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000 Solid tumors versus mixed tumors with a ground-glass opacity component in
patients with clinical stage IA lung adenocarcinoma: Prognostic comparison
using high-resolution computed tomography findings
Yasuhiro Tsutani, MD, PhD, Yoshihiro Miyata, MD, PhD, Takeharu Yamanaka, PhD, Haruhiko
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In patients with clinical stage IA lung adenocarcinomas, solid tumors exhibit more malignant
behavior compared with mixed tumors having ground-glass opacity components, even after solid
component size is matched on high-resolution computed tomography. However, malignant
behavior can be elucidated using maximum standardized uptake values on F-18-
fluorodeoxyglucose positron emission tomography/computed tomography.
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The difficulty in the induction and preparation of a large number
of autologous tumor-specific cytotoxic T lymphocytes (CTL) from
individual patients is one of major problems in their application
to adoptive immunotherapy. The present study tried to establish
the useful antitumor effectors by using v3 T cells through tumor-
specific TCR«p genes transduction, and evaluated the efficacy of
their adoptive transfer in a non-obese diabetic/severe combined
immunodeficiency (NOD/SCID) mice model. The TCRaf gene was
cloned from the HLA-B15-restricted CTL clone specific of the Kita-
Kyushu Lung Cancer antigen-1 (KK-LC-1). The cloned TCRuf as
well as the CD8 gene were transduced-into y8 T cells induced
from peripheral blood lymphocytes (PBL). Cytotoxic T lymphocyte
activity was examined using a standard 4 h °'Cr release assay.
Mice with a xenotransplanted tumor were treated with an injec-
tion of effector cells. Successful transduction of TCRap was con-
firmed by the staining of KK-LC-1-specific tetramers. The v6 T
cells transduced with TCRop and CD8 showed CTL activity against
the KK-LC-1-positive lung cancer cell line in a HLA B15-restricted
manner. Adoptive transfer of the effector cells in a mice model
resulted in marked growth suppression of KK-LC-1- and HLA-B15-
positive xenotransplanted tumors. Co-transducing TCRaff and CD8
into v8 T cells yielded the same antigen-specific activity as an ori-
ginal CTL in vitro and in vivo. The TCRaf gene transduction into
v8 T cells is a promising strategy for developing new adoptive
immunotherapy. (Cancer Sci 2012; 103: 1414-1419)

L ung cancer is the most common malignant neoplasm and
the leading cause of cancer mortality in industrialized
countries.”” In spite of advances in diagnostic and therapeutic
approaches against lung cancer, there has been limited
improvement in treatment outcome. Recent clinical studies on
immunotherapy indicate favorable therapeutic effects, and
might become one of the alternative treatment approaches for
lung cancer.*™® The adoptive transfer of tumor-infiltrating
lymphocytes after the administration of lymphodepleting pre-
parative regimen mediates objective cancer regression in 50%
of patients with metastatic melanoma.”” However, the diffi-
culty in the induction and expansion of a large number of
autologous tumor-specific cytotoxic T lymphocytes (CTL)
from individual patients is one of the major problems in their
application to adoptive immunotherapy. To overcome this
drawback, T-cell receptors (TCR) can be harnessed with anti-
tumor specificities via molecular techniques. T-cell receptors
with known antitumor reactivity can be genetically introduced
into primary human T lymphocytes and provide effective tools
for immunogenic therapy of tumors.’

In contrast, human yd T cells can recognize and respond to
a wide variety of stress-induced antigens, thereby developing
innate broad antitumor and anti-infective activity.m These
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cells recognize antigens in a HLA complex-independent
manner and develop strong cytolytic and Thl-like effector
functions.”’ Furthermore, human y8 T cells can be activated
by phospho-antigens and aminobisphosphonates. Amin-
obisphosphonates also facilitate large-scale ex vivo expansion
of functional v T cells from the peripheral blood of cancer
patients.® Although the antitumor effect is not antigen-specific
cytotoxicity, y& T cells are attractive candidate effector cells
for cancer immunotherapy.

Kita-Kyushu Lung Cancer antigen-1 (KK-LC-1) is a recently
identified cancer/testis (CT) antigen from lung adenocarci-
noma.”’ KK-LC-1 is a cancer/testis antigen because it is not
expressed in normal tissues except for the testis, and is located
on the X chromosome (Xq 22). A 9-mer peptide (KK-LC-14¢.54;
RQKRILVNL) is recognized by CTL in a HLA B15-restricted
manner. The present study tried to establish a useful antitumor
effector by using yd T cells through tumor-specific TCR «f3
genes transduction derived from a KK-LC-1-specific CTL
clone, and evaluated the efficacy of their adoptive transfer in a
severe combined immunodeficiency (SCID) mice model.

Materials and Methods

The study protocol was approved by the Human and Animal
Ethics Review Committee of University of Occupational and
Environmental Health and a signed consent form was obtained
from each patient before taking the tissue samples used in the
present study.

Culture medium. The culture medium for the cell lines was
RPMI 1640 (GIBCO-BRL, Grand Island, NY, USA) supple-
mented with 10% heat-inactivated fetal calf serum (FCS; Equi-
tech-Bio, Ingram, TX, USA), 10 mM HEPES, 100 U/mL of
penicillin G and 100 mg/mL of streptomycin sulfate. The cul-
ture medium for yd T cells and yd T cells transduced with
TCRof and CD8 genes was AlyS203-700 (Cell Science and
Technology Institute, Sendai, Japan) supplemented with 10%
heat-inactivated FCS. The yd T cells were expanded with
1 uM Zoledronate (Novartis, Basel, Switzerland) followed by
the addition of 100 units/mL interleukin-2 (IL-2) (Fig. 1).

Cell lines. F1121L, A110L and B901L lung adenocarcinoma
cell lines were established from surgical specimens, which had
the genotype of HLA-A*2402/0201, B*4006/1507, Cw*0303/
0801, HLA-A*2402/, B*5201/, Cw*1201/, and HLA-A*0206/
2601, B*3901/4006, Cw*0702/0801, respectively. The three
lung adenocarcinoma cell lines showed a positive expression for
KK-LC-1. The method used to establish the lung cancer cell line
has been described previously.”o) F1121 Epstein-Barr virus-
transformed B cells (F1121 EBV-B) were derived from
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Fig. 1. Proliferation of y8 T cells in the presence of zoledronate and
interleukin-2 (IL-2). The v& T cells expanded 400-fold 2 weeks after
stimulation with zoledronate in the presence of IL-2 100 U/mL.

peripheral blood lymphocytes (PBL) of F1121 treated with
1 pg/mL cyclosporine A (Sandoz, Basel, Switzerland) and 20%
of the supernatant of the Epstein-Barr virus-transformed mar-
moset monkey lymphocyte B95-8. K562 is an erythroleukemia
cell line that is sensitive to natural killer cell cytotoxicity. Tumor
necrosis factor (TNF)-sensitive WEHI 164c13 cells were kindly
donated by Dr Coulie PG (Cellular Genetics Unit, Universite
Catholic de Louvaine, Brussels, Belgium). WEHI-164¢13 cells
were maintained in culture medium with 5% FCS.

