VB images as a guide for conventional
TBB. Furthermore, Asano and colleagues?? have
reported a case of small peripheral pulmonary le-
sions diagnosed using ultrathin bronchoscopy under
VB imaging for bronchoscopic navigation, In cases of
TBB using an ultrathin bronchescope, the bronchos-
copists would have to explore many bronchi to reach
the lesions, and patients could not tolerate a lengthy
procedure. Although HRCT scanning can demon-
strate the optimal bronchial path to the lesions, a
three-dimensional understanding of the complicated
bronchial bifurcation based on axial images is diffi-
cult. In this study, VB images were made by a
radiologist, but the upcoming development of new
software and strategies making VB imaging more
convenient will allow respiratory physicians and
bronchologists to make VB images from information
obtained by helical CT scanning.

Several improvements also may be made to in-
crease the yield of TBB and would bring this proce-
dure into wide use. First, ultrathin bronchoscopes
are slightly limp and somewhat difficult to control in
the peripheral lung after being bent and turned. In
addition, biopsy channels are narrow (diameter, 1.2
mm) and the forceps is small (diameter, 1.0 mm). In
this study, six of the nine undiagnosed lesions could
not be diagnosed because insufficient tissue speci-
mens could be obtained by biopsy. Brush cytology or
bronchial washing may need to be performed to-
gether to increase diagnostic sensitivity. CT-guided
TBB in combination with VB navigation was per-
formed in an examination time similar to that for
conventional TBB, However, the exact radiation
exposure to patients and physicians is unknown.
Preliminarily, the dose of radiation exposure was
measured during an examination of CT-guided TBB.
The main operator and three assistants received
< 200 microsievert of radiation exposure, which is
1/1,000 less than the dose causing cataracts. A
detailed study of radiation exposure and radiation
contours in CT scan rooms has to be performed.
Moreover, although the total examination time was
< 30 min, patients and physicians occupied the CT
scan room for approximately 1 h, so the cost of
occupying a CT scan room must be considered in
terms of hospital economy.

In summary, CT-guided TBB using an ultrathin
bronchoscope after VB navigation was performed
safely and was very effective for diagnosing small
peripheral pulmonary lesions. CT-guided TBB was
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combined with an ultrathin bronchoscope and VB
navigation into one procedure. To clarify the efficacy
of each of the three components and the cost/benefit
ratio of diagnosing small peripheral pulmonary le-

sions, randomized trials must be performed.
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Background: The objectives of this phase I trial were to determine the maximum tolerated dose
{MTD) and the recommended dose (RD) for phase 11111 trials of doxorubicin (DOX) combined with
paclitaxel (PTX) and cisplatin (CDDP) in patients with advanced ovarian cancer {AOC).
Methods: Twenty-eight patients with stage [I1/1V AOC received fixed doses of PTX (110 mg/m?
over 24 h on day 1) and CDDP (75 mg/m? on day 2) and an escalating dose of DOX (20, 30, 40 or
50mg/mZonday 1) every 3weeks. The patients received up to six cycles of chemotherapy. Atlevel
1, one of the original dose-limiting toxicities {DLTs), grade (G} 4 neutropenia lasting for 4 days or
longer, occurred in four of six patients, The critetion for DLT was amended to ‘G4 neutropenia
lasting for 8 days or longer accompanied with G4 leukopenia’ and four additional patients were
evaluated at level 1,

Results: According to the new criteria, DLT was observed only in one of nine patients except one
ineligible patient at level 1and two of six patients at level 4. G4 neutropenia and G4 leukopenia
occurred in 85% and 44%, respectively, in the first course of chemotherapy. Non-hematological
toxicity was generally mild or moderate. MTD was not determined at the planned dose levels. A
clinical response was observedin 16 of 19 (84%) evaluable patients. Further dose escalation was
not performed and RD was determined as [evel 4 because more than 30% of cycles requ:red some
maodification of chemotherapy at level 4.

Conclusion: The combination of TAP including 50 mg/m? of DOX is feasible and well tolerated as
first line chemotherapy in AOC, warranting further study of this regimen.

