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Fig. 2. Plasma, tumor, and small intestine concentrations of NK012, CPT-11, and free SN-38. Plasma (4), tumor (8), and small intestine (C) distribution of NK012, CPT-11, and
free SN-38 after i.v. administration of CPT-11 (30 mg/kg) combined with CDDP (2.5 mg/kg) or NK012 (20 mg/kg) combined with CODP (2.5 mg/kg). Left, SBC-3/Neo;
right, SBC-3/VEGF. @, polymer-bound SN-38; O, free SN-38 (polymer-unbound SN-38); A, SN-38 converted from CPT-11;, A, CPT-11.

Statistical analysis. Data were analyzed with Student’s ¢ test when
groups showed equal variances (F test) or with Welch's test when they
showed unequal variances (F test). P < 0.05 was considered
significant. All statistical tests were two sided, and data were expressed
as mean * SD.

Results

Cellular sensitivity of SCLC cells to NK012, CPT-11, SN-38,
and CDDP. The ICs, values of NK012 for the SCLC cell lines
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ranged from 0.004 pmol/L (SBC-3/VEGF) to 0.041 umol/L
(H69; Table 1). The cytotoxic effects of NKO12 were 198- to
532-fold higher than those of CPT-11, whereas those of
NKO012 were 1.10- to 2.00-fold lower than those of SN-38.
These features were comparable with those reported previous-
ly (12, 13).

The molar ratios of NK012 to CDDP of 1:600 in SBC-3/
VEGF, 1:120 in SBC-3/Neo, 1:150 in H69, and 1:400 in H82
were used for the drug combination studies based on the ICs,
values of NK012 and CDDP (Table 1). The synergic to additive
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effect between NK012 and CDDP was observed in these SCLC
cell lines (data not shown).

Antitumor activity of NK012/CDDP and CPT-11/CDDP
against SBC-3/Neo and SBC-3/VEGF tumors. SBC-3/Neo and
SBC-3/VEGF tumors treated with 5 mg/kg/d NK012 plus
2.5 mg/kg/d CDDP were significantly smaller than those
treated with 10 mg/kg/d CPT-11 plus 2.5 mg/kg/d CDDP on
day 30 (P = 0.0024, SBC-3/Neo; P = 0.0437, SBC-3/VEGF).
Moreover, both tumors treated with 10 mg/kg/d NK012 plus
2.5 mg/kg/d CDDP were significantly smaller than those
treated with 22 mg/kg/d CPT-11 plus 2.5 mg/kg/d CDDP on
day 30 (P = 0.0058, SBC-3/Neo; P = 0.0478, SBC-3/VEGF;
Fig. 1A and B). Although treatment-related BW loss was
observed in mice treated with each drug combination, BW
recovered to the normal level in each group by day 30 (Fig. 1C
and D). A stronger antitumor activity against SBC-3/VEGF
tumors was observed than against SBC-3/Neo tumors. The
complete response rates achieved with 10 mg/kg/d NKO12 plus
2.5 mg/kg/d CDDP were 100% and 0% for SBC-3/VEGF and
SBC-3/Neo, respectively. These results further confirm our
previous findings that a more potent antitumor effect of NK012
is observed in highly vascularized tumors (12).

Pharmacokinetics of NK012 and CPT-11 after NK012/CDDP
and CPT-11/CDDP administration in mice bearing SBC-3/Neo
or SBC-3/VEGF tumors. After CPT-11/CDDP injection, the
plasma concentrations of CPT-11 and SN-38 converted from
CPT-11 decreased rapidly within 6 hours in a log-linear fashion
(Fig. 2A). Those of NK012 (polymer-bound SN-38) and SN-38
released from NKO012 decreased more gradually (Fig. 2A). As for
the CPT-11 and free SN-38 concentrations in the SBC-3/Neo
and SBC-3/VEGF tumors, they decreased rapidly within
6 hours, and almost no SN-38 converted from CPT-11 was
detected at 24 hours in both tumors (Fig. 2B). In the case of
NK012/CDDP administration, free SN-38 released from NK012
could be detected in the tumors even at 72 hours after
administration (Fig. 2B). In contrast to the case of CPT-11/
CDDP administration, the concentrations of free SN-38
released from NKO012 were higher in the SBC-3/VEGF tumors
than in the SBC-3/Neo tumors at any time point during the
observation period (significant at 1 hour; P = 0.013).

Free SN-38 concentrations in the small intestine after
NK012/CDDP or CPT-11/CDDP administration were still
detectable up to 72 hours in a similar fashion. CPT-11
concentrations 1 hour after CPT-11/CDDP administration were
significantly higher than NK012 concentrations after NK012/
CDDP administration (P = 0.0056, SBC-3/Neo; P = 0.017,
SBC-3/VEGF; Fig. 2C).

These kinetic profiles in liver, spleen, lung, and kidney of free
SN-38 after NK012/CDDP or CPT-11/CDDP administration
were almost similar to those of NKO012 or CPT-11 when
administered as a single agent, as described (data not shown;
ref. 12).

Intestinal toxicity of NK012, NK012/CDDP, CPT-11, and
CPT-11/CDDP. Pathologic findings and characteristic muco-
sal changes are shown in Table 2 and Fig. 3. The small intestinal
mucosa of mice in the CPT-11 or CPT-11/CDDP treatment
group showed fibrotic changes, and active inflammation with
cellular invasion, healed erosion, deformed glandular align-
ment, and glandular duct disappearance were also found. On
the other hand, the small intestinal mucosa of mice in the
NK012/CDDP treatment group showed only mild shortening
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and decreased number of villi or mild inflammatory cell
invasion.

We next analyzed the concentrations of NK012, CPT-11, and
free SN-38 in the feces. CPT-11 concentrations at 1 hour were
significandy higher than NK012 concentrations (P = 0.0021)
and decreased rapidly within 24 hours but remained detectable
up to 72 hours. On the other hand, NK012 (polymer-bound
SN-38) could be detected at a low concentration from 72 hours
(Fig. 4A). To evaluate drug distribution over time, sections of
the small intestine treated with NKO012 or CPT-11 were
examined by fluorescence microscopy. In the sections of CPT-
11 -treated small intestine, strong fluorescence originating
from CPT-11 was detected in the epithelium of the small
intestine, whereas weaker fluorescence originating from NK012
was distributed uniformly in the mucosal interstitium (Fig. 4B).

Discussion

Here, we compared the antitumor activity of NK012/CDDP
with CPT-11/CDDP, the latter being one of the most active
regimens against SCLC and NSCLC. The present data showed
that when NK012/CDDP was administered, NK012 effectively
accumulated in SBC-3/VEGF tumors and sufficiently exerted
antitumor effects. This suggests that CDDP did not affect the
permeability of tumor vessels and NKO12 retention in the
tumors. Hasegawa et al. (29) reported that 17 of 24 patients
showed positive immunoreactivity for the VEGF protein in
tumor specimens and that elevated serum VEGF levels were

Table 2. Pathologic analysis of small intestine
after i.v. administration of drugs

Case Treatment Site Fibrosis Inflammation
no. group
1 Control Jejunum - -
Controf Ileum - -
2 Control Jejunum - -
Control Ileum - -
3 Control Jejunum - -
Control Lieum - -
4 CPT-11 Jejunum + +
CPT-11 Heum + ++ Erosion
5 CPT-11 Jejunum + + Edema
CPT-11 Ileum - -
6 CPT-11 Jejunum - -
CPT-11 Tleumn + + Erosion
7 CDDP + CPT Jejunum + +
CDDP + CPT  Ileum - -
8 CDDP + CPT Jejunum + +
CDDP + CPT  Teum - +
9 CDDP + CPT Jejunum + +

CDDP + CPT fleum

10 NK012 Jejunum - -
NKO012 Ileumn - -
11 NK012 Jejunum - -
NK012 fleumn - -
12 NKO12 Jejunum -
NK012 Tleum -

13  CDDP + NKO012 Jejunum -
CDDP + NK012 Iieum -
14 CDDP + NK012 Jejunum -
CDDP + NKO12 TIleum -
15 CDDP + NKO12 Jejunum -
CDDP + NK0O12 Ileum -

I i
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Control

Fig. 3. Pathologic findings and characteristic mucosal
changes in mouse. Jejunal and ileal mucosae from mice
treated with NaCl solution (0.9%) as control, CPT-11
(22 mg/kg), CPT-11 {22 mg/kg) combined with CDDP
(2.5 mg/kg), NKO12 (10 mg/kg), or NK0O12 (10 mg/kg)
combined with CDDP (2.5 mg/kg) on days 0,7, and

14 were examined on day 28 after drug injections. The
jejunal mucosa of mice in the CPT-11 treatment group
showed healed erosion with fibrotic changes and
lymphocytic invasion. Glandular arrangement was
severely altered. Active inflammation with inflammatory
cell invasion and disappearance of gland ducts were
observed on the ileal mucosa in the CPT-11 treatment
group. In the CPT-11/CODP treatment group, the jejunal
mucosa also showed healed erosion with scar-like
fibrotic growth and mild inflammatory cell invasion into
the ileal mucosa. The jejunal and ileal mucosae in the
NKO012 treatment group and the ileal mucosa in the
NKO012/CDDP treatment group were almost the same as
those in the control group, that is, without inflammatory
changes. The jejunal mucosa in the NKO12/CDDP
treatment group showed mild shortening and decreased
number of villi or mild inflammatory cell invasion,

CPT-1

CODP+CPT

NKO12

CDDP+NKO012

lleum

Jejunum

associated with poor outcome in SCLC. As for NSCLC, it was
reported that the percentage of VEGF-positive cells was 52 +
33% (95% confidence interval, 41-64%; median, 70%), and
this value showed a positive association with high vascular
grade (P = 0.008) and poor survival (P = 0.04; ref. 30). Taking
all data together, NK012/CDDP may therefore be clinically
effective against lung cancers, particularly those with high VEGF
production.