TCRap gene cloning from KK-LC-1,6.g4-specific CTL clone. The
TCRuf} gene was cloned from the HLA-B15-restricted CTL
clone specific for KK-LC-1 (cancer/testis antigen), which was
identified from a patient with lung adenocarcinoma.”” The
cloned TCRa and TCRp were then joined by a picornavirus-
like 2A ‘self-cleaving’ peptide by overlapping PCR. The short
18 amino acid 2A sequence that separates the TCR o and TCR
B results in equimolar expression of the TCRoand TCRfvia a
‘ribosomal skip’ mechanism.'” The TCR o and TCR B com-
bined with the 2A sequence were cloned into a pMX retroviral
vector. The pMX vector harbors a 5' long terminal repeat
(LTR) and the extended packaging signal derived from a MFG
vector followed by a multi-cloning site suitable for cDNA con-
struction and 3' LTR of Moloney murine leukemia virus. The
resulting vector pMX in combination with Plat-A cells (Cell
Biolabs_Inc., San Diego, CA, USA) produces an average of
1 x 107 TU/mL of virus."® pMX-vector had a conjugated
puromycine-resistant gene for the selection of the transductant.

TCRup gene transduction using retroviral vector. An infec-
tious, replication-incompetent retrovirus was produced using
the pMX retroviral vector system with Plat-A cells and the
Lipofectamine 2000 reagent (Invitrogen, Carlsbad, CA, USA).
Briefly, Plat-A cells were transfected with the TCR containing
plasmid. After 1 day culture from the transfection, supernatant
of Plat-A cells was harvested, filtered using a 0.22 mm sterile
filter and concentrated by centrifugation at 5800g overnight.
Concentrated supernatant containing retrovirus was used for
the gene transduction. The cloned TCR of3 as well as the CD8
gene (provided by Takara Bio Inc., Otsu, Japan) were trans-
duced into v8 T cells induced from PBL by using a retroviral
vector in recombinant human fibronectin fragment CH-296
(Retronectin, Takara Bio)-coated six-well plates (Nunc, Ros-
kilde, Denmark). The transduction was repeated the following
day. Cytotoxic T lymphocyte activity was examined using a
cytotoxicity assay and a cytokine production assay.

KK-LC-1/HLA-B15 tetramer staining. The transduction of
TCRof was confirmed by the staining of KK-LC-1-specific
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tetramers. KK-LC-1-specific tetramers (T-Select MHC Tetra-
mer) were purchased from Medical & Biological Laboratories
Co., Ltd (Nagoya, Japan). TCRaf-transduced v T cells were
washed and resuspended in PBS with 1% human AB serum,
and incubated for 30 min at 37°C with the KK-LC-16.g4/
HLA-BI15 tetramer (20 nM each) coupled with phycoerythrin.
The cells were washed, fixed with 0.5% formaldehyde and
analyzed on a FACS Calibur flow cytometer (BD Biosciences,
San Jose, CA, USA) using the FlowJo software package (Tree
Star Inc., OR, USA).

Monoclonal antibody (mAb) for cytotoxicity assay and cytokine
production. Hybridomas (HB-145, HB-95) were purchased
from the American Type Culture Collection (ATCC, Rock-
ville, MD, USA). C7709.A2.6 (anti-HLA-A24) and B1.23.2
(anti-HLA-B, C) were kindly donated by Dr Coulie PG. The
culture supernatants of ATCC HB-145 (IVA12; anti-HLA-DR,
DP, DQ) and HB-95 (W6/32; anti-HLA-A, B, C) were used
for analyzing the HLA restriction of CTL and antitumor effec-
tors. The anti-NKG2D antibody was purchased from BD Bio-
sciences.

Cytotoxicity assay and cytokine production of CTL. The cyto-
toxicity of CTL was assessed using a standard 4 h 31Cr release
assay as described previously.'® The TNF production of CTL
was measured using a WEHI assay using TNF-sensitive WEHI
cells.!'? Briefly, CTL clone L7/8 (6 x 10%mL) TCR-trans-
duced v6 T cells was incubated with tumor cells (6 x 10%/mL)
in culture medium with 10% FCS overnight and the amount of
TNF in the culture supernatant was measured in a triplicate
assay by evaluation of the cytotoxic effect on WEHI-164c13
cells in a MTT colorimetric assay. Supernatants were also col-
lected to measure interferon—y (IFN-y) production in a tripli-
cate assay using an IFN-y ELISA test kit (Life technologies,
Inc., Gaithersburg, MD, USA) according to the manufacturer’s
instructions. In the blocking assay using mAb, al-diluted cul-
ture supernatant of hybridomas such as HB-95, C7709.A2.6,
B1.23.2 and HB-145 was used for the antibody inhibition
assay.

Lung adenocarcinoma xenograft model. The y8 T cells were
expanded from peripheral blood mononuclear cells (PBMC) of
patients with adenocarcinoma with 100 units/mL IL-2 after
stimulation with zoledronate. The number of y6 T cells was
calculated with a flow cytometer by using anti-TCR 3 ((BD
Biosciences). The activated y8 T cells were transduced with
TCR off gene derived from a KK-LC-1-specific CTL clone;
the antitumor effect was assessed in a lung adenocarcinoma
(B901L) xenotransplanted non-obese diabetic/severe combined
immunodeficiency (NOD/SCID) mouse model. The parental
BI90IL cell line expresses KK-LC-1 but does not possess the
HLA-BI15 molecule. B901L-parental and HLA-B15 transduced
B901L were inoculated subcutaneously with 1 x 10° cells in
the lateral flank of a NOD/SCID mouse at day 0. TCRaf and
CD8 transduced y& T cells were injected via the tail vein of
immunodeficient mice (NOD/SCID mice) weekly or twice
weekly. Vehicle (PBS) was injected intravenously in the same
manner. The effects of treatment were evaluated by measuring
tumor size. The volume of the tumor was calculated using the
formula: v = 0.4 x a x b* where g is the maximum diameter
of the tumor, and b is the diameter at a right angle to a.

Results

In vitro expansion of y5 T cells. The y3 T cells could easily
be expanded with 1 uM of zoledronate in the presence of IL-2
100 U/mL. Flow cytometry of the cultured cells revealed that
the population of y8 T cells in the PBMC was 2-3% initially,
and increased more than 95% at day 14. The number of y& T
cells could be expanded approximately 400-fold during the
2 weeks after stimulation with zoledronate (Fig. 1). The
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growth curves of the yo T cells are shown as mean =+ standard
deviation on the basis of three independent experiments.