Key words: ovarian cancer — chemotherapy — doxorubicin — phase I study

INTRODUCTION

Since randomized trials have demonstrated the superiority of
paclitaxel (PTX) plus cisplatin (CDDP) over cisplatin plus
cyclophosphamide (CPAY} in overall survival and progression-
free survival (1,2) and subsequent trials demonstrated similar
activity of PTX plus carboplatin (CBDCA) compared
with PTX plus CDDP (3), the combination regimen of PTX
plus platinum, such as CDDP or CBDCA, is considered the

For reprints and all correspondence: Takashi Onda, Division of Gynecological
Oncology, National Cancer Center Hospital, 5-1-1 Tsukiji, Chuo-ku,
Tokyo 104-0045, Japan. E-mail: taonda@nce.go.jp

standard regimen for advanced ovarian cancer (AOC). The
two-drug combination regimen of PTX and platinum yields
a high response rate and improved survival for patients with
AOC. In spite of chemotherapy development, the 5-year sur-
vival of patients with stage [II/IV ovarian cancer is generally
less than or around 20% (4), which is far from satisfactory.
Therefore, several approaches, especially new agents or new
drug combinations; are being examined in clinical studies to
improve further the outcome of treatment for AOC.
Doxorubicin {DOX), an anthracycline, is known to be an
active agent for ovarian cancer and was used in combination
with CDDP and CPA as a standard regimen for ovarian cancer
before the introduction of PTX plus platinum. The benefit of
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adding DOX to CDDP and CPA was controversial. A phase I11
randomized trial of CDDP plus CPA with or without DOX
conducted by the Gynecological Oncology Group (GOG) (5)
showed no clear benefit of DOX in the pathological complete
response rate and median survival time. However, three meta-
analyses demonstrated that the incorporation of DOX into the
CDDP-based regimen for ovarian cancer may improve
the long-term survival of AOC by 7-10% (6-8). Therefore,
the value of DOX in the treatment of ovarian cancer wa
re-examined. '

The benefit of adding DOX to the current standard regimen,
PTX and platinum, should be evaluated to improve further the
outcome of patients with AOC. To evaluate the safety and
efficacy of this combination regimen, we conducted a phase
I trial in patients with AOC for first-line chemotherapy using a
combination of fixed doses of CDDP and PTX with escalating
doses of DOX given every 3 weeks.

PATIENTS AND METHODS
SELECTION OF PATIENTS

The subjects of this study were untreated patients with stage
TIC or IV epithelial ovarian cancer. The histology of tumors
included serous, mucinous, endometrioid, clear cell, mixed
epithelial, undifferentiated, malignant Brenner, transitional
cell and unclassified types. Patients with low potential malig-
nancies were not included.

Other eligible criteria for entry into this study were as
follows: (a) Eastern Cooperative Oncology Group (ECOG)
performance status of 0-2; (b) age 1675 years; {c) adequate
bone marrow function [white blood cell count {WBC) =3000/
mm> or absolute neutrophil count (ANC) =1500/mm® and
platelet count =100 000/mm?], adequate hepatic function
[total serum bilirubin =1.5 mg/d] and serum aspartate amino-
transferase (AST) =2.5 times the upper limit of normall,
adequate renal function (serum creatinine =1.5 mg/dl and
creatinine clearance =50 ml/min) and adequate cardiac
function (normal or minor deviation in electrocardiogram);
and (d) written informed consent. Patients were ineligible if
they had (a) severe mental disorders; (b) uncontrolled hyper-
tension; (c) history of cardiac failure, unstable angina,
myocardial infarction within 6 months prior to the study;
(d) liver cirrhosis; (e) diabetes mellitus, controlled with
insulin; (f) history of severe hypersensitivity or hypersensitiv-
ity to drugs formulated with polyoxyethylated castor oil
(Cremophor EL) as an ingredient (e.g. cyclosporine or vitamin
K); (g) hepatitis B e antigen (HBeAg) or antibody against
hepatitis C virus (HCV); or (h) if they were pregnant.