Pathologic examinations were also conducted to evaluate
changes in the small intestinal mucosa on day 14 after
treatment. This is because diarrhea is one of the clinical dose-
limiting toxicities of CPT-11, and epithelial apoptosis was
reported as a mucosal change induced by CPT-11 (31). This
pathologic change was observed on day 6 after i.p. adminis-

www.aacrjournals.org
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tration of 100 mg/kg CPT-11 daily for 4 days. We found that
the CPT-11-induced mucosal change was mainly fibrosis
considered to be a form of recovery change from erosion. On
the other hand, the small intestinal mucosa of the mice in the
NKO012/CDDP treatment group showed only mild shortening
and decreased number of villi or mild inflammatory cell
invasion. On comparison of these changes with those caused by
CDDP (31), it was found that such alterations were mainly
induced by CDDP rather than NK012.

A portion of SN-38 converted from CPT-11 undergoes
subsequent conjugation as induced by UDP-glucuronyltrans-
ferase to form SN-38 p-glucuronide (SN-38-Gly; ref. 32). CPT-
11, SN-38, and SN-38-Glu are excreted into the bile and then
reach the small intestinal lumen (32, 33). SN-38-Glu is
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deconjugated in the cecum and colon to regenerate SN-38
through bacterial -glucuronidase (34). In this study, CPT-11
was excreted into feces much more than NKO012 and a high
CPT-11 concentration was detected in the small intestinal
epithelium. It is speculated that the highly excreted CPT-11 is
reabsorbed in the small intestinal epithelium and converted to

SN-38 to cause damage to the intestinal mucosa. On the other
hand, NKO012 was uniformly distributed in the mucosal
interstitium at a lower concentration, which may be related to
the less mucosal damage and diarrhea than those induced by
CPT-11, although NKO012 was observed for longer period than
CPT-11. About other toxic effects including bone marrow, liver,

A 10000 -
1000
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Conc. (ug/g)

0.1

0.01

Fig. 4. Fecal concentrations of NKO12, CPT-11, and free SN-38, and NK012 or CPT-11 distribution in the small intestine. A, distribution of NK012, CPT-11, and free SN-38 after
i.v. administration of CPT-11 (30 mg/kg) or NKO12 (20 mg/kg). @, polymer-bound SN-38; O, free SN-38 (polymer-unbound SN-38); A, SN-38 converted from CPT-11; A,
CPT-11. B, small intestines were excised 1, 6, 24, and 72 h after i.v. administration of CPT-11 (30 mg/kg) or NK012 (20 mg/kg). Frozen sections were examined under a
fluorescence microscope at a 358-nm excitation wavelength and a 461-nm emission wavelength. NK012 and CPT-11 were visualized as blue. The first or third columns are a
bright-field image and the second or forth columns are a fluorescence image. Sections of small intestines were most well visualized in bright field. First, second, third, and
fourth fines from the left side are images obtained 1, 6, 24, and 72 h after drug administration, respectively. CPT-11 was strongly distributed in the epithelium of the small
intestine, whereas NK012 tended to be distributed weakly and uniformly in the mucosal interstitium.

Clin Cancer Res 2009;15(13) July 1, 2009

4354

www.aacrjournals.org



Combination Chemotherapy with Cisplatin and NK012

and kidney toxicities, there was no significant difference
between NK012/CDDP and CPT-11/CDDP in the present

treatment schedule (data not shown).

No potential conflicts

In conclusion, NK012/CDDP showed a significantly higher

antitumor activity with no severe diarrhea toxicity than CPT-11/
CDDP, one of the most active regimens against SCLC and
NSCLC. The present data suggest the clinical evaluation of
NK012/CDDP in patients with SCLC and NSCLC.
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Purpose: The aim of this study was to determine the prognostic value of expression of ATP binding cas-
sette (ABC) transporter proteins and DNA repair gene proteins by immunohistochemically staining tumor
biopsy specimens from patients with advanced non-small-cell lung cancer (NSCLC) being treated with

Accepted 22 July 2008 platinum-based chemotherapy.
Experimental design: Expression of ABC transporter proteins, including BCRP (breast cancer resistance
Ieywords: protein) and MRP2 (multidrug resistance proteins 2), and the DNA-repair-related proteins, ERCC1 (exci-
gﬁ;ﬁ; sion repair cross-complementation group 1) and BRCA1 (breast cancer type 1 susceptibility protein) was
| ERCC1 assessed immunohistochemically in 156 tumor samples from untreated stage IV NSCLC patients. All of
: BRCA1 the patients had received platinum-based chemotherapy. Response to chemotherapy, progression-free
Stage IV survival (PFS), and overall survival were compared in relation to expression of each of the proteins and to

clinicopathological factors.

Results: High ERCC1 expression was associated with short survival (237 days vs. 453 days, log-rank P=0.03),

§ but not with response to chemotherapy or PFS. And high BCRP expression was associated with short sur-

1 vival (214 days vs. 412 days, log-rank P=0.02) but not with response to chemotherapy or PFS, Muitivariate

analysis confirmed that negativity for the expression of BCRP tends to be an independent variable related

to overall survival (P=0.06).

Conclusions: This study examined ERCC1 and BCRP expression in biopsy specimens as candidates for

predictors of the survival of patients with advanced NSCLC treated with platinum-based chemotherapy.
© 2008 Elsevier Ireland Ltd. All rights reserved.

Non-small-cell lung cancer

1. Introduction

More than half of all patients with non-small-cell lung can-
cer (NSCLC) have advanced stage IlIB or IV disease when first
diagnosed, and patients with advanced NSCLC are candidates for
systemic chemotherapy. Despite the increasing number of active
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chemotherapeutic agents available, patients with advanced NSCLC
still have a median survival time of only 1 year. Intrinsic or acquired
tumor-mediated drug resistance is a major clinical problem that
can result in lack of tumor response to chemotherapy. Clinical
investigators have recognized that several genetic abnormalities
underlying NSCLC contribute to the development of the chemother-
apeutic patterns that influence chemotherapeutic sensitivity to
certain cytotoxic drugs. If the resistance to drugs could be explained
by a simple, widely applicable method, such as immunohistochem-
ical analysis of tumor biopsy specimens, the most effective drug
candidates for the treatment could be more accurately identified.
The mechanisms of chemoresistance are likely to involve mul-
tiple gene products, and understanding of the potential modes
of chemotherapeutic resistance to platinum-based chemotherapy
has recently been achieved through studies that have correlated
cytotoxicity with DNA repair or drug efflux [1,2]. Breast cancer
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resistance protein (BCRP) and multidrug resistance protein 2
(MPR2), amember of the superfamily of ATP binding cassette (ABC)
transporter proteins, are involved in membrane transport during
drug metabolism, and elevated expression of BCRP and MRP2 in
vitro causes resistance to anticancer drugs [3-8]. Expression of
BCRP and MRP2 has been found to be characterized by a reduced
intracellular drug level. Moreover, there is convincing evidence that
BCRP expression in biopsy specimens from patients with advanced
NSCLC predicts response to chemotherapy or outcome [9].

The cytotoxic effect of anticancer platinum drugs is principally
attributable to the formation of platinum-DNA adducts. Repair of
these lesions in genomic DNA is mediated by both NER and Inter-
strand Cross-Link Repair (ICL-R) pathways, both in whose ERCC1 is
a critical element {10-15]. Further, high ERCC1 expression is asso-
ciated with resistance of human cancers to platinum-containing
therapy [16-20].

Mutations in Breast cancer type 1 susceptibility protein (BRCA1),
another DNA repair protein, can induce resistance to cisplatin-
mediated apoptosis. BRCA1 is also involved in the repair of DNA
damage induced by platinum drugs [21,22].

Attempts to overcome resistance have mainly involved the
use of combination therapy with different classes of drugs in
this study. We focused on the two different classes of proteins
involved in resistance: ABC transporter proteins and DNA dam-
age repair proteins. We quantified expression of ABC transporter
(BCRP, MRP2) proteins and DNA repair genes (ERCC1, BRCA1) pro-
teins by immunochistochemical staining of tumor biopsy, specimens
collected before chemotherapy. We also evaluated the value of
these proteins for predicting tumor response and survival in NSCLC
patients treated with platinum-based combination therapy.

2. Materials and methods
2.1. Subjects

A total 200 of stage IV NSCLC patients received platinum-based
combination chemotherapy at the National Cancer Center Hospital
East between February 1996 and December 2004 because they had
a PS of 0 or 1 on the Eastern Cooperative Oncology Group scale.
Adequate tumor biopsy specimens collected before chemotherapy
were available for 156 of these patients, and they were analyzed
in this study. All tumor specimens analyzed were collected before
chemotherapy. The histological classification was based on a WHO
report. Clinical staging was based on an initial evaluation that con-
sisted of a clinical assessment, chest X-ray, computed tomography
of the chest and abdomen, computed tomography or magnetic res-
onance imaging of the brain, and bone scintigraphy. The current
International Staging Systemn was used to stage clinical disease. The
clinicopathological characteristics of all of the patients are listed
in Table 1. Their median age at diagnosis was 62 years (range,
39-79 years), and 44 of the 156 stage IV patients were women.
All of the patients were treated with platinum-based combination
chemotherapeutic regimens, which are considered standard regi-
mens for patients with advanced NSCLC. After obtaining informed
consent in accordance with institutional guidelines, all of the
patients underwent tumor biopsy and chemotherapy.