Transduction of the TCRap gene of tumor-specific CTL. The
TCRof} gene was cloned from the HLA-B15-restricted CTL
clone specific for KK-LC-1 (cancer/testis antigen), which was
established from a patient with lung adenocarcinoma. The ori-
ginal CTL clone specific for KK-LC-1 showed positive stain-
ing with the KK-LC-14¢.g4/HLA-B15 tetramer. The y8 T cells
were negative for the KK-LC-176.84/HLA-B15 tetramer. The
cloned TCRof} and CD8 genes were co-transduced into the y6
T cells. After transduction of the TCRaff gene, expression of
the TCR specific for KK-LC-1 was confirmed by flow cytome-
try staining with the KK-LC-14¢.g4/HLA-B15 tetramer (Fig. 2).
The tetramer staining was positive more than 80% after pur-
omycine selection. The data of flow cytometry shown are rep-
resentative of at least three independent experiments. The
effector cells were used for further experiments when the
staining for the KK-LC-146.54/HLA-B15 tetramer was con-
firmed to be more than 80% positive.

Cytotoxic T lymphocyte activity of v3 T cells co-transducted
with the TCR gene and the CD8 gene. The CTL activity against
the KK-LC-1 epitope was examined using a cytotoxicity assay
and cytokine production assay. The yd T cells indicated strong
natural killer (NK) activity and non-specific cytotoxicity
against the allogeneic lung cancer cell line (Fig. 3A). The yd
T cells transduced with only the TCR gene showed neither
CTL activity nor NK activity (Fig. 3B). NKG2D expression
was examined to evaluate inhibition of the cytotoxicity of the
vo T cells after transduction with the TCR gene. The expres-
sion of NKG2D was remarkably suppressed after TCR trans-
duction (Fig. 4). In contrast, the yd T cells co-transfected with
the TCR and CD8 genes (TCRaf-CD8 vo6 T cells) showed
tumor antigen-specific cytotoxic activity that was similar to
that of the original CTL clones (Fig. 3C). The NK cytotoxic
activity and non-specific cytotoxicity were dramatically inhib-
ited after TCR transduction (Fig. 3C). TCRaf-CD8 vd T cells
produced IFN-y in response to F1121L adenocarcinoma as
well as EBV-B cells pulsed with KK-LC-1 peptide (Fig. 5).
The production was blocked by anti-HLA class I antibody,
anti-HLA B/C antibody and anti-CD8 antibody.

Antitumor activity of TCR«p-CD8 8 T cells in vivo. For evalua-
tion of the effect of TCRuP-CD8 v3 T cells in vivo, a HLA-
B15-positive B901L (lung adenocarcinoma cell line) was
established by stable transfection of the HLLA-B15 gene. Paren-
tal B9O1L is negative for HLA-B15 but positive for KK-LC-1,
and therefore the TCRoB-CD8 y8 T cells showed cytotoxic
activity against HLA-B15 transfected B901(B901L-HLA-B15),
but not against parental B9OIL (Fig. 6). Intravenous injection
of TCRuaB-CD8 vyd T cells inhibited growth of the susceptible
cancer cell line of B901L-HLA-B15. B901L-parental and
B901L-HLA-B15 were xenotransplanted subcutaneously in the

lateral flank of a NOD/SCID mouse on day 0. The growth of
the susceptible cancer cell line (B901L-HLLA-B15) was inhib-
ited significantly by weekly intravenous injection of the
TCRaB-CD8 v8 T cells (1 x 10%injection) in comparison to
the control cell line (B901L; Fig. 7A). The growth rate of both
cell lines was almost the same without the adoptive immuno-
therapy (data not shown). The growth of B90IL-HLA-B15
was remarkably decreased by twice-weekly injection of the
TCRof-CDS8 y8 T cells (Fig. 7B).

Infiltration of adoptively transferred TCRaf-CD8-y5 T cells into
the tumor. The histological examination and immunohisto-
chemical staining revealed that the CD3-positive human
lymphocytes had infiltrated into the susceptible tumor (B9OIL-
HLA-B15). The infiltration of CD3-positive human lympho-
cytes was observed more strongly in the B90IL-HLA-BI5
tumor compared with the control cell line (BOO1L) (Fig. 8A).
The central part of the tumor (BY901L-HLA-B15) exhibited
necrosis. Expression of the TCR Val3 gene of the effector
cells (TCRoB-CD8-yd T) was identified in the central part of
the tumor tissue (BOO1L-HLA-B15) using RT-PCR. The origi-
nal CTL specific for KK-LC-1 also possessed TCR Val3
(Fig. 8B).

Discussion

The mechanism of the antitumor immune response has been
gradually elucidated based on the recent progress of molecu-
lar biological technique. However, clinical studies have not
shown a satisfactory clinical response rate. The clinical out-
come is still inferior to established treatment such as chemo-
therapy and radiotherapy.(m Therefore, immunotherapy must
overcome several problems before it becomes an established
therapy for cancer patients. Adoptive immunotherapy requires
the induction of tumor-reactive T lymphocytes ex vivo fol-
lowed by expansion of these cells in order to generate suffi-
cient numbers for infusion. Although several studies
demonstrate that autologous ex vivo-generated antitumor CTL
can be administered safely in patients with advanced solid
tamors and can improve the immunological antitumor reactiv-
ity in recipients, the strategy is hampered by the difficulty of
isolating and expanding a sufficient quantity of autologous
tamor-reactive T cells capable of preserving the cytotoxic
capacity. (1519

Several investigators have reported TCR transduction tech-
nology with retroviral vectors enables generation of novel
effectors that demonstrate HLA-restricted, antigen-specific
CTL functions."”'® The transduction of the TCRaf genes
facilitates production of a large number of antitumor effectors
functionally similar to CTL activity in a reproducible fashion
without laborious techniques."””’ However, the disadvantage of
TCRof transfer to other off T cells is the possible formation
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Fig. 4. Downregulation of NKG2D expression by transfection with
the TCRaf gene. NKG2D expression was measured using flow cytome-
try. The expression of NKG2D was remarkably suppressed after trans-
duction of the TCR gene.

of mixed TCR heterodimers. The introduced o or B TCR could
pair with the endogenous o or § TCR chains to §enerate unfa-
vorable T cells with self-antigen specificity.®™*" Okamoto
et al.® reported the effect of small interfering RNA (siRNA)
constructs that specifically downregulate endogenous TCR to
inhibit formation of mispairing TCR heterodimers. The human
lymphocytes transduced with siRNA exhibit high surface

expression of the introduced tumor-specific TCR and reduced
expression of endogenous TCR, and these lymphocytes trans-
duced with tumor-specific TCR demonstrate enhanced cyto-
toxic activity against antigen-expressing tumor cells.