TREATMENT PLAN

All patients underwent staging laparotomy and, simultan-
eously, maximum cytoreductive surgery. Following surgery,
eligible patients were enrolled into the study. Patients received
up to six cycles of chemotherapy consisting of paclitaxel
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(PTX), doxorubicin (DOX) and cisplatin (CDDP). DOX was
administered as a 30 min intravenous (IV) infusion on day 1.
PTX was administered as a 24 h continuous i.v. infusion on day
1 following DOX administration. CDDP was administered as a
2hiv. infusion on day 2. Chemotherapy was repeated every 21
days, assuming recovery from the toxicity of the previous
cycle. Four different dose levels were tested. The dose of
DOX was escalated from 20 mg/m? (level 1) to 50 mg/m>
(level 4) in increments of 10 mg/m? in sequential cohorts
and doses of PTX and CDDP were fixed at 110 and
75 mg/m?, respectively.

A pre-medication schedule consisted of a 20 mg intravenous
dexamethasone infusion 12 and 6 h before chemotherapy,
50 mg oral diphenhydramine and 50 mg intravenous ranitidine
administration 30 min before chemotherapy. No primary gran-
ulocyte colony-stimulating factor (G-CSF) prophylaxis was
allowed. G-CSF use was allowed only when grade 4 leuko-
penia (<1000/m®) or grade 4 neutropenia (<500/m®) lasting for
3 days or longer or grade 2 fever (=38°C) during grade
3 leukopenia (<2000/m®) or grade 3 neutropenia (<1000/m?)
was observed,

TREATMENT MODIFICATION

Re-treatment was delayed until the following criteria were met.
(a) WBC =2500/mm’ and platelet count =100 000/mm?; (b)
total serum bilirubin <1.5 mg/dl, serum AST =2.5 times the
upper limit of normal and serum creatinine <1.5 mg/dl; (¢)
more than 48 h passed after the final G-CSF use; and (d)
absence of active infection. Patients were taken out of the
study if the treatment interval exceeded 42 days.

For patients experiencing any of the following toxicities, the
doses of all three drugs were reduced to 90% of the previous
dose: (a) grade 4 leukopenia (<1000/m>); (b) grade 2 fever
(238°C) lasting for 3 days and/or bacteremia during grade 3
leukopenia (<2000/m>) or neutropenia (<1000/m>); (c) grade 3
thrombocytopenia (<50 000/m3); and (d) grade 3 or 4 non-
hematological toxicities other than nausea and vomiting. Toxi-
cities were graded according to the Japan Clinical Oncology
Group (JCOG) toxicity criteria (9), based on Common Toxicity
Criteria of the National Cancer Institute (NCI-CTC, 1982) to
extend and supplement the criteria.

Chemotherapy was discontinued if (a) response was revealed
to be no change (NC) after three cycles of chemotherapy, (b)
progressive disease (PD) was observed, (c) unacceptable
toxicities were observed or (d) recovery from toxicities was
prolonged.

DETERMINATION OF MAXIMUM TOLERATED DOSE AND
RECOMMENDED DOSE

The primary objectives of the study were to determine the
maximum tolerated dose (MTD) and the recommended dose
(RD) of DOX when combined with 110 mg/m? of PTX and
75 mg/m? of CDDP. Initially, six patients were sequentially
enrolled into the lowest dose level. Dose-limiting toxicity
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(DLT) was evaluated in the first course of chemotherapy to
determine MTD and in all courses of chemotherapy to deter-
mine the RD. If none or one of the six patients experienced
DLT, then the following six patients would be enrolled into the
next dose level. If four or more of the six patients experienced
DLT and the dose level was higher than level 1, MTD was
determined as the previous dose level. If two or three of the six
patients experienced DLT, then an additional six patients
would be enrolled into the same dose level at other than
level 4. If three or fewer of 12 patients experienced DLT,
then the next six patients would be enrolled into the next
dose level. If four or more of 12 patients experienced DLT,
then MTD was determined as that dose level. These steps were
repeated until MTD was determined. RD was determined tak-
ing into account the DLT observed in the following courses of
chemotherapy.

DLT was initially defined as (a) grade 4 leukopenia (<1000/m?)
or grade 4 neutropenia (<500/m>) lasting for 4 days or longer;
(b) grade 2 fever (=38°C) lasting for 3 days and/or bacter-
emia during grade 3 leukopenia (<2000/m”) or neutropenia
(<1000/m>); (c) grade 4 thrombocytopenia (<25 000/m’);
and (d) grade 3 or 4 non-hematological toxicities other than
nausea and vomiting. The criteria were subsequently amended
as described in the next subsection.