2.2. Chemotherapy

All of the patients received at least 2 courses of platinum-
based chemotherapy and received courses until the appearance
of progressive disease. The platinum regimens were vinorelbine
25mg/m? on days 1 and 8 plus cisplatin 80mg/m? on day 1 of a
21-day cycle (68 patients), docetaxel 60 mg/m2 on day 1 plus cis-

platin 86 mg/m?2 on day 1 of a 21-day cycle (20 patients), irinotecan
60 mg/m? on days 1, 8, and 15 plus cisplatin 80 mg/m?2 on day 1
of a 28-day cycle (16 patients), gemcitabine 1000 mg/m? on days
1 and 8 plus cisplatin 80 mg/m? on day 1 of a 21-day cycle (15
patients), and paclitaxel 200 mg/m? administered over 3 h on day
1 plus carboplatin dosed with an area under the curve of 6 on day
1 of a 21-day cycle (28 patients). We used the standard criteria to
evaluate the response to chemotherapy. Complete response was
defined as the disappearance of all clinically detectable disease for
at least 4 weeks. Partial response required a minimum of a 50%
reduction in the sum of the products of the greatest perpendicular
diameters of all measurable lesions for a minimum of 4 weeks. Pro-
gressive disease was defined as the appearance of new lesions or an
increase in disease >25% measured in the same manner as for par-
tial response, All other results were classified as “no change.” The
response rate was defined as the sum of the complete responses
and partial responses cases expressed as a percentage of the total
number of cases.

2.3. Immunohistochemistry

Immunohistochemical staining was performed on 4pm
formalin-fixed, paraffin-embedded tissue sections. The slides were
deparaffinized in xylene and dehydrated in a graded ethanol
series. Endogenous peroxidase was blocked with 0.3% H;0;, in
methanol for 15 min. For antigen retrieval, the slides for BCRP (clone
BXP21, dilution 1:20, Sanbio, Uden, Netherlands), MRP2 (clone
M2I11-6, dilution 1:20, Sanbio, Uden, Netherlands), ERCC1 (clone
8F1,dilution 1:100, Thermo Fisher, Scientific Inc.,, Fremont, USA),
and BRCA1 (clone MS110, dilution 1:150,EMD chemicals Inc., Darm-
stadt, Germany) were immersed in 10 mm citric buffer solution (pH
6.0). The slides for BCRP, MRP2, and BRCA1 were heated to 95°C
by exposure to microwave irradiation for 20 min, and the slides
for ERCC1 were heated to 125°C by exposure to autoclave irradi-
ation for 15 min. The slides were then allowed to cool for 1h at
room temperature and washed in water and PBS. Next, nonspe-
cific binding was blocked by preincubation with 2% BSA plus 0.1%
NaN; for 30 min. The blocking solution was drained off, and the
slides were incubated overnight at 4 °C with the primary antibodies.
Staining with an irrelevant mouse IgG1 or IgG2a was routinely per-
formed as a negative control procedure. After washing three times
in PBS, the slides were incubated with a labeled polymer, EnVi-
sion + Peroxidase Mouse (DAKOQ, Glostrup, Denmark), for 30 min.
The chromogen used was 2% 3,3’-diaminobenzidine in 50 mM Tris
buffer (pH 7.6) containing 0.3% hydrogen. Slides were counter-
stained with hematoxylin. Normal liver and lung tissue was used as
a positive control. Staining with all antibodies was considered pos-
itive if >10% of the tumor cells stained, because a 10% cutoff level
has been used in several studies using these antibodies. All of the
slides were examined and scored independently by two observers
(5,0 and G,I) without any knowledge of the patient’s clinical data.
When their staining evaluations differed, the examiners discussed
then, with or without reevaluating the slides, until agreement was
reached.

24. Statisticalianalysis

The correlations between imnmunohistochemical expression
and the clinical variables and response to chemotherapy were eval-
uated by the x? test or Fisher's exact test, as appropriate. Overall
survival was measured from the start of chemotherapy to the date
of death from any cause or the date the patient was last known to be
alive. Survival curves were estimated by the Kaplan-Meier method.
The Cox proportional hazards model was used for multivariate
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analysis. Pvalues <0.05 were considered significant. Two-sided sta-
tistical tests were used in all of the analyses. Statistical analysis
software (Dr SPSSII, Windows) was used to perform the analyses

3. Results

3.1. Expression of ABC transporter and DNA damage repair
proteins in NSCLC

Eighty (51%) of the 156 tumors were BCRP-positive, 26 (17%)
were MRP2-positive, 100 (64%) were ERCC1-positive, and 131 (84%)
were BRCA1-positive. Median percentage of staining for BCRP,
ERCC1, BRCA1, and MRP2 was 20%, 40%, 50%, and 10%, respectively
(the range was 0-100%).

Most of the ABC-transporter-protein-positive tumors showed
mixed membranous and cytoplasmic staining. An external posi-
tive control for BCRP was canalicular membrane in liver. BCRP in
the apical membrane of the bronchial layer was used an internal
control, and the endothelial cells of blood vessels also stained pos-
itive. An external positive control for ERCC1 was endothelial in the
tonsil and an internal positive control was stroma cells. Represen-
tative immunohistochemical BCRP and ERCC1 staining is shown in
Fig. 1. The relationship between expression of ABC transporter pro-
teins and DNA damage repair proteins and the clinical variables is
shown in Table 1. ERCC1 expression and BRCA1 expression were
significantly greater in the patients with a smoking history (220
pack years) (P=0.015). BRCA1 expression was significantly greater
in the males than in the females (P=0.027). BRCA1 expression cor-
related to ERCC1 expression (P=0.003). BCRP expression correlated
to ERCC1 (P=0.012), MRP2 (P=0.005), but not BRCA1 (P=0.126)
(data not shown).

3.2. Expression of ABC transporter and DNA damage repair
proteins and clinical outcome

It was possible to assess all 156 patients for response to
chemotherapy and to analyze their survival data. The relationships
between clinical variables and response to chemotherapy and sur-
vival in this study are shown in Table 2. Only “smoking history"”
was significantly associated with both PFS (P=0.05) and overall
survival (P=0.02). Table 3 shows the relationships between expres-

sion of ABC transporter proteins and DNA damage repair proteins
and the response to chemotherapy and survival. No significant
associations were found between MRP2 expression and response
to chemotherapy (P=0.63), PFS (P=0.94), or survival (P=0.96),
and between BRCA1 expression and response to chemotherapy
(P=0.62), PFS (P=0.67), or survival (P=0.06). By contrast, BCRP
expression was significantly associated with both PFS (P=0.02) and
survival (P=0.02), but not with response to chemotherapy (P=0.15).
ERCC1 expression was associated with overall survival (P=0.03) but
not with response to chemotherapy (P> 0.09) or PFS (P=. 0.06).

3.3. Multivariate analysis for PFS and overall survival

Multivariate analysis was performed by using the Cox pro-
portional hazards model to determine whether the prognostic
value of BCRP or ERCC1 disappeared when other prognostic fac-
tors were considered (Tables 4 and 5). A multivariate analysis that
included gender, age, smoking history, PS, histology, BCRP, and
ERCC1, showed that BCRP was not a significant independent vari-
able correlated with PFS (P=0.13) but overall survival was marginal
(P=0.06). The BCRP-positive value for overall survival yielded a haz-
ard ratio of 0.72, with a 95% confidence interval of 0.51-1.01. The
results show that negativity for the expression of BCRP tends to be
a prognostic factor in advanced NSCLC. The PFS and overall survival
curves drawn by the Kaplan-Meier method are shown according
to BCRP in Fig. 2. Median survival time in the BCRP-negative group
was 412 days, as opposed to 214 days in the BCRP-positive group.

4. Discussion

In this study the BCRP-positive cases had a shorter overall sur-
vival time, and BCRP expression tend to be a prognostic factor
overall survival in the multivariate analysis. Expression of MRP2,
on the other hand, was not an independent prognostic factor, a
finding that was consistent with previous studies [9,10]. MRP2 was
studied within the IALT biologic program [23]. This was the largest
group of NSCLC patients used for the study of MRP2 expression and
the result was that MRP2 does not predict response to adjuvant
cisplatin-based chemotherapy. Yoh et al. found that the expression
of BCRP in stages [l and IV NSCLC patients was a significant inde-
pendent variable that correlated with PFS and tend to correlated

Table 1
Relationship between clinical variables and immunohistochemical expression
. n{%) ", BCRP-positive patients MRP2-paositive patients ERCC1-positive patients ‘ BRCA1-positive patients
Total 156 80 ' 26 00 o L3 '
Gender : :
Male 112(72; 60 : 22 76 : S ggb
Female 44 (28) 20 ) 4 24 : 32
Age : : S :
270 34(22) 22 7 25 W : 32
<70 122(78) - 58 Py 19 AR : 99
Histology ;
Ad 100 (64) 50 20 61 ; 81
Non-ad 56(36) 30 6 39 ; il 50
PS : : '
0 38(24) 15 . o4 23 29
1 = 118(76) 65 22 77 : g 102°
Smoking history : o ' . , o s ; : i
>20 packyear 99 (63) 56 : : 19 ST1R e 89¢c
<20 pack year 57(37) 24 . o 7 29 42
* P=0.015.
b p=0.027.

¢ P=0.012.
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Fig. 1. Typical immunohistochemical staining patterns of NSCLC tumor biopsy specimens for BCRP (A and B) and ERCC1 {C and D). {A) Adenocarcinoma showing membrane
staining for BCRP. (B) BCRP-negative adenocarcinoma. (C) Squarmnous cell carcinoma with positive nuclear staining for ERCC1. (D) ERCC1-negative adenocarcinoma.

with response to chemotherapy or overall survival in a multivariate
analysis [9]. We think that the results of the present study reinforce
the reliability of the prognostic significance of BCRP expression in
stage IV NSCLC patients.