The vd T cells account for 2-10% of T lymphocytes in
human blood and also play a role in_immune surveillance
against microbial pathogens and cancer.®® The y& T cells rec-
ognize small non-peptidic phosphorylated compounds, referred
to as phosphoantigens, via polymorphic y8 TCR, as well as
the major histocompatibility complex class I chain-related mol-
ecules, A and B (MICA and MICB), via NKG2D receptors in
a HLA-unrestricted manner.®® The v8 T cell activation is
induced by zoledronic acid through accumulation of isopente-
nyl diphosphate.®> Recent studies have reported that amin-
obisphosphonates, currently used in cancer treatment for bone
metastases, can activate y3 T cells both in vitro and
in vivo.®%*" These data suggest that & T cells could be an
alternative population for efficient TCR transfer. Hiasa
et al.®® proposed y8 T cells as a target for retroviral transfer
of cancer-specific TCR. They indicated that yd T cells co-
transduced with TCRaf and CDS8 alphabeta genes acquire
cytotoxicity against tumor cells and produce cytokines in both
of3- and y3-TCR- dependent manners.

The present study demonstrated that y8 T cells could be
reproducibly proliferated from peripheral blood lymphocytes
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Fig. 5. Interferon-y (IFN-y) production of T-cell receptors (TCR) «B-CD8 v3 T cells in response to the F1121L adenocarcinoma cell line and
Epstein-Barr virus-B (EBV-B) cells pulsed with the KK-LC-1 peptide. The TCR of-CD8 y3T showed IFN-y production in response to KK-LC-1-positive
tumor cells as well as F1121EBV-B pulsed with KK-LC-176.54. The IFN-y production was inhibited by the addition of an anti-HLA class | antibody,
anti-HLA B/C antibody and anti-CD8 antibody. The stimulator was F1121L in (A) and F1121EBV-B pulsed with KK-LC-176.84 in (B). Results are
expressed as mean = SD.
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Fig. 7. Growth inhibition of B901L-HLA-B15 tumor by adoptive trans-

fer of TCR af-CD8 8 T cells. (A) Weekly intravenous injection of T-cell
receptor (TCR) of-CD8 & T cells inhibited growth of the susceptible
cancer cell line (B901L-HLA-B15) in vivo, but not for the parental cell
line. (B) The twice-weekly injection of TCR ofi-CD8 & T cells remark-
ably inhibited the growth rate compared with the control cell
line (parental B901L cell line). Results are expressed as mean tumor
volume = SD. s, subcutaneous injection.

by stimulation with zoledronate. The effector cells (TCRaf-
CD8 vd T cells) were then established from the proliferated yd
T cells by co-transduction of the TCRaf3 and CD8 genes. The
antigen specificity of the y8 T cells was confirmed using
KK-LC-176.34/HLA-B15 tetramer staining. The effector cells
showed tumor antigen-specific cytotoxic activity and cytokine
production similar to those of the original CTL clones. How-
ever, y& T cells transduced with TCRoff without CD8 lost
their non-specific cytotoxic activity. One of the possible causes
of the decline in non-specific cytotoxic activity following the
transfection of the TCRaff genes was downregulation of the
surface expression of NKG2D on the yv& T cells, because
NKG2D is an important co-stimulatory molecule for y6 T
cells. Intravenous injection of TCRafB-CDS8 8 T cells inhibited
growth of susceptible cancer cells (B901L-HLA-B15) in vivo.
A histological examination revealed infiltration of TCRop-
CD8 y8 T cells into the central part of the tumor, and the
tumor subsequently became extensively necrotic. The gene
transduction of TCRaf and CDS into y3 T cells is a promising
strategy to develop a new adoptive immunotherapy against
malignancies.
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Fig. 8. Infiltration of adoptive transfer of T-cell receptor (TCR) ap-
CD8 y3T cells into the tumor. (A) Immunohistochemical staining with
anti-human CD3 antibody. A large amount of CD3-positive human
lymphocytes infiltrated into the B901L-HLA-B15 tumor. (B) Detection
of TCR-Va13 of TCRaB-CD8-v8 T cells in the tumor using RT-PCR.

Cancer/testis antigens are particularly attractive targets for
immunotherapy, because of their unique expression profiles
that have restricted expression in testis and placental tropho-

blasts and male germ-line cells, which do not express HLA

class I molecules and therefore cannot present the antigens to
T lymphocytes.(zg) Cancer/testis antigens are activated in a
number of tumors of various histological types. KK-LC-1 is a
cancer/testis antigen recognized by CTL. The expression rate
of KK-LC-1 in patients with NSCLC is 32.6%, and the expres-
sion of KK-LC-1 is higher (32.1%) in patients with adenocar-
cinoma compared with other CT antigens (MAGE-A3, MAGE-
A4 and NY-ESO-1).%? KK-LC-1 might be a hopeful target
for patients with adenocarcinoma, because in Japan the recent
incidence of adenocarcinoma is twice that of squamous cell
carcinoma.

The reproducible effects of transduction of the TCRof} gene
by retroviral vector was confirmed using KK-LC-1;4.¢4/HLA-
B15 tetramer staining. The co-transduction of TCRof and
CDS8 into these yd T cells showed the same antigen-specific
activity as an original CTL in vitro and in vivo. The gene
transduction of TCRaf and CD8 into yd T cells is a promising
strategy for developing a new adoptive immunotherapy against
malignancies.
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Effective Utilization of Chest X-ray for Follow-up of
Metastatic Lung Tumor due to Soft Tissue Sarcoma

Yasunori Shikada, MD, PhD, Tokujiro Yano, MD, PhD, Riichiro Maruyama, MD, PhD,
Mitsuhiro Takenoyama, MD, PhD, and Yoshihiko Maehara, MD, PhD

Computed tomography (CT) is widely used for follow-up of lung metastasis in patients due to
soft tissue sarcoma (STS), the frequency of chest X-ray (CXR) is obviously reduced. This
study verified the current status of diagnostic measures and the efficacy of CXR.

A retrospective analysis of 18 patients that underwent surgery for lung metastasis due to STS
was performed. The investigation compared the follow-up interval using CT after STS
surgery, time from STS surgery to lung metastasis, tumor size of lung metastasis, detection
rate with CXR, time from detection to surgery for lung metastasis, number of CT scans and
follow-up interval using CT after detection of lung metastasis.

The follow-up interval when using CT after STS surgery was 3.5 months (m). Time from STS
surgery to lung metastasis was 34.3m. Tumor size of lung metastasis was 15 mm, and the detec-
tion rate by CXR was 66.7%. The time from detection to surgery for lung metastasis was 4.8m,
the number of CT scans was 3.1, and the interval was markedly shortened to 1.6m.

Follow-up should be performed by CXR if the tumor is detected by CXR. CT evaluation is

required when the tumor size has increased, and prior to surgery for lung metastasis.

Keywords: soft tissue sarcoma, lung metastasis, follow-up

Introduction

Soft tissue sarcomas (STS) are rare tumors in adult-
hood, and STSs are a heterogenous group of malignant
tumors with more than 50 histological subtypes.” The
pattern of spread to the lungs is commonly haematoge-
neous.” In metastatic STS, the lung is the most frequent
organ affected and is seen 20% of patients, which is less
than that in osteosarcoma.” Prognostic indicators for re-
currence include age at diagnosis, tumor depth, tumor
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size, histological type and grade, and positive surgical
margins.*® Imaging of the chest by computed tomogra-
phy (CT) and chest X-ray (CXR) is recommended regu-
larly for detecting the presence of pulmonary metastasis
after curative resection for STS.