AMENDMENT OF CRITERIA FOR DOSE-LIMITING TOXICITY

Among six patients enrolled into dose level 1, grade 4 neut-
ropenia lasting for 4 days or longer [criterion (a)] was
observed in four patients during the first course of chemother-
apy and neutrophils were not counted in one patient with grade
2 leukopenia, Therefore, the study was discontinued and the
toxicities were evaluated. Grade 4 neutropenia was observed
for 6-7 days in three patients and observed for 11 days in one
patient, although grade 4 leukopenia was not observed. How-
ever, all six patients recovered from the toxicity and could
receive the subsequent course of chemotherapy without
delay. No other DLT was observed in these six patients during
the first and subsequent courses, Therefore, dose level 1 was
evaluated to be safe and criterion (a) was considered to be too
strict. Moreover, many phase I studies for ovarian cancer
adopted a criterion of ‘grade 4 neutropenia lasting for 8
days or longer’ (10-14). Taken together, the following amend-
ment of criteria and study design was permitted by the Data
and Safety Monitoring Committee. {1) Criterion (a) was mod-
ified to ‘grade 4 neutropenia lasting for 8 days or longer
accompanied by grade 4 leukopenia for at least | day during
the period’. According to this amendment, none of the above-
mentioned four patients met the criterion. (2) A patient whose
neutrophils were not counted was determined to be ineligible.
(3) An additional four patients would be enrolled to dose level
I to determine the safety of the dose level. If DLT was
observed in none or one of nine patients, the subsequent
patients -would be enrolled at dose level 2, If DLT was
observed in two of nine patients, an additional three patients

would be enrolled at dose level 1. If DLLT was observed in three
or four of nine patients, the study would be discontinued.

RESPONSE EVALUATION

A secondary objective of the study was to evaluate the
efficacy of the TAP regimen. The World Health Organization
(WHO) criteria (15) were employed in this study. Complete
response (CR) was defined as the disappearance of all gross
evidence of disease for at least 4 weeks. Partial response (PR)
was defined as a 250% reduction in the sum of the products
of the two largest perpendicular dimensions of all two-
dimensionally measurable lesions and no evidence of new
lesions for at least 4 weeks. No change (NC) was defined
as a4 <25% increase or a <50% reduction in the sum of the
aforementioned products and no evidence of new lesions for
at least 4 weeks. Progressive disease (PD) was defined as
a >25% increase in the sum of the above-mentioned products
or the appearance of any new lesions. Not evaluable (NE) was
defined when insufficient data for response evaluation are
available,

Before enrolling the patients into the study, the original
protocol was approved by the Institutional Review Board
(IRB) in each participating institute. The new protocol includ-
ing the above-mentioned amendment was also approved by
IRB in all participating institutes before restarting the study.

RESULTS

PATIENTS’ CHARACTERISTICS

Between December 1998 and December 2000, 28 patients with
advanced ovarian cancer were enrolled in this study. One
patient was excluded from the study because sufficient labora-
tory data were not available for analysis. The median age of the
27 eligible patients was 56 years (range, 24-71 years) and 27
patients received 3-6 courses of chemotherapy (mean, 5.4
courses). Additional patients’ characteristics are summarized
in Table 1.

DoSE ESCALATION AND DOSE-LIMITING TOXICITY

Excluding one ineligible patient, whose neutrophils were not
counted during the first course of chemotherapy, nine patients
were enrolled into dose level 1. Among these nine patients,
only one developed DLT, grade 4 diarrhea, so the dose escala-
tion was allowed. The following six patients were enrolled into
dose level 2. These six patients developed no DLT and further
dose escalation was performed. The next six patients enrolled
into dose level 3 did not develop DLT and the dose was
escalated to level 4. Six subsequent patients were enrolled
into dose level 4. Two patients developed DLT; one patient
developed febrile neutropenia matching criterion (b) and grade
4 diarthea and another patient developed prolonged grade 4
neutropenia matching criterion (a). The MTD defined in the
protecol had not been reached even at dose level 4. Therefore,



Table 1. Patients’ characteristics
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Table 2, Hematological toxicity

Characteristic No. of patients %
Registered patients 28 -
Eligible patients 27 -
Stage
I 24 88.9
v 3 1.1
Histology
Serous 23 852
Endometrioid 2 74
Clear cell 1 37
Undifferentiated 1 3.7
Residual disease
0 4 14.8
O-lcm 6 222
1-2¢cm 4 14.8
>2 cm 13 48.1

it was decided to determine RD taking into account the toxi-
cities of all cycles, the necessity of G-CSF support, the actual
dose delivery and efficacy.