ERCC1 expression and BRCA1 expression were significantly
greater in the patients with a smoking history (P=0.015, P=0.012
respectively). The correlation between smoking history and ERCC1,
BRCAT1 expression is often a lack in previous studies such as in the

IALT-bio study. Fujii et al. [24] and Lee et al. [25] reported rela-
tionship between ERCC1, BRCA1 expression and smoking history,
which tended to be greater in the patients with a smoking his-
tory but it was not significant statistically. Relationship between
DNA repair gene protein expression and DNA damage arised from
smoking could only be presumed. Interestingly, we also noticed in
the present study that patients with high ERCC1 and BRCA1 double
expression in tumors had shorter survival than patients who have

Table 2
Summary of relationship between clinical variables and response to chemotherapy or survival
n Response rate (%) P PFS (day) P MST (day) P
Total 156 26 163 317
Gender
Male 112 24 032 155 0.17 307 023
Female 44 32 223 . 324
Age
270 34 18 0.27 119 0.10 261 0.14
<70 122 29 171 333
Histology
Ad 100 22 0.13 148 0.32 366 .55
Non-ad 56 34 180 . 261
PS 8 s
0 . 38 26 >0.99 184 ) 0.35 386 . 0.23
1 118 : 26 ; 153 : B 274 SRR ’
Smoking history - . :
220 pack year 99 23 0.26 151 0.05 256 0.02
<20 pack year 57 .. 32 223 ) ) 426 :

PFS: progression free survival, MST: median survival time.
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Table 3
Relationship between immunghistochemical expression and response to chemotherapy or survival
n © Responserate(%) o PFS (day). Sp MST(day) - P
BCRP ~ ~ o : . - ;
Positive: 80 ot 015 ‘ 148 - 62 214 S “0.02
Negative G 3 - - o A '
Positive ; 26 31 o - . 083 161 o 094 344 0.96
Negative o 130 S0 25 ' e 6 - Lo 304 G
ERCCT - . .. 7 =
Positive 1000 - ] >0.99 148 006 - 237 00 0.03
Negative " . 5% 27 i 187 S 453 :
BRCAT. = - , , o . ‘ ' '
Positive 131 : - 27 - : o 0.62: 161 e 0.67 S 261 . 0.06
Negative 5 g0 o ~ ges - 461 '
PFS: progression {ree survival, MST: median survival time.
Table 4
Multivariate analysis for overall survival of 156 patients
Variables Category Risk ratio 95% ¢l : P
Gender Male vs. fernale 1.08 068172 ‘ 0.74
Age ’ 270 vs. <70 1.18 - 0.75-1.82 - 0.50
PS Ovs..1 1.16 i 2 077-175 . 0.48
Histology Ad vs. non-ad 133 00 : £ 0932190 : 0.12
Smoking history 220 vs: <20 147 : : - 0.96-2.27 . : 0.08
BCRP : (=) s (#) 0.72 0.51-1.01 ; 0.06
ERCC1 (=)vs. () 075 ; 0.52-107 i : 0.12

other expression pattern for those two markers (p=0.0027) {(data
not shown).

A relation between expression of ERCCT mRNA and resistance
to platinum-based chemotherapy has been corroborated by small,
retrospective studies in patients with advanced gastric, ovarian,
colorectal, and esophageal cancer and in NSCLC patients [16-20].
Simon et al. reported that patients who have undergone complete
resection of NSCLC with high ERCC1 mRNA expression have a bet-
ter survival than patients with low ERCC1 mRNA expression [26].
Olaussen et al. found that patients who underwent complete resec-
tion of ERCC1-negative NSCLC appeared to benefit from adjuvant
cisplatin-based chemotherapy, and, showed that in the group that
had not received adjuvant therapy patients with ERCC1-positive
tumors had a longer overall survival than patients with ERCC1-
negative tumors [27]. Our findings showed that expression of ERCC1
was significantly associated with overall survival but not with
response to chemotherapy or PFS. Thus, ERCC1 expressing tumor
may become a poor prognostic tumor by other factors induced by
administered chemotherapy (e.g., tolerance to DNA damage).

Rosell's group in Barcelona reported overexpression of BRCA1
mRNA was strongly associated with poor survival in NSCLC patients
{28]. In this study, BRCA1 protein expression was borderline sig-
nificance for correlation with overall survival. The reason of this
discrepantly result might be explained by the difference of study
population. Rosell's group study targeted for operable early stage
NCSLC. To solve this problem, further investigation was needed.

In our study, BCRP expression, alone not ERCC1 expression,
was of marginal significant prognostic value for MST in the mul-
tivariate analysis. Liedert et al. reported overexpression of ABC
transporter protein in a cisplatin-resistant melanoma cell line [29],
and this observation was accompanied by reduced formation of
platinum-DNA adducts measured by an immunocytologic assay.
The overexpression of ABC transporter may regulate the forma-
tion of platinum-DNA adducts in tumor cells, and BCRP may act
upstream during the chemoresistance process. This mechanism
may have been responsible for BCRP expression alone, not ERCC1
expression, being of marginal significant prognostic value for MST
in the multivariate analysis in this study.

It is noteworthy that there was no significant association
between any of the markers and response to chemotherapy. One
explanation might be that response rate by itself did not corre-
late to survival in our study. Another consideration to answer to
the discrepancy between response, PFS and overall survival, is that
ERCC1 expressing tumor may become a poor prognostic tumor due
to other factors than those induced by chemotherapy. lllustration
of this notion came from a recent study by Hadnagy et al. [30]
who recently reported a relationship between BCRP expression and
cancer stem cells that seemed to play a pivotal role in tumor pro-
gression. BCRP expression by itself may be poor prognostic factor
regardless of chemotherapy. A widely used flow cytometry assay
for identifying cancer stem cells defines a “side-population” (SP) of
cells that display Hoechst 33342 [31]. Cancer stem cells can be puri-

Table 5

Multivariate analysis for progression free survival of 156 patients

Variables. . Category Riskratio . 95% CI : P
Gender : Male vs, Female ‘0,90 0.56-148 : 0.70
Age . : s 270 vs: <70 1.24 R : . “0.78~1.98 paaay E 0.37
PS Ovs.1 110 0.70-1.74 : 0.68
Histology Ad vs. Non-ad 1.39 ; g 0.93-2.07 20
Smoking history . L 2208, <20 141 091-2.21. i - 0.12
BCRP : (=) vai(+) 0.72 : L 048-110 : g 0.13
ERCCt (=) vs.(+) 0.82 o 0.54-1.26° o 0.37
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Fig. 2. {A)Progression-free survival curve of 156 patients with advanced non-small-
cell lung cancer, according to BCRP expression, The median progression-free survival
period of the BCRP-negative patients and BCRP-positive patients was 211 and 148
days, respectively. (B) Overall survival curves of 156 patients with advanced non-
smali-cell tung cancer, according to BCRP expression. Patients with BCRP-negative
tumors survived longer than those with BCRP-positive tumors, and the difference
was statistically significant (P=0.02).

fied based on the efflux of dyes and Hoechst 33342 {32,33]. Zhou
et al. reported that BCRP mRNA is expressed in a wide variety of
stem cells and is a molecular determinant of the SP cells, and more-
over, dyes and Hoechst 33342 efflux activity was provided by BCRP
expression in mice [34]. Haraguchi et al. [35] reported significantly
increased BCRP expression in SP cells in human gastrointestinal sys-
tem cancer cell lines and that SP cells exhibited greater resistance
to chemotherapy. The self-renewal and chemoresistance capacities
of these cancer SP cells may also play important roles in maintain-
ing cancer foci to proliferate after chemotherapy and radiotherapy.
Investigating whether BCRP-positive cells have the characteristics,
as cancer stem cells in NSCLC will be a future task.

We speculate, that patients with tumors that are positive
for BCRP expression show drug resistance to platinum-based
chemotherapy. We suggest that BCRP serve as molecular tar-
get for reducing drug resistance. Kuppens et al. reported a
phase | study of Elacridar (GF120918) [36,37]. Minderman et
al. [38] reported Bricodar (VX710) increases drug retention and
enhances chemosensitivity in resistant cells expressing BCRP.
Another approach to solving platinum-based chemotherapeutic

resistance, non-platinum chemotherapy will be alternative regi-
men for the subgroup which over express BCRP protein.
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Recent genome wide association (GWA) studies on European and
American populations revealed association with lung cancer risk of
single-nucleotide polymorphisms (SNPs) in the locus containing
two nicotine acetylcholine receptor (CHRNA) genes, whose involve-
ment in tobacco addiction had been indicated. Association with
lung cancer risk in smokers was consistently, but that in non-smok-
ers as well as that with smoking behavior was inconsistently, ob-
served in these studies. To obtain further information on the
significance of CHRNA SNPs in lung cancer risk, association of
seven SNPs in this locus with lung cancer risk as well as smoking
status was examined in a Japanese population by a case-control
study of 1250 cases (562 adenocarcinoma, 391 squamous cell car-
cinoma and 297 small cell carcinoma) and 936 controls. The fre-
quency of the haplotype consisting of minor alleles for three SNPs,
rs8034190, rs16969968 and rs1051730, which had been defined as
a susceptible haplotype in the GWA studies, was much lower in the
Japanese population (0.013) than in European and American pop-
ulations (0.3-0.4). However, this haplotype was significantly associ-
ated with lung cancer risk also in Japanese (odds ratio = 2.3, 95%
confidence interval = 1.5-3.7, P = 0.00028, respectively). The as-
sociation was observed both in smokers and non-smokers and in all
histological types of lung cancers. Individuals with this haplotype
showed higher smoking doses than those without; however, the dif-
ference was not statistically significant. These results strongly indi-
cate that CHRNA SNPs confer lung cancer susceptibility in a small
subset of Japanese in a smoking-independent manner.