Computed tomography is widely used for follow-up of
lung metastasis in patients with STS. On the other hand,
the frequency of CXR is obviously reduced. The effective
radiation dose from CXR is estimated to be between 0.02
mSv and 0.1 mSv, which is equivalent to between 2.4
days and 10 days of background radiation. Obviously, the
overall radiation dose of CXR is smaller than that of CT.
Furthermore, CT may give false positive results in the
presence of small lung nodules (<5 mm).”

Although CXR is a valid and feasible way, CT is per-
formed without CXR.

The aim of this study is to elucidate the current status
of diagnostic measures for the follow-up of lung metasta-
sis due to STS and the efficacy of CXR.
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Table 1 Analysis results of all patients

Follow-up interval using CT after STS surgery
Time from STS surgery to lung metastasis
Tumor size of lung metastasis at surgery

Detection rate of CXR

Time from detection to surgery for lung metastasis

Number CT scans after detection

Follow-up interval using CT after detection

3.5m (1-24)
34.3m (1-132)
15 mm (6-41)
66.7% (12/18)
4.8m (1-23)
3.1 (1-15)
1.6m (1-4.0)

STS: soft tissue sarcoma; CXR: chest X-ray

Table2 Results based on CXR availability

Detectable by CXR Undetectable by CXR p-value
Factor
n=12) n=06)

Follow-up interval 3.7m (1-24) 3.1m (2-6) N.S.
Time from STS to lung meta 30.8m (1-108) 39.8m (2-132) N.S.
Tumor size at surgery 15 mm (6-41) 8 mm (6-10) p <0.05
Time from detection to surgery 5.0m (1-23) 4.1m (1-18) N.S.
Number CT scans 3.5 (1~15) 2.0 (1-5) N.S.
Follow-up interval using CT [.4m (1-2.2) 2.1m (1-4.0) N.S.

STS: soft tissue sarcoma; CXR: chest X-ray

Patients and methods

A retrospective analysis of consecutive 18 patients
(synovial sarcoma, 6; liposarcoma, 3; malignant periph-
eral nerve sheath tumor, 2; leiomyosarcoma, 2; malignant
fibrous histiocytoma, 2; alveolar rhabdomyosarcoma, 2;
ewing sarcoma,’ that underwent surgery for lung metas-
tasis due to STS during a 4-year period was performed
between August 2006 and October 2010. The subjects in-
cluded 9 males and 9 females with a mean age of 42.6 &
8.6 (12 to 67) years. The study compared the follow-up
interval when using CT after STS surgery, time from STS
surgery to lung metastasis, tumor size of lung metastasis
during surgery, detection rate with CXR, time from de-
tection to surgery for lung metastasis, number of CT
scans after detection of lung metastasis, and follow-up in-
terval using CT after detection of lung metastasis. In-
formed consent was received from each patient in this
study. Statistical analysis was examined using Mann-
Whitney U tests.

Results

The results of the analysis of all patients are shown in
Table 1. The follow-up interval using CT after STS sur-
gery was 3.5 months (m; 1-24m). The time from STS
surgery to lung metastasis was 34.3 m (1-132m). The
median tumor size of the maximal lung metastasis was

15 mm (6—41 mm), and the detection rate by CXR was
66.7% (12/18). The time from detection to surgery for lung
metastasis was 4.8 m (1-23), number of CT scans after
detection of lung metastasis to surgery was 3.1 (1-15), and
the interval was markedly shortened to 1.6m (1-4.0m).
Results of the analysis based on CXR availability is
shown in Table 2. There was no statistical difference of
background disease between the two groups (detectable
in CXR group: synovial sarcoma, 4; liposarcoma, 2; ma-
lignant peripheral nerve sheath tumor, 1; leiomyosarcoma,
1; malignant fibrous histiocytoma, 2; alveolar rhabdomy-
osarcoma, 1; ewing sarcoma, 1; undetectable in CXR
group: synovial sarcoma, 2; liposarcoma, 1; malignant
peripheral nerve sheath tumor, 1; leiomyosarcoma, 1; al-
veolar rhabdomyosarcoma.” The follow-up interval when
using CT after STS surgery of cases detectable by CXR
was 3.7 m (1-24 m), and that in cases undetectable by
CXR cases was 3.1m (2—-6 m). The time from STS sur-
gery to lung metastasis of cases detectable by CXR was
30.8m (1-108 m), and time in cases undetectable by CXR
was 39.8m (2-132m). Median tumor size of the maximal
lung metastasis of cases detectable by CXR was 15 mm
(6—41 mm), and tumor size in cases undetectable by CXR
was 8 mm (6—10mm; p <0.05). The time from detection
to surgery of lung metastasis in cases detectable by CXR
was 5.0m (1-23m), and time in cases undetectable by
CXR was 4.1m (1-18m), respectively. The number of CT
scans from detection of lung metastasis to surgery cases,
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detectable by CXR was 3.5 (1-15m), and the number in
cases undetectable by CXR was 2.0m (1-5m), respec-
tively. Those intervals were markedly shortened to 1.4m
(1-4.0m), 2.1 m (1-4.0), respectively. Although these re-
sults were based on a retrospective analysis, lung nodules
that were detectable by CXR were observed by follow-up
with CT within a short period of time prior to surgery to
lung metastasis.

Because this study had a a small sample size and was
performed during a recent 5 year period, the survival rate
could not be accurately analyzed. The median survival
time detectable in the CXR group was 18 months, and
undetectable in the CXR group, was 16 months.

Discussion

Soft tissue sarcoma is a rare disease, a heterogeneous
group of solid tumors, and arises primarily from embry-
onic mesoderm. Soft tissue sarcoma occurs in about 2
patients per million, in Japan. The 5-year survival for
STS of all stages is between 50% and 60%."” Several
stndies on pulmonary metastectomy for STS have been
published, and the 5-year survival ranges from 25% to
57%."" All these studies have shown that complete sur-
gical resection of pulmonary metastasis is a significant
prognostic factor of STS. Surgical treatment of metastatic
pulmonary STS is the best procedure for cure.

Currently the most common measure for screening
lung metastasis is CT. However, although CT is more ac-
curate, the difference in accuracy is not great. The accu-
racy of CXR is 96.9%, in comparison to 99.6% with CT.
Furthermore, CT will detect indeterminate nodules.
Chalmers reported that pulmonary nodules that were not
seen on a CXR detected on CT in 13% of 146 patients
with extra thoracic malignancy, but 80% of these nodules
were benign."” Computed tomography is by no means in-
fallible, and it could be argued that the detection of inde-
terminate nodules may lead to unnecessary investigation.
The usefulness of a routine CXR to diagnose lung metas-
tasis in STS has been less well documented. Kane sum-
marized that CT is associated with a lack of cost effec-
tiveness, increased regular clinic visits and clinical exam-
inations.'® Change AE et al. suggested that the low cu-
mulative dose of radiation received from 6 monthly
CXRs makes this a safe, simple, and appropriate first
tool."” Chest X-radiography will pick up these large lung
lesions, and CT of the chest is not always needed. Lung
Jesions below 5 mm in diameter will be missed on CXR
and will only be identified on CT. The vast majority of

CXR is an Effective Measure to Follow-up
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Fig.1 Flow diagram of follow-up for lung metastasis.