HEMATOLOGICAL TOXICITY

The hematological toxicity results are summarized in Table 2.
The major toxicities observed were neutropenia and leukope-
nia. Grade 4 neutropenia was observed frequently even during
the first course of chemotherapy [85% (23/27)} and almost all
patients developed grade 4 neutropenia during all courses of
chemotherapy [96% (26/27)). The dose level was not corre-
lated with the frequency of neutropenia (100% in level 1 and
83% in level 4 during the first course of chemotherapy).
Grade 4 leukopenia was observed in 44% (12/27) of patients
during the first course and in 52% (14/27) of patients during
all courses of chemotherapy. The toxicity did not seem to
increase from the second to sixth courses of chemotherapy.
However, the frequency of grade 4 leukopenia was correlated
with the dose level during the first course [22% (2/9) in level 1
to 83% (5/6) in level 4] and all courses of chemotherapy [22%

(2/9) in level 1 to 83% (5/6) in level 4]. Among these grade 4 -

hematological toxicities observed during the first course of
chemotherapy, toxicity developed by one patient in level 4
matched the dose-limiting toxicity criterion (a). As for other
hematological toxicity, grade 3 anemia was rarely observed
during the first course of chemotherapy [11% (3/27));
however, nearly half of patients developed grade 3 anemia
during all courses of chemotherapy [44% (12/27)]. Grade 4
thrombocytopenia was never observed during the first course
of chemotherapy and only one patient developed grade 4
thrombocytopenia during all courses of chemotherapy
[4% (1/27)].

Toxicity No.(%) of grade 3/grade 4 toxicity
Level | Level 2 Level 3 Levei 4
{(n=29) (n==6) (n=106) (n=6)

(A} During first course of chemotherapy

Leukopenia 6 (67Y2 (22) 4 (672 (33) 1 (173 (50) 1 (175 (83)
Neutropenia 0 (/9 (100) | (1714 (67) O (O¥5(83) | (17)/5 (83)
Anemia 1 (11YNA O (Q¥YNA FATDMNA | (17TYNA
Thrombocytopenia 0 (0)0(0) 0(0¥O(0) O{NO(Q) O (OO

(B) During all courses of chemotherapy

Leukopenia 6 (6712 (22) 3 (5003 (50) L (1704 (67) 1 (17¥5(83)
Neutropenia 0 (0)9 (100} 1 (17)/5 (83) 0 (0)/6 {100} 0 (0)/6 (100}
Anemia 2(22yNA 2 (33YNA 6 (100¥NA 2 (33)/NA

Thrombocytopenia 0 (00 (Q) 1 (I7X0 () 2330 @ 1 1TV (1T

Table 3. Non-hematological toxicity

Toxicity No.(%) of grade 2/grade 3 toxicity
Level | Level 2 Level 3 Level 4
(n=19) (n=06) (=26 {n=6)

(A) During first course of chemotherapy
Nausea and vomiting 2 (22)/1 (11} 2 (33¥1 (17) 3 (50//0 (0) 2 (33¥1 (17

Diarrhea FOADYLALY 23300 00YVO(® 117117
Alopecia 0 (0O)¥NA 0 (0YNA 1 (17¥NA 2 (33WNA
Neuropathy-sensory 0 (00 {0) O(0VO(D) OO0 (1) O (0X0 (0)
Hypersensitivity 00D 0O 0WOO 00O
Renal toxicity 0O 0/ 000 00V 0
Febrile neutropenia  NA/L (11} NA/O (0)  NAZ2 (33) NAR2(33)

(B} During all courses of chemotherapy
Nausea and vomiting 3 (35¥1 (11) 2 (331 (17) 4 (6TH0 (0) 4 (67¥1 (17)