Introduction

Tobacco smoking is the major cause of lung cancer in most human
populations (1). Recently, the locus containing two genes encoding
nicotine acetylcholine receptor subunits, CHRNA3 and CHRNAS, was
shown to be associated with lung cancer risk in European and American
populations by three genome wide association (GWA) studies (2-4).
CHRNA proteins are expressed in lung epithelial cells and bind
nicotine, an addictive compound in cigarette smoke, and nitros-
amines, potential lung carcinogens in cigarette smoke and foods
(5-7). Signal transduction through CHRNA proteins was suggested
to cause cell proliferation and also to facilitate neoplastic transforma-
tion (8,9). Therefore, if we assume that CHRNA proteins generally
transduces a signal of nicotinic substrates in cigarette smoke, a single-
nucleotide polymorphism (SNP) in the CHRNA genes will be associ-

Abbreviations: ADC, adenocarcinoma; GWA, genome wide association; LD,
linkage disequilibrium; SCC, small cell carcinoma; SNP, single-nucleotide
polymorphism; SQC, squamous cell carcinoma.

ated with lung cancer risk especially in smokers. Alternatively, if
CHRNA proteins transduces a signal of nitrosamines in food as well,
a SNP in the CHRNA genes could be associated in both smokers and
non-smokers. On the other hand, involvement of the same locus in
tobacco addiction has been also indicated (4,10,11). Particularly, the
rs16969968 SNP causes a change of amino acid conserved across
species in CHRNAS protein, thus, is thought to be a responsible
SNP for tobacco addiction (10). Therefore, it is also possible that
CHRNA SNPs confer lung cancer risk in tobacco addiction-dependent
manner. Association of CHRNA SNPs with lung cancer risk in smok-
ers was consistently observed among three GWA studies (2-4). How-
ever, association in non-smokers was observed only in individuals of
European countries and Canada (3) and was not in those of the USA
and UK (2). Association of CHRNA SNPs with tobacco addiction was
also observed inconsistently among the three studies. Association was
observed in individuals of Iceland, Spain and The Netherlands (4);
however, such an association was observed only in former but not in
current smokers of the USA and UK (2) and was not observed in
individuals of European countries and Canada (3). Therefore, the
mode of association of CHRNA SNPs with lung cancer risk is still
unclear. Thus, more information on the association in a variety of
populations is necessary to elucidate the significance of CHRNA SNPs
in lung cancer risk. In addition, in the GWA studies above, the asso-
ciation of CHRNA SNPs was not examined in Asians due to the low
frequency of risk alleles, therefore, it remains also unknown whether
or not and how CHRNA polymorphisms confer susceptibility to lung
cancer in Asians. We conducted here a case-control study to examine
the association of CHRNA polymorphisms with risks for three major
histological types of lung cancer, adenocarcinoma (ADC), squamous
cell carcinoma (SQC) and small cell carcinoma (SCC), as well as
smoking status in a Japanese population, and the results were com-
pared with those from European and American populations.

Subjects and methods

Case—control study

All cases and controls were Japanese. The cases consisted of 562 ADC, 391
SQC and 216 SCC patients of the National Cancer Center Hospital located in
Tokyo and 81 SCC patients of the National Cancer Center Hospital East
located in Chiba, a prefecture neighboring Tokyo, from 1999 to 2007. The
controls were 936 volunteers of National Cancer Center Hospital and Keio
University in Tokyo. All the lung cancer cases, from whom informed consents
as well as blood samples were obtained, were consecutively included in this
study without any particular exclusion criteria. All the lung cancer cases were
diagnosed as ADC, SQC or SCC by histological examinations according to
‘World Health Organization classification (12,13). All the control subjects were
selected with a criterion of no history of any cancer. Characteristics of a subset
of cases and controls were described previously (14,15). This study was ap-
proved by the institutional review boards of the National Cancer Center.

Smoking history of cases and controls was obtained via interview using
a questionnaire. Smoking dose of each subject was expressed by ‘cigarettes
per day’, i.e. the number of cigarettes smoked per day on average on most days,
whereas smoking exposure of each subject was expressed by ‘pack-years’,
which was defined as the number of pack per day (i.e. cigareties per day
divided by 20) multiplied by years of smoking as in previous studies (2-4).
Smokers were defined as those who had smoked regularly for 12 months or
longer at any time in their life, whereas non-smokers were defined as those who
had not. There were no individuals who had smoked regularly for <12 months.
From each individual, a 10 or 20 m! whole-blood sampie was obtained. Ge-
nomic DNA was extracted from whole-blood samples as described previously
(14) and 10 ng of genomic DNA was subjected to genotyping using TagMan
assays and the ABI Prism 7900HT Sequence Detection System (Applied Bio-
systems, Foster city, CA).

Statistical analysis

A Hardy—Weinberg equilibrium test was performed using the SNPAlyze ver-
sion 3.1 software (DYNACOM Co., Ltd, Chiba, Japan). Calculation of the

© The Author 2008. Published by Oxford University Press. All rights reserved. For Permissions, please email: journals.permissions @ oxfordjournals.org 65



K.Shiraishi et al.

D’ and R? values as well as haplotype estimation was undertaken using the
expectation-maximization algorithm of the same software. The strength of
association of alleles and genotypes with ADC, SQC and SCC risks was
measured as crude odds ratios (ORs). The strength of association of genotypes
was also measured as ORs adjusted for gender, age and smoking using an
unconditional logistic regression analysis (16). These statistical analyses were
performed using the JMP version 6.0 software (SAS Institute, Cary, NC). A
level of P < 0.05 for an OR was considered significant, whereas a level of
0.05 < P < 0.10 for an OR was considered marginal.

Results

We conducted a case-control study consisting of 1250 cases and 936
controls (Table I). All the subjects were Japanese. Most of the SQC and
SCC cases were male and smokers, whereas approximately half of
ADC cases were smokers, as has been reported (1,17). Seven SNPs
were selected from the locus containing the CHRNA genes (Figure 1).
Two of them, rs8034191 and rs1051730, were the SNPs whose contri-
bution to lung cancer susceptibility as well as smoking behavior was
shown in previous GWA studies (2-4). Another one was 116969968 in
CHRNAS, whose association with nicotine dependence was previously
reported (10). The remaining four were selected based on the fact that
minor allele frequencies in the Japanese are reported to be >10% in the
dbSNP database (http://www.ncbi.nlm.nih.gov/SNP/).

All the cases and controls were genotyped for the seven SNPs
(Table II). All these SNPs were in Hardy—Weinberg equilibrium both
in cases and controls (P > 0.05). Similar and significant differences

in the minor allele frequencies between controls and cases were observed
in three SNPs, rs8034191, rs16969968 and rs1051730, all of which had
minor allele frequencies of <0.02 in the controls (Table IT). Two SNPs,
1516969968 and rs1051730 located in the CHRNAS and CHRNA3 genes,
respectively, showed significant allelic differentiations irrespective of
histological types and smoking status, whereas the minor allele for the
rs8034191 SNP located in the LOCI23688 gene showed significantly
increased ORs for all histological types of lung cancer and for lung
cancer in non-smokers but not for lung cancer in smokers. Four other
SNPs, whose minor allele frequencies were >0.1 in the controls, did not
show significant allelic differentiations (Table II). Thus, it was indicated
that three SNPs, rs8034 191, rs 16969968 and rs1051730, were associated
with lung cancer risk in this population. Crude ORs and ORs adjusted
for age, sex and smoking for genotypes for these three SNPs were further
calculated (Table III). Heterozygotes and carriers of the minor alleles
showed similarly increased ORs (Table III and supplementary Table 1 is
available at Carcinogenesis Online). On the other hand, ORs of homo-
zygotes for the minor alleles were not consistently increased among
populations probably due to the small number of homozygotes.

‘We next examined linkage disequilibrium (LD) among these seven
SNPs, and haplotypes were estimated. Five of the seven SNPs exam-
ined, rs8034191, rs6495306, rs621849, rs16969968 and rsi051730,
were in LD with one another (D’ > 0.8) (Figure 1), and the size of the
region with LD was 88-172 kb. The rs8034191, rs16969968 and
rs1051730 SNPs, which showed significant association with lung
cancer risk, showed high correlation coefficients (R? > 0.6) with

Table 1. Lung cancer cases and controls used for case-control study

Variable Control Case
All ADC SQC SCC
Total 936 1250 562 391 297
Age (mean + SD; years) 5013 60+ 8 58+ 8 62+7 62+9
Sex
Male (%) 560 (60) 910 (73) 316 (56) 355 (91) 239 (80)
Female (%) 376 (40) 340 (27) 246 (44) 37 (9) 58 (20)
Smoking habit
Non-smoker (%) 575 (61) 264 (21) 238 (44) 13(3) 14 (5)
Smoker (%) 361 (39) 986 (79 324 (56) 379 (97) 283 (95)
Pack-years® (mean = SD) 26 (26) 56 (31 44 (30) 61 (29) 62 (32)
“Values for smokers.
Gene IREB2 LOC123688 PSMA4 CHRNAS5 CHRNA3
> —> >
15621849 rs16969968 rs6495309
SNP mo;wws 1s8034191 56495306 mosmo
76.5 l 76.6 fo7
| \ /l///u / / b (\b)
— 5
D'/ R value - % 10-kb

Fig. 1. SNPs in the locus containing nicotine acetylcholine receptor genes. Location of SNPs and genes are shown on the top. D’ and R” values between two SNPs

in the control subjects are shown below. Cells with D’ values >0.8 are in black.
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Table II. Allele and haplotype differentiation between controls and cases

SNP Allele Gene Category Frequency OR (95% CI, P)*
Control Case

rs10519198 A IREB2 All 0.377 0.367 1.0 (0.9-1.1, 0.50)
ADC 0.356 0.9 (0.8-1.1, 0.36)
sSQC 0.354 0.9 (0.8-1.1,0.27)
SCC 0.397 1.1 (0.9-1.3, 0.38)
Non-smoker 0.380 0.362 0.9 (0.8-1.2, 0.93)
Smoker 0.373 0.369 1.0 (0.8-1.2, 0.85)

rs8034191 C LOCI123688 All 0.018 0.035 2.0 (1.3-2.9, 0.00091)
ADC 0.035 1.9 (1.2-3.1, 0.0045)
sQC 0.035 1.9 (1.2-3.2, 0.010)
ScC 0.035 2.0(1.1-3.4,0.013)
Non-smoker 0.015 0.036 2.5(1.3-4.8, 0.0056)
Smoker 0.024 0.035 1.5 (0.9-2.5, 0.15)