Follow-up for lung metastasis with CXR or CT was per-
formed as ever. CXR is examined if lung metastasis is
detected on CT. When the tumor is detected by CXR, a
follow-up is performed by CXR. When the tumor has
obviously grown, it is evaluated by CT prior to surgery for
lung metastasis.

CXR: chest X-ray

these patients is completely asymptomatic and will be of-
fered radical surgery.

A recent study proposed that all patients with STS
have a CXR, and only those patients with an abnormality
on CXR or with a high/intermediate grade, such as deep
tumors greater than 5 cm (stage 2b/3) in size, specific
histological subtypes of STS, where the incidence of lung
metastases at diagnosis is known to be high, for example,
extra skeletal ewing sarcoma and malignant peripheral
nerve sheath tumor, should undergo a CT routinely.®

The goal of this study was to evaluate the current sta-
tus of diagnostic measures to follow-up of lung metastasis
due to STS and the efficacy of CXR. Most patients in this
study were followed by routine CT only, but not by CXR.
The results revealed that metastatic pulmonary nodules
were detectable by CXR (66.7%), nodules undetectable
by CXR were smaller than 10 mm. The time from detec-
tion to surgery was 4.8 m. The mean number of follow-up
CT scans during this period was 3.1, and this interval was
markedly short (1.6m).

This study confirmed that CT has been extensively used
in the follow-up examination of lung metastasis due to
STS. Orthopedists employ follow-up using CT regularly,
since they feel insecure in follow-up only by CXR. We
suggest the method of follow-up examination in Fig. 1.
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A pulmonary nodule that cannot be detected by CXR re-
quires the use of CT scans during the follow-up examina-
tion. However, pulmonary nodules that can be detected
by CXR should be followed with the combined use of
CXR and CT until the resection.

This study is a limited, small number study, but STS is
a heterogenous malignant subtype group. Furthermore,
we will validate the effectiveness of CXR for follow-up
of various metastatic lung tumors. In the present study,
we showed that CXR provided much information for fol-
low-up of metastatic lung tumor due to soft tissue sar-
coma. In conclusion, it is important for clinicians to uti-
lize CXR effectively while understanding the limit and
characteristic of the modality, enough.
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Cystic brain metastasis of non-small-cell lung cancer successfully
controlled with Ommaya reservoir placement
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Abstract A 68-year-old male presented with hoarseness
and anarthria. Computed tomography showed an irregular
nodular shadow in the upper lobe of the left lung with
swollen multiple lymph nodes. Magnetic resonance imag-
ing revealed a large cystic mass in the left hemisphere of
the brain and multiple brain metastases in the bilateral
hemispheres. A direct biopsy with bronchoscopy of the
pulmonary nodule revealed the tumor to be an adenocar-
cinoma clinically diagnosed as stage IV. Since the largest
brain metastasis continued to grow despite the adminis-
tration of whole brain irradiation, insertion of an Ommaya
reservoir in the cystic lesion was performed. This resulted
in a reduction of the size of the brain tumor, and the
patient’s neurological symptoms improved. After the
Ommaya reservoir was placed, stereotactic radiosurgery
was performed on the largest lesion. The patient is doing
well at 6 months after the Ommaya reservoir was inserted
and is currently undergoing chemotherapy. In conclusion,
the placement of an Ommaya reservoir may therefore be a
potentially useful therapeutic procedure to improve the
neurological symptoms and performance status in non-
small-cell lung cancer patients with cystic brain metastasis,
thereby allowing further neurosurgical therapy and
chemotherapy.
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Introduction

An Ommaya reservoir is a device placed under the skin of
the head with the tip of the catheter positioned into the
ventricles or within cystic lesions in the brain [1]. This
device helps to drain the cerebrospinal fluid and contents of
cystic lesions. Additionally, intraventricular administration
of some drugs, such as amphotericin B, primethamine and
methotrexate, can be conducted through this device [1, 2].
Although the usefulness of this device for treating cystic
lesions in the brain has been previously reported, few
reports of cystic brain metastases from lung cancer being
controlled by the insertion of an Ommaya reservoir have
been published in the English literature [3, 4]. In this
report, we present a case of non-small-cell lung cancer
(NSCLC) with a large cystic brain metastasis that was
successfully controlled with the insertion of an Ommaya
reservoir.

Case report

A 68-year-old male ex-smoker was referred to our hospital
due to hoarseness and anarthria. Computed tomography
(CT) revealed an irregular nodular shadow in the left upper
lobe of the lung with enlargement of the left hilar, para-
aortic and left subclavicular lymph nodes, which showed
abnormal uptake of F-18 fluorodeoxyglucose on positron
emission tomography/computed tomography (Fig. 1a).
Magnetic resonance imaging (MRI) revealed a large mass
in the left hemisphere (Fig. Ib, ¢) and multiple small
nodules in the bilateral hemispheres (Fig. 1b, arrow). T1-
weighted images showed very low signal intensity and T2-
weighted images showed very high signal intensity in the
largest mass consistent with the findings of a cystic lesion.

@ Springer
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Bronchoscopy was then performed and a direct biopsy
revealed the tumor to be an adenocarcinoma. Based on
these findings, the clinical stage was considered to be stage
IV (cT1bN3M1b).

Due to the presence of multiple brain metastases with
the one larger than 3 cm, 30 Gray (Gy) of whole brain
irradiation (WBI) was administered. Despite the adminis-
tration of WBI, the largest cystic tumor continued to grow,
and the surrounding edema expanded and the midline
shifted (Fig. 1d). This resulted in worsened anarthria and
the emergence of Gerstmann’s syndrome. Various neuro-
surgical procedures were considered, and insertion of an
Ommaya reservoir was chosen to minimize invasiveness. A
dome-shaped plastic device was placed under the skin of
the left head with a catheter positioned into the cavity of
the cystic lesion without any complications (Fig. 2a). MRI
and CT performed about 1 month after MRI as shown in
Fig. lc, revealed a reduction in the size of the tumor and
the amount of surrounding edema (Fig. 2b, c). Crucially,
the neurological symptoms improved. Since the cystic
tumor was reduced from 4.7 to 2.9 cm, 20 Gy of stereo-
tactic radiosurgery (SRS) was administered. Although the
cystic tumor remained the same size after the SRS was

a

Fig. 1 CT and MRI findings. CT shows an irregular nodule in the left
upper lobe of the lung (a). T1- and T2-weighted images indicate a
large cystic brain tumor and multiple small cystic nodules (arrow)

@ Springer

completed, no punctures were needed to drain the fluid.
The patient is doing well at 6 months after the insertion of
the Ommaya reservoir and is currently undergoing che-
motherapy with carboplatin and pemetrexed due to the
improvement of performance status (PS) from 3 to 1.