Diarrhea POULYI QD) 2330 (G 0(0)0 (0) 0 (0¥2(33)
Alopecia 8 (8B)/NA  S(B3YNA  5(83UNA 5(83¥NA
Neuropathy-sensory ¢ (00 (0) 00O (0) 0 (QYO () 1 (170 (D)
Hypersensitivity 0(0/0(0y OO0 O (OMO (D) O (0)O (D)
Renal toxicity 00000 OYO() 0¥ 0@ WO
Febrile neutropenia  NA/2 (22)  NA/O () NA/Z2 (33) NA/2 (33)

NON-HEMATOLOGICAL TOXICITY

The results of non-hematological toxicity are listed in Table 3.
Generally, non-hematological toxicity was mild or moderate,
The observed grade 3 toxicities during the first course or all
courses of chemotherapy were nausea and vomiting in 11%
(3/27) or 11% (3/27), diarrhea in 7% (2/27) or 11% (3/27) and
febrile neutropenia in 19% (5/27) or 22% (6/27), respectively.
The frequency of above grade 3 toxicities did not increase
during the second to sixth courses of chemotherapy and was
not correlated with the dose levels. Among these grade 3
toxicities observed during the first course of chemotherapy,
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Table 4. Clinical response

Table §, Summary of chemotherapies

Clinical response Level 1  Level?  Level 3 Level4 Total
=9 (=6 {(n=6) (n=06)

Complete response 4 1 4 3 12

Partial response \ 2 0 1 4

No change 0 0 0 0 0
Progressive disease 0 0 2 1 3

Not evaluable 4 3 0 I g
Response rate (%) 100 (5/5) 100(3/3) 67 (4/6) BO(4/5) 84 (l6/19)

two cases of diarrhea, one in level | and one in level 4 and
one febrile neutropenia in level 4 matched the dose-limiting
toxicity criteria (d) and (b). Other than these toxicities, alo-
pecia was the most frequently observed toxicity: 85% (23/27)
of patients developed grade 2 alopecia during all courses of
chemotherapy. Grade 2/3 hypersensitivity and any grade renal
toxicity {rise of serum creatinine) were not observed
during the study. It was noteworthy that grade 2/3 sensory
neuropathy was not observed during the first course of chemo-
therapy and only one patient [4% (1/27)] developed grade 2
sensory neuropathy during all courses of chemotherapy.

CLINICAL RESPONSE

Eight patients had no measurable disease at entry. In the other
19 patients with two-dimensionally measurable disease, the
response to chemotherapy was evaluated (Table 4). Twelve
patients achieved complete response and four achieved partial
response. The overall response rate was 84% (16/19) among
patients with measurable disease. The remaining three
patients had progressive disease. The response rate at dose
levels 1-4 was 100, 100, 67 and 80%, respectively, suggest-
ing no correlation between the dose level and response rate.

RECOMMENDED DOSE

Table 5 summarizes the characteristics of chemotherapy at
cach level, In level 4, the majority of cycles [91% (30/33)]
required G-CSF support and more than 30% of chemotherapy
cycles required some modification in the dose or starting date
of chemotherapy. However, chemotherapy could be continued
until the planned cycle was completed or disease progression
in most cases [83% (5/6)]. Moreover, 93.4% of the planned
doses of agents could be administered at level 4. Considering
all the factors, such as hematological and nen-hematological
toxicities, clinical responses and actual dose deliveries at dose
level 4, RD for further study was decided as dose level 4
consisting of 110 mg/m® of PTX, 50 mg/m* of DOX and
75 mg/m* of CDDP.

DISCUSSION

In this study, we evaluated the safety and efficacy of a com-
bination regimen of PTX, DOX and CDDP (TAP) as first-line

Level 1 Level2 Level3 Level 4
No. of cycles administered 48 36 32 33
Percentage of cycles required
G-CSF use 60 72 66 91
(29/48) (26/36) (21132) (30/33)
Dose reduction 13 7 15 33
(5/39) (2/30) (4r268) (92D
Treatment delay 21 20 8 30
(8/39) (6/30) 2126y  (8127)
Percentage of patients who 67 100 100 83
completed chemotherapy” (6/9) (6/6) (6/6) (5/6)
Average drug administration
PTX(mg/m?) 106 108 107 103
DOX(mg/m®) 19 29 39 47
CDDP(mg/m?) 72 74 73 70