156495306 G CHRNAS All 0.169 0.176 1.1 (0.9-1.2, 0.54)
ADC 0.176 1.1 (0.9-1.3, 0.63)
SQC 0.183 1.1 (0.9-1.4, 0.40)
SCC 0.168 1.0 (0.8-1.3, 0.96)
Non-smoker 0.175 0.181 1.0 (0.8-1.4, 0.75)
Smoker 0.161 0.175 1.1 (0.9-1 .4, 0.38)

rs621849 G CHRNAS All 0.179 0.177 1.0 (0.8-1.2, 0.82)
ADC 0.177 1.0 (0.8-1.2, 0.87)
SQC 0.183 1.0 (0.8-1.3, 0.84)
scc 0.168 0.9 (0.7-1.2, 0.54)
Non-smoker 0.184 0.181 1.0(0.8-1.3, 0.87)
Smoker 0.172 0.176 1.0 (0.8-1.3, 0.81)

rs 16969968 A CHRNAS All 0.015 0.034 2.2 (1.5-3.4, 0.00015)
ADC 0.032 2.1 (1.3-3.5, 0.0026)
SQC 0.033 2.2 (1.3-3.7, 0.0034)
SCC 0.168 2.6 (1.5-4.5, 0.00060)
Non-smoker 0.014 0.032 2.4(1.2-4.7,0.013)
Smoker 0.015 0.033 2.2 (1.1-4.1,0.016)

rs1051730 A CHRNA3 All 0.014 0.033 2.4 (1.5-3.6, 0.000088)
ADC 0.031 2.2(1.3-3.7, 0.0019)
SQC 0.033 2.4 (1.4-4.1, 0.0016)
SCC 0.037 2.6 (1.5-4.7, 0.00058)
Non-smoker 0.013 0.034 2.7 (1.3-5.3, 0.0041)
Smoker 0.017 0.033 2.0 (1.1-3.8, 0.024)

156495309 T CHRNA3 All 0.497 0.482 0.9 (0.8-1.0, 0.19)
ADC 0477 0.9 (0.8-1.1,0.18)
SQC . 0.465 0.9 (0.7-1.0, 0.081)
SCC 0.485 1.1 (0.9-1.3, 0.60)
Non-smoker 0.493 0.455 0.9 (0.7-1.1, 0.14)
Smoker 0.482 0.490 0.9 (0.8-1.1, 0.20)

Haplotype” CAA LOCI23688 All 0.013 0.029 2.3 (1.5-3.7, 0.00028)

CHRNAS ADC 0.028 2.3 (1.3-3.9, 0.0022)
CHRNA3 sQC 0.028 2.2 (1.2-4.0, 0.0059)

ScC 0.032 2.5 (14-4.7,0.0019)
Non-smoker 0.011 0.026 2.4 (1.1-5.1, 0.022)
Smoker 0.015 0.030 2.0 (1.0--3.8, 0.034)

“CI, confidence interval.
Prs8034191-rs16969968-rs1051730 = CAA.

one another, however, showed low coefficients (R? = 0.01) with two
other SNPs, rs6495306 and rs621849, due to large differences in allele
frequency between the former three and the latter two SNPs (Figure
1). The result of LD in this study population was consistent with the
results of LD in Japanese subjects deposited in the HapMap database
(http://www.hapmap.org) (supplementary Figure 1 is available at
Carcinogenesis Online). Therefore, the lack of association of the
6495306 and rs621849 SNPs with lung cancer risk were considered
to be due to their low correlation coefficients with rs8034191,
516969968 and rs1051730. The rs8034191, rs16969968 and
rs1051730 SNPs were also in LD in European and American popu-
lations (supplementary Figure | is available at Carcinogenesis On-
line), and minor alleles for these three SNPs were reported to
comprise a single haplotype in European and American populations
with frequencies of 0.3-0.4 (2,3). Consistently, minor alleles for these

three SNPs were also deduced to comprise a single haplotype in the
Japanese population (supplementary Table II is available at Carcino-
genesis Online). However, the frequency of this haplotype was much
lower in the Japanese population (0.013) than in European and Amer-
ican populations.

ORs for the haplotype consisting of minor alleles for the three SNPs
were then calculated (haplotype CAA in Table II). This haplotype
showed significantly increased ORs for lung cancer risk, and the
association was observed in all histological types of lung cancers
and in both smokers and non-smokers. Crude ORs and ORs adjusted
for age, sex and smoking for genotypes with the CAA haplotype were
further calculated (haplotype CAA in Table III). Heterozygotes and
carriers (1 and 1 + 2 in Table III) for the CAA haplotype showed
similarly increased crude and adjusted ORs in all three histological
types of lung cancer and in both smokers and non-smokers. Crude
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Table I, Genotype differentiation for the rs8034191, rs1051730 SNPs and the haplotype CAA between controls and cases

SNP/haplotype Category Genotype No. of controls (%) No. of cases (%) Crude OR (95% C1, P) Adjusted OR (95% Cl, P)
rs8034191 All T 905 (96.7) 1166 (93.3) Reference Reference
T/IC 28 (3.0) 81 (64) 2.3 (1.5-3.5, 0.00021) 1.9 (1.2-3.2, 0.0058)"
ciC 3(0.3) 3(0.2) 0.8 (0.2-3.9, 0.76) 0.6 (0.1-3.3, 0.52)*
T/IC + CIC 31 (3.3) 84 (6.7) 2.1 (1.4-3.2, 0.00041) 1.8 (1.1-2.9, 0.013)*
ADC T 526 (93.6) Reference Reference
TIC 33(5.9) 2.0 (1.2-3.4, 0.0061) 1.8 (1.1-3.1, 0.031)"
c/IC 3(0.5) 1.7 (0.4-8.6, 0.50) 1.1 (0.2-6.1, 0.90)°
T/C + CIC 36 (6.4) 2.0 (1.2-3.3, 0.0050) 1.7 (1.0-2.9, 0.037)*
SQC TT 364 (93.1) Reference Reference
TiC 27 (6.9 2.4 (1.4-4.1,0.0012) 1.9 (0.9-3.8, 0.077)*
c/c 0O 0 (—, 0.27) 0 (—, 0.38)*
T/IC + C/IC 27 (6.9) 2.2 (1.3-3.7, 0.0035) 1.7 (0.9-3.5, 0.1 1)*
SCC T 276 (92.9) Reference Reference
TIC 21 (7.) 2.5 (1.4-4.4, 0.0018) 1.7 (0.8-3.5, 0.14)"
CIC 00 0(— 0.34) 0 (—, 0.28)*
TIC + CIC 21 (7.0) 2.2 (1.3-3.9, 0.0050) 1.6 (0.8-3.1, 0.21)*
Non-smoker T/T 559 (97.2) 241 (93.2) Reference Reference
T/IC 15 (2.6) 17 (6.4) 2.6 (1.3-5.2, 0.0073) 2.3 (1.1-4.9, 0.032)°
CciC 1(0.2) 1 (04) 2.3 (0.1-36, 0.55) 1.0 (0-25, 0.98)"
TIC + C/IC 16 (2.8) 18 (6.8) 2.6 (1.3-5.1, 0.0061) 2.2 (1.0-4.5, 0.039)"
Smoker T 346 (95.8) 919 (93.3) Reference Reference
TIC 13 (3.6) 64 (6.5) 1.9 (1.0-3.4, 0.044) 1.7 (1.0-3.4, 0.068)°
cIC 2 (0.6) 2(0.2) 0.4 (0.1-2.7, 0.31) 0.5 (0.1-5.0, 0.54)"
T/C + C/IC 15 (4.2) 66 (6.7) 1.7 (0.9-2.9, 0.082) 1.6 (0.9-3.0, 0.11)°
rs1051730 All GIG 910 (97.2) 1170 (93.6) Reference Reference
G/IA 25 (2.7 77 (6.2) 2.4 (1.5-3.8, 0.00013) 2.2 (1.4-3.8, 0.0014)*
AJA 1 (0.1) 3(0.2) 2.3 (0.2-22, 0.45) 1.2 (0.1-25, 0.87)"
G/A + A/A 26 (2.8) 80 (6.4) 2.4 (1.5-3.8, 0.000096) 2.2 (1.3-3.7, 0.0016)*
ADC G/G 530 (94.3) Reference Reference
GIA 29 (5.2) 2.0 (1.2-3.4, 0.012) 1.9 (1.1-3.4, 0.029)"
AJA 3(0.5) 5.2 (0.5-50,0.tH) 2.8 (0.3-56, 0.35)°
G/IA + A/A 32(5.7) 2.1 (1.3-3.6, 0.0046) 1.9 (1.1-3.4, 0.019)*
SQC GIG 365 (93.4) Reference Reference
GIA 26 (6.6) 2.6 (1.5-4.6, 0.00060) 2.6 (1.2-55,0.011)"
A/A ) 0(—, 0.53) 0 (~, 0.56)"
G/IA + AJA 26 (6.6) 2.5 (1.4-4.4, 0.00092) 2.5 (1.2-5.2, 0.014)*
SCC GIG 275 (92.6) Reference Reference
GIA 22(7.4) 2.9 (1.6-5.3, 0.00021) 2.6 (1.2-5.6, 0.012)*
AlA 0(0) 0 (—, 0.58) 0 (—, 0.46)*
G/A + AIA 22 (1.4) 2.8 (1.6-5.0, 0.00033) 2.4 (1.2-5.2,0.017)*
Non-smoker GIG 560 (97.4) 248 {93.6) Reference Reference
GlA 15 (2.6) 16 (6.0) 2.4 (1.2-5.0, 0.014) 2.2 (1.0-4.7, 0.051)°
AIA 0(0) 1 (0.4) 0(—, 0.13) 0 (—, 0.36)°
G/IA + AIA 15 (2.6) 17 (6.4) 2.6 (1.3-5.2, 0.0074) 2.2 (1.0-4.8, 0.040)"
Smoker G/IG 350 (97.0) 922 (93.6) Reference Reference
G/A 10 (2.8) 61 (6.2) 2.3 (1.2-4.6, 0.013) 2.3 (1.2-4.9, 0.012)°
AJA 1(0.2) 2(0.2) 0.8 (0.1-8.4, 0.82) 0.8 (0.1-21, 0.90)"
G/A + A/IA 11 (3.0 63 (6.4) 22 (1.1-4.2, 0017 2.2 (1.1-4.5, 0.016)"
Haplotype CAA® All o 913 (97.5) 1179 (94.3) Reference Reference
¢ 22 2.4) 69 (5.5) 2.4 (1.54.0, 0.00024) 2.2 (1.3-3.9, 0.0031)"
2 1 (0.1) 2(0.2) 1.6 (0.1-17, 0.72) 0.7 (0.1-17, 0.81)*
b4 2¢ 23 (2.5) 71 (5.7 2.4 (1.5-4.0, 0.00024) 2.1 (1.3-3.7, 0.0042)"
ADC 0! 532 (94.7) Reference Reference
14 28 (5.00 2.2 (1.2-3.9, 0.0059) 2.0 (1.1-3.6, 0.027)*
2¢ 2(0.4) 3.4 (0.3-38, 028) 1.9 (0.2-42, 0.58)"
1+ 2 30(5.3) 2.2 (1.3-3.9, 0.0035) 2.0 (1.1-3.5, 0.022)*
sQC g 369 (94.4) Reference Reference
i 22(5.6) 2.5 (1.4-4.5, 0.0024) 2.4 (1.1-5.4, 0.029)*
2 0(0) 0(—. 0) 0 (—, 0.55)°
P+ 24 22 (5.6} 2.4 (1.3-4.3, 0.0036) 2.3 (1.1-5.1, 0.040)*
scC of 278 (93.6) Reference Reference
14 19 (6.4) 2.8 (1.5-5.3, 0.00071) 2.2 (1.0-4.9, 0.047)"
2 0(0) 0(—, 0.58) 0(—, 046)"
P4 2¢ 19 (6.4) 2.7 (L.5-5.1, 0.001D) 2.1 (0.9-4.5, 0.063)"
Non-smoker o* 562 (97.7) 251 (94.7) Reference Reference
14 132.3) 14 (5.3) 2.4 (1.1-5.2, 0.021) 2.0 (0.9-4.7, 0.089)°
2 0(0) 00 0(— 0 0(— 0"
142! 13(2.3) 14 (5.3) 24 (1.1-5.2, 0.021) 2.0 (0.9-4.7, 0.089)"
Smoker o* 351 (97.2) 928 (94.2) Reference Reference
¢ 9(2.5) 55 (5.6) 2.3 (1.1-4.7,0.018) 23 (1.2-5.1, 0017)°
2° 1(0.3) 2(0.2) 0.8 (0.1-8.4, 0.82) 0.8 (0-20, 0.89)"
1429 10 (2.8) 57(5.8) 2.2 (1.1-4.3, 0.024) 2.2 (1.1-4.6, 0.022)°