Discussion

Ommaya reservoirs were originally developed to achieve
aseptic access to ventricular cerebrospinal fluid. The device
consists of an indwelling subcutaneous capsule made of
silicone rubber that fits into a cranial burr-hole and is
connected to a ventricular catheter. Percutaneous needle
punctures can be repeatedly made through the dome of the
capsule. This device is used for the administration of
chemotherapy for neoplasia, cystic tumor drainage, ven-
tricular drainage, special diagnostic studies and sampling
of cerebrospinal fluid [1, 2]. In addition, diverse types of
diseases, such as primary brain tumors, fungal meningitis,
toxoplasmosis and head injury, can be indications for the
placement of the device [1]. However, few reports of cystic
brain metastasis from lung cancer being controlled with the

before the administration of WBI (b, ¢). T1-weighted images show
the tumor after WBI (d)
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Fig. 2 Ommaya reservoir
placement. Left lateral and
frontal views of the head show
the Ommaya reservoir (asterisk)
placed under the skin of the left
head with a catheter positioned
into the cavity of the cystic
lesion (arrow) (a). MRI and CT
images show the inserted
Ommaya reservoir (b, asterisk,

)

insertion of an Ommaya reservoir have been published in
the English literature [3, 4]. Takeda and colleagues repor-
ted the case of a SCLC patient with solitary cystic brain
metastasis who was successfully treated with a stereotac-
tically inserted Ommaya reservoir followed by neurosur-
gical resection of the tumor, and the survival time of the
patient after the insertion of the device was 4 months [3].
In addition, the usefulness of SRS following Ommaya
reservoir placement has been reported in patients with large
cystic metastatic brain tumors, including lung and breast
cancer, with a median survival time of 7 months after the
insertion of the device [4]. However, these papers did not
mention chemotherapy after an Ommaya reservoir was
placed. In the present case, a metastasized cystic lesion of
the brain was controlled with the insertion of an Ommaya
reservoir followed by the administration of stereotactic
radiosurgery and chemotherapy, and the patient is currently
doing well at 6 months, in comparison to the findings
reported by others [3, 4], after the insertion of the device.
Chemotherapy, as well as the insertion of the device, was
also thought to have contributed the survival time of the
patient, because the primary lesions and the metastasized

lymph nodes were reduced after the administration of four
cycles of carboplatin and pemetrexed.

Brain metastases are common in lung cancer patients,
with an incidence of approximately 40 %. The majority of
brain metastases of NSCLC are solid, whereas cystic brain
metastases are exceedingly rare. While solid brain metas-
tases are treated with optimal treatment modalities such as
WBI, SRS or neurological surgery depending on the size
and number of the metastases and the general conditions of
the patient, cystic counterparts are generally resistant to
radiation therapy, and neurosurgery of cystic lesions has
been reported to be preferable to SRS or stereotactic
aspiration when possible [5]. However, in the present case,
due to the presence of multiple metastatic lesions, WBI
was first chosen followed by insertion of an Ommaya
reservoir for less invasiveness and to achieve ventricular
drainage and drainage of the primary brain cystic tumors
[1]. It is of note that no punctures were needed to drain the
cystic tumors, as several punctures are generally required
since the effusion typically fills the mass [3]. This may
have been due to the reduction of viable cancer cells in the
cystic wall by the multimodal treatments. Additionally,

@ Springer
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although few complications are associated with the place-
ment of the device, attention should be paid to potential
adverse events caused by chemotherapy, including leuco-
penia, neutropenia and thrombocytopenia by chemother-
apy, which can lead to critical complications such as
intracranial hemorrhage or infection.

In conclusion, the insertion of an Ommaya reservoir is
therefore considered to be a useful treatment modality to
improve the neurological symptoms and PS in NSCLC
patients with cystic brain metastasis with minimal inva-
siveness, thus allowing for the administration of further
neurosurgical therapy and chemotherapy which are crucial
for the successful treatment of advanced NSCLC.
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Introduction: Adenocarcinoma of the lung is a morphologically heterogeneous group of tumors which
includes a variable portion of different histologic subtype components: lepidic growth (LG), and acinar,
papillary and solid subtypes. Among these, LG is a non-invasive component which is one of the major
histological subtypes in small-sized adenocarcinoma (2 cm or less). However, in large adenocarcinomas
(3-5cm in size), the clinicopathological significance of LG components remains unclear.

Methods: A series of 135 lung adenocarcinomas 3-5 cm in size, without lymph node involvement, were
reviewed and classified according to their percentage of LG components. We examined the correlation
between the percentage of LG components and clinicopathological factors of these tumors.

Results: There were 41 (30.4%) tumors with 50% or more LG (LG-predominant group). Female gen-
der {(p=0.039), smoking history of <20 pack-years (p=0.039), absence of pleural invasion (p=0.003),
and absence of vascular invasion (p<0.001) were significantly more frequently observed in the LG-
predominant group. LG-predominant tumors showed a significantly higher percentage of non-cancerous
cell collapse area to tumor area compared with non-LG predominant tumors (p<0.001). The outcome
of the LG-predominant type patients was significantly better than that of the non-LG predominant type
patients in both recurrence-free survival (p <0.001) and overall survival (p <0.001). Multivariate analysis
showed that LG-predominant tumor to be an independent favorable prognostic factor (HR=0.285, 95%
confidence interval: 0.148-0.547, p=0.014).

Conclusion: Node-negative LG-predominant adenocarcinomas of 3-5 cm in size showed less invasiveness
compared to non-LG predominant tumors. And LG-predominant type patients had excellent surgical
outcome,
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Pleural invasion
Prognostic indicator
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1. Introduction of mixed subtype is the most frequent, representing approximately

80% of surgically resected lung adenocarcinomas [1].

Adenocarcinoma is defined as a malignant epithelial tumor with
glandular differentiation or mucin production, consisting of either
bronchioloalveolar, acinar, papillary, solid with mucin growth pat-
terns, or a mixture of these patterns. Among these, adenocarcinoma

Abbreviations: NSCLC, non-small cell lung cancer; p-stage, pathological stage;
LG, lepidic growth; BAC, bronshioloalveolar carcinoma; AlS, adenocarcinoma inssitu;
MIA, minimally invasive adenocarcinoma; VVG, Victoria van Gieson; TNM, tumor;
node, metastasis; HE, hematoxylin and eosin; OS, overall survival; RFS, recurrence-
free survival; EGFR, epidermal growth factor receptor.
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0169-5002/$ - see front matter © 2012 Elsevier Ireland Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.lungcan.2012.10.013

Bronchioloalveolar carcinoma (BAC) or a lepidic growth (LG)
component, which demonstrates a replacing growth pattern within
the alveolar epithelium, is generally considered to be a non-
invasive component. It has been reported that LG-predominant
histology is a statistically significantly favorable prognostic indi-
cator in small adenocarcinomas 2 cm or less. In contrast, patients
with more aggressive disease often have tumors with little or no LG
components, exhibiting predominantly compressive or destructive
extension within the alveolar structure [2-4].