Percentage of actual/planned doses  96.4 98.2 97.2 93.4

*All six cycles of chemotherapy were completed or chemaotherapy was discon-
tinued because of disease progression,

chemotherapy for AOC. Because of the bone marrow toxicity
of both CBDCA and DOX, CDDP seems to be safer than
CBDCA to combine with DOX as a platinum analog. On
the other hand, the combination of CDDP and PTX may pro-
duce severe and irreversible neurotoxicity (2,16,17). To avoid
this adverse effect and to reduce cardiac toxicity, PTX was
administered in a 24 h continuous infusion (18). The PTX dose
was set at 110 mg/m”® as the minimum dose at which sufficient
response could be expected, because there is no dose—response
relationship in a range of 110 mg/m? or more (19). The dose of
CDDP was decided as the standard dose of 75 mg/m? (20). The
DOX dose was increased from 20 to 50 mg/m? and was
expected to improve efficacy over the standard combination
of PTX and platinum. To avoid excessive toxicity, PTX was
administered following DOX (21,22) and CDDP was adminis-
tered following PTX (23). The regimen therefore consisted of
20-50 mg/m?® increasing doses of DOX followed by 24 h
infusion of 110 mg/m® of PTX followed by 75 mg/m?
of CDDP.

Concerning the safety of the regimen, the three-drug com-
bination regimen seemed to be sufficiently safe to use as first-
line chemotherapy for paticnts with ovarian cancer, The major
toxicities observed in our study were neutropenia and leuko-
penia. Grade 4 neutropenia and leukopenia were observed in
85% (23/27) and 44% (12/27) in the first course of chemother-
apy. However, these toxicities rarely lasted long enough to be
counted as DLT -and were not cumulative in the 2nd to 6th
courses of chemotherapy. Thus, these hematological toxicities
seemed manageable. Moreover, non-hematological toxicities
were generally mild or moderate. The grade 3 toxicities obser-
ved were nausea and vomiting in 11% (3/27), diartheain 11%
(3/27) and febrile neutropenia in 22% (6/27), during all courses



of chemotherapy. Grade 3 sensory neuropathy was not
observed during all courses of chemotherapy. To our
knowledge, seven phase I or VII studies (10,24-29}, evaluat-
ing the value of anthracyclines in a taxane and platinum-
based regimen for previously untreated AOC, have been
published. The major toxicities observed throughout the
studies were hematological toxicities, such as neutropenia,
leukopenia and thrombocytopenia. In particular, neutropenia
was reported in 100% in some studies (25,27,28). However,
the toxicity was readily managed using G-CSF and was
rarely complicated with serious infection or sepsis. Non-
hematological toxicities, excluding nausea, vomiting and
alopecia, were generally mild and manageable. No severe
cardiac toxicity or neuropathy was observed throughout the
previous studies.

As for the efficacy of the triplet combination in our study, a
response rate (RR) of 84% (16/19), including 63% (12/19)
complete response (CR), was observed. Even in level I,
100% RR was achieved and there was no correlation between
the dose level and response rate. In the previous studies, that
using docetaxel {DOC) as the taxane (28) showed a relatively
lower response rate of 36%, but studies using PTX as
the taxane showed a higher response rate of 83-100%. In
studies using PTX, there were no apparent differences in
the response rate between studies using CDDP (86-100%)
(25,26) and those using CBDCA (83-100%) (10,24,29) as
platinum compound and between studies using DOX
(100%) (24,25) and those using EpiDOX (83-86%)
(10,26,29) as anthracycline.