“Adjusted for sex, age and smoking.

PAdjusted for sex and age.

rs8034191-rs16969968-rs1051730 = CAA.

YExpressed by the number of CAA haplotype carried.
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ORs were significantly increased and adjusted ORs were significantly
or marginally increased. On the other hand, ORs of homozygotes for
the CAA haplotype and those for the minor allele for each SNP were
not consistently increased among populations probably due to the
small number of homozygotes.

We next examined the association of the rs8034191, rs16969968
and rs1051730 SNPs and the CAA haplotype with smoking status.
The value of cigarettes per day was used as a measure of smoking
doses of subjects for this analysis since this value was commonly
used in previous three GWA studies (2-4). Values of cigarettes
per day of individuals with the minor alleles for these SNPs or with
the CAA haplotype were higher than those without in both controls
and cases; however, the difference did not reach a statistical signif-
icance (Table 1V).

Discussion

In this study, minor alleles for three CHRNA SNPs, rs8034191,
rs16969968 and rs1051730, which were defined as risky alleles for
lung cancer in Europeans and Americans, also showed significantly
increased ORs in Japanese. Results of recent association studies (2—4)
on CHRNA SNPs, including this study, are summarized in Table V.
The frequency of risky alleles in the Japanese population was <2%
and was considerably lower than those in European and American
populations as previously indicated (3). Therefore, homozygotes for
risky alleles were rare (<1%) in Japanese. Accordingly, an increase in
ORs of the homozygotes was not observed in the present study, al-
though an increase in ORs of minor allele carriers (i.e. OR in domi-

Table IV. Cigarettes per day values according to genotypes for CHRNA
SNPs

Control/ SNP/
case haplotype

Cigarettes per day (mean + SD) P by
Wilcoxon test

Non-carrier Carrier

Control 158034191 20.0(12.2) 25.9 (15.7) 0.20
rs1051730  20.2 (12.3) 24.2 (15.6) 0.52
rs16969968  20.0 (12.2) 26.4 (16.6) 0.27
CAA*" 20.1 (12.3) 25.7 (15.7) 0.30

Case rs8034191 28.6 (14.0) 30.6 (12.2) 0.096
151051730 28.7 (14.0) 29.5 (11.6) 0.32
rs16969968 28.7 (14.0) 29.5(11.7) 0.32
CAA* 28.6 (14.0) 30.1 (11.8) 0.19

*rs8034191-rs16969968-rs1051730 = CAA.

CHRNA polymorphisms and lung cancer risk in the Japanese

nant model) was observed. Therefore, it was suggested that CHRNA
risky alleles makes a smaller subset of individuals more susceptible to
lung cancer in Japanese than in European and American populations.

Association of CHRNA SNPs with lung cancer risk by dividing
subjects into smokers and non-smokers was examined in two GWA
studies (2,3). Association with risk in smokers was commonly ob-
served in these two studies, whereas association in non-smoker was
not [Table V, (2,3)]. In the presents study, the minor alleles for three
SNPs as well as the haplotype carrying them showed similarly in-
creased ORs in both smokers and non-smokers (Table II), indicating
that CHRNA SNPs are associated with lung cancer risk irrespective of
smoking. This result was consistent with the study by Hung et al. (3).
The reason for the lack of association in non-smokers in the other
study (2) might be a low statistical power due to a small number of
non-smoking lung cancer cases (i.e. 125) as discussed (18). Alterna-
tively, other factors that have not been taken into account, such as food
intake and passive smoking, might differentiate the mode of contri-
bution of the CHRNA SNPs in non-smokers.

Effects of CHRNA SNPs according to histological types of lung
cancers were examined in a previous study [Table V, (3)] and were
similar among ADC, SQC and SCC. In the present study, the minor
alleles for rs8034191, rs 16969968 and rs1051730 SNPs as well as the
haplotype with these minor alleles also showed similarly and signif-
icantly increased ORs among them (Table II). Therefore, it was
strongly indicated that CHRNA SNPs are associated with lung cancer
risk irrespective of histological types of cancer. Recent studies sug-
gested the presence of several types of lung ADCs according to ac-
cumulated genetic alterations, and ADCs with mutations in the
epidermal growth factor gene are predominantly developed in female
non-smokers (19). Therefore, we calculated ORs of genotypes for
CHRNA SNPs for ADC risk after dividing subjects according to sex
and smoking. It was found that ORs of heterozygote and minor allele
carriers were significantly or marginally significantly increased
in female non-smokers (supplementary Table III is available at
Carcinogenesis Online). Similar but insignificant increases in ORs
were also observed in male non-smokers, male smokers and female
smokers. These results indicated that CHRNA SNPs confer risk for
several types of lung ADCs including those developed in female non-
smokers, and further validated that CHRNA SNPs are associated with
lung cancer risk in non-smokers.

In the present study, carriers of the minor alleles for CHRNA SNPs
as well as the CAA haplotype showed larger values of cigarettes per
day than non-carriers by four to six and by one to two in the control
and case populations, respectively, although the difference did not
reach a statistical significance (Table TV). Associations of CHRNA

Table V. Association of CHRNA SNPs with lung cancer risk and smoking behavior

SNP Category Minor allele OR (P)* Association with Association  Reference
frequency lung cancer risk  with smoking
Homozygotes for Minor allele by smoking status
the minor allele  carriers
USA and UK rs8034191 (T/C) NScLC? 0.33 1.8(25 x 10713 Smoker only Yes Amos et al. (2)
151051730 (G/A) 0.33 1.8 (4.6 x 10t
France, 15 other 158034191 (T/C) ADC 0.34 1.4 (2.0 x 10°'%) Smoker, No Hung et al. (3)
European countries SQC 1.2 (6.0 x 107% non-smoker
and Canada SCC 1.32.0 x 1074
Iceland, Spain and rs1051730 (G/A) NSCLC® + SCC 0.35 1.7 (1.1 x 1077 Not examined Yes Thorgeirsson
The Netherlands et al. (4)
Japan rs8034191 (T/C) ADC 0.018 1.1 (0.9) 1.7 (3.7 x 107%) Smoker, No This study
sSQcC 0(0.4) 1.7 (0.1) non-smoker
SCC 0(0.3) 1.6 (0.2)
rs1051730 (G/A) ADC 0.014 2.8 (0.4) 1.9 (1.9 x 107%)
SQC 0 (0.6) 25014 x 107%)
SCC 0(0.5) 24 (1.7 x 107%

*OR against homozygotes for the major allele.

°NSCLC, non-small cell lung cancer.
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SNPs with values of cigarettes per day were also investigated in
control populations of the three GWA studies (2-4). In the Iceland,
Spain and The Netherland study, the individuals with one and two
copies of the minor allele for the rs1051730 SNP were estimated to
smoke approximately one and two more cigarette per day than those
without, respectively, and the association was statistically significant
(4). Tn the USA and UK study, significant differences in the cigarettes
per day values were observed only in former but not in current smok-
ers, and the reason for the inconsistency was unclear (2). In another
GWA study, difference in the values of cigarette per day according to
genotypes for CHRNA SNPs was not observed (3). Thus, minor alleles
for CHRNA SNPs might have an effect to make individuals more
addictive to smoking and to make them consume a few more ciga-
rettes a day. However, since the results of four studies are inconsistent,
further studies are still needed to draw a conclusion on this issue.