The newly proposed International Association for the Study
of Lung Cancer/American Thoracic Society/European Respiratory
Society classification system suggests that, the term BAC is no
Jonger used and the growth pattern of BAC is referred to as LG
pattern, tumors should be subclassified as adenocarcinoma in situ
(AIS), minimally invasive adenocarcinoma (MIA), and invasive
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adenocarcinoma [5]. It was also suggested that invasive adeno-
carcinomas are classified according to predominant subtype. Of
special interest is the new categories AIS and MIA that represent
small (<3 cm), solitary adenocarcinomas consisting purely of LG
component lacking invasion or predominantly of LG component
with <0.5 cm of invasion, repspectively. However, LG predominant
larger adenocarcinoma (>3 cm) with minimally invasion was not
defined in this classification.

Several researchers have similarly reported that a proportion
of LG components was associated with tumor aggressiveness and
prognosis in small adenocarcinomas 3 cm or less in size [6]. How-
ever, to our knowledge, there have been no reports which have
described LG components in adenocarcinomas greater than 3 cm
in size, and the clinicopathological significance of LG components
of these tumors remains unclear.

With these backgrounds, we aimed to explore the clinical
behavior and histopathological characteristics of LG predominant
node-negative adenocarcinomas 3-5 cm in size because it will facil-
itate to clarify the association between tumor size and non-invasive
properties. And it may provide new insight about progression pat-
tern of adenocarcinoma additionally.

2. Patients and methods
2.1. Patients

During the period from January 2000 to December 2005, a
total of 1428 patients underwent surgical resection for primary
lung cancer at our institution, and there were 947 patients with
pathologically diagnosed adenocarcinoma. Of these, 135 consecu-
tive patients with adenocarcinoma of the lung who had undergone
complete resection of adenocarcinoma 3-5cm in size without
pathological lymph node involvement were the subject of this
study. There were 72 men (53.3%) and 63 (46.7%) women, with
a median age of 68 years (range: 20-86 years).

All patients had a solitary lesion, and patients who had received
chemotherapy or thoracic radiation before or after surgery, who
underwent limited resection less than lobectomy, or who did
not undergo systematic lymph node dissection were excluded.
The preoperative evaluation included a physical examination,
blood chemistry analysis, measurement of tumor markers, bron-
chofiberscopy, chest radiography, and computed tomography (CT)
of the chest.

On the basis of our postoperative follow-up policy, we exam-
ined patients at 3-month intervals for the first 2 years and typically
at 6-month intervals thereafter, on an outpatient basis, and aimed
at continuing follow-up for 10 years after resection. The follow-up
evaluation included physical examination, chest radiography, and
blood examination, including pertinent tumor markers. Whenever
any symptoms or signs of recurrence were detected, further eval-
uation were performed, including CT of the chest and abdomen,
brain MR], bone scintigraphy. Since 2004, integrated PET scan and
CT scan has also been performed when appropriate.

Data collection and analyses were approved, and the need to
obtain written informed consent from each patient was waived by
the Institutional Review Board in February 2011.

2.2. Histopathologic analysis

Surgically resected specimens from every case were fixed with
10% formalin or pure methyl alcohol and embedded in paraffin.
Tumors were cut into 5-mm slices, and serial 4-pm sections were
stained with hematoxylin and eosin (HE), alcian blue periodic acid
Schiff stain, and Victoria blue-Van Gieson (VVG). All slides contain-
ing the maximum surface area of the tumor from each case were

coded and masked for identifiable information, and were reviewed
by 2 pathologists (Y.T. and G.L.). The median of slides from each case
we reviewed in our study was 9 (range: 5-21).

Histological type was determined according to the World Health
Organization classification[1], and disease stages were based on the
TNM classification of the Union for International Control of Can-
cer, 7th edition [7,8]. The histological patterns were divided into
distinct subtypes, and we assessed the proportion of each compo-
nent: BAC/LG, acinar adenocarcinoma, papillary adenocarcinoma,
and solid adenocarcinoma with mucin production. The presence
of each component was recorded as the percentage of the total
tumor composition in 10% increments. An LG component was con-
sidered to be positive if the tumor cells showed pure lepidic growth
without invasive lesions (Fig. 1A-C) [1]. We performed univari-
ate prognostic analysis employing various percentage cut-offs of
LG components in 10% increments, to obtain the cut-off percent-
age that yielded the most evident difference in prognosis when the
groups above and below the cut-off were compared.

2.3. Variables for prognostic analysis

We reviewed the medical records of each patient for their clini-
cal data. The following 8 clinicopathological factors were assessed
in the prognostic analysis: age (<68 years vs. =68 years), gender,
smoking history (<20 pack-years vs. >20 pack-years), preoper-
ative serum carcinoembryonic antigen level (CEA, institutional
normal cut-off level: 5.0 ng/mL, <5.0 ng/mL vs. >5.0 ng/mL), pleu-
ral invasion (absence vs. presence), vascular invasion (absence vs.
presence), lymphatic permeation (absence vs. presence), and per-
centage of LG components.

2.4. Measurement of non-cancerous cell collapse area

Fig. 1 shows the representative histological findings of a case
with predominant LG components (80%), seen mostly in the tumor
periphery (Fig. 1B and C). In the center of such tumors, a relatively
large collapse area with few or no cancer cells was often observed
(Fig. 1D). We defined these areas without cancer cells, which areas
were separated from the closest cancer cells by greater than 1 mm,
as non-cancerous cell collapse areas (NCCA). We identified collapse
area on VVG staining (Fig. 1F) and then marked NCCA according to
the definition on each maximum tumor surface area slide under
a microscope and captured digital photographic images on a 20x
magnification field (Fig. 1A and E dot-line). These images were then
traced and measured for their marked areas by using an image anal-
ysis software, Image ] (NIH, Bethesda, MD). NCCA was represented
as percentage of maximum tumor surface area.

2.5. Measurement of tumor disappearance rate on chest
computed tomography

To investigate the correlation between the proportion of LG
component and computed tomographic findings, we compared
tumor disappearance rate (TDR) in the histologically most rep-
resentative 20 cases each from the 2 groups: LG-dominant type
(LG component occupying 50% or more of the entire tumor) and
non-LG dominant type. We calculated TDR using the following defi-
nition of tumor dimensions on chest high-resolution CT [9]: pDmax,
the maximum dimension of a tumor on pulmonary window set-
ting images; pDperp, the largest dimension perpendicular to the
maximum axis on pulmonary window setting images; mDmax,
the maximum dimension of a tumor on mediastinal window set-
ting images; mDperp, the largest dimension perpendicular to the