In summary, the combination regimen of DOX with PTX
and CDDP is highly active and hematological toxicities are
readily manageable and non-hematological toxicities, includ-
ing cardiac toxicity and sensory neuropathy, were mild or
moderate. From our study and previous studies, we conclude
that the addition of anthracyclines to PTX plus a platinum-
based regimen may provide an effective and safe regimen for
patients with untreated ovarian cancer. However, the hemato-
logical toxicities seem to be relatively severe compared with
those reported with a PTX/CBDCA combination (3,30,31).
At present, AGO-GINECO (Arbeitsgemeinschaft Gynikolo-
gische Onkologie—Groupe d’'Investigateurs Nationaux pour
I’Etude des Cancers Ovariens) (32) and NSGO-EORTC-
NCIC CTG (Nordic Society of Gynecological Oncology-
European Organization for Research and Treatment of
Cancer—National Cancer Institute of Canada Clinical Trials
Group) (33) are conducting phase III studies comparing
epirubicin/paclitaxel/carboplatin vs. paclitaxel/carboplatin.
To assess the usefulness of anthracyclines, the results of
these studies are awaited.
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Tsuyoshi Etoh,*t Yae Kanai,* Saori Ushijima,*
Tohru Nakagawa,* Yukihiro Nakanishi,”
Mitsuru Sasako,¥ Seigo Kitano,! and

Setsuo Hirchashi*

From the Pathology Division,* National Cancer Center Research
Institute, Tokyo, Japan; the Gastric Surgery Division,* National
Cancer Center Hospital, Tokyo, Japan; and the Department of
Surgery I} Oita Medical University, Olia, fapan

We evaluated the significance of aberrant DNA meth-
yltransferase 1 (DNMT1) protein expression during
gastric carcinogenesis. The protein expression of
DNMT1, Muc2, human gastric mucin, E-cadherin, and
proliferating cell nuclear antigen was examined im-
munohistochemically in gastric cancers and corre-
sponding noncancerous mucosae from 134 patients.
The DNA methylation status of the CpG islands of the
p16, human Mutl bomologue 1 (BMLHI), E-cad-
berin, and thrombospondin-1 (THBS-1) genes and the
methylated in tumor (MINT)-1, -2, -12, and -31 clones
was examined by methylation-specific polymerase
chain reaction and combined bisulfite restriction en-
zyme analysis. Epstein-Barr virus (EBV) infection was
detected by n situ hybridization. Nuclear immunore-
activity for DNMT1 was not detected in any of the
noncancerous epithelia, except in proliferative zones
(positive internal control}, but was found in 97 (72%)
of the gastric cancers. DNMT1 overexpression corre-
lated significantly with poorer tumor differentiation
(P < 0.001), but not with the phenotype (gastric type
versus intestinal type) of the cancer cells. It also cor-
related significantly with DNA hypermethylation of
the CpG islands of the bMLHT (P = 0.024) and THBS-1
genes (P = 0.043), and with the CpG island methyla.
tor phenotype in the gastric cancers (P = 0.007).
Reduced E-cadherin expression correlated signifi-
cantly with poorer tumor differentiation (P = 0.002),
DNA hypermethylation of the E-cadhberin gene (P <
0.001) and DNMT1 overexpression (P = 0.014).
DNMT1 overexpression was also associated with EBV
infection (a potential etiological factor in gastric car-

cinogenesis) but not with the proliferative activity of
the cancer cells as indicated by the proliferating cell
nuclear antigen-labeling index. These results suggest
that DNMT1 overexpression may not be just a second-
ary effect of increased cancer cell proliferative activ-
ity, but may be associated with EBV Infection and
other etiological factors during gastric carcinogene-
sis. Furthermore, DNMT1 may play a significant role
in the development of poorly differentiated gastric
cancers by inducing frequent DNA hypermethylation
of multiple CpG islands. (Am J Patbol 2004,
164:689-699)

DNA methylation plays an important role in transcriptional
regulation and chromatin remoedeling in mammalian
cells.! Both overall DNA hypomethylation and more re-
gional DNA hypermethylation have been well docu-
mented in various cancers.’~® Aberrant DNA methylation
may be involved in carcinogenesis as a result of 1} in-
creased gene mutagenicity because. of deamination of
5-methylcytosine to thymine; 2} a possible association of
aberrant DNA methylation with allelic loss; and 3) repres-
sion of gene transcription through methylation of CpG
islands in regulatory regions of specific genes, including
tumor-suppressor genes.’

To date, three enzymes, DNA methyltransferase 1
(DNMT1),? DNMT3a, and DNMT3b,'® have been con-
firmed to possess DNMT activity. Of these, DNMT1 is the
major and best known, As DNMT1 shows a preference for
hemimethylated rather than unmethylated substrates in
vitro,"* and targets replication foci by binding to prolifer-
ating cell nuclear antigen (PCNA),'? it seems to be a
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