The present study suggested that CHRNA SNPs contribute to lung
cancer susceptibility in multiple ethnic populations, including Asians,
and the contribution is irrespective of histological types of cancers.
Since the association was observed in non-smokers in several popu-
lations including Japanese, CHRNA SNPs is probably to contribute to
lung cancer risk in a smoking-independent manner. Recently, it was
reported that CHRNA SNPs confer risk of familial lung cancer in
Americans, whereas association of these SNPs with smoking status
was not significant (20). Therefore, contribution of CHRNA SNPs to
lung cancer risk through tobacco addiction remains inconclusive. Fur-
ther studies on a cohort of subjects, for whom data on lung cancer
development, smoking exposure, nicotine dependence and duration
and intensity of smoking are available, should be done to elucidate
this issue as previously discussed (18). CHRNA proteins transduce
signals of not only nicotinic substrates but also non-nicotinic sub-
strates, as described in the Introduction (5-7). Therefore, identifica-
tion of SNPs in the CHRNA genes causing differences in the signal
transduction by non-nicotinic substrates will be a way to further elu-
cidate the involvement of CHRNA in lung cancer susceptibility.
rs16969968 is a candidate since it causes a change of a conserved
amino acid in CHRNAS protein (10) and other non-synonymous or
regulatory polymorphisms that show high correlation coefficients
with the rs8034191, rs16969968 and rs1051730 SNPs have not been
found to date. Alternatively, polymorphisms in two other genes,
LOCI23688 and PSMA4, which are in LD with these three SNPs
(Figure 1), might be responsible. Further genetic and functional stud-
ies on the CHRNA genes are needed to elucidate the significance of
the CHRNA locus in lung cancer susceptibility.
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ORIGINAL ARTICLE

A Novel Histopathological Evaluation Method Predicting
the Outcome of Non-small Cell Lung Cancer Treated by
Neoadjuvant Therapy

The Prognostic Importance of the Area of Residual Tumor

Yuki Yamane, MD,*}} Genichiro Ishii, MD, PhD,* Koichi Goto, MD, PhD, T
Motohiro Kojima, MD, PhD,* Masayuki Nakao, MD,*} Yoshihisa Shimada, MD,*f
Yutaka Nishiwaki, MD,} Kanji Nagai, MD, PhD,} Hirotsugu Kohrogi, MD, PhD,f

and Atsushi Ochiai, MD, PhD*

Background: Histopathological evaluation method for predicting
the outcome of non-small cell lung cancer (NSCLC) treated by
neoadjuvant therapy has not been fully assessed. The purpose of this
study was to assess a novel histopathological evaluation method for
predicting the outcome of NSCLC treated by neoadjuvant therapy.
Methods: We reviewed the histopathology of the tumors of 53
NSCLC treated by neoadjuvant chemotherapy, chemoradiotherapy,
or radiotherapy followed by complete resection and identified the
histologic features produced by neoadjuvant therapy by comparing
them with the histologic features of the tumors in 138 NSCLC
cases treated by surgery without neoadjuvant therapy. We also
measured the area of residual tumor (ART) on the maximum cut
surface of the tumors and analyzed the relationships between the
histologic features, ART, and the outcome.

Results: The proportions of cases with the histologic features
“cholesterin clefts,” “foreign body reactive giant cells,” *“‘stromal
hyalinosis,” and “bizarre nucleus in more than 50% of the cancer
cells” were significantly higher in the neoadjuvant therapy group
than in the surgery alone group. However, the presence of none of
these features had any significant effect on survival. Although
pathologic T factor and N factor had no significant effect on overall
survival, smaller ART (=400 mm?) and absence of pleural invasion
{(p [=]) were predictors of a outcome (p = 0.014 and p = 0.003,
respectively).

Conclusions: Smaller ART and p (—) predict a better outcome of
NSCLC treated by neoadjuvant therapy. We concluded that ART is
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a novel histopathological evaluation method for predicting the
outcome of NSCLC treated by neoadjuvant therapy.

Key Words: Non-small cell lung cancer, Neoadjuvant therapy,
Histopathological evaluation method, Outcome, Histological fea-
tures, ART.

(J Thorac Oncol. 2010;5: 49-55)

Surgical resection is the standard treatment modality for
stages I to III non-small cell lung cancer (NSCLC), but
many patients develop local and distant recurrence and die.
The 5-year survival rates for patients with NSCLC treated by
surgical resection have been disappointing, ranging from

~ 67% for p-TINOMO to 23% for p-T1-3N2MO.!

Efforts to improve the survival of patients with resect-
able NSCLC and with potentially resectable more advanced
local disease have included the use of chemotherapy or
radiotherapy in postoperative (adjuvant) or preoperative (neo-
adjuvant) settings. Several trials in recent years, including in
large series of patients, have demonstrated the effectiveness
of adjuvant chemotherapy after complete resection.=¢ Al-
though several small randomized trials have reported neoad-
juvant therapy to be effective,”* because more recent studies
have failed to confirm their data,®!? it remains a matter of
controversy. Interest in neoadjuvant therapy has been increas-
ing, because the efficacy of adjuvant therapy has been dem-
onstrated.

Histopathological evaluation methods for predicting
the outcome of NSCLC treated by neoadjuvant therapy have
not been fully assessed. Junker et al.!! used the following
histologic tumor regression grading system: grade I, no or
only slight tumor regression; grade IIA, marked but incom-
plete tumor regression, more than 10% vital tumor tissue;
grade 1IB, less than 10% vital tumor tissue; grade III, com-
plete tumor regression without vital tumor tissue, and they
found that the grade of tumor regression is a significant
prognostic factor in NSCLC treated by neoadjuvant therapy.
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The survival rate of patients with grade IIB or III was
significantly better than the survival rate of patients with
grade I or ITA. However, it is difficult to calculate the ratio of
residual viable tumor tissue in the primary tumor, because
evaluation of primary tumor area before neoadjuvant therapy
is not over a level of the imagination. Moreover, the mor-
phologic definition of “viable cancer cells” is incongruous.

Because tumor cells persist in the form of islands in the
necrotic or fibrotic tissue, in some cases of NSCLC treated by
neoadjuvant therapy, measurement of tumor diameter is
sometimes difficult and does not always reflect residual tumor
size. Therefore, we tried to measure the area of residual tumor
(ART) on the maximum cut surface, and we analyzed the
correlations between several histologic features considered to
be attributable to neoadjuvant therapy, ART, and outcome.

In this study, we assess a more objective and reproduc-
ible histopathological evaluation method for predicting the
outcome of NSCLC treated by neoadjuvant therapy. Accurate
prognosis might serve as a guide to treatment after neoadju-
vant therapy and surgical resection.

PATIENTS AND METHODS

Patients

A series of 53 cases of NSCLC treated by neoadjuvant
chemotherapy, chemoradiotherapy, or radiotherapy followed
by complete resection in our hospital between July 1992 and
December 2006 were reviewed. The median follow-up period
of the 25 surviving patients was 42 months. The eight patients
who received neoadjuvant therapy followed by incomplete
resection and the eight patients who received neoadjuvant
therapy between January 2007 and February 2008 were also
included in the analysis of therapy-induced histologic fea-
tures. To define therapy-induced histologic features, 138
NSCLC cases in which surgery was performed without neo-
adjuvant therapy between January 2002 and December 2004
were also reviewed.

Pathologic Study

The surgically resected specimens from every case
were fixed with 10% formalin or absolute methy! alcohol and
embedded in paraffin. The tumors were cut into 5 to 10 mm
slices, and serial 4-pm sections were stained with hematox-
ylin and eosin and by the Victoria van-Gieson method to
visualize elastic fibers. All slides containing the maximum
surface area of the tumor in each case were reviewed. Two
pathologists (Y.Y. and G.I.) reviewed the pathology under a
multiheaded microscope.

We examined the tumors for the presence of seven
histologic features referring to a past study given as fol-
lows'": (1) coagulation necrosis, necrosis in which tissue
becomes a dry, opaque, eosinophilic mass containing outlines
of anucleated cells; (2) foam cell infiltration, infiltration of
macrophages with foamy cytoplasm; (3) foam cell infiltration
around necrotic foci, the state that a foam cell infiltration
surrounds around necrotic foci; (4) cholesterin clefts, choles-
terin crystalloid bodies were present within cancer tissue; (5)
foreign body reactive giant cells, collections of fused macro-
phages (giant cell), which are generated in response to the

presence of a large foreign body; (6) stromal hyalinosis, the
formation of rounded masses or broad bands of homogeneous
acidophilic substances that have a glassy appearance; and (7)
bizarre nucleus in more than 50% of the cancer cells, the state
that more than 50% of the cancer cells have enlarged, irreg-
ular, or multiple nuclei (Figure 1). We considered these
histologic features to be positive when we found only a few
of them within cancer tissue.

We also measured the ART by the described method
below in all slides containing the maximum surface area of
the tumor.

We also evaluated pathologic T stage (ypT), pathologic
N stage (ypN), and pleural invasion. Pleural invasion was
defined as positive when tumor cells extended beyond the
elastic layer of the visceral pleura, which was stained blue
with Victoria van-Gieson stain.

Measurement of ART

We identified the residual tumor cells under a micro-
scope and outlined it on the slides with a marker pen (Figure
2A). Degenerated tumor cells containing a nucleus and cyto-
plasm were included as “residual tumor cells,” but necrotic
tumor cells were excluded. When a group of residual tumor
cells was 2 mm from the next group, we regarded it as a

FIGURE 1.
(NSCLCQ) treated by neocadjuvant therapy followed by surgi-
cal resection. (4) Coagulation necrosis, (B) foam cell infiltra-
tion, (C) foam cell infiltration around the necrotic foci, (D)
chalesterin clefts, the inset is a higher magnification of this
slide (foreign body reactive giant cells), () stromal hyalino-
sis, and (F) cancer cells containing a bizarre nucleus.
